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W i t.h mining industry costs escalating at present rates 

it Incomes necessary to evaluate and control pre- 

proJu.-tiTm capital expenditures if new mining ventures 

are expected to make a profit Establishing a base 

case and model comprised of a new deep level gold mine 

giver potential mining projects a guideline for 

pr jectior, of capital expenditure

A new go\i mine initiated in 19H5 and scheduled to 

begin producing in 1990 was chosen as the model. The 

m.,d"l is broken down into six major categories 

according to share of total pre-production capital 

expenditure These categories are shafts,

drvel.pmont. rcdc-tion plant services. housing and 

general An analysis of urrent progress compared

with the initial feasibility study reveals a 59% 

mo r c i s e  in estimated pre production capital 

expenditure 'in real terrmw over what was initially



production coo + .i Inc 1 ude- geological

planning discrepancies, higher escalation 

rhangej In exchange rates.

variations, 

factors an-
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1 INTRODUCTION

Within th$ Republic of South Africa the eacalating

rost.y of bringing a modern gold mine into production

har, limited the development of new mlnem However.

>^cau!ve gold mining revenue has been effectively

protected with a c o u n t eracts- effect by the

depreciation of the Rand egalnmt the U.S. Dollar, many

groups and mines are investing capital at increasing
(1)

rates to explore and exploit new ore reserves. 

Many new mining ventures are anticipated but the

amount of capital inv.-sted in real terms. due to

current economic conditions. is actually on the
(1 )

decrease It is estimated that between 1985 and

1990. the nerlod covered by this project report, a

Total of R11 914 800 000 will be Invested as capital
(1 )

:u l^th new and c n-going mining npmrrntions. High

gride deposits, those averaging 8.0 g/t or better with 

adequate tonnage. -.re not frequently discovered and 

investors are wary of lower grade marginal deposits.

1 . and again underestimation of pro production 

ipital exixuiditures results In a project either



closing down or requiring a fresh injection of

capital. F^r axmmplA, nnMprfnt.mmtion of pre-

production capita) expenditures on a new platinum mine

in 1988 eventually led t.o lower share prices and an 

inevitable take-over.

it. is easy to point fingers and say how badly a Job 

was done. The difficult part is recommending and 

implementing solutions, or preventing the problem from 

nccurrln* m  the first place. Within this pi ject 

report several critical areas are extensively 

ant-lyied The purpose of this research project is not 

to criticise „une management but to estimate what it

copta to bring a new underground gold mine into

production and to make a positive contribution by

illustrating the sensitivity of pre-production capital 

expendltur^s.

Definition of Pre-Production Capital 

Expenditure



decision to go ahuad with a project nas been made and 

actual construcLion u., the jc arcs It 19

assumed that, exploration coa t s , freehold acquisition 

and similar expenses are common to every mining 

venture and as such can be considered sunk costs which 

for the purpose of this analysis can be excluded from 

pre-production capital expenses Pre-production

capital expenditure ends when the mine begins 

generating revenue via constant milling of o r e .

1.2 Goals of Pre-Production GAPSX Analysis

Accurate estimation of OAFEX (CAPital Expenditure) is 

vital to the economic success of any business, and 

Pining ir-3 no exception. Most investment decision 

methods are based on estimated cash fjows with a 

minimum real rate of return exp^^tmd before the 

decision to proceed with a project is made.

An accurate estimation of the amount and timing of 

pre-production CAPRX dues net guarantee the success of 

a mining project It. does however afford investor
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confidence that, the project will begin producing on 

schedule and within the CAPKX budget allocated, 

according to the expected rate of return. Because the 

typical mining venture takes 7 - 1 0  years to reach

production, risks are high. The investment may not be

ret . ned for another 5 years.

Once money is spent on shaft sinking and underground

development it is gone forever There is no resale

value to be considered.

DESCRIPTION OF THE MODEL MINE

A classical sensitivity analysis requires a base case 

or model. Various components of this model are then

altered, either individually or in groups, to 

determine the relative importance of the components 

and sensitivity of the project as a whole. Usually

the sensitivity is reflected by changes in rates of
(2)

return. For purposes of this project report

rates of return, most affected by early variations In 

a cash flow. are nut the measure of success. From

I



a pro production point of view, success is achieved by 

bringing + he mine into production on schedule and 

within budget

The model in this case is a new gold mine scheduled to 

come into production in 1990. Pre-production CAPEX is

broken down into individual elements to determine 

which element affects the pre-production CAPEX

programme most In this case the total estimated

CAPEX is divided into six major categories of shafts, 

development, reduction plant, services, housing ar 

general Increased spending in real terms rangi.

from 23.47% in the case of shafts to 127.91% in the 

case of development, resulted in the total project 

CAPEX operating 59% over the initial feasibility CAPEX 

forerasl.

2.1 Statement on Available Data

An exercise of this sort requires access to

('onfidential information cloaely guarded by the mining

hnuse undertaking the project. While not an
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industrial secret, early estimates of the amount of 

money tv he spent financing a new mine should be 

accessible only to government, directors and top

management. Careless statements regarding over or 

under spending for a new mine may have significant

impact on the share value of the mine in question. 

Information on the progress of the project and the

CAPEX spent becomes available to shareholders annually 

via the usual annual reports. The CAPEX information 

analysed in this research project is original data 

obtained from a new gold mine under construction in 

the Republic of South Africa. No direct n- Terence is 

made to the origin or destination of money spent. 

Potentially identifying labels have been changed but

figures quoted for pre-production CAPEX spending are

2.2 History of the Model Mine

In 1985 it was decided to go ahead with an expansion 

scheme on an existing mino which would eventually

double the mill tonnage from 180 000 to 360 000 mill
(3 )

tuns per month The lease for the extension was
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already secured and preliminary borehole results 

indicated adequa*" "r-<r,e and tonnage to warrant an

expansion, but. these results were not good enough to
(3)

justify an independent mining operation. The

cost of starting a new mine from scratch are obviously 

higher, a point which is emphasised in this project 

report.

An initial feasibility study was completed which is

the starting point for the expansion project and for 

this research project. The new mine extension is

being developed from an existing operation but has all 

the attributes of an independent, mine and will be 

treated as s u c h , with the exception of tax and timing 

implicaticns

2.2 1 Initial Feasibility Study

In the initial feasibility study undertaken in 1985 an 

estimated capital expenditure flow sheet was done over 

the expected life of the mine Table % I summarises 

the intended spread of capital expenditures and



revenue over the life of the proponed expansion

project unieMW sta* ? ymarB #ro

financial years ending June 30. According to this

study the cost to bring the mine into production at

60 000 tons per month was put at R 415 532 000
(3)

'Dec 1985 terms) Over a period of years this

production rate was to increase to 180 000 tons per

month. Costs associated with this increase in

production are considered on-going capital

expenditures and not pre- production capital 

expenditures and therefore are not part of this

project report



CAPRX and Revenue for Life of Project

■ 4

(H UUU)

v :

Prngresslv# 
Capita 1 
Expenditure 
Sub total

Incremental 
Capita 1 
Expenditure

Incremental
Revenue

1490 4 If. 532 415 532 -

1991^ 639 744 124 ?.U <Vf7 641

2004 1 044 105 504 36] 8 554 476

: 4H1 3hf, H 7  ;;ho 69 M 7  h80

Kr'm n y c m t  of view t.he initial

f:nn!)Lrurt.i.)n period iy to get the mine into

pred a t ion Here hfwnvpr. we pep that 28% of thr 

t,. tal pr.)jf*ct.Hd (:APEX for a 4d year project is 

incurred within the firmt mix years 11985 - 1990) 

during whirh time no revenue la helng generated. The 

inMial feasibility study cash fluw. aummarised in 

Table % I. is misleading tweaupe while CAKKX figures

were divmn in , 

wi're calculated
^cumber IHO'i termzi. revenue figures 

dlth fin '.vu^l.nmK K^ld price A

1



the overall viabi i i *.y of a new raining project but

. x p c n d l t n r c :  s h c l d  h«

evaluated more extensively than any other money

spent Future capital spending and working costa ere 

part of a complete analyai!# but are of no concern if 

the mine never cornea into production. Accurate

estimation of ccs's in the economic environment of

* day is essential !or success

2.2.2 Current Progress

expansion is in progress by the sinking of a surface 

m a m  shaft, surface ventilation shaft, a sub-vertical 

shafL and a service shaft Development to these

ghof t m from the adjoining mine allows the expanded 

divisiui to come into production in a relatively short 

period , time Opening up new nr* r*n*.rves and

assuming W o  fully operational longwalls in the

expansion lease area constitute the initial planned

production These longwalls will provide the GO 000 

mili i,ons per month when production commences in

]yy0 Generally speaking however all shaft linking

nni Mevelopment. is ov^r budget m d  behind schedule.
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A nmw r^dui t i on plant. with an initial capacity of

120 0 00 mill tona per month ia under construction and

will incorporate several innovative techniques

including fully autogenous grinding. a stacker/ 

reclaimer and a carbon in pulp (C1P) recovery system. 

It wa? estimated that the introduction of the latter 

two concepts would result in a CAPEX saving of

R20 2b million. However the plant is also over 

budget but is cor.ing on line as schedujed.

Services for the mine ir.cli pumping, clectrn power,

water requirements, ventilation and refrigeration,

compressed a :r and backfill. The construction of 

these services is either on or ahead of schedule but 

once a^ain over budget. Because ventilation and 

refrigeration are required for development they could 

be classifled under development For the purposes of

thiij project report. however, ventilation and

refrigeration are considerHd services.

New housing for all employees m  required and consists 

"f 4 hostel rnmplmx and mini township for skilled 

latxmr Kkille'i personnel will bf housed in several
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nrw yub divimlcna near established residential areas. 

Urography Invoura cvnHLruiLivn T thcjc hcrccz 

services because of available facilities already in 

place Again however costs are exceeding original

Th» remainder of activity on the mine such as

underground equipment. workshops, other buildings and 

equipment, and surface transport, is combined into a 

general category This category has no schedule as 

such but nevertheless constitutes a large portion of 

total pre production expenditure Here as with the 

other five categories cap!ta1 spending ham exceeded 

original estimates

Table 2 2 summarises money initially estimated and 

actually spent in the six major categories established 

(re:"r to ap;»endi«;MM C and K)

4



Table 2 2 Summary of major categories with 
respective CAPEX 
(K UUU)

Orlg nal Estimates Present Situation

Category
1986

Estimate

Escalated
to 1988 
at 21%

1988
Estimate

Percent 
of 1988 
Total 
Estimate

Shafts 162 420 220 728 250 453 31. 46%

Deve lop.^nt 35 750 43 258 98 568 tr. 37%

* Reduction
Plant

38 500 46 565 102 928 .2.91%

Services 4 0 645 49 180 103 349 12.96%

Housing 54 670 66 151 78 792 9. 88%

General 63 54? 76 892 163 085 20.46%

/ ■ /
T"TAi,S 415 532 794 797 195 100.00%

The 1986 estimate was reflected In the initial 

feasibility study completed in 1985. In order to 

realistically compare the original estimate with 

- urrent actual figures an escalation factor of 21% was 

introduced for the two year period. This escalation 

'd imate was lower than the actual escalation for the 

period and was uhT.'Ined from spreadsheets used for the

i
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initial study and follow-up work. (Refer to the 

appendices for delclLvd data used in the compilation 

of these figures.) The 1388 figures given do not 

include escalation through 1990 when the mine is 

scheduled to start producing.

It is important at this point to differentiate between 

inflation and escalation. Inflation refers to the 

figures published by the CSS (Central Statistical 

Service) which represents annual consumer price

increases for a given basket of goods. Escalation, in 

the context of this research project. refers to annual 

price and cost increases associated with the mining 

industry in particular.

In each of the six categories more money was spent 

than originally budgeted resulting in an increase of 

38.553% in real terms over what was initially 

estimated. With two mere years to go before the mine

starts producing this indeed becomes a serious 

problem. Furthermore, with two more years of

escalation factors added to the 1988 estimate this 

figure is optimistic. fable 2.3 Illustrates the 

amount each of the six categories exceeded original



estimates

Table 2.3 Percentage Increase over Initial 
CAPBX Estimate

Category
Percentage Increase over 
Initial CAPEX Estimate

Shafts 13,47%

Development 127.91%

Reduction
Plant

120. 96%

Services 110. 14%

Housing 19. 11%

General 112. 10%

From these figures it is apparent that development is 

the category moot affected by. or most sensitive to. 

variations in pre-production CAPEX r • ng. These 

variations can be brought about, by fou. major factors 

i.e. geological variations, planning discrepancies, 

aoove average inflation or escalation rates and poor 

exchange rates. Other variations include geographical 

location, method of finance and taxation. Each of the 

six categories summarised in Table 2.3 will be
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analysed, keeping in mind the major variations just 

mentioned, to determine causes of ov«i a peuu iiiB 

underestimation) of pre-production capital

expenditure.



3 SENSITIVITY ANALYSIS

In the following chapters, variations on elements

comprising the majority of pre-production capital 

expenditures are analysed to determine the sensitivity 

of the project in its early phase. Brief descriptions

of the individual component are followed by different

cash scenarios resulting from variations imposed on 

the component.. The desired result is an informal 

guideline pointing out quantitative results and

potentially sensitive areas which management can use 

to control pre-production capital expenditures on new 

gold mines. Shafts and development are analysed 

together because of their close relationship. 

Reduction plant, services. housing and general 

categories are viewed separately to determine reasons 

for overspending in each of the major categories.

Resources required to accomplish this analysis include 

access to CAPEX figures for a new gold mine over a 

period of years. Also. the time value of money, a 

concept taught through numerous courses and books.
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realistically compare monies spent during different 

period:,. These cash flows and C A P F X  figures are 

entered into LOTUS 123 spreadsheets, using a personal 

computer, where cell formulas automatically calculate 

effects of changing costs. Word Perfect and Multimate 

word processors allow for efficient compilation of 

results. Finally, and most important, the practical 

experience gained while working on a new gold mine 

where CAPEX figures are associated with problems at 

hand.

3.1 Shafts and Development

Shafts and development are combined because of their 

close relationship. Normally, on a new m i n e , shaft 

sinking precedes development but whe,: the new mine is 

s i tuaf * d  ad U c e n t  to an opera,, i ng ml m  this timing can 

be changed Access to ere reserves can be established 

before shaft sInking operations are : ished. This

geographical factor implies CAPEX savings, but when 

estimated pre-production costs are based on these 

savings often an unrealistic sum total is estimated 

Geological variations. planning discrepancies.



19

escalation factors and exchange rates all affect the 

amount of money required to bring the mine into 

production As shown in Table 2.2 shafts and

development account for almost 4<% of the CAPKX pie. 

Pre-production costs between these two elements alone 

was underestimated by over R85 million

3. 1. 1 Geological Variations

Exploration for new gold deposits implies an 

understanding of the regional geology where drilling 

from surface is taking place. One can choose the 

position and direction of a borehole with calculated 

risks or educated guesses, but in either c»se seme 

previous knowledge of geological formations is 

necessary Wltwatersrand geology is fairly uniform 

stratigraphleally but becomes complicated with 

faulting Shaft sinking and development rates can 

normally be predicted accurately since the type of 

rock and its properties are well known. Delays may 

occur due to unexpected encounters with heat, water, 

methane, or mechanicai failures but normally are of 

little consequence. On the other hand localised 

faulting and other geological disturbances may pose



short term problems which effect the amount and 

timing vf -..apii.al money 'seeded f^ m m n l m t e  a job

A simplified section of regional structural geology 

with the proposed shaft systems and development is 

illustrated in Figure 3.1. This proposal covers only 

the minimum amount of shaft sinking and development 

required to bring the mine into production. Where the 

shafts are being sunk, shales and quartz ites dominate 

the first 1 000 metres, followed by approximately

1 200 metres of dolomites and then about I 200 metres

of lavas Reef is then encountered in alternating

bands of reef and quartzite. All hanging wall 

development occurs in lava and all footwa11 

development (below reef) occurs in quartz ites.

Shaft sinking, development and raise boring rates are 

proportional to f h** qualities of the rock Table 3.1 

lists various rock types, strengths and respective 

raise boring rates applicable to this model These 

figures were provided by a raise boring contractor 

employed by the mine Subsequent investigation 

revealed that the uniaxial compressive strengths as 

shown are within known limits but definitely on the
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high side

Table 3.1 Rock types and Strengths

........... - -
Rock type Strength

Raise boring 
rate (2 . 13m dia )

Shale

Dolomite

Lava

Quartz ite

155 MPa 

181 - 256 MPa 

300 MPa 

230 MPa

21. 3m/day 

21.3m/day 

17 . 4m/day 

21.3m/day

These differing strengths result in different

development costs. A relatively hard rock, such as

quartzite, affords the developer or shaft sinker a 

reduced advance per blast than say dolomite

Consequently more explosives are required, drill bit

life is reduced, machine wear is increased and labour 

costs per metre go up More can be said about the 

increased cost of planning a mine in hard and 

difficult rock. If the rock type is known however,

planning can be projected realistically and capital 

costs estimated accurately



While exploration (frilling pr v W * s  accurate and 

detaiimd information w: major gp' gi' ,1] yi-ni'-Lures it, 

cannot supply information abou’ minor but important 

geological diwturbance! Water rearing fisaureB and

unexpected faulta arr 'wo !iuch 1 urhances which can 

alow down or even halt nnaft - ink:np and development.
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operations cease and resources must become dedicated 

to a topping tiiy i uf iuw vf -c

Such an occurrence was dramatically illustrated during 

the flooding of Western Deep Levels No. 1 Shaft in 

July of 1982 Cover drilling failed to locete a 

near vertical fissure at approximately 970 metres 

below collar. A portion of the sidewall slabbed o f f , 

exposing the water-bearing fissure and allowed the

Inflow of water, measured to be 126 litres per second
(4)

x 100 000 gallons per hour). Two hundred thirty

five days and 3 587 tonnes of cement later, shaft

sinking operations resumed. The extra cost resulting 

from this mishap was not pre-production CAPEX but

serves as an example of what can happen No cost can

however be assigned to loss of life which is an 

unfortunate probability in these circumstances.

Furthermore, any delay postpones the earning of 

revenue and therefore reduces the rate of return, and 

the amount of pre production capital required 

Increases because the pre production time period is 

extended. On the model mine used in this research 

project almost. 200 days have been lost already to
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either preventive cover drilling and cementation or 

cementation of water i> ar 'mg f InowLoS, Prevent iv** 

measures may seem expertsive but the chance cf losing a 

R1Q0 million shaft complex la too great a risk.

Unexpev .. faults may cause minor problems in shaft 

sinking and development but generally can be 

overcome. Increased CAPEX results when localised 

faulting displaces the reef horizon to an extent which 

requires additional development to establish ore 

reserves

Figure 3.2 represents a actual encounter on the model 

mine and 1 1 lust':,rates one such minor occurrence. Early 

geological information obtained from scatter mining < n 

the existing mine revealed highly faulted ground with 

a sequence of downthrows, each 30 to 100 metres. The 

disturbance i we re projected into the 3 nw*»r levels of 

the extension lease area but when the developing 

crosscut reached the projected reef horizon no reef 

was tncountmreu. Continuation of development resulted 

in a reef intersection but. only after extra capital 

mcney. not. planned fci. was sp^nt At approximately

c t r e . ' th HU metr unplanned



development required, this resulted in R250 O l T extra 

pre production CAFKX spent on a single crosscut. 

Extra money was also allocated for underground diamond 

drilling to establish the extent of the faulting 

before further development of ore reserves on other 

levels commenced. This particular incident appears 

minor until applied to the five remaining levels. 

Suddenly the figure of R250 000 increases to almost 

R7 million.

To determine the sensitivity of total pre-production

capital exp, .ture to geology, the major elements

subject to geological variations must be analysed. Of 

the total R 4 15 532 000 estimated for pre-production

CAPEX, R 182 420 000, or 43%, is allocated for shafts.

Development CAPEX amounts to R 35 750 000, or 8.6%. 

It is impo/td■ v to note here that the shaft sinking 

figure includes winders. headgear arrangements. 

surface construction and shaft equipment. In 1988 

Rand terms it costs approximately R 18 000 per linear 

metre to sink and line a 10.0 metre diameter shaft. 

(Refer to api-endix K). According to the initial 

feasibility study a total of 4 670 metres of shaft
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sinking is scheduled for completion before the mine 

comes into production At present rates this amounts 

to approximately R84 060 000 attributed directly to

sinking and lining, or 20.2% of the total pre- 

production CAPEX. Thus shaft sinking and development, 

two major elements subject to geological variations, 

together account for approximately 28.8% of the money

estimated to bring the new mine into production

Table 3.2 summarises the effect of geological 

variations on pre-production capital expenditure. 

Major delays in either shaft sinking or development

may also result in pushing out the planned start-up

date for the mine. The resulting costs are difficult 

to quantify and are question marks. In any case extra 

capital expenditures and postponement of revenue 

combine to make the overall viability of the project 

less attractive
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Table 3.2 Effect of Geological Variations on
Shaft Sinking and Development CAPBX

De lay Extra cost
Category (days) (Hands)

Shaft Sinking

Cover Drilling & 118 ?
Cementation

Rope Race 48
Development

Development

Cover Drilling & 93 ?
Cementation on
10 level

4 250 extra 131 7 803 000
metres

For development the extra metres cost was calculated 

at R18 0 per cub. ' metre, in December 1985 terms, as 

assumed in the initial feasibility study Actual 

development costs of R250 per cubic metre, in 1908 

terms, are covered by effects of escalation and 

exchange rates The 131 days required to do the 4 250 

extra metres of development assumes six levels, each 

with three blasting ends averaging 1.8 metres advance 

per day. Fault negotiation during follow-on

development will also introduce delays and extra costs 

but in this case is not considered a pre-production
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capita] expense.

3 1 2  Planning Discrepancies

Extreme geological variations will effect planning 

with the introduction of unexpected delays or work not 

accounted for. Other planning discrepancies result 

either from the omission ur underestimation of 

critical path elements. Figure 3.3 represents both 

the initial planned events from early project days and 

the revised planning schedule from updated evaluations 

of work.

As can be seen all initial events are behind 

schedule. Reasons for this include new work

introduced into the shaft sinking program coupled with 

slower than expected sinking and development rates. 

The ventilation shaft was initiated on 10 January 1965 

and completed on 5 June 19 87. It has a diameter of 

7.3 metres, is I 712 metres deep and has an upcast 

ventilation capacity of 750 cubic metres per second. 

The main shaft has a final depth of 1 937 metres, c 

finished diameter of 3 15 metres and 610 cubic metres
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per second of intake ventilation capacity. The

sub-vertical shaft has a final depth of 1 500 metres,

a finished diameter of 7.3 metres and 390 cubic metres

per sect.u .1 of intake ventilation capacity. These

figures can be used in conjunction with the 1988 CAPEX

estimates to calculate the cost of sinking a similar

shaft system in the Republic of South Africa Using
(2)

the "ratio' method (scaling costs proportionate

to snaft dimensions) also allows an approximation of 

costs for sma1J er or larger shaft systems

New work introduced into the shaft sinking program 

includes the early development of the intermediate 

pumping chamber (I.P.C.) and extra of(-station work. 

Conventionaliy, 1 PC and main pumping arrangements are

completed when shaft sinking is finished. Of ten it 

takes two years after a shaft system is commissioned 

before the main pumping system is commissioned In 

this case however. production would commence almost 

immediately upon commissioning of the shaft system. 

Normally, development w k is required to establish 

ore reserves for a period of years after the shaft 

system is completed and an IPC Is not needed. Water



from these development ends can be handled with 

relatively small and temporary pumping systems.

Pumping requirements for production, however, include 

settling dams and high-lift pumps installed in the 

intermediate pump chamber. Extra off-station work was 

given to the shaft sinking crews instead of waiting 

until the shaft. system was commissioned before 

bringing in standard development crews. Management 

made this decision to facilitate bringing the mine 

into production nine months earlier than originally 

planned. Instead of SepteTiber 1990 as the targeted 

production start-up the revised date of January 1990 

was chosen. Also, instead of sinking the sub vertical 

shaft to an ultimate 39 level it was decided to sink 

to 46 level. This would allow earlier access to 

deeper ore reserves required to maintain production 

levels as planned

Development according to the initial feasibility sti.ty

totaled 10 620 metres between four major levels

required to bring the mine into production in
(3)

1990 This figure however did not cater for

extrt ventilation capacity required, two Interlevels, 

extra material and man travelling drives or necessary



development 3 ireply overlooked. In one case the reef 

ra.se development was accounted for but the access 

crosscut to reef, amounting to almost 700 metres of 

development. was forgotten. By 1988 this figure had 

increased to 25 844 (total) metres. 6 634 of these

extra metres resulted from planning discrepancies.

Table 3.3 sho^s delays from planning discrepancies and 

associated costs. In the case of shaft sinking, as 

with geological variations, delays are difficult to 

coat. There la a direct coot for the development of 

cxcavaiIons not planned for but only a question mark 

for the cost of the delay itself. The same 

assumptions regarding development were made as with 

the effect of geological variations. Also, seventeen 

days were lost during shaft sinking due to breakdowns 

and accidents. While not necessarily a planning 

discrepancy perhaps miscellaneous delays should be 

included when setting up schedules.
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Table 3.3 Effect of Planning Discrepancies on
Shaft Sinking and Development CAFEX

Category
Delay
(days)

Extra cost 
(Rands)

Shaft Sinking

10 Level
Development

Mid-shaft
loading
installation

21

106 ?

Developroent

6 634 ext r t 
metres

205 12 180 000

3 1 3  Escalation Factors and Exchange Rates

For the purpose of this report money spent on shafts 

includes winders and other essential equipment common 

to roost, shaft systems In the main shaft two man 

winders, each 5.bm X I  83m wide double drum, and one 

b 1m double drum Blair mult, i rope rock winder were

planned for permanent hoisting Three winders, each

hm X 1.83m wide dnubln drum. arm required for 

permanent hoisting in the nub vertical shaft In 

addition to thf overall underestimation ewr'alatlon
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within the Republic of South Africa the Rand exchange 

rate has not fared well. Winders estimated to cost 

R9 million ended up costing 014 - 15 million.

Escalation also effects the price of steelwork needed 

to equip the shaft. Recent wage increases brought 

about by the advent of Onion movements have raised the 

costs of producing steel in South Africa. A 

suggestion lor all imported machinery i.e. winders is 

to price the equipment in the currency of the country 

where they are purchased It would i mistake in 

this case to apply inflation rates of South Africa but 

the exchange rate and any import duties must be 

considered Rather use the estimated yearly inflation 

rates from the country of origin, then apply a range 

of exchange rates with any import duties. The portion 

of excess CAFEX attributable to escalation and 

exchange rates for major shaft equipment is summarised 

in Table 3 4 This represents R14 199 000 of the 

extra CAPKX requir'd to bring the mine into 

production

I^evelopment on thw "ther hand Is not subject to the 

exchange rntf a-i such but has as «'scmlatlon factor of
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itm own. In the original feasibility study the coet

of breaking and removing a cubic metre of rock from 

the mine was estimated to be R180 per cubic metre. 

Recent costing exercises completed by myself show that 

in 1989 it will cos* approximately R250 to blast and 

hoist the same cubic netre of rock. (Refer to

Appendix J ). At the time of the feasibility study 

approximately 10 620 metros of development on four

major levels was anticipated. Using R 180 per cubic 

metre with 3.0m X 3.4m ends results in P19 498 320 

budgeted (R 2 1 496 898 in 1988 terms assuming 5%

escalation for two six mon h periods) for this 

development Actual CAPEX required in 1988 for the 

same development is however R27 081 000, an increase 

of P5 584 10%. If the figure of 19% per annum in

used for escalation the amount budgeted in 1988 terms 

becomes R27 149 46 1, much closer to the actual amount 

of CAPEX required. Taking Intr account the extra

metres introduced via geological variations and 

planning discrepancies amounts to an extra R7 771 176 

attributed to development escalation. This represents 

the difference between the H 18 0 per cubic metre 

asoummd and the R2&0 per cubic metre realised
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Table 3.4 Price Increases for Major Shaft
CAFEX Equipment

Equipment
1986

Pi
Estimated 
ice <R)

1988 Actual 
Price (R)

Man Winder a 400 000 9 743 000

Man Winder 9 400 000 11 484 000

Rock Winder 15 600 00 0 17 035 000

Permanent Hoisting
Equipment

4 300 000 5 27 0 000

Man Winder 9 40L 000 12 857 000

Man Winder 9 4 00 000 1 1 430 000

Rock Winder 8 700 000 12 580 000

Totals 66 200 000 80 399 000

In addition to the shaft systems and development 

discussed there is also a service shaft tn rnnsider 

This service shaft serves only three levels and was 

underestimated by almost 5 0% What started out a 

R9 million project in 1986 escalated to almost 

13 million by 1988. The same reasons i.e. geological 

variations, planning discrepant ies. escalation factors 

and exchange rates were respcnsible for the increase 

in approximately the sam*' pro[K)rtions as the major
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shafts .

T' sumoarlst; the shaft' and development category it 

appears that geological variations and planning

'liscrepanries share equal responsibility for the

increase in pre production CAPEX. Development in 

particular is the most sensitive element in this

category Escalation factors and exchange rates apply

both to shaft equipment and development costs.

Another consideration not analysed is the effect of

geographical location. Shaft sinking obviously will 

not be effected but development is. The amount of

development stays the same whether done independently

r from an existing mine Timing on the other hand

improves, allowing quicker access to ore reserves thus 

shortening the pre pi h.ction CAPEX period

3 2 deduction Plant

Ultimate plant apacity is planned for IHt) UdO tonnes 

per month hut pre production CAPEX cnly covers costs 

f: constructing a plnni onpnM,. of treating 120 UOH
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tonnes per month. Process stcra < .Mude

a) Primary crushing.

b) Stockpiling using a stacker/reclaimer

system.

c) Run-of-mlne milling. The mills are

equipped with wraparound riable npei--

motor drives.

d) Linear screening to remove grit and

woodchlps.

e) Tt. mining of pulp

f) Leaching of gold w «h cyamd* r.

air-agitated pachucar

g) Carbon-in-pulp (C I P . )  Adsorp' n of

gold b: carbon in an eight slag.-

contactor circuit.



h) Elution of gold from carbon using the

Anglo American Research Laboratory (AARL) 

process

1) Recovery of gold from eluate using

electrowinning cells.

j) Regenerat'on of carbon

k) Treatment of slime tailings to produce

backf i 11

1) Facility to install a flotation plant to

recover gold values from backfill if 

required.

The actual gold recovery process description will not 

be covered in this research project Some of Its 

features are confidential and the summary given above 

describes the type of equipment necessary for 

inclusion in pre-produ/tlon capital expenditure.
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.-^1
Th? r* Hurt i rtn plant,, according to Table 2,3, is almost 

12 1%, or K56 million in 1988 real terms, over budget. 

Since the mine Is scheduled to come into production 

nine months earlier than originally planned some of 

the CAPEX allocated for the reduction plant had to be 

brought forward. This could be considered a planning 

discrepancy but is more a management decision. Other 

reasons however include the effect of escalation and 

the exchange rate. Mill ring gears had to be imported 

from Germany and control equipment had to be purchased 

overseas. The fact that the recovery process of 

carbon-in-pulp will be employed for the first time (on 

a large scale within the group) requires altentlon. 

Conventional storage silos and surge bins are being 

replaced with a stacker/reclaimer system also never 

bt-fore tried within the group.

Geological. Variations

Geological variations generally have no direct effect 

m  the pre production ''ost of a reduction plant They 

may howuver have ,n effect if the ore milled during 

trial milling proves difficult and requires extensive

eta 11urgicm' 'mt i ng. 11
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delays and extra c o m  l , e s pe <.; .'ally » in in this cacc

C IP technology is being tried for the first, time, but

usually is of little consequence.

3.2.2 Planning Discrepancies

In real terms the pre-production CAPEX for the 

reduction plant was underestimated by 121%, or

approximately R56 million Because no detailed

breakdown was given in the initial 1986 CAPEX forecast 

it is difficult to determine the cause for such an 

increase. It appears that the ratio' method was

used. based on a similar plant of the same capacity 

If this is the case then planning discrepancies would 

account for only a small portion of the Increase.

Moving the start up date forward by nine months

obviously has some sort of effect. Compared to the 

overall six year pre production period however, nine 

months would not make much of a difference. 

Escalation factors and exchange rates look to be the 

most likely factors which effect reduction plant

pre production
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3.2.3 Km i ation factors and Exchange Rates

Escalation factors and exchange rates account for most 

if not all of the reduction plant increase. In real 

1988 terms a total of almost R47 million was initially

forecast in 1986 (refer to Table 2.2) By 1988 this

figure exceeded R102 million, the majority of which 

v n hi assigned to three i"adings. Civil work at

RIV .illion, milling cr-.-tion at R30 million, and C1P 

section at R 10 million. The civil work and CIP

section estimates are close, but the milling section 

was gro-'s 1 y underestimated due to the Import of two 

adjustable speed ring motors from Germany. These 

motors were ordered three years ago but by 1988, due

to mainly to the E>, r Rand exchange rate, their price 

warn H2b million each Two fully autogenous grinding 

mills, manufactured entirely in South Africa, were

matched with theae -is bocal increases in steel

prices, bought alnut by w *ge hikes, contributed to a 

slight escalation in prior f\., these mills

As in The rmse of impor', ' I'.piipm":.' rrqu.reu f r

shafts th" equipment. ne< rssary ' . ti,. r-'U . t i ui ; : m t
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n h n u M  he c'omt.ed in the currency of the country of 

or 1*1 i. Kxohangr rmten and Import duties can then he 

applied to accurately eati^ate the portion of 

pre production CAPEX needed for the reduction works.

3.3 Services

Services has been chosen as a category for the purpose

of this analysis rather than a detailed breakdown of 

the individual effects cf its elements These

elements are pumping. ei^cKric power. water, 

ventilation. refrigeration. compressed air and

t-ackflil Together they re-iilted In o 110%, or

Rb4 million (real 1988 termn). increase over what was

initially a'locaied Pumping, for reasons previously

discussed. accounts for mont of th" r.\PKX in' rease and 

electric power mc'counts for th" lea.it Kor that 

matter electric power cume in alaKist exactly on

budget This says something in itnolf

M a m  p u m p . n *  require,p-'ntn .i," to h.- m et u t i l i z i n g

intermediate pum- tr. the main m d

Huh vertii'.il shaft:, Ku-'h !:*.u'i r. lienmne., t,,

1
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overcome approximately 760 metres of lift. Sur^'e dams 

will be excavated at the bottom of the iongwalls with 

boreholes providing drainage between levels Ma lor 

assumptions include development tonnes amounting to 

16% of reef tonnes mined, water cons imption (including 

backfill and cooling) is 5 tons per tonne mined and 

the friction loss for the columns chosen is 3 metres 

for each 100 metres of pipe. Figure 3.4 illustrates 

the pumping capacity required to bring the mine into 

its first year of product!)n

A point well. illustrated here is that while initial 

production is only 60 000 mill tonnes per month, 

pumping capacity caters for 120 0U0 mill tonnes per 

month It would be „,uch more expensive in the long

run to design an initial pumping system to service

only 60 000 mill tonnes per month. The idea is to

equip the shaft with columns and complete all required 

development while the construction crewr. equipment 

and material are in place.

Temporary power requirements were planned to lie met 

with a lb Mva sub station from a 13% Kv scnrfell line 

providing approxlmst.ely lh Mw from a 6 6 Kv nupply
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Peak power requirements were estimated to be 12 Mw 

with an average use of 8 Mw The permanent power 

supply of 85 Mw will be completed prior to start-up in 

1990.

Water requirements, obtained from the Rand Water 

Board, were estimated to be 11 2 Ml per day. This 

assumes 1.5 tons water per tonne rallied and 2.6 Ml. per 

day potable water consumption. Two storage tanka were 

envisioned, one 1 Ml and one 5 Ml tank.

Ventilation planning for the extension assumed excess 

capacity from the operating mine. w hr h was not 

consulted. This resulted in under design of the 

extended operation from the standpoint. of 

ventilation. Consoquonti, .xtra raise horn holes were 

added to the new project to ease the shortfall Heat 

problems on lower levels d the mine brought 

development progress to a ntandz'ti 11 Wh^rn 90 metres 

per month was assumed reasunabir often an advance of 

10 metres [*or month was achieved Table 3.5 

summarises early development progress for the four 

major levels. This poor rrr. rd was attributed mainly 

tc Inadequate vfntilati m
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^ rvvelopnwnt. Record for Four Major 
Levels (metres per month)

Period 13 level 16 le el 19 level 21 level

July 1986 33 7 6 0 5 1 22. 4

August 0 0 3 7 11 8 38 1

September 22 9 20 1 50 2 53.6

October e 0 32 4 70 6 28. 4

November 0 0 40 5 90 4 38. 2

December 19 9 7() 8 8C 3 11.6

January 1986 39 9 81 2 80 k 56.6

February 37 4 53 5 58 * 51. 3

Ma rc h 18 9 84 6 87 2 54 6

April 30 4 91 6 85 7 53.1

May 7 1 5 102 0 102 0 101. 0

June 174 6 101 3 83 4 40. 3

July IbO 76 8 4 45. a
August lf:Q 1 123 8 75 5 54. 8
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Initially two main intake airways and two exhaust 

airways were planned. These airways were deemed 

sufficient venti j ation for two Iongwall.3 with a 

quantity of 3.5 cubic metres per second per kilotonne 

rained and a quality of 28 degrees centigrade wet 

bulb. An upcast velocity of 18 metres per second and 

a downcast velocity of 10.5 netres oer second were 

foreseen and 58 Mw of refrigeration was also planned. 

By 1988 however five intake airways and four return 

airways were deemed necessary to provide adequate 

ventilation.

Compressed air requirements were broken into the 

categories of sinking and permanent. Sinking air was 

designed for 150 drills fed by 3 X 2.36 cubic metres 

per second, or about 5 000 c.f.ro., compressors.

Permanent compressed air requirements were based on a 

minimum of 1 000 drills used to mine a total of 

200 000 ton.3 per month The initial plant caters for

350 drills =»nd consists of 3 X 50 drill reciprocating 

units and 1 X 350 drill centrifugal unit for oO 000 

tons per month mined. An extra 3 X 350 drill 

centrifugal units will be added to accommodate



compressed air requirements during full production 

later in the life of the mine.

Backfill service's consist, of a surface batching plant, 

storage tanks near the shaft, on surface, ranges down 

the shaft to dams situated above projected longwa11 

positions and ranges from the dams into the longwa11 

stopes. Eventually the entire mine will rely on 

backfill for regional support. In 1986 the initial 

estimate for backfill services was R3 million. In 

1988 the estimate was still R3 million, an error yet 

to be realised. A preliminary backfill reticulation

design completed by myself (while working on the model 

mine) resulted in an estimated R9 million In 1988 

terms. This estimate covers expenses only between the 

shaft agitating silos and st.ope face positions.

Columns required for these and other miscellaneous

services are summarised by Table 3.6.
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Table 3.6 Service Columns Required

Service Number
i

Diameter

Pump columns 3 406mm

Mud columns 2 150mm

Compressed air columns 500mm

Chilled water column? 300mm

Power/phone cables 25

Grout/service ranges 3 38mm

Backfill columns 24 80 mm

3.3.1 Geological Variations

Geological variations have little to do with the extra 

pre-production CAPKX required for the services 

category. Perhaps in the sense of ventilation and 

refrigeration, in ileu of unexpected extremes of heat 

encountered, could geological variations be considered 

an important factor. Also, if larger quantities of 

water than expected were encountered. pumping 

capacities; and associated CAPKX would have to
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increane. In this cas;. larger quantities of water

than initially expected Wj.ll have to be pumped bv the

extended division than originally planned. This

however is not a function of geological variations but 

one of planning discrepancies.

3.3.2 Planning Discrepancies

Planning discrepancies mainly affected the pumping 

arrangements. IPC development in the surface main 

shaft complex was completed several years ahead of 

schedule and production pumping not accounted for had

to be included. When the initial feasibility study

was completed in 1985 no contributions from the

operating mine were allowed Assumptions were made

regarding pumping capacities, compressed air

availability and ventilation. Perhaps the reason

electric power was accurately estimated was because

from the beginning it was assumed independent from the 

operating mine.

IPC development. has already l^en discussed but

production pumping requirements rloser to the longwall



positions has not. In the initial feag i bi 1 i t,y study 

it was assumed that pumping columns could be placed in 

the existing service shafts from 21 level to the main 

level. In fact there was no space available for these

extra columns so an entire settling system and pump 

chamber had to be developed and commissioned. Water 

from the longwal1 to be assumed now travels on 

21 level to the sub-vertical shaft, then via a series 

of stages to the IPC in the main shaft for pumping to 

surface.

One way or another it appears the entirr Rb4 million 

shortfall experienced in the services category is a 

result of planning discrepancies Further

investigate on reveals pumping and venti lat i n 

under-design as responsible for most if not all of 

this pre-production CAPEX increase

3.3.3 Escalation Factors and Exchange Rates

Escalation factors in this instance may account for a 

portion of the extra fAPEX required but is not 

significant. Pumping equipment. air and water



columnp. and electrical cables are &11 acquired 

locally and as such are not subject to exchange rates

or import dj ,ies .

To summarise the services category, planning 

discrepancies account for most if not. all of the extra 

CAPEX required in this category. Bad assumptions were 

made regarding pumping and ventilation capacities to

be provided by the existing mine. The single reason

for these bad assumptions was lack of communication

between the operating mine and the extended division 

Geographical location appears to be an advantage in 

the services category but may also be considered an

underlying cause for the bad assumptions made. An 

existing mine able to provide pumping capacity, power, 

water. ventilation and compressed air will definitely 

result In costs savings when applied realistically.

3.4 Housing

Housing ii- this case includes modern hostel complexes 

and rwnstrurtion of houses in while, coloured and 

bl'i-k township!;. Increases m  CAI'KX in (his category



amount to Just over 19%. or almost RI3 million in 1988 

real terras. above what was initially estimated. Raw 

material required to build hostels and homes is very 

expensive and labour for these projects is 

Increasingly more expensive Services for these

buildings Include fresh wate- 4 sewage reticulation,

electric power and telephone lines. The post off e 

however assumes the cost for telephone lines.

It is difficult to estimate the amount of money saved 

by building new townships adjacent to existing 

townships. The amount of money, in 1988 terms, to 

build an average three bedroom mine house with garage 

and servants quarters is approximately R75 000.

An access road, b.b km long, In 1988 terms, coyts 

R2 b million to build A good estimate for a typical 

paved road where cut. and fill balance ia 000 per

kilometre. This cost is naturally added to the 

of housing along with pipes and cables required for 

modern services.



3.4 1 Geological Variations

Geological variations have absolutely nothing to do 

with increased pre-production CAPEX costs, as far as 

housing is concerned, on a new mine.

3.4.2 Planning Discrepancies

Planning discrepancies, as with geological variations, 

have little if any effect on pre-production housing 

CAPEX. A workforce size is assumed using comparisons 

from other similar mines and the houses and hostels 

are built accordingly For example, historical

records for the group show chat average productivity

rates are approximately 30 tonnes (overall) per

unskilled labourer per month. Combine this figure 

with the monthly tonnage expected from the mine and a 

workforce profile results The number of skilled

employees can similarly be estimates and the

appropriate number and grade of houses are built 

accordingly.

The one flaw in thin logic is the |x>S3i hi 1 i ty of
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building houses for senior unskilled employees and

taken by the mining company involved this could 

quickly add up to millions of extra Rands or nothing 

at all. For the purposes of this research project 

however the possible addition of these homes occurs 

only after the mine comeu into production.

3,4.3 Escalation Factors and Exchange Rates

Since houses built in the Republic of South Africa 

(applying to the mines) are 100% local content., 

exchange rates do not play a role either. Escalation 

factors therefore account for the entire ore - 

production housing CAPEX increase of almost 

R13 million. This factor can be attributed to

underestimation of expected acalat.on rates. Up to 

1985 it was perfectly accep ( ' to assume annual

escalation rates of 10%-1/%. Compounding the

difference between what was a ■ -roed and the actual 

figures of 18%-19% per annum over hrce years adds up 

to approximately 19% This accnuntn 'ntir^ly for the 

shortfall of capital experienced
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CmoKraphica] location playm an myLremely Important 

rnlA her*:-. The ability to build houses near

ertabl ished resident al area* In mavings In

ruad conatructlon, services installation. material 

transport costs and community facilities. Since 

estimation of these savings can be done accurately, 

with only escalation rates to consider, geographical 

location itself is not a sensitive area

3.6 General

The general category covers all the items "ither too 

small to be considered individually or group'd

together under general or pr*- production capital 

expenditure from the start. These combined elements 

do however represent a 112%. or RRC million In 1988 

real terms. Increase over original estimates so an 

attempt will be made to expose the tuili reasons for 

this Increase. General expend 11 em. In this case,

refers to underground equipment. workshops, other

buildings and equipment. surfar,. ' ,nsport. general

and ire production expenses.
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To eliminate any confusion, the overall general 

category includes «he Items of general (as defined In

the CAPEX estimates used by the model mine) and 

pre- production expenses

3 5 1 Geological Variations

Geological variations have little or no effect on the 

general category There may be some minor hidden

costs included in the general category. pertaining to 

geological variations, but nothing of consequence.

3.5.2 Planning Discrepancies

Planning discrepancies, as with geological variations, 

have little or no effect on pre production general 

CAPEX with perhaps one exception. Since the 

development category was adversely effected by 

planning discrepancies it follows that underground 

equipment will be similarly effected Extra

development requires extr,. equipment In (his case 

extra underground equipment addn an M H U m a t e d



tu HV .million to prr production CAPKX. 

r^lmtiv^ly minor f iK'irm but nevertheleag 

'( Thm r«'ma i ni ng i terms in the general

I. T afff'ti'd hy planninw diacrmpanciem

K*'alation Kactora and Exchange Pmtea

r*rr rn. . inrluded in general or

; n mu;;! t^rrf'ore ai count for

*«xp+'ri«*ri'<"j within the general 

Cr. iMrKr "ind »» |u i pmMiir . worknhopm , other 

.ii. i ^ ;u 11 m^nT Hn i nurTacf tnnm p o r t  are 

( . HT, .iifit n-n in the mmme manner a:/ housing 

, rmducf.ion plant.

'"itiH'(*"nt in nuh.iH.-t to higher escalation 

thcr itrm« .md im wnalyaed more 

m. f' nxmln rxchmiige rntew play only a 

dm' ' .jlmcyt IMtiX Inra I manufacture.

. m)- nrntu \rr i^rh.«i'H ImpMrted but are of

4
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Underground equipment includes all rolling stock and 

vehicles required for development plus drills and

winches. Table a .7 gives 1988 prices for typical

underground equipment required for primary and ore 

reserve development. Transport charges and general 

sales tax are not included



Table 3.7 Prices for Typical Underground 
Equipment (1988 terms)

Equipment Price (R)

0.25 cubic metre Loader 35 000

0.40 cubic metre Loader 45 000

Self-propelled Loader 107 900

6 ton Diesel Locomotive 50 000

10 ton Diesel Locomotive 8 3 000

6 ton Hopper 7888

Drill Carriage 2 27 0

Dr 111 Machines 1 360

Air Legs 510

37 Kw Siusher Winch 8 185

Hydraulic Drill Rig 
(2 or 3 boom)

640 000

5 tonne LHD 250 0C (i

20 tonne Dump Truck 3 00 000

1 tonne Service Bakkic 20 000

Scissor Truck Utility 
Vehicle

180 000

Hydraul ic Hammer 150 000



After interviewing several representatives from 

var'f-mq companies it appears prices between 

competitors are close. Vhe important fact is the 

escalation experienced with this type of machinery. 

For example, referring to Table 3.7, in 1986 the same 

10 ton Uesei locomotive cost approximately R50 000. 

Since this product is manufactured u.ider licence

entirely in South Africa the increase is attributed to 

local inflation and wage increases. These interviews 

with representatives exposed union muscle flexing, 

particularly in the steel industry, which brought

about phenomenal wage increases during the past two 

years. Using the standard future and present value 

formulae an escalation rate of 30.38% per annum is 

revealed for typical underground equipment.

To summarise the general. category it appears

escalation factors account for much of the increase 

experienced. There is another element however, that 

of debenture interest payments, covered in the

following chapter which actually accounts for 80% of 

tho increase experienced in the general category.



RESULTS AND DISCUSSION

In the previous central chapters the categories of 

shafts, development, reduction plant, services,

housing and general are analysed to determine

underlying causes for the 59% increase in overall 

pre-production CAPEX experienced. Geological

variations, planning discrepancies, escalation factors 

and exchange rates are the main reasons for the 

increase. In this research project the cost of 

developing a new mine was analysed with information 

obtained from 1985 to 1988 CAPEX estimates. No

mention was given however to the practice of pushing 

out capital spending to later periods. Some of this 

delayed pre-production CAPEX will be spent prior to 

production and some will be spent after production 

begins.

A comparison between the initial feasibility study and 

actual progress outlines the most sensitive area, that 

of shafts and development, on a new gold mine in the 

Republic of Smith Africa. Rating the six categories

for sensitivity provides a v sual summary of this

4
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project report. Minor considerations not covered in 

the rentral chapters adds the f i nishi.ig touch.

Following this are proposed solutions and methods of 

isolating and c o n t r o l ! n g  pre • production CAPEX.

4.1 Comparison Between the Initial

Feasibility Study and Actual Progress

Before t-he critical factors responsible for the 59% 

increase in pre-production capital expenditures can be 

identified a comparison between the initial

feasibility study and actual progress must be

completed. Development and shaft sinking are the two

main categories focused upon.

The development from the existing mine of 13, 16, 19

and 21 levels to the sub vertical shaft position for

the extends i division was crucial in the initial

feasibility study. This development wan delayed for

various rrasons
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a> InmuffiiirTit ventilation and consequent

heat build-up.

b> (Seo log lea j structure changes resulting in

increased development distances.

r) Striking of water.

d) Long tramming distances

*» > Waste hoisting problems on the operating

The completion of the ventilation shaft was also 

delayed due to

a) Striking of water

b) Poor ground conditions in the 11 level

horizontal rope races

r) Stopping sinking operations to install a
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mld-ahaft loading myntem on 10 level. 

This became neeeggar, when e- ve lopment by 

the existing mine on 13 level, the main 

level, fell behind by approximately nine 

months. An extra mid-shaft development 

crew was required to excavate the 

sub vertical shaft hoist chambers 

according to schedule.

dj Breaking away of the main return a iruay

on 10 level which was not allowed for in 

the initial feas bllity study.

The sub-vertical shaft originally had a bottom working 

level of 896 metres below collar For various reasons 

it was decided to deepen the shaft, to an ultimate 

depth of 1 600 metres below collar. Even after

rescheduling the new shaft design it was subsequently 

noted that no allowance had been made for cutting and 

commissioning of pumping and rock handling facilities 

and for the ore pass system

Original planning entailed the .qierat.ing mine pumping 

the expansion project s watot H w e v r  in January
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1988 coml i t ionn mhnwmH fhqt ♦ hi m u .mj i d net, be

posnihle. The extended division therefore had to 

exe ivate and eororoiss icn their own pumping 

arrangements. Development of the major excavations 

was completed by means of a mid shaft loading system 

situated on 10 level of the ventilation shaft. The

operating mine wa.i also required to develop settling

and pumping excavations to handle longwalI water on

the lower levels of the mine

Development delays on b. I .a ..^ve necessitated the 

earlier development of 10 level hanging wall drive

(through 10 level mid-shaft loading) and 13 level

footwail drive, to provide return Irway capacity

The development from the axistlng mine was crucial to 

provide access, airways and the opening of ore reserve 

on a new longwall planned for production in 1990.

Insufficient vcntilatlon, increased development 

distances and tramming problems ell contributed to 

development falling iwhlnd schedule

insufficient ventilation iru luded (.he following
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IniLi a 1 1y only 40 iblc metres per second 

avallabi" for 13 and XI level.

Pur'-hase an' installation of two fans on 

13 level i: reused air v lumas to 110 

ruble metre:; p-̂ r second : )r 13. 16, 19 

and XI leve,yi However only 60 cubic

metres per .incond could be useu for

development to the extended division 

until the completion of a new ventilation 

shait on the existing mine

A low maHs/vciume air flow coupled with a 

onstant heat input, led to significantly 

hign-r temperatures than would be 

normally exported

Additional heat. load was input to the

system dn- hot water intersections

Kxoiomivriy t:nh face temperatures '3b 3a 

dmre.'s centigrade wet bulb) resuM.ed 

c.iusing ^,.,r inbour efficiencies
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XI level wag actually stopped by the

Inspectorate -nd specialised cooling 

equipment had to oe Imtalled

e) When water was switched nff over weekends

and holidays. tne heat build-up resulted

In no work being possible on the

following Mondry and sometimes Tuesday

f) Additional development not allowed for In 

the initial feasibility study placed 

further pressure ^n an already 

overextended system

Increased development distances in both p'rimary

development ends and opening of ore reserves were due 

primarily to changes in the original Interpretation of 

geological structure. Table 4.1 compares original

feasibility estimates with nrtunl distances



Table 4 1 Comparison of Estimated and 
Actual Development Distances

Development
Estimate

Actual (m)

13 H/W dr^ve 2200 2955 1+ 755)

13 H/W twin 0 0631 (*2631)

16 F ■W drive 3000 4030 (*1030)

19 F/W drive 3200 4427 (+1227)

F/W drive 3100 353 0 (+ 430)

Service * I E 400 58 1 (+ 181)

1C level ore 
develuproent

reserve 300 6 03 (* 300)

Vent development 0 56 (+ 58)

17 level ore 
development

reserve 640 1390 (+ 750)

18 level ore 
development

reserve 790 1990 (+ 1200)

19 Level S"r' 
statlor, deve opment ~

0

19 level ore 
development

r w . r v . 140 97( (* 830)

%0 level ore 
development

550 1230 (+ 660)

21 level ore 
dev*'lopmen t

reserve C4 0 1 130 (# 490)



The Lolml amount of development estimated in the 1985

m i ' ta1 feasibi1ity study was 14 960 metres For

various reasons. by '988 this figure had increased to 

15 44 metres Fxtra costa of developing 10 844 extra 

metres are compounded by an escalation factor of 18% 

per annum for development costs.

un 13 level & twin had to be developed for ventila* n 

purposes (2 631 metres). This was not allowed for in

The initial feasibility study. The original planning

had allowed for 1.3 level hanging wall drive to be a

multi blast smokebox. However due to difficulties 

encountered by the operating mine during development, 

it was necessary to reduce the site of the haulages on 

16, 29 and 1 levels 19 and 21 levels are intake

airways for the extended division, and a reduction in 

intake air rapacity was incurred Thus the 13 level 

hanging wail twin was necessary to compensate for 

This Also on 13 level, the main shaft station

development was not catered for In the initial 

feasibility study. Minor problems rn 13 level arose 

from increased tramming distances and the intersection 

(.f a water bearing formation
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On 16 level the increased footwall (primary)

development was attributed to geological structure

changes. Ore reserve development on this level

increased due to faulting. This Is the top level of 

the service shaft designed to accommodate the new 

longwall Poor ground conditions resulted in the

entire headgear development for the service shaft

collapsing, causing extensive damage to the initial 

shaft system and the shaft itself.

19 level primary development was also underestimated

due to geological structure changes. Localised

faulting. illustrated by Figure 3.2. also Increased

the amount of ore reserve development required The

service shaft netween 16 and 19 level is actually 

upside d o w n ' because 19 level is the bank level. No 

cubic metres excavated from the service shaft or 

associated station development were accounted for in 

the initial feasibility study The feasibility study

also did not make any allowance for a cross cut to 

reef, although the respective reef raise was included.

(leologi'-ai atructure changes also increased the amount 

of primary footwall dovclupnient on 21 level and
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development metres. Numerous reasons for delays on

this level eventually led to the realisation that it

would not be completed on time for the projected

production start-up. When this level fell so far

behind schedule it was decided to change priorities

and devote more resources to ore reserve development. 

Initially 21 level was required as an intake airway.

Since i’ will not be completed on time it was agreed

that the existing mine would provide the intake

capacity.

Other general development delays, especially the 17, 

18 and 20 level interlevels, were attributable of

faulting and the need for extra raises and boxholes. 

On all of the levels mentioned above no consideration

was given to t.:>xhol.es, follow on stubs, dams, cooling

chambers, borehole excavations, etc. Main development 

between 13 and 21 levels at the new longwall position 

was delayed because of additional raise boring 

required for ventilation Removal of raise bore cm-'s 

seems to be a condition often overlooked. Finally, 

during the fire or the existing longwall allocated to

the extended division, ail development on the four
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major levels ceased for approximately three months 

Water had to be used to flood the longwa11 and seals 

prevented any further development.

Tramming problems resulted from excessive tramming 

distances and numerous breakdowns. Round trip 

tramming times presently average 2.5 hours and long 

travelling times to and from the working faces reduced 

effective face tiroes considerably.

An interesting observation is the high turnover and 

unplanned absenteeism experienced in the area of the 

project being developed from the existing mine. It is 

difficult to quantify the amount of work lost due to 

poor or no supervision and a continual shortage of 

labour. There is something to be said for favourable 

env i f -.amenta 1 conditions underground.

With regard to timing down to the main level in the 

sub vertical shaft; the shaft is one full year behind 

schedule due to the following reasons:
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a) Cover drilling 118 days

b> 10 level development, not

planned 21 days

c) Poor ground In the 11 level

rope races 48 days

d) Installation of mid shaft

loading 106 days

e) Hope changes and breakdowns 17 days

Total 310 days

4.1.1 Sensitivity Hating

An attempt to exactly quantify the effects of 

RMi,logical variations. planning discrepancies,

escalation factors and exchange rates on each of the 

six categories would be unreasonable and inaccurate. 

Thp results of this research project are only as 

a c u r n t c  aw the source of Information. Information

f
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"hi/.'h varies frcs wiuuy and min^ W  mine.

Certain isolated items are a curately costed and may 

he used for reference, but. the main goal of this 

research project is to point out p r e ■production CAPEX 

sensitivity

As shown in Table 2 3 the categories ol development.

reduction plant, services and general a 11 exceed 

original CAPEX estimates by over 110%, Housing and 

shaft estimates were also exceeded, but to a much 

lesser extent. All six categories and the major

factors which influenced them are rated as follows, 

from least sensitive to most sensitive

a) Housing escalation factors

b; Shaft escalation factors and exchange

ra t es

c) Development escalation factors

bevelopment gen logica1 variatinns
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e) Development planning discrepancies.

f) Service planning discrepancies

g) deduction plant, escalation factors and

exchange rates.

Pre-product ion capital expenditures a i ways have been 

and always will be subject to influences which apply 

upward pressure on the cost of bringing a mine into 

production While not necessarily sensitive in the

same order as the above rating, these major categories 

must. be carefully analysed in future feasibility 

studies to keep pra production CAPE* under control. 

This rating does not include normally minor 

oonsiderations not covered in the central chapters of 

this research project.

4.1.2 Minor Considerations not Covered in

Sensitivity Analysis

Min- r consideration'; f-u' the purpoHe:! of this research

I
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include methods of finmno.lng m orotect t.mx 

st.ructuros and geogxaphit^al location

The issue of geographical location has been briefly 

discussed in the central chapters. To generalise, 

geographical proxislty to existing mining operations, 

infrastructure and communities requires less capital

to gv?t, a new mine into production than say a mine in

the middle of the Potchefstroom gap. Apparent

advantages however if favourable geography must not be

taken for granted. It would be wise in all cases to 

plan a new mine totally independent from an existing

operation. This way a most expensive" case can be

included in a feasibility study. For the mine used as

the model in this report it appears the "least

expensive case was put forward for approval.

Methods of financing a new mine or expansion project 

vary considerably but normally have a relatively minor 

effect on overall ;re production CAPKX In this case 

R119 million was financed through the Issue of 

unsecured convertille d^lw.ntures and the balance 

funded with revenue from the operating mine 

Table 4 It sums due. d.it'-n And respective Lntnrest due
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on thene debentures.

Due Dates for Detxanture Interest

First

Second

T h,rd

Fourth

Fifth

Sixth

St venth

Eighth

Ni nth 

Tenth 

Eleventh 

Twelfth

Date

12/8S 

06/86 

1 2 /6 6  

06 /87 

12/87 

06 /88 

12/88 

06/89 

12/89 

06 /9 0 

12 /S 0 

06/9 1

Interest
Due <R)

490 600

1 716 760

2 207 250

2 94 3 000

3 679 000

4 905 000

6 131 000

7 803 000 

9 320 000

10 791 000 

HI 791 000 

10 79 1 000

These unsecured convertible cebentures were issued at 

par price of H44.00 each An initial R4.00 was

required by the venders pur- basing the debentures in 

July iHHh Call Uat''S spared at. nix monthly periods

,
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ouliir.ed thf full rxlent. to whir these debentv as 

werr tu he utilised Kach vendor .s expected to pay 

in additional R5 0(: every six months until the full 

debenture price of R44.00 lo reached. Interest on 

these debentures amounts to 18% per annum until such 

time as the extended division reached a sustained mill 

produclion rate of 120 000 tonnes per month The

point is that these Interest payments were not 

included in the Initial feasibility study. Up to 

June 1990, within thn pre production period specified, 

a total of R49 788 500 was omitted. Out of the

P99 5^8 000 increase In the General category, the

debenture interest payments represent 50% of the extra 

money required Obviously the factors of geology,

planning, an escalation and exchange rates have

nothing to do with this error It was simply a very 

costly oversight

luxes for a pre production mine do riot have any direct 

effect on pro production capital expenditures 

N'.rmaiiy. in the case of a new mine, pre-production 

CAI'KX in a oumuljited until the mine begins generating 

revenue Capital cxi*Tidlture, plus a capital



(i-i arm LfiHh deduclnd ver a p*'? . f Lime

until yearly revenue exceed* remaining rA-'KX arrl^d 

forward Only (hen does the n.ne giir* i/inx

on profits. In thin case h'^rver th,- ! of

prm prudui'tlon CAPRX original.. i r m  , pridurtng 

mine. Because the extent: )n a .^ga 1 ly

independent this allows for a ? 11 w-itm ,'f : - t :APEX 

in the same year occurred again; r ^ v n u m  R - n T i t r d  by 

the producing mine Hencm 1h« im,'unt of :APKX spent 

is not effected but the caah fl-w"

Dntt^rtunatfly an indirect cvif 

willingnwss to mpond money 

thought tnwardn cc.mt managem* - ' 

view oi an outsider, hu* f 

South Africa has N»en I "

grad*' gold d^pnn I t s Ar' - ' 

allowed thiP hleasing t '

T imeM arm ' hanging hr wr...

d e r r n n i n g  a n d  c ( ^yLM i : -  . r

m i n i n g  i n d u s t r y  m e n '  ' y  

H^rher( Hoi^ver th*' pri" 'Mil

M m , ' .  Lw 1 i r  v«»d ( m,t r - i f

h i M T . w i y  , , f  - " T ' t . n u . i X y  - ' ' r i :

: %h

TCf of T.hlS 1T< 

"-"le-.l W : tn 

- hMpM' t h I M . :

' T ^r-if it 

/»" . r«' .Tit i n :,t! 1 y

, v r i ̂ ) HR

' . ; *hH 1 me

* i r 1 h.: "
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mining projects in the Republic cf South Africa must 

concentrate or. the reduction of unit costs. The 

concept of getting s t o f ' out of the mine at any cost 

needs to be replaced with efficient extraction methods 

based on sound engineering principles Every mine 

faces the same destiny, the cost of removing a unit 

of ore exceeds the value contained within the same 

unit This destiny can however be postponed by 

efficient management of available resources applied to 

both pre production and production environments.

Recent legislation calling for major taxation reforms 

may soon change all this. The possibility of capital 

expenditures being deducted from revenue over a period

of years exists, as does a minimum tax on companies
( b )

declaring dividends but not paying taxes. A flat

tax rather than a progressive rate has also been

pi upuS<MU .

Instead of being able to write off 100% of the CAPEX

incurred during a financial year the Margo Commission
(6)

recommends a three year SO 30-20 rate 

Indications arc the 10% capital allowance presently 

enjoyed by deep level mines would also fall
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investment in the 
< l)

the decline. The

away. Present real capital

mining industry is already

implementation of this recommendation would further 

discourage capital investment in the industry which 

provides South A* oa with more than two thirds of its 

foreign exchange

The minimum tax on companies <MTC) ia a cash flow tax

whoaa effect is only realised when the mine starts 
(8)

operating at a profit In the extreme case it

could alter th#" pattern of CAPEX spending if pre

production roat-a for an extension equalled or exceeded 

revenue generated by the operating mine.

A flat tax rate has the effect of reducing the amount 

of tax paid by high grad* mines. Progressive taxes 

favour marginal producer^ but could airo encourage 

CAPEX spending on operating mines for the sake of tax 

savings. Actual pre production costs would not be

changed, but the net :fter tax cash flows will be

effected.

Depend i ng talk to. CAKKX



r.Odali,,; iiu^licaciudu for Lne mining industry. 

For the purpose of this research project none of these

proposed tax reforms are certain yet. While the 

overall profitability of operating mines would 

certainly be effected. the effect on pre-production 

capital expenditures and present values for new 

mining ventures is minimal.

At the end of 1988 the report of the Maraj s committee 

on mining taxation way published, with somewhat 

different recommendation" The final position should 

becoi%c clear during 1989.

4 2  Isolation and Control of Sensitive Areas

Unco potential problem areun mr** ? +

must be taken to achieve accurate estimates of i.ĥ  

amnunt of pre-productirn CAPKX required. Setth.g up a 

aort nf chzck-list covering all p o s m b l e  areas for a 

new mine is an .tltmrnative which requires much t i v  

and effort but results in a comprehensive exercise

:• he b<' mate hr jit) rrenf

i

\



the appendices of this research project for a

guideline to such a check-list and 1988 prices

With this in mind the factors of ffclcgical

variations. planning discrepancies, escalation and 

exchange rates can be evaluated (or effect.

Remembering the sensitivity rating and the major

categories most prone tn cost Increases will help 

serve as a guideline for identification of potential 

problem areas. Thn concept of applying probability to 

the extent of these factors, thus estimating their 

effect in Rands, can be considered but is not covered 

in this research project.

Estimation Procedures

Twu basic methods of estimating pre-productif 

expenditures have been considered. The rat

applying costs proportwnat

of simjlar capacity

entails detailed estimating of 

future Kven within the nz

Hopublir nf t,outh Afri,-n .irf' ri

tu hlsturii

n capital 

o' method

one method Tht? other method

)sts. both present 

rTriiup. rosts 1

and

the

i



88

ratio' proportiona will atay thm same. Therefore a 

more detailed approach in required for future 

feasibility studies to be valid.

Geological variations cannot be jrodicted accurately

due to the little amount of information available 

Surface boreholes are expensive and time consuming, 

arid historical continuity of reef leads to assumed 

mine valuations. it wo • , i be extremely naive however 

to assume the geological structure outlined by a dozen 

or so boreholes will remain the same through 

production.

Planning discrepancies should not account for the 22% 

of the extra overall CAPEX as experienced on the model 

mine. With a structured, detailed approach the effect 

of planning discrepancies ('an be reduced to a minimum

Escalation factors and exchange rates are probably the 

most difficult Influeuocn to predict. South African

inflation rates calculated for consumer prices
< 1)

averaged 12 6% between 1974 and 1984 

Furthermore. having peaked at lb 2% in 1981 a steady 

downward (rend was obsi-rvcd through 1984 when yearly
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i n f  at ion was 11 

nveraged 0.69h4 U S

-hsnf;-1 r»t-

Dollars per rand following a
(I)

continual downward trend m  1980. Planning a

new mine in 1985 required use of these statistics plus 

popular opinion of future economic events. Hence the 

10% and 11% per annum escalation factors used in the 

initial feasibility study for the model mine. No one 

could foresee the prolonged high inflation rates and 

poor exchange rates experienced through 1988.

4.2.2 Feasibility Implications for New Mining

Projects

Detailed capita) estimating will give more accurate 

feasibility studies The most expensive came

represents a conservative approach but is necessary in 

these times. Today we speak in billions of Rands 

required to bring a modern gold mine into production 

Serious underestimating of pre-production CAPEX could 

result in the suspension of a project Kven if 

nuifirte.n* ore reserves are available to justify a new 

m,"e. the H.ipply of copital required at. time r.ero must 

i," sufficient bring 'he mine into pr-'duction over
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an extended period

4.3 Applying Control in a Mining Environment

It Is one thing to talk about CAPEX and operating

within budget. It is quite another thing to do It.

Underestimation, or overspending, of money on new 

mines is an old problem. Overspending is often blamed 

wn management whereas the root problem is 

underestimation before management takes control of the 

project.

4.3 1 Dedication to Control

Onco given a CAPEX guideline management must, adhere to 

it as closely as possible A buck here and a buck 

there soon add up and capital spending gets out of 

hand Charging items to different accounts may work

for a short time but eventually causes a shortage )f 

funds hMmewhere. Also, the practice ,,f pushing out -ir 

d e l i y m g  capital expenditures falls to a M u H l l y  suive 

th" problem Instead it cr".,tcn compounded pr. llcms



*

extended period

4.3 Applying Control In a Mining environment

It 1: one thing to talk about CAPKX and operating

within budget. It le quite another thing to do it. 

Underestimation, or r,verw pending. of money on new 

mines is an old problem. Overspending is often blamed 

on management wherea« the root problem Is 

underestimation before manageiaent takes control of th

4.3.1 Dedication to Control

Unce given a CATEX guideline management must adhere to 

it as closely as possible A buck here /tnd a Duck 

there" soon add up and capital spending gets out of 

hand Charging items to different accounts may work

for a short time but eventually causes a "hortage of 

funds somewhere Alno, (lie p n c i i c r  of pushing cut ",

delaying capit.nl expenditures falls t" ac.ualiy soive 

the problem Inntca.i it roat'C* ,"mp«ucidod probiomn

I
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for gom**on*» f 1 in t fo* or"

4.3.2 Management Responsibilities

Top management is responsible for the overall success 

of a new project. Delegating responsibility through 

the ranks, down to the person putting together the 

nuts and bolts, Is nececnary People must be held

accountable In this manner overspending can be

reduced to a minimum
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CONCLUSIONS AND PKCOMMKNDATIONS

Ir Lh* cap* Lf the model analysed pre production CAPEX 

was underestimated by + It is not the intention

ot the report to criticise mine management but. to

illustrate the shortfalls of conventional thinking

when estimating capital expenditures

Within the mining industry, international recognition 

of the control over working costs reflecto on the 

aoility of the local mining profession Competition 

is simply who can produce an ounce of gold the

cheapest I firmly believe that the gold price will

not (cannot) fall below the lowest working cost per 

ounce produced

w m  le the sensitivity rating shews development is most 

vulnerable to cost Increases, escalation factors and 

exchange rates applied t' the reduction plant proved

to be the most expensive area A suggestion for

locally manufactured 

f a c t r s  ralcu 1 al cd 

kutablish a working

apply escalation 

min1ng indust ry 

m mine mi 1 I m g

{

m



.scant

Thesemcnitored for increases

more

han t h e  i n f l a t i o n  f i g u r e s  p u b l i s h e d  by t h e  C:

m a n u f a c t u r e d

i g l n

I j r  e h a n x u i g  Rand e x r h a n ^ e  r u e s

t ' &

My strunx^st rert^mmen'hiinu, l,,r plannin*.'; on the mine 

is (he use .'f juiJifird mining pe,'%,le wit.h nucess (o 

mi'i'-rr. i-omiuters and softwar" To.-, ofitn mine

pianuin^ is don" frv-m i -entrilined where

a tual rmtaoi. with the mine .-in'! (he ifoplu involved 

is remo'e In (his o.ise ihe expansii.vi proj"L:t w^u

U'.-complished without eonsuitinp (he mine invnWei. 

reaultin# in erroneous assumpti',ns as to wnat (he

' ^ r a t i n g  mine could renlinfically aeccmplish 

bhortaw^u '̂ f pumiiug eapaeity and ventilation capacity 

on (.he mine renulted in o*tr.t 'Ime and *un*y required
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designs should be replaced with modern computerised 

packages Today the technology exists which allows a

common PC to accomplish what once required a mainframe 

or minicomputer The ability to design a shaft 

system and associated development car be done on a CAD 

system within a matter of days. Once the base case is 

established alterations can be made to determine the 

best (or the most profitable) arrangement. Moving the 

site of a main shaft will not change the cost of 

sinking but could theoretically result in millions of 

extra Rand spen c or saved in de velopment costs over 

the life of ,he mine. A typl a I PC with 40 Mb of

storage capacity and color graphics capabilities 

accompanied by a printer and plotter will do the job

Minimum software requirements are the mining CAD 

(developed in South Africa) coupled with dt.SE and 

LOTUS 123 for data manipulation. Expect to pay about 

K30 000 for the computer equipment and about R50 000

for the software in 1988 terms. Training the mine 

planner to operate the system depends on the calibre 

of mine planners employed

D t a i e  " I  The  a r t  c o m p u t e r  d e v e l o p m e n t s  f %, u t h  A f r i c a



\

;irr directly applicable to the mining discipline The 

Ham*" CAB software package discussed allows for the 

input of a geological data bane which allows not only 

development design hut stoping sequences to be 

impcued. Resulting cash flows can be generated for 

short term planning or for tho life of a mine. All 

within a matter of minutes If ,4 fire takes out a 

longwal1 for example. management hts the tools 

necessary to evaluate the consequences Irniedlately and 

plan accordingly

b.1 Summary and Conclusions

A detailed approach, with nothing overlooked. is 

required these days to provide an accurate estimation 

of capital contn bringing a mine into production and 

Uigging a hole in fbo ground ire entirely different 

,i.-tivities It is possible to accurately estimate

the cost of bringing a mine Into production and do so 

under budget Cold production in Couth Africa means

hard currency nc essary t,, maintain a stable economy

Kutur" plans for new 

minimum .f prc prod-;

i' c..mpl isln-d with a 

Todays operating
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" H I  someday be replaced with new mining

prrjerts if South Africa la to maintain Ita lead In 

frr* world gold production.

b.2 Recommend?tions for Future Analysis

The purpose of this research project was to Illustrate 

thn sensitivity of pre-production capital expenditures 

wn a new gold mine. Reduction plant expenditures were 

underestimated wore than any other category because of 

, ' H c a l a L i ^ f a c t o r s  and exchange rates The most 

Hi'MHltive category however was development.

f'reaent conventional mining practice w'll eventually 

N' rep ._ed wlLh modern technique? but the facto*-!) 

resulting in cost underestimating will be \ne same 

had estimates of escalation factors, exchange rates, 

olugical variations an\i planning details could in 

many rases contribute towards the demise of a mining 

pruj'Tt if not carefully considered through each phase 

1 the projeet An increased awaron^ss however of th"

discuHHed w i U  improve thf -'hant'es for a 

i i- ' nprr.'it i^n



APPENDIX A

Initial Feasibility Study 
Breakdown of Pre-Production CAPKX (R 000)

All financial figures given in December 1985 
terms. Financial years ending June 30.

Category

Shafts

Hcuuct ion Plant

i umping

VentiJation

Refrigeration

Compressed fir

Underground
Equipment

Electric Power

Works hops 

Black
Accommoor Lion

Other Buildings
and Equipment

Surface Transport

Housing

GeniTH 1

Wpmf'nt

I'rc produrf inn

1385 

3 835

1986

187 

6 160

9 HOO 

3 30M

1987 

43 835 

.1

2 310

110

Y YU0

I 660 
7 |

4 400 |

4

hi



Category 1988 1989 1990

Shaftn 39 820 45 R70 23 705

Reduction Plant 5 500 24 300 15 400

Pumping 1 G50 2 750

Ventilation 220 550 3 740

Refrigeration 4 950 7 150

Compreaaed Air 200 3 880 2 750

Underground
Equipment

1 1 on 4 400

Klec+rlc Power 1 430 2 420 1 540

Workrhops C50 550 550

Black
Accommodation

4 7 30 3 300 3 960

'ither Buildings 
ana Equipment

85H 680 330

Surface Transport 33 0 770

Mousing 8 4?0 8 03 0 4 070

General 7 15 200 1 465

Development 6 160 fi 160 3 630

Ere production OOP 900 12 100



A, rZNDIX B

Forecast of Operations for the Extended DIvL ion 
Finaru'ial years ended June 

(R U00 If not stated)

Year end June 
Years per cycle

1986
1

1987
1

1988
3

Mill rate (TPM) n 0 0
Yield (grams/ton) 0 0
Kilograms gold 0 0 0
Gold Price (R/kg) 0 0 0
Costs per ton milled 0 0 0
Woiking costs 0
Kevenue 0 u
I rof i t 0 0
nunlry Mine Revenue 0 0
Expend 1tures 9 460 11 610 19 4:n
Working profit 9 460 11 616 19 433
Capital Expenditure 40 997 74 036 7% (07

Year end June 
Years per cycle

'989 1990
1

1991
1

Mill rate (TPM) 0 0 uo nuo
Yield (grams / I nn i
Kilograms gold 0 o 4 6""
Gold Price (R/kg) 0 0 .V 'I'1
Costs per ton ml 1 led (.1 0 163
Working costs 0 0 117 641
Revenue 0 0 150 743
P ro f 11 0 0 33 102
Sundrv Mine Revenue 0 0 404
Exp# nditures 2 1 3 7 0 20 Olf, 0
Won-lng profit 2 1 3 7 6 20 615 33 5U0
Cap.ial Expenditure 119 47 1 10H 709 87 78 1



Year end June 
Years per ryrlm

1992
1

1993
1

1994

M U 1  rate (TPM) 80 000 100 000 120 000
Yield (grams/ton) 6. 5 6. 5 6.5
Kilograms gold 6 240 7 600 9 360
Gold Price (R/kg) 35 431 38 974 42 871
Costs per ton milled 160. 07 163.11 169.89
Working costs 153 667 195 732 244 642

221 089 303 997 401 272
Profit 67 422 108 265 156 630
Sundry Mine Revenue 593 815 1 0 7 6
Expenditures 0 0
Working profit 68 015 109 080 157 706
Capital Expenditure 77 306 50 603 69 795

Year end June 
Years per cycle

1995
1

1996
1

1997
1

Mill rate (TPM) 120 000 120 000 120 000
Yield (grams/ton) 6 5 6.5 6.5
Kilograms gold 9 360 9 360 9 360
Gold Price (R/kg) 47 158 51 874 57 061
Costs per ton milled 187.88 205.57 226..3
Working costs 269 107 296 021 325 627
Revenue 441 399 485 541 534 09]
Prof it 172 292 189 520 208 464
Sundry Mine Revenue 1 1 8 4 1 3 0 2 1 4 3 3
Expend!tures 0 C 0
Working profit 173 476 190 822 209 996
Capital Expenditure 83 026 100 144 162 2:7



Yfhr fxrri Jupw
Ye^rs per cycle

- Y o n ,
6

2009
6

2029
20

Mill rate (TPM) 123 333 176 666 180 000
Yield (grams/ton) 6. 5 6. 5 6 5
Kilograms gold 9 620 13 780 14 040
Gold Price (P/kg) 80 714 142 992 179 083
Costs per ton milled 317.19 515 51 643.49
Working costs 472 139 1097118 1389936
Revenue 781 769 1979089 2514324
Profit 309 629 881 571 1124388
Sundry Mine Revenue 2 095 5 305 6 741
Expenditures 0 0 0
Working profit 311 725 886 876 1131128
Capital Expenditure 195 638 257 187 232 897

Year end June 
Years per cycle

2031
2

2033
2

2036
3

Mill rate (TPM) 175 000 152 500 0
Yield (grams/ton) 6. 5 6. 5 0
Kilograms gold 13 650 11 895 0
Gold Price (P/kg) 179 083 179 083 179 083
Costs per ton milled 643.49 643.49 0
Working costs 1351328 1177586 0
Revenue 2444482 2130191 0
Pjufit 1093154 2130191
Sundry Mine Revenue 6 74 1 8 74 1 0
Expenditures 0 0 0
Working profit 1099895 959 346 0
Capital Expenditure 196 995 196 995 0



APPENDIX C

Summary of Initial CAPKX For<“r*s««t. for t hm 
Proposed Mine Extension
(Estimated 14 February 1986)

Heading
Total of 
Forecast
(R 000)

Spent to 
30/06/85

(R)

Ventilation Shaft 22 463 3 364 502
Main Shaft 94 168 0
Sub-Vertical Shaft 68 050 0
Service Shaft 8 800 0
Reduction Plant. 39 180 0
Pumping 4 900 0
Ventilation & 19 800 0

Refrigeration
Compressed Air 10 045 0
Underground Equipment 12 069 1 190 810
Electric Power Supply 20 200 1 140 04 1
Works hopi 3 536 0
Black's Accommodation 21 765 0
Other Buildings & 6 217 0

Equi pment
Surface Transport 3 590 411 542
Housing 30 130 0
General 13 574 726 321
Development 35 m i 2 708 633
Waybill & General 36 000 0
Expenses
Sundry Persons 1 000 0

Grand Total Mine 450 (,07 y 54 1 849
Excluding Inflation

Inflation Factor 0 0

Inflation Pijviaion 96 151 0
on Grand Tutal

u r a n ! Tota1 54* 738 H !41 A4H
including Inflation
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Forecae in cix periods (R 000)

Heading
1985

1
1986

?
1986

3

Ventilation Shaft 4 4:9 5 101 4 690
Main Shaft 13 005 12 133 1% 853
Sub-Vertical Shaft. 0 0 2 000
Service Shaft 0 0 0
Reduction Plant 20 60 1 0 0 0
Pumping f) 0 0
Ventilation & 0 1 (W0 100

Refrigeriti^i
Compressed -ir 817 800 428
Underground K y  . ment 645 233 0
Electric Power .rjpply 508 452 0
Workshops 244 642 300
Black ’ s Accommodation 0 2 025 3 870
Other Buildings & X41 1 8 7 0 1 5 2 :

Equipment
Surface Transport 431 237 220
Housi ng ] R 5 0 2 000 2 000
General 245 3 803 1 2 8 0
Development 3 551 4 90') 4 710
Waybi 11 & Gt: era.1 1 830 2 000 2 000

Expenses
Sundry Persons 0 100

Granil Total Mine 27 00K n  :^i 37 073
Excluding Inflation

Inflation Provision 0 1 8 5 4
on Grand Total

Grand Total 2" HOG 3? Vi'. 1
Ii.eluding Inflalion



104

Forecast in six-monthly periods (R 000)

Heading
1987 1987

5
1988

6

Ventilation Shaft 
Main Shaft 
Sub-Vertical Shaft 
Service Shaft 
Reduction Plant 
Pumping 
Ventilation &

Refrigeration 
Compressed Air 
Underground Equipment 
Electric Power Supply 
Works ho ps
Black's Accommodation 
Other Buildings & 

Equipment 
Surface Transport 
Housing 
Genera 1 
Development 
Waybill & General 

Expenses 
Sunnry Persons

3 966 
11 936
5 000 
1 1 0 0
2 300

0
200

0
500

0
500

3 470 
422

220 
2 500 

900
4 044
2 000

400

922
10 300 
8 900 
1 5 0 0  
2 200 

500 
250

500
0

3 000 
500 

3 100 
160

800
J 0 0 0

300
3 100
4 500

500

0
9 900 
12 300 
1 8 0 0  
3 300

0
0

1 5 0 0  
0 

600 
300 

2 000 
0

250 
6 135 

800
3 100
4 500

I)

Gr? .,d Total Mine 39 458 43 032 46 485
Sxc1uding Inflation

Inf 1 ati on Ear tor in nn ] s n n 21.30

Inflation Provision 3 946 6 455 9 762
on Grand Total

Grand Total 43 403 49 486 56 246
Including Inflation



Forecast in six-monthly periods (R'000)

Heading 1988 1989 1909 1990
0 9 10

Ventilation Shaft 0 0 0 0
Main Shaft 9 700 9 400 3 806 1 1 3 0
Sub-Vertical Shaft 12 700 11 9?0 10 090 5 100
Service Shaft I B M 1 5 0 0 1 1 0 0 0
Reduction Plant 6 500 8 000 7 900 7 900
Pumping 500 1 1 0 0 1 2 0 0 1 6 0 0
Ventilation & 1 4 0 0 4 91'0 6 700 5 200

Refrigeration
Compressed Air 2 000 1 5 0 0 1 5 0 0 1 0 0 0
Underground Equipment 0 1 0 0 0 4 000 4 500
Electric Power Supply 7 000 800 4 500 2 200
Works hops 300 300 450 0
Black "s Accommodation 1 0 0 0 2 000 2 300 2 000
Other Buildings & 120 290 981 611

Equipment
Surface Transport 220 220 300 J8C
Housing 5 505 4 140 2 300 1 7 0 0
Genera 1 3 000 1 3 5 0 1 (HO 100
Development 3 100 3 100 1 9 8 7 800
Waybill & General 4 500 4 500 5 000 5 170

Expenses
Sundry Persons 0 0 i) 0

Grand Total Mine 59 345 58 n o 55 184 291
Excluding Inflation

lid la lion Fac tor j3 uu jy uc 4K. 00

Inflation Provision 16 023 If" 516 10 074
nn Grand Total

Grand Total 75 368 7 4 626 76 705 57 364
Including Inflation



APPENDIX D

Initial CAPKX Forecast for the Proposed Mine

Total of Spent to
Headlr.K ForecasL 30/06/85

(R'OUO) (R)

Ventilation Shaft

Site Levelling am 88 173
Site Establishment 2 102 2 301 857
Shaft Collar 238 238 257
Miscellaneous Costs I 634 45 713
Sink and Line Shaft. 18 201 690 502

Main Shaft

Conetructlon of Main Terrace 2 466 0
Headgear and Shaft Collar 3 487 0
Man Winder House 1 380 0
Platform Winder 2 615 0
Services Duct 1 500 0
Concrete Batching Plant 350 0
No 1 Man Winder 9 400 0

(b bm diameter)
No 2 Man Winder 9 400 0

(b. bm diameter)
Nock Winder 15 600 0
Personnel Duct. 190 0
Sink Line and Equip Shaft 33 100 0
Station Development I 600 0
Sinking Hoisting Equipment. 3 600 0
Permanent Hoisting Equipment 4 300 0
Wiiidet Spares 460 u
Permanent Signalling 250 0
Hope Heeling Arrangements 390 0
Main Loading and Transfer :: 200 0

Arrangements
Shaft Bottom Arrangements 500 0

and Cpillage
Bank Layout and Site 500 0
Site Investigation and 150 0

Dr i 1) 1ug
E m e r g e n t  y D i e s e l  A l t e r n a t o r 111) 0
W a s t e  H a n d l i n g  o n  S u r f a c e 400 0
S u r f a c e  Pr  ' c c t i o n  o f  H a n k /'■(i 0
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I Total of Spent to
I Heading F O r e r H S t 10/08 /H5

(R 000) (R)

Sub- Vert ical Shaft

Initial Shaft System (ISS) 14 100 0
Including Headframe
Barrel, Winder Chambers
and Development

Sink Line and Equip Shaft 11 300 0
to 25 Level

Station Development to First 4 500 0
Ore Pass Positions on
Five Major Levels

No. 1 Man Winder 9 400 0
No. 2 Man Winder 9 400 0
Hock Winder 6 700 0
Winder Spares 500 0
Sinking Hoisting Equipment 4 300 0
Permanent Signalling System 200 0
Mid-Shaft Loading System 550 0

on 25 Level
Brow Box on 21 Level 450 0
Reef & Waste Passes to 3 300 0

26 Level
Deepen Shaft to 29 Lev* 1 900 <}
Air Filtration and Cooling 450 0

System for Hoists

S rvice Shaft (16-19 I,eve!) 8 80" 0

Reduction Plant 39 180 0

Pumping 4 900 0

Waybill and General Expense 36 000 0
Account

Sundry Persons 1 000 (J
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'1 jading
Total of 
Forecast
IH UUU?

Spent to 
30/06 /85
(K)

Vent.i iation & Refrigeration

Return Airway Booster Fans 40 0
Main Shaft Sinking 700 0

Ventilation
Sub-Vertical Sha/t Sinking 450 0

Ventilation
Ventilation Shaft Permanent 3 350 Q

Sub - Vertical Underground 100 0
Coursing Fans

21 Level Intake Airway 900 0
13 ’o 14 Level Return Airway 1 600 0

and Borehole
Refrigeration Including Buik 12 300 0

Coolers and Chilled W a t t
Reticulation

Compressed Air System 10 045 0

Underground Equipment

13, 16 St 21 Level Equipment 1 501 1 190 810
19 Level Development 568 0
Three Lh Units 500 0
Additional u/g Equipment 5 500 0
Raise Boring Machines 4 000 0

Electric Power Supply

Temporary lower Supply I 800 1 140 041
Initial Electric Power 300 0
Surface Electric Power 5 800 0
Main Shaft Electric Puwer 7 800 0
Sub-Vertical Shaft Power 4 500 0

ilevm lopment

Main Level at IZOm'mon'h 6 GOO I 622 330
Development on Three Levclp 27 200 1 086 303
Sub- Vert :ral Shaft 1 300 0

Development



1 Total of Spent to
i Heading Forecast 30/06/85

L___  _______ (R000) (R)

Wo i Kishops

Workshops 886 0
Drill, Loco and Carpenter 1 300 0

Shops
Winch, Truck and Transport 750 0
Shops with Change Houses
Workshop Equipment 600 0

Black's Accommodation

Services for Hostel Blocks 800 0
(084 men)

Hostel Blocks for 064 Men 3 020 0
Temporaly Kitchen Facilities 250 0

for 1200 Men
Hostel Administration 600 0

Including Pay Hall,
X-Ray and Dressing
Station

Parking Facilities 100 0
Sports Fields 45 0
First Aid Room 50 0
Hostel Complex for 9 336 Men 12 400 0
Married Quarters 700 0
Permanent Kitchen and Dining 3 800 0

Facilities for fi 600 Men

Surface Transport

Construction of Accent Road 883 411 542
Surface Transport 487 0
Roads 2 220 0

Housing

Purchase of 135 Erven in 1 850 0
White Township

104 Houses in Township 8 500 0
40 Single Quarters & Flats 2 490 0
Services for 370 Stands 6 290 0
Additional Housing 1 1 000 0
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1 Total, cf Spent to
Heading Forecast 30/00/85

(R'000) (R)

Other Buildings & Equipment

Heavy Machinery Store 424 0
Main Shaft Engineering 350 0

Buildings
Temporary Administration 181 0
Initial Magazine & Fuse 300 0

Store
Office Furniture & Survey 150 0

Equipment
Car Shelters 70 0
Security Complex 200 0
Mine Store 660 0
Shaft Offices & Change 1 3 3 0 0

House
Crush and Cap Lamp House 800 0
Main Shaft Covered Wa Ikway 100 0
Proto & Fire Fighting 80 0

Building
Heat Tolerance Training 462 0

Centre
Shift Bo b s  Slore 110 0
Office & Canteen for 50 0

Workshops
Micro Computers & Equipment 300 0

Genera 1

Geo technical Survey 122 71 678
Telephone Service 1 1 0 0 2 415
Hand Water Board Supply 1 8 3 2 652 228
Purchase of Freehold 0
Reticulation of Bank, Plant, 1 0 0 0 0

Offices, Hostel & Stores
Sewage Disposal and 1 6 5 0 0

Treatment Plant
Stormwater Drains 550 0
Surface Equipment 120 0
Badge Reader Arrangements 400 0
Hack Killing Plant and 3 00U 0

Reticulation

....



APPENDIX E

CaiuiiKii. 3 uT uyua Leu CAFSX Forecaat lor the 
Proposed Mine Extension 
(Estimated 21 June 1988)

Total of Spent to
Heading Forecast 30/06/88

(R000) (R)

Ventilation Shaft 25 160 25 160 244
Main Shaft 120 757 9U 409 713
Sub-Vertical Shaft 90 876 45 397 000
Service Shaft 13 660 6 660 000
Reduction Plant 102 928 27 718 753
Pumping 22 420 3 500 000
Ventilation & "7 838 7 619 169

Refrigeration
Compressed Air 12 734 5 082 309
Underground Equipment 19 07U 7 97 0 012
Electric Power Supply 20 357 6 921 661
Works hops 5 975 3 979 526
Black 's Accommodation 32 722 17 279 000
Other Buildings & 15 171 8 410 894

Equipment
Surface Transport 7 931 6 600 395
Housing 46 070 18 736 238
General 20 984 5 654 633
Development 98 588 47 348 000
Pre-Production 9 1 7 7 2 36 570 000

Expenditures
Sundry Persons 2 182 1 V 3  900

Grand Total Mine 797 195 372 190 547
Excluding Inflation

Inflation Factor 0 0 0 0

Inflation Provision 16 018 0
on Grand Total

Grand Total 813 213 372 190 547
Inolud m g  Inf lat i( n
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Forecast in six-monthly periods (R '000)

Heading 1988 1989
8

1989 1990
10

Ventilation Shaft 0 0 0 0
Main Shaft 9 067 11 547 7 793 1 940
Sub-Vertical Shaft 11 730 11 150 12 218 10 381
Service Shaft 000 1 610 1 450 1 940
Reduction Plant 27 505 24 083 15 671 7 950
Pumping 4 240 b 700 4 430 4 550
Ventilation & 7 114 7 895 12 760 12 450

Refrigeration
Compressed Air 3 350 3 350 712 240
Underground Equipment 500 1 525 3 550 5 525
Electric Power Supply 1 495 3 790 4 490 3 660
Works hops 0 0 135 1 860
Black's Accommodation 268 360 4 205 6 610
Other Buiidings & 1 060 455 2 105 3 140

Equipment
Surface Transport 431 50 500 350
Housing 4 830 6 724 3 600 9 18 0
General 1 364 1 344 6 37] 4 250
Development 12 660 10 120 12 700 15 760
Pre-Production 1 000 13 600 15 500 14 502

Expenditures
Sundry Persons 709 0 0 300

Grand Total Mine 103 923 101 303 1 1 190 104 588
Excluding Inflation

Inf iat ion Factor 0. 0 0 . 0 5 0 1! 00

Inflation Provision 0 0 5 60 10 459
on Grand Total

Grand Total 103 923 105303 116 749 115 046
Including Inflation



Updated CAPBX Forecast for the Proposed Mine 
Extension
(Kytimated Juno i966;

Total of Spent
Heading Forecast 30/06/88

<R- 000) (R)

Venti lation Shaft

Closed Estimates 1 552 1 551 919
Miscellaneous Costs 3 992 3 991 800
Sink and Line Shaft 19 617 19 616 525

Main Shaft

Closed Estimates 8 583 8 582 872
Sink Line Equipment 45 991 38 041 000
Sinking Hoisting Equipment 3 640 3 640 000
Headgear and Shaft Collar 4 419 4 4 18 84:
Man Winder House 1 785 1 785 000
L. H. Man Winder 15 . Sm d i a ) 9 743 8 300 000
R H. Man Winder (5.5m dial 11 484 10 430 000
Personnel Duct 3R9 218 000
Pope reeling Arrangements 605 605 000
Bank Area and Road 328 328 000
Bock Winder 17 035 12 763 000
Rock Winder House 1 355 100 000
Station Developmmnt 3 860 1 v 0 000
Permanent Hoisting Equipment 270 0
Winder Spares 720 0
Permanent Signalling 390 0
Main Loading and Transfer 3 190 100 000

Arrangements
Shaft Bottom Arrangement.'! 740 100 000

and Spillage
Bank Layout and Surface 200 0

Change-Over
Track Layout to Timber Yard 1 050 0

.. ...  .. . ..
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Total f'f Spent to
Headi ng Forecast 30/06/88

.RThifn fR)

Sub Vertira 1 Shaft.

Initial Shaft System IK :.'3Z 4 372 000
Inciuding Headframe, Barrel
Winder Chambers and

Deve lopment
No. 1 Man Winder 1% 857 9 769 000

(5 5m X 1 5m)
No. 2 Man Winder 11 430 8 035 000

(5.5m X 1. 5ro)
Rock Winder (5.5m X 1 5m) 12 580 9 994 000
Sink Line & Equip 26 536 12 036 000

to 35 level
Station Development. 5 531 1 031 (W0
Heel & Waste Passes 2 490 0

to 33 level
Hoist Air Filtration & 470 160 000

Cooling System
Miscellaneous Costs 2 750 0

Surface Shaft Temporary 7 00 0
Services

Service Shaft (16-19 level)

Sinking Hoisting Equipment 940 410 000
Sinking Winders 400 400 000
Initial Shaft System 2 630 2 630 000
Concrete Mix and Batch Plant 40 0
Kalse Bore. Line and Kqulp 3 180 2 *20 000
Station Development 300 0
Man and Material Winder 0
Permanent Hoisting Kquipmrnt 500 0
Shaft Bottom A-rungementa 110 0
Permanent Signalling 80 0
Hewf and Waste Passes 1 200 300 000
Off Station Development 1 200 0
Huist Air K 11 (.ration wnd 180 0

CoolInx System

4



Heading
Total of
Forecast
(K'000)

Spent to 
in /ng /mm 

(P)

Reduction Plant

Closed Estimates 250 249 753
Temporary Services 165 165 000
Eng & Metallurgical Store 660 366 000
Geotechnical Survey 80 80 000
Terrace Construction 830 830 000
Roads, Drainage & Toiie ’ 950 85U 000
Reduction Plant Civil Wo , 17 000 6 072 000
Plant Offices & Change Hovs.3 550 0
Reef & Waste Conveyor System 5 473 1 84u 000
Stockpile Arrangements 9 000 3 58< uco
Mi 11ing Section 30 000 8 939 000
Thickners & Woodchip Removal 6 600 1 100 .50
Pipe Bridges,Towers,Trestles 800 300 1 . 0
Leach Section 6 400 600 OOl,
C. I.P. Adsorption & Elution 10 000 1 329 000
Gold Recovery Section 4 000 500 000
Slimes Dam 3 000 0
Cyanide, Lime and Flocculnnt 500 0

Section
Permanent Reticulation 400 100 000
Backfill. Residue and 3 000 500 000

Slimes Disposal
Laboratory Services 20d 107 000
Misc. Metallurgical Costs 200 100 000
Commissioning Cost" 700 0
Plant Control Building 500 100 000
Plant Control Instruments 400 0
Fencing and Gate 270 0

Pumping

Initial Intermediate Pump 1 400 1 400 000
Chamber

Completion of J.P.C 5 340 2 100 000
Longwa11 Pumping System 580 0
Service Shaft Pumping System 7 600 I)
9. 10, and 20 Level Pumping 7 500 0



Heading
Total of 
Forecast
in uuu;

Spent to 
30/06/88 

iR)

Ventilation & Refrigeration

C .1 ctied Kbtimatee 93 93 169
Gub-Vertical Shaft Sinking

Ventilation System 600 346 000
Vent Shaft 10 Level 2 162 862 000

Development
Main Level Return Airway 6 011 I 211 000
Access Cross-Cuts foi two 2 725 400 000

Interlevels
Service Shaft Multiblast R77 477 000

Raise Bore Hele
204m Raise Bore Vent Hole 410 410 000
Upcast Raise Bore Holes for 3 150 800 000

Six Levels (two holes
408m long & 3.63m dia )

S.V. Shaft Multiblast 1 7 10 300 000
Raise Bore Hole

Refrigeration Plant 9 420 2 722 000
Permanent Ventilation Fans 5 100 0
Kx'iauat Fans for two Levels 960 0
Intake Airway on 21 Level % 400 0
Bulk Air Coolers and 2 400 0

Associated Development
Chilled Water Reticulation 1 550 0
Inter-Shaft Airway 2 090 0
Fire Detection System 460 0
Fans Store and Testing 380 0

Equi pment.
Underground Development Fans 240 0
Me thanometers 4 0 (i
Dust Extraction for Main 240 0

Rock Transfer System
2 Chi 1 led Water Dams (5M1 s 990 0
Main Level Energy Recovery

Turbine 0
Self Rescuers 0
Return Airway DeveIo pment. 0
Refuge Elays 840 0
Ventilation System Above 2 10 0

the Main Level



* Head 1n*

Ventilali & Refrigeratic

Clumed Kalimates
Sub-VerticaJ Shaft Sinking 

Ventilation Syate*
Vent Shaft 10 Level 

Development 
Main Level Return Airway 
Access Cross-Cuts for tw.

Inter.levels 
Service Sha"t Multiblast 

Raise Bure Hole 
204m Raise Bore Vent Hoi'.: 
Upcast, Raise Bore Helen for 

Six Levels (two holes 
408m long & 3.63m dla ) 

S.V. Shaft Multiblast 
Raise Bore Hole 

Refrigeration Plant 
Permanent Ventilation Fans 
Exhaust Fans for two Levels 
Intake Airway on 21 Level 
Hulk Air Coolers and

Associated Development 
Chilled Water Reticulation 
Inter-Shaft Airway 
Fire Detection System 
Fans Store and Testing 

Equipment 
Underground Development Fans 
Methanometers 
Dust Kxtiaction for Main 

Rock Transfer System 
2 Chilled Water Dams (bMli 
Main Level Energy Recovery 

Turblne 
If Rescuers 

Return Airway Ifvelnprncnt 
|Refuge Bayn
iVrntilatiun Dyslmm AlK»v<-

Total of 
Forecast

600
162

410
150

9 420 
5 100 

980
2 400 
2 400

1 550
2 090 

480 
180

240
40

240

400 
160 
-<4 0

(.he Ma •* 1

Spent to I 
30/06/88 I

93 169

346 000 
862 000

1 211 000  
400 000

477 000

410 000 
800 000

300 000

2 722 000
0
0
0

I.)
n
o

I
h
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1 Heading

Total of 
Forecast
(R'UOO)

Compressed Air

Closed Kmtimate 
Additional Compressed Air
Longwall Compressed Air 

Supply
Shaft Compressed Air Columns

? 794 
8 210 

950

780

Underground Equipment

Environmental Testing 100
Equipment

Closed Estimate 3 970
Additional Development 10 500

Equipment for 4 Levels
Underground b Lope Props 4 500

Electric Power Supply

Temporary Power Supply 2 155
Surface Electric Power 5 9C0
Glowed Estimates 722
Compressor Station Power j)7()

Supply
Refrigeration Power Supply 57 0
Reduction Plant Power Supply 92C
Initial Power for l.P C. 33(1
Ha in Shaft Power 7 800
Power Control !20

Workshops

Closed Kstimutes i .’3 1
Urlli, Transport and I '")3

Carpenter Shops
Workshop Equipment 1 401
Winch, Truck. & Loco Shops 780
Hostel Maintenance Shop

Spent t.u 
30/06/M8 

(R)

2 794 309
2 288 000

0

3 970 012
4 000 000

1 55 0 0 0  
055 000 
721 661 
460 000

570 000 
460 000

1 %30 
1 H33

5%6
nun

oou
o

-

?
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Heading
Total of
Forecast
(R-nnn)

Spent to 
30/06/88

(R)

Wla^k H Accommodation:)

Servlcus for Initial 2 48T 2 487 000
Accommodations

Initial Accommodations 4 yso 4 990 000
Hostel Administration 2 660 1 803 000

Including X-Ray, Pay Hall
and Dressing Station

Bus and Parking Facilities 135 0
Sport Fields and Complex 349 49 000
First Aid Room Equipment 50 18 000
Kitchen and Dining Facility 3 566 3 016 000
Hostel Complexes (6 000 men) 15 680 4 116 000
Harried Quarters 375 0
10 Rondavels for Visiting 370 0

Wives
Additional Hostel Services 120 800 000

Other Buildings & Equipment.

Closed Estimates 3 984 3 983 894
Miscellaneous Shaft 457 257 000

Engineering Buildings
Security Complex 1 952 I 952 000
Initial Magazine and Fuse 815 600 000

Store
Computers and Equipment 562 147 000
Monitoring Control Centre 696 576 000
Survey Equipment 450 200 000
Micro Filming for Drawings 175 175 000
Workshop Office Building 220 220 000
Walkway from ryush to Hostel 300
Additional Change Houoe 685 0

Faci1itles
Training Centre 630 0
Crush and Cap Lamp House 840 0
Proto Building and Equipment 645 0
Heat Tolerance Training 880 0

Centre
Mine Overseers and Foreman 380 0

Ha i n Office Building and n
Corv i re.;



/

tlH

Total of 
Forecast
crcoc:

Spent to 
30/06 /88

(R)

Surface Tranaport

Cluacd Katlmatea 030 I 030 395
Additional Surface Transport 747 3 247 000
Cowplwtion of Roadm 154 2 323 000

Cioatd Eatlmutea 906 1 906 238
Services for 370 Stands 5 075 5 075 000
5 03 Houses in White Township 38 789 11 755 000
L' tormwater Serv 1 ce !00 0

General

Cloyed Estimates 2 453 2 452 633
Permanent Sewage Plant 756 846 000
Purchase of Freehold 3 590 I 690 OuU
Water Supply 2 900 0
Reticulation of Bank, Plant, 644 384 000

Offices. Hostels 4 Stores
Telephone Services 950 0
Exploration Diamond Drilling 789 282 000
Card Reader Arrangements 300 0
Security Fencing and Alarm 350 0

System
Backf i11 Underground % 400 0

Reticulation System
Assaying Fac1 11ties 844 0
Contributions to Group 3 848 0

Training Centre & Hospital
Surface Equipment 160 0

4



Total of Spent to
Heading Forecast 30/06/88

(R 000) (?)

Development

Main Level Development at 16 921 16 921 000
120 metres per month

16, 19 and 21 Level 43 147 28 117 000
Development,

13/17 Footwall Drive South 3 370 300 000
Main Level Station 12 000 1 100 000

Completion
Main Shaft Reef and Waste 1 1 2 0 110 000

System for 204 metres
Development to Second Shaft 5 200 600 000

System on 13 Level
Ore Handling Facilities 200 200 000
15 level Development 4 610 0
Longwalx Re-Establishment 3 040 0
10 Level Footwall Drive 7 680 0

Development
Sub-Vertical Shaft 1 3 0 0 0

Development

General Expenses 41 487 20 084 711

Debenture Interest Payable 50 285 16 485 280

Sundry Persons 2 182 1 173 000



APPENDIX G

Costing Exercise for Surface and Underground 
Tracx Layouts

This exercise estimates the ost per metre for the 
installation of tracxwork on surface and underground.

Cuals

For 6 10mm and 22kg rails

22kg rails R 218 419
4.3m switch R 1694 005
Concrete Sleepers R 13 778 each
Fish Plates R 8 864 (pair)
Bolts R 3 292 per kg
Pandrol Clips R 4 000 per kg

(estimated

Installation labour R60 per metre for ideal
surface conditions.

R90 per metre for typical 
underground conditions.

The figures for installation labour were calculated 
using wages of the construction crow required A 
period of time spent, on a development contract allowed 
me to calculate the unit cost for labour concerning 
trackwork.

Aaa.uaj2.tie.ns

9 sleepers per 4.3m switch 
18 sleepers per 9.1m rail <0.5 spacing) 
8 bolts per joint 
4 clips per sleeper

Results
Expect to pay approximately R150 per metre for surface 
trackwork (not including concrete work) and around 
R200 per metre for underground track laying.



APPENDIX H

Summary of Planning meeting minutes relevant to 

21 April 1968

Re-raising of the destroyed longwall was 
discussed with three possible options.
1 Re-establish the existing slope feces.
2. Develop and re-raise from the existing

follow on foGtwall drives.
3 Develop and re-raise fr̂ :,, the existing

deep footua.ll drivt 
At this point in time option three is the
most favoured This is relevant to the
research project because more capital is 
needed sooner than expected for equipment.

04 / 1 1 /87 Re-raising 
footwa11 
addi 1 1 ona1
1990

the destroyed longwall from deep 
position would require an 
R5 500 00n during 1989 and early

-/87 It was pointed out that the extended
division has completely lost a fully
producing longwall due to a fire, 
subsequent flooding and seismic events 
Regardless it was felt that the operating 
mine should hand over a fully producing 
longwall to the extended division as 
specified in the initial feasibility
study. More capital than originally
planned will therefore be required to
produce the same results

1/88 Development progress on 16 level has slowed
due to an unexpected intersection with the
cobble reefs This means the end must turn 
to go deeper (80 100 metres) ir the
footwa11 to avoid unfavourable rock
mechanics. This development will project
what can be expected on 11 level in the

The existing A service shaft cannot handle 
the tonnage assumed therefore it must 
either be upgraded or assisted with the 
development of an access raise system The 
existing H service shaft has never actually 
liern commissioned due to excessive heat



problems No provision was made in the
initial feasibility study for work required 
to get these service shafts operating at 
design capacity. It was assumed they would

ope jna 1..

/Gl/88 Until such time as the sub vertical shaft
is completed it la assumed the operating
mine will pump the extended division a
water on the lowest level. Water will be 
generated from numerous development ends 
and three producing iongwalls Surge dams 
must be excavated and built at the bottom 
of each longwall.

/0 1/88 The operating mine informed the extended 
division it could not possibly assist with 
pumping as previously assumed. There are 
no pumping excavations available. This 
means the extended division needs extra 
capital to excavate and equip its own 
settling dams and pump chambers. Now the 
development of the IPC becomes high 
priority. If the I PC is not finished soon. 
the mine may have to delay the start of the 
product), on.

/01/88 Money allocated for the development of
13 level footwall drive has been moved 
forward with the present allocation going
to the hostels.

be enough money for the 
the planned -eef and waste

Therm M y  not 
development of 
pass system.

Thu R4 700 00
inadequate.

The 36 nquare metre intake airway off the
main shaft has been underestimated in terms 
of CAPEX as have oth intake airways. The 
figuie of R18Q per cubic metre issunod in 
the Initial feasibility study is no longer 
valid. A more realistic figure is R%50 per 
cubic metre. Thin figure applies to most 
development ends whether small standard 
ends or large winder excavations U^on 
subsequent Invptigation it wap discovered 
that this figu.f' ir .i.'tually P280 per cubic 
metre

4
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Present (,'AFKX emtimatea for compressed air 
cover the compressors and main shaft 
columns but not the purchase and
j nyId ilaiion of a 20 inch column required 
on the main level to the A service shaft, a 
distance of 3.5 kilometres.

It was decided to contract out raise boring 
machines rather than purchase them.

.M/04'SB Development rates on the main level could
reach 200m/month under ideal conditions. 
This is a twin haulage If single end
development were the case a maximum of 
90m/mcnth could be expected. An average of 
IGOm/roonth would be adequate to bring the 
mine into production or schedule

Develop ent rates on 16 and 19 levels are
also estimated at 90m/roonth for a single 
end with a possible 1lOm/month for multiple 
ends. To finish these ends on time however 
requires an average of 195m/month.
Apparently these developments will not be 
finished before the projected start-up
date.

Development rates on 21 level are very bad 
<45m/month maximum) due to excessive heat. 
Two coolers need to be repaired at a cost 
of R52 000 and will six weeks It appears
this development will not be finished in 
time for the projected production start up.

Development off station from the service
shaft is running short ci ventilating 
capacity This may result in the stopping
of another development project in order to 
provide both fresh air and exhaust
capacity. Completion of this service shaft
and associated ore reserve development is 
necessary to bring the 76 longwal1 into
production as planned In the initial
feaa(bi1i ty study the expected tonnage 
profile was to come from two fully 
producing longwal Is c^ded to t he extended 
division Due to a fire in the largest of
the two longwalla and unexpected geological 
lonmcH the Introduction of an extra two
longwalIs mnd Home scatter mining was 
deemed neceoaary Thim naturally requires 
more pre produrtmn TAI'KX than originally 
eotl mated



4 '

*

1 f>

Development on IS level in necesHary to
provide accesn to Lhf scatter mining
areas. This was not accounted for In the
initial feasibility study.

Development of 10 level footwall drive has
commenced to provide future exhaust
capacity. This was not accounted for in
the Initial feasibility study.

4

[



APPENDIX I

Summary of Raise Boring Capital Costs for Mining 
(in 1988 Terms)

Raiseboring tiroes and costs for a 2 . 13m diameter 
vertical hole in Dolomite (181 - 266 MPa>, Cobble Reef 
(50 MPa). Quartz i tes <230 MPa) and Shales <156 MPa).

Activity Days Cost (R)

Connect Machine & Collar 
Pilot Drill
Break out bit stub 
Attach reaming head 
Ream
Break out reamer
Pull rods,dismantle machine
Move machines on site

1. 0 
21 3m/day 

0. 5 
0. 5 

9. Im/day
0. 5
1. 0 
1 0

2 469 
357/m 

1 2 3 5  
1 2 3 5
1 027/m 
1 2 3 5
2 469 
2 469

Therefore
of hole)

cost per hole (R1 383 * length

This does not include development coats of 
excavating a raisebore cubby. providing 
services, standing time, pouring concrete 
and removal of raiseboring chips

Raiseboring times and costs for 
vertical aoie in Lava < 300 MPa)

Activity Days Coet (R)

Connect Machine & Collar 1. 0 2 469
Pilot Drill 17 4m/day 421/m
Break out bit stub 0 5 I 235
Attach reaming head 0. 5 1 235
Ream 7.4m/day 1 18H/m
Break out reamer 0. 5 1 235
Pull rods,disroant1c machine 1 u 2 469
Move machines on site 1 0 2 469



Therefore cont per hole Rll 109 + (R1 609 * length 
of hole.

Note: Thla does not include development costs
o f  e A C d V d L i n g  <1 r a L d n u o x e  ,:uLL>y ,
providing services, standing time, 
pouring concrete cr removal of 
ralseboring chips



APPRUDi/ J

Gumnmry of Development Costs In 1988 compered
with Development, Costs in 1986

Average development 'oats (Rands per tonne) for 
May 1988

Mine 2 5 6 7

R/t 94. 72 83. 47 96 50 87.77 85 19 77. 77 111.47

Mean cost for all seven mines R 90.84/tonne.
Assuming 75 tonnes per cubic metre R249.8 'cuMr

Average dev*- 
May 1986.

ent corts (Rand per tonne) for

Min- 4 7

, h * 64.75 67. 01 66 45 88 80 66 . 76 55. 01 70 70

Mean cost for all seven m:ies R 65.35/tonne 
Assuming 1' 75 tonnes i*-- ubir metre - Rl^S.YK/cibic

T(' det ermine the -'eve . pment latinn rate the
future value formui.i f K'. Pv * '1 4 is used.

Pv f u t u r e  v a lu e  o f  = :'4!* -*1 ^ c r  c u h i "  m e tre

Pv present value of i\ per cutnc metre.

n K (n u m be r o f  p e r io d s  t.o . im p o u n d )

1 resulting yearly interest escale+inn) n t e

In thin case i. or iho ep.^intixi raie_ equals 
per year



APPENDIX K

Summary of Shaft Sinking Costa in 1988

Shaft sinking and lining coats for a 10 metr< diameter 
shaft were calculated to a depth of 1 810.3 metres. 
Total sinking costs were R26 137 587,88 and total
lining costs were H5 370 669.79. This works out to a 
cost per metre for sinking and lining of R 17 403.07. 
While this cost was calculated .̂n August 1988 it does 
not represent 1988 costs for sinking and lining. 
Money spent over the period reaching a depth of 
1 810.5 metres would have to be inflated, in month!
increments, to August 1968 terms.

Approximate costs for sinking and commissioning a 
surface shaft, 9 metre diameter, to a depth of 1 950 
metres in 1988 terms:

Dimensions for various development ends

Development end Dimension (metres)

Cross-cut to reef 
Follow on footwall drive 
Boxhole to stope 
Shaft ore pass 
Internal ore pass 
Reef raise 
Access raise 
Shallow footwall drive 
Footwall drive boxhole

3.0 * 3.4 
3 0 * 3 . 0  
2 . 4 * 1 9  
2.13 diameter
1.8 * 2 . 4
1.8 * 2.0 
3.4 * 2.4 
3 . 0 * 2 7
1.8 * r e
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It?* Cent. 'R million)

Initial Temporary Services 2. 0

Crush and Capiamp L  0
Bank Layout 1. 1

1.9
Tar Road 0. 5
Surface Waste Handling 2. 5
Shaft Telephone Services 0. 5
Initial Track Layout 0. 9
Man Winder 10. 9
Rock Winder 12. 3
Sink. Line & Equipment 46.7
Rope Reeling Arrangements 0. 5
Permanent Hoisting Equipment 2 4
Main Level Station 3.8

Development
Main Loading Arrangements 2.8
Shaft Bottom Arrangements 1.2
Miscellaneous 2. 0

Total 94.6

Ventilation network -
Intake levels are 19, 21, 21. 13, 13. 
Exhaust levels are 10, 13, 16. 16.

Need an extra raise bore hole between 16 and 10 levels 
to provide* exhaust capacity for the 82 longwall

Notes on Reduction Plant from interview with chief 
metal lurgiaV

Major cost items are the adjustable speed ring motors 
for the mills. While the mills were manufactured in 
South Africa the ring motors were imported from 
Germany at a cost of R25 million each.

It was felt that the stacker/reclaimer replacing 
conventional storage bins and the carbon-in pulp
section replacing the conventional filter section 
would result in a capital savings of R20 million to
E25 million.

Miscellaneous costs in 1988 terms calculated from 
personal experience as planning and projects mining 
engineer on a new gold mine under construction



( (

i^onvontic «1 wire meahlnx (mhles and chain iii \.' iw 
appruximateiy RlA.hh per square metre. Thin figure 
waa obtained from 627 square metres of a winder 
chamber meshed for a 1988 cost of R12 257 85.

Shufcreting is approximately R46.78 per square metre 
This figure was obtained from 2 225 square metres of 
winder chamber shotcre* d at a 1988 cost of 
H104 C85.50.

cavate underground

D c i o p m e n t Cubic metres
* , Crosscut to winder chamber 625

Dralnhole cubby 27
Filter chamber 17 0
Winder chamber 10 72'

Total 1 1 547

Estimated cost of excavation R1 593 486
, Actual c.: . of excavation in 1988 R2 863 274

These development costs in 1988 terms work out to 
approximately R248.40 per cubic metre. The figure of 
R250 per cubic metre appears in most development 
calculations whether related or independent. In this 
case the figures were supplied by a contractor
separate from the mining company involved
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