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Wirh wmining industry costs escalating at present rates

o

svaluate and control pre-

it becomes neceggary ¢
produstisn  capital expenditures if new mining ventures

are wexpected to make a profit Establishing a base

age  and model couprised of a new deep level gold mine

gives potential mining projects a guideline for
projection of capital expenditure

A new go'ld mine  initiated in 1985 and scheduled to
pegan  producing  in 18980 was chosen as the model The

mocde | %) broken down  into six maljor categories

according  to  share total pre-production capital

expenditure The categoriea are shafta,

s lupmoent, reduction  plant services, housing and

general An  analysis  of urrent progress compared
with the initial feesibility study reveals a 53%
increase in astimated pre-production capital
expenditure  fin real  terms?  over what was ipitially

planned
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I regret that [ am unable to directly acknowledge my
employer du to confidentiality of actuasl capital
expenditures incurred while developing ¢ naw gold
mine. Information was made available to me without
hesitation, along with permission to print, but with
the understanding that no reference be made to its
origin Shaft designations, development headings and
other identitiea have been changed to preserve the

integricy of everyone involved

The capital invested in the mining industry, for the
purposes of this research project, originates from a
gingle miniag  house and iz gubject to a  unique

cnyporate philosophy.
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1 INTRODUCT [ON

Within the Republic of South Africa the escalating
costs  of  bringing a modern gold mine into production
has  limited the development of new mines However,
heoauge gold mining revenue has  been effectively
protected with a counteractive affect by the
depreciation of the Rand against the U. & Dollar, many
groups  and wines are investing capltal at increasing
rates to  explore and exploit new ore reservea.(i)
Many new mining ventures are anticipated but the

amount.  of capital invested in real terms, due to

currant economic conditions, is actually on the
(1

derrasse It is estimated that between 19856 and

156 the weriod covered by this project report, a

total  of  RIY @14 803 000 wil! bhe invested as capital
i both new  and ca-going mining operations w High
Wrade  deposits, those averaging 6.0 g/t or better with
adequate  tonnage, ~re not  frequently discovered and

investors are wary of lover grade marginal deposits

Tl and again  upderestimation of pre production
apital axpenditures  results in  a  project either
d

e



cloging dowun or requiring a fresh injection

capital. For axample npderest omation

production capital expeanditures on a new platinum mine

in 1988 weventually led to lower share prices and an

inevitable take-over

it 18 weasy to point fingers and say how badly a Jjob

was done. The diffieult part is recommending and

iwplementing solutions, or preventing the problem from

sccurring  in the first  place Within this pr Ject
report geveral critical areas are extensively
ane lysad The purpeose of this research prolject

to oriticise  aine management but to estimate what it

costy  to bring a new underground  gold

production and to make a positive contribution by

1llustrating the sensitivity of pre-production capital

expenditures,

1.1 Definition of Pre-Production
Expenditure

For the purpoge of  this research project

production capita’ expenditure beging




decigion to go ahead with a project has been made and
actual  construciion wa  tho ‘g ares begine It is
assumed that exploration costs, freehold acquisition
and similar expenses are common to every wmining
venture and as such can be consgidered cunk costs which
for the purpose of this analysis can be excluded from
pre-production capital expenses Fre-production
capital expenditure ends when the mine Dbeging

gz2nerating revenue via constant milling of ore

1.2 Goals of Pre-Production CAPEX Analysis

Accurate eztimation of CAPEX (CAPital EXpenditure) is
vital to the economic success of any business, and
wining 12 no exception Most  investment decision
methods are baged on estimated cash flows with a
minimuin real  rate of return expented before the

decision to proceed with a project is made.

An  accurate estimation of the amount and timing of
pre-production CAPEX duoes nct guarantee the success of

a mining project It does however afford investor




confidence that the project will begin producing on

h
fiReyets

1o and within the CAPEX buaget allocated,

according to the expecied rate of return. Because the
typical mining venture takes 7 - 10 years to reach
production, risks are high. The investment may not be

ret . ned {or another 5 years

Once wmoney 18 apent on shaft sinking and underground
development it is gonz forever There is no resale

value to be considered

2 DESCRIPTION OF THE MODEL MINE

A nlassical 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 sensivtivity of the project as a whole. Usually
the sen;itivity is  reflected by changes in rates of
return. For purposes of this project report
rates of return, most affected by early variations in

a caush flow, are not the measure of success. From




a pre production point of view, success ig achieved by
bringing the mine into production on gcheaule and

within budget

The model in this case ig a new gold mine scheduled to
come into production in 1890 Pre-production CAPEX is
broken down into individual elements to determine
which clement aftects the pre-production CAPEX
programme most In this case the totai estimated
CAPEX is divided into gix major categories of shafts,
development, reduction plant, services, housing ar
general. Increased spending in real terms rang.
from 13.47% in the case of shafts to 127.91% in the
cage of development, resulted in the total project

CAPEX operating 59% over the initial feasibility CAPEX

forecast
2.1 Statement on Available Data
An exarcise of this sort requires access to

confidential  information olosely guarded by the mining

house undertaking the project While not an




industr

Moy

accegsi
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izl secret, early estimates of the amount of
Lo ba spent  financing A new mine should be

ble only to government, directors and top

management. Careless gtatements regarding over or

under
impact
Informa

CAPEX

spending for & new mine may have significant
on the share valuc of the mine in guestion
tion on the progress of the project and the

spent becomes available to shareho.iders annually

via the usual annual reports. The CAPEX information

analyse
ohtaine
the Re
made ¢
Fotenti
figures

real

In 188
gcheme

double

d in this research project is original data
d from a new gold mine under construction in
public  of South Africa. No direct reference is
o the origin or destination of money spent.
ally identifying labels have been changed but

quoted for pre-production CAPEX spending are

History of the Model Mine

5 it was decided to go ahead with an expansion
on  &n existing mine  which would eventually

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

tons  per month The [ease for the extension was

R ———




already gecured and preliminary borehole results
indicated  adequate  grade  and  tonnage to warrant an
expangion, but these results were not good enough to
Justify an independent mining operation.(3> The
cost  of starting a new mine from scratch are obviously
higher, a point which is emphasised in this project

repory,

An  initial feamibility study was completed which is
the atarting point for the expansion project and for
this research project The new mine extension is
being developed from an exigting operation but has all
the attributes of an independent mine and will be
treated as such, with the exception of tax and timing

implicaticns

2.2 1 Tnitial Feasibility Study

In the initial feasibility study urdertaken in [985 an

egtimated capital expenditure flow sheet wag done over

the expected 1life of the mine Table 2.1 summarises
the intended spread of capital expenditures and
i,




reverue over the life of the proposed expangion

project Unless il wils ¢ =}l yvears are

financial years ending June 30 According to this
svudy the cost to  bring the mine into production at
&0 000 tonz per ’month was put at R 415 532 Q00
Dec 1885 terms) o Over a period of years this

production rate was  to increase to 180 000 tons per

month. Costa associated with this increase in
production are congtdered on-going capital
expenditures and not pre-production capital

expenditures and therefore are not part of this

project report

e
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Table 2.1 CAPEX and Revenue for Life of Project
[T
Progresaive I
Capital i Incremental
Expenditure % Capital Incremental
Sub-total l Expenditure Revenue
‘~ 41h 532 A
539 744 | 124 212 617 641
1044 105 | 504 361 B 554 475
i
2038 481 365 137 260
From @ common  senze  point  of  view the initial

congtruction period is  oritical

prodoction Here however,

total projected  CAPEX  for

incurred  within  the  firpat

we

a

wix

during which time no revenue 18

initial feasibility study

cash

gea th
48 year

years

at.

project  is

(19

to get the mine into

28% of the

85 - 1890

being generated The

flow,

aummarigsed in

Table 2 1, is misleading because while CAPEY figures

were given in  December 18

85

terms, revenus figures

were  oaloulated  with  an escalating  go

aopulete  oagh low analvaia

i@

NOCaRNary

id

L0

price A

fetermine



[RS—

1

the overall viability of a new mining project but

S
Lol

pre-productivn waph
evaluated more extensively than any other money
apent Future capital spending and working costs are
part of a complete analysis but are of no concern if
the mine never comes into  production, Accurate

estimation of in the economic environment of

rday is essential

2.2.2 Current Progroess

Kxpansion {is in progress by the sinking of a surface
main shaft, surface ventilation shaft, a sub-vertical
ahafi, and a service shsft Development to thesme
shafrs  from the adjoining mine allows the expanded
divisitor  to come into production in a relatively short
period L time Opening up new ore reserves and
agauming [R*T5) fully operational longwalls in  the
axpangion lease area constitute the initial planned
production These longwalls will provide the 60 000
miil wons  per month  when production commences  in
1950 Generally speaking however all shaft sinking

and development is over budget and behind schedule.

.




A new reduction plant with an initial capacity of
120 000 mill tons per menth is under constructicn and

will incorporate gseveral innovative techniques

including fully autogenous grinding, & stacker/
reciaimer and a carbon-in-pulp (CIP) recovery system
It was estimated that the introduction of the latter
two concepts would result in a CAPEX saving of

R20 25 million However the plant is also over

budget but is coning on line as scheduled

Services for the mine incle punping, electric power

water requirements, ventilation and refrigeration

compressed a.r and backfill. The congtruction of
theae services is either on or ahead of schedule but
once again over budget Hecause ventilation and
refrigeration are required for development they could
e classified under development For the purposes of
thig project report. howsver, ventilation and

refrigeration are considered services

New housing for all employees 1w required and consiste
sf A hostel complex  and  mini-township for skilled

Labour Shilled personnel will be housed in several




new sub-divisions near established residential areas
Geography tavours consurucuion SO thasa simesn and
services because of available facilities already in

place Again howsver costs are exceeding original

L itimates

The remainder of activity on the mine such as
underground  egquipment, workshops, other buildings and
equipment and surface transport is combined into a
general category This category has no schedule as
guch  but nevertheless constitutes a large portion of
total  pre-production  expenditure Here am with the
other five Categories capital spending has exceeded

original estimates

Tahle 2.2 summarises money initially estimated and
actually sapent in the gix major categories established

o e

tref»r to appendives O and K

il s o e e




Table 2.2 Summary of major categories with

respactive CAPEX

(R UL
‘ -
; IOriginal Eatimates |Present Situation
|
! Percent
i Escalated of 1988
; 1986 to 1988 1988 Total
i Category Estimate jat 21% Eztimate |[Estimate
f
EBN&fLﬂ 182 420 220 128 250 483 31.46%
1Dﬁvelnpuent 35 750 43 258 98 568 10 aT%
fReduaLion 38 500 46 585 102 928 22.91%
(Flant
{Services 40 645 49 180 | 103 349 | 12 96%
| Housing 54 870 €6 151 78 782 9.88%
!Gwn%ral 63 547 76 892 183 08% 20.46%
jTWTALS 415 b3z 508 794 797 195 1100, 00%
The 18486 estimate was reflected in the initial
feanibility study conmpleted in 1885, In order to
realistically compEre the original estimate with

current  actual figures an escalation factor of 21% was
introduced for the two year period This escalation
ea imate  was  lower than the actual escalation for the
period  and wawm obrained from spreadsheets used for the
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initial study and follow-up work. (Refer to the
appendices for deialled Jdata used in the compilation
of these figures. ) The 1388 figures given do not

include escalation through 1990 when the mine is

scheduled to astart producing

It is important at this point to differentiate between
inflation and escalation. Inflation refers to the
figures published by the CS8S (Central Statistical
Service) which repregents annual congumer price
increases for a given basket of goocds Escalation, in
the context of this research project, refers to annual
price and cost increases assoclated with the mining

industry in particular

In each of the s8ix categorieg more money was spent
than originally buogeted resulting in an increase of
08.550% in real terms over what  was  initially
egtimated With two more years to go before the mine
gtarts producing this indeed becomes a geri us
probiem. Furthermore, with two more years of
ewcalation factora added to the 1988 eatimate this

figure is optimistic. Cable 2.3 illustrates the

amount  each of the aix categories excesded original




agtimates

Table 2.3 Percentage Increase over Initial
CAPEX Estimate

Percentage Increase oveyr
Category Initial CAPEX Estimate

Shafts 13.47%
Development 127.91%
Reduction 120.95%
Plant

Services 110, 14%
Housing 19.11%
General 112.10%

From these figures it is apparent that development is
the category moast affected by, or most sengitive to,
variations in pre-production CAPEX ¢ o ng These
variations can be brought about by fou. majcor factors
i.e. geological variations, planning discrepancies,
apove average inflation or escalation rates and poor
exchange rates Qther variations include geographical
location, method of finance and taxation Each of the

aix categories gummarised in Table 2.3 will be



16
analysed, keeping in mind the major variations Jjust
mentioned, to determine causes of  overspesding (0i
underestimation) of pre-production capital

expenditure



3 SENSITIVITY ANALYSIS

In the following chapters, variations on elements
compriging 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 i3 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 becauge of their close relationship
Reduction plant, services, housing and general
categories are viewed separately to determine reasons

for overspending in sach of the major calegories

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 namerous  courses  and books,

must be introduced into the cauh flows to




realistically compare monies gpent during different

These cash flows and CAPEX figures are

peric
entered into LOTUS 123 spreadsheets, using a personal
computer, where cell formulas automatically calculate
effacts of changing costy 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 mine, shaft
sinking precedes development but wheo vhe new mine is
aitunated adiacent to an operating mine thig timing can
be changed Access to cre reserves csn be established
before shaft sinking operations are ¢ ished. This
geograrhical factor diaplies CAPEX savings, but when
egtimated pre-production costs  are based c¢n  these
savingn often an uvnrealistic sum total {8 estimated

Geological variations, planning digerepancies,



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 44% of the CAPEX pie

Pre-production costs between these two elements alone

was uncerestimated by over RES million

3101 Geological Variations

Exploration for new gold depoaits implies an
understanding of the regional geology where drilling
from surface 18 taking place. One can choose the
pogition and direction of a borehole with calculated
risks or educated guesses, but in either csae scme

previous knowledge of geological formations is

necessary. Witwatersrand geology 18 fairly uniform
atratigraphically but, becomes complicated with
faulting. Shaft sinking and development rates can

normally be predicted accurately since the type of
rock and ita properties are well known. Delays may
coour  due Lo unexpected encounters with heat, water,
methane, or mechanical failures but normally are of
little consequence On  the octher hnand localised

faulting and other geological disturbances npay pose



ghort term problems which effect the amount and

soney zeeded feo camplete a Jjob

A saimplified section of regional structural geology
with the proposed shaft aystems and development is
illustrated in Figure 5. 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 quartzites dominate
the first 1 000 metrea, followed by approximately

1 200 netres of dolomites and then about 1 200 metres

of lavas Reef is then encountered in alternating
bands of reef and quartzite. All hanging wall
development oeours i lava and all footwall

development (below reef) cccurs in quartzites

Shaft sinking. development and raise boring rates are
proportional to  the 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 ralse boring contractor
amployed by the mine Subsegquent  investigation
revealed that the uniaxial compressive strengths as

#shown are within knoun limits but definitely on the
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Table 3.1 Rock types and Strengths

[ I Raizse boring

; Rock type Strength rate (2. 13m dia)
I

Shale 155 MPa 21. 3m/day

I

[Dolomite 181 - 256 dPa 21, 3m/day
Lava 300 MPa 17 4Am/day
“Quartziw 230 MPa 21 3m/day

These giffering strengths result in different
devalopment costs. A relatively hard rock, such as
quartzite, affords the developer or rhaft ginker 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 maild about the
increased coat of planning a mine in hard and
difficult rock If the rock type iz known however,

planning can  be projected realistically and capital

costs eatimated accurately

pm—————
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cannot aupply information

unexpacted  faults are cwo

alow down or even halt snaft

Cover drilling {8 ex-ansm:

of  water bearing fiapires

no  additional

production capita Besge
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procesds int: ne danger
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operations cease and resources must become dedicated

to stopping the ialiuw wl water

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-vartical fissure at approximately 970 nmetres
below ccllar. A portion of the sidewall slabbed off,
expogsing the water-bearing fissure and allowed the
inflow of water, measured to be 126 litres per second
(100 000 gallons per hour) “w Two hundred thirty
five days and 3 587 tonnes of cement later, shaft
sinking operatiors resumed. The extra cost resulting
from this mishap was not pre-production CAPEX but
aerves as an example of what can happen. No cost can
nowever be assigned to losas of life which is an

anfortunate probanility in these circumgtances

Furthermore, any delay postpones the earning of
revenue and therefore reduces the rate of return, and
the amount of pre-production capital required
increases  becaume the pre-production time period ia
axtended. On  the medel mine used in this research

project  almost 200 days  have bheen  lost already to



either preventive cover drilling and cementation or
cementation of water-boaring [lssuies. Proventive
neasures may ssem expensive but the chance cf losing a

Ri00 million shaft complex 18 too great a risk

Unexpec . faults may cause minor problems in shaft
ainking and development but, generally can  be
avercome. Increaged CAPEX results when localimed
faulting displaces the reef horizon to an extent which
requires additional development to establish ore

regerves

Figure 3.2 represents a actual encounter on the model
mine and illustrates one such minor occurrence. Early

logical information obtained from ascatter mining in

the existing mine revealed highly faulted ground with
a  sequence of downthrows, each 30 to 100 metres. The

into the lower lavals of

disturbances were

the extension lease area but when the developing

arogscut  reached the projected reef horizon no reef

vas  encountersa, Continuation of development resulted
in a reaf interasection  but only after extra capital
money,  not planned  for, wasm spent At approximately

k&0 per cuble metre, with 90 metres of unplanned




development reguired, this resulted in R250 0UL) extra
pre- preduction CAPEX spent on a single crosscut

Extra morey was algso 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 expe....ture to geclogy, the major elements
subject to geological variations must be analysed. Of
the total R415 532 000 estimated for pre-production
CAPEX. R182 420 700, or 43%, is allocated for shafts

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

It is imposts . to note here that the shaft sinking
figure includes winders, headgear arrangements.
agurface congtruction and shaft equipment, In 1988
Rand terms it costs enproximately R 18 000 per linear
metre to sgink and line a 10.0 metre diameter shaft

(Refer to appendix K) According  to  the initial

feasibility atudy a total of 4 670 metres of shaft
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ainking i8 scheduled for completion before the mine
comes  into  production At present rates this amounis
to approximately R34 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
ray also result in  pushing ocut the planned start-up
date for the mine. The resulting costs are difficult
to quantify and are question marks In any case extra
capital expaenditures 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 CAPEX
Delay Extra cost

Category {(days) (Rands)

Shaft Sinking

Cover Drilling & 118 ?
Cementation

Rope Race 48 ?

Development

Development

Cover Drilling & 43 ?
Cementation on
10 level

4 250 extra 131 7 803 000
netres

exchange rates,

development

devalopnent  the

R180 per cub. -~

asgumed in the —nitial
development costs

terms, are covered

day Fault

in  this case

by

will also

metre,

R2&0

negotiation

introduce delays and extra costs

feasibility study

affects

extra metres cost was calculatea

in Dacember 1985 terms,

cuble metre, ia

of escalation

The 131 days required to do the 4 250
extra metres of development assumas six levels,
with three blasting ends averaging 1 8 metres advance

during follow-on

is not considered a pre-preduction

Actual

each
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capital expense

3.1.2 Planning Discrepancies

Extreme geological variations will effect planning
with the introduction of unexpected delays or work not
acsounted for. Other planning discrepancies result
either from the omigsion or underestimation of
ceritical path elements, Figure 3.3 represents both
the initial planned events rrom early project days and
the revised planning schedule from updated evaluations

of work.

Ag can be seen all initial eventa are behind
gchedule. Reasong for this include new work
introduced into the shaft sirnking program coupled with
glower than expacted sinking and development rates.
The wventilation shaft was initiated on 10 January 1985
and completed on 5  June 1487. It has a diameter of
7.3 metres, im 1 712 metres deep and has an upcast

ventilation capacity of 750 cubic metres per second.
The main shaft Pas  a final depth of 1 937 metres, o

finished diameter of 9 15 metres and 610 cubic metren
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per second of intake ventilation capacity. The
aub-vertical ashaft has a final depth of 1 500 metres,
a finished diameter of 7.3 metres and 390 cubic metres
per wecc: !t of intake ventilation capacity. Theae
figures can be used in conjunction with the 1388 CAPEX
eatimates to calculate the cost of sinking a similar
shaft systemq in the Republic of South Africa Using
the 'ratio’(b) method (scaling costs proportionate

to anaft dimensions) also allows an approximation of

costa for smalier or larger shaft systems.

New work introduced into the sghaft sinking program
includes the early development of the intermediate
pumping chanmber (1. P.C.) and extra off-station work

Conventionally, IPC  and main pumping arrangements are
completed when shaft sinking 1is finished Often it
takes tuo years after a shaft system ig commissioned
before the main punping systen s commissicned In
this case however, production would commence almost
immediately upon commisaioning of the shaft system

Normally, development w :k 12 reqguired to astablish
are  reserves for a period of years after the shaft

asystem im  completed and an IPC is not needed Water




from these development ends can be handled with
relatively small and temporary pumping systems,
Pumping requiremeats for production, however, include
aettling dams and high-1ift pumps installed in the
intermediate pump chamber. Extra off-station work was
given to the shaft sinking crews instead of waiting
until the shaft gystem was commissioned before
bEringing in standard develooment crews. Management
made this decision to facilitate bringing the mine
into production nine months earlier than originally
planned. Instead of GSeptersber 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 aink
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 stuty
totaled 10 620 metres between four major levels
required Lo bring the mine into production in
1980 % This figure however did not cater for

extre ventilation capacity required, two interlevels,

extra mwaterial and man travelling drivew or necessary
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development #mimply 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. waz forgotten. By 1988 this figure had
incresged to 25 844 (total) metres 6 634 of these

extra metres resulted from planning discrepancies

Table 3.3 shovs delays from planning discrepancies and
asgociated costy. In the case of shaft sinking, as
with geological variations, delays are difficult to
ooy, There i3 a direct cost for the development of
axcavations not planned for but only a question mark
for the cost of the delay itself The asame
assumptions regarding development were made as with
the effect of geological varia.ions. Also, seventeen
days were lost during shaft sinking due to breakdowns
and acoidents. While not necesparily a planning
dimcrepancy perhaps miscellanecus delays should be

included when setting up schedules




includes
to  nmost
winders,

[

planned
Hobw X
permanent,

addition

for permanent hoisting
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Table 3.3 Effect of Planning Discrepancies on
Shaft Sinking and Development CAFEX
Delay Extra cost
Category (days) {(Rands)
Shaft Sinking
10 Level 21 7
Development
Mid-shaft 108 ?
loading
installation
Developioent
£ 834 extra 205 12 180 000
metres
3.1.3 Escalation Factors and Exchange Rates
For the purpose cof this report money spent on shafts

winders and other essential equipment common
ghaft systems In  the main shaft two men

sach 5. 5m X 1 B3m wide double drum, and one

& 1m  double drum Biair multi-rope rock winder wers

Three windera, each
£3m wide double drum, are required for
hoisting in  the wsub-vertical shaft In

to  the overall undereatimation of escalation
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within the Republic of South Africa the Rand exchange
rate has not fared well Winders estimated to cost

RS million ended up costing Rl14 - 15 million

Eacalation also effects the price of sterlwork needed
to  equip the sahaft, Recent wage increases brought
about by the advent of Untion movements have raised the
costy of producing steel in  South Africa. A
auggestion Jor all imported machinery i.e. winders is
to price the equipment in the corrency of the country
where they are purchased It wouid he 4 mistake in
thig case to apply inflation rates of South Africa but
the exchange rate and any import duties must be
congidered Rather use the estimated yearly inflation
rates from the country of origin, then apply a range
of  exchange rates with ary import duties. The portion
of excess CAPEX attributable to escalation and
aexchange rates for major shaft equipment is summarised
in Table 3.4 This represents R14 199 000 of the
extra CAPEX requirod Lo bring the mine into

production

Development on  the other hand is not subject to the

exchange rote  as sach but hag as eascalation factor of
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its  oun. In the vriginal feasibility study the cost
of breaking and removing a cubic metre of rock from
the mine was estimated to be RiBO per cubic metre.
Kecent costing exer.ises completed by myself show that
in 1989 it will cos* approximately R250 to blast and
hoist the same cubic metre of rock. (Refer to
Appendix  J). At the time of the feasibility =study
approximately 10 620 metres of development on four
major levela was anticipated, Using R180 per cuble
metre with 3.0m X 3.4m ends results in R19 498 320
budgeted (R2Z1 496 898 in 1988 terms assuming 5%
egoalation for two  8ix mon 1 periods) for this
deve 'oprent, Actual CAPEX required in 1988 for the
same Jdevelopment iz however RZ7 081 000, an increase
aof KBS 584 102 If the figure of 18% per annum is
used for escalation the amount budgeted in 1988 terms
becomes RZ7 149 461, much closer to the actual amount
of  CAPEX required. Taking inte account the extra
matres introduced via geological  variations  and
planning discrepancies amounts to an extra R7 771 176
attributed to development escalation This represents
the difference between the KRS0 per cubic metre

assumed and the RZ5H0 per cublc metre realired
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underestimated by almost 50%

RY million project in 1986
13 million by 1988.
variations,

and  exchange rates

in approximately the same

Wiat
egcalated  to
The same reasons i e
planning discrepancies, escalation

were reapcnsible for the

Table 3.4 Frice Increases for Major Shaft
CAFPEX Bquipment
1986 Fstimated 1588 Actual
Equipment Price (R) Price (R)
Man Winder 9 400 000 g 743 000
Man Winder 8 400 000 11 484 000
Rock Winder 15 600 000 17 035 000
Permanent Hoisting 4 300 000 5 270 000
Equipment
Man Winder G 400 000 12 857 000
Man Winder 9 400 000 | 11 430 000
Rock Winder | 8 700 00¢ 12 580 000
I I
Totals J 66 200 000 80 399 000
In addition to the shaft systems and development
drscussed there iz also a pervice ghaft to consider
This service shaft serves only three levels and was

proportions  as the major

started out a
almoat
geoloegical
factors

{ncrease
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shaftsa,

v aummarigse the shafts and development category it
appears that geological variations and planning
discrepancies ahare equal  responsibility for the
increase  in  pre-production CAPEX Development.  in
particular 18 the most sensitive element in  this
category Fgcalation factoras and exchange rates apply
both o shaft aquipment and development costs

Another consideration not analysed is the effect of
gecgraphical  location. Shaft sinking obviously will
net  be effected but developmest ig The amount of
development stays the same whether done independently
oy from an  existing mine Timing on the other hand
are reserves thus

improves,  allowing quicker BRy to

shortening the pre-produstion CAPEX period

1.2 Teduction Plant

Ultimate plant apacity ia planned for 180 000 tonnes
per  month  bat  pre-production CAPEX only covers costs

of  constructing a  plant  capable of treating 170 000




tonnes per month Procesy steps neolada:

b

o)

43

e)

f)

Primary crushing.

Stockpiling uging a stacker/reclaimer

system.
Run-of -mine milling. The mills ars
equipped with wraparound seoriable apess

motor drives.

Linear acreening to  remove  grit and

woodchips

Tio. wening of pulp

Leaching of gotd woth cyanids

ajir-agitated pachucas

Carbon-in-pulp (C 1.P) Adsorpt: n of
gold Ly carbon in an aight-atage

contactor clreuit,




h) Blution of gold from carbon using the
Anglo American Research Laboratory (AARL)

process

i) Recovery of gold from eluate using

electrowinning celis

3 Regeneration of carbon

k) Treatment of slime tailings to produce
backfill

1) Facility to ingtall a flotation plant to

recuver gold values from backfill 1f

required. *

The actual gold recovery process description will not
be  covered in  this  ressarch protect Some of its
features are confidential and the summary giver above
describes the Lype of equipment necegsary for

inclusion in pre-production vapital expenditare

- — e D



The roduntion plant, according to Table 2.3, is almost
121%, or R56 million in 1988 real terms, over budget

Since the mine is scheduled to come into production
nine mon.hs 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 {3 more a management decision. Other
reagons however include the effect of escalation and
the exchange rate. Mill ring gears had to be imported
from Germany and control squipment hai to be purchased
overseas, The fact that the recovery process of
carbon-in-pulp will be employed for the first time (on
a large sgcale within the group) requires altention

Conventional astorage siloa and surge binm are being
replaced with a sgtacker/reclaimer system also never

before tried within the group.

321 Geological Variations

Geological variations generally have no direct effect
i the pre-poroduction comt of a reduction plant They
may however have .n effect {f the ore milled during
trial mwililng proves difficelt and requires extensive

metallargical tegting Thia may result  in minor
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deiays and extra oosi, especially siave in this case
ClP technology is being tried for the first time, but

usyally is of little consequence

3.2.2 Planning Discrepancies

In real terma the pre-production CAPEX for the
raduction plant wag underestimated by 121%, or
approximately R&6 million Because no detailed
breakdowr 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 gimilar 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 farward by nine months
obviously has some sort of effect Conmpared to the

aoverall =mix ¥y pre- production period however, nine

manths would aot ma ke muh of a difference
Escalation factors and exchange rates look to be the

moat Tikely factors wnich effect reduction plant

pre-proguction CaPEX

R R ———
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c.n hL: assigned to  three

gection at R10 million

was grovaly underestimated

matched with these motors

if not all of the reduction plant increase.

forecast in 1486  (refer to Table 2.2)

figure exceeded R10Z million,

Ri7  illion, mwilling se~tion at R30 million,

but the milling

section estimates are cloge,

from Germany.

adjustable-apred ring motors

to mainly to the poo.r Rand axchange rate,

mille, manufactured entirely

prices, bought about by wage hikes,

slight ercalation in prive fox

Ar in  the oase  of  jmporte

ahafts the squipment necessary

3.2.3 K¢ lation factors and Exchange HRatea

Eacalation factors and exchange rates acccunt for most

In real

1588 terms a total of almost R47 million was initjally
By 1988 this

the majority of which

work at
ard CIP
and CIP

gection

import of two

These

motors  Wware ordered three years ago but by 1988, due
their price
wag K35 million weach Two fully autogenous grinding
Africa, were
increasss in steel

contribvied to a

reqguirec for

clion g bant
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ahanld  be  costed in the currency of the country of
origta. fxahange rates and import duties can then be
applied o accurately entisate the portion of

pre-production CAPEX needed for the reduction works

3.3 Services

Services has been chosen as a vcategory for the purpose

~f thism analysiz rather than a detailed breakdown of

the individual effects  of  itas elements Thaas
eloemants are punping ., electrio power, wateyr
ventilation, refrigeration, compressed atr and
vackfiil Together they resilted in o 110%,  or

kh4  million (real 19BB termsn), i{acreanse over what vas

iritially o lacated Pumping, for reasons praviously
digcussed,  accounts for most of tne CAPEX Inorease and
electric power accounts  for  the  least For t,h&’&
matter glectric  power coame in  almost  exactly  on
budget This says something in itself

Main pump.ng  requirements  are o he  met utilizing
intermodiate puame o hatabecpn T t he main and
st vertical whaftn it gned Lo




overcome approximately 760 metres of 1ift. Surye dams
will be excavated at the bottom of the longwalls with
boreholes providing drainage bpetween levelp Malor
assumptions include development tonnes amounting o
18%  of reef tonnes minsd, water consumption (including
backfill and cooling) {8 % tons per tonne mined and
the friction less for the columns chosen is 3 metres
for each 100 metres of pipe Figure 3.4 illustrates
the puaping capacity requir=sd to bring the mine into

ite first year of production

A point well jllustrated here is that while initial
production is only 60 000 mill tonnes per month,
pumping capacity caters for 120 000 mill tonnea per
month It would be wuch more expensive in (he long
run  to design an  initial pumping system to service
only 60 000 mill tonnes per month The idea im to
equip the shaft with columns and complete all required
development while the construction corews, eguipment

and material are in place

Temporary pouwer reguirements  were planned to be met
with a 15 Mva sub gtation {rom a 132 Kv scarfell line

providing approximately 15 Mo from a € ¢ Kv supply
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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

1890.

Water requirements, obtained from the Rand Water
Board, were estimated to bhe 11 .2 Ml per day. This
assumes 1.5 tons water per tonne milied and 2.6 Ml per
day potable water consumption. Two storage tanke were

envigioned, cne 1 Ml and one & Ml tank

Ventilation planning for the extension assumed excess

capacity from the operating mine, which was not

congulted Thia reasuited in under-design of the
extended operation from the standpoliat of )
ventilation, Congequentl, .xtra raise bore holes were
added to the new project to eass the shortfall Hoat
problemns on lower levels o f the mine  brought

development progress to a atandstil] Where 90 melrew
per month waz  assumed reascnable often an advance of
10 metres per month  was  achieved Table 3.5
sammarises  early development  progress  for  the four
mador  levels Thig poor record was attributed mainly

to inadequate ventilation

with, - s




Table 1 & Davelopment Record for Four Major
Levels (metres per month)

Period 13 level {18 level [19 level [21 level
July 1885 3.7 6.0 5.1 22. 4
August 0.0 K 11.8 38.1
September 22.9 2001 0.2 53.6
October ¢ 0 32.4 70.86 28.4
November 0.0 40 5 90. 4 38.2
December 18. 8 70.8 8.3 11.8
January 1986 39.9 81.2 80.2 56 6
Febraary 37.4 535 58.4 51.3
March 8.9 84. 5 B7.2 54.6
April 30.4 9.5 85.7 53.1
May 71,5 102. 0 102.0 101.0
June 174. 6 1013 83 .4 40.3
July 160, 0 788 52,4 45. 8
August JLeL Nt 1238 755 54.8

-
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Initially two main intake airways and two exhaust
airways were planned. These airways were deemed
sufficient ventilation for two longwalls with a
quantity of 3.5 cubic metres per second per kilotonne
mined and a quality of 28 degrees centigrade wet
bulb. An upcast velocity of 18 metres per second and
a downcast velocity of 10.5 metres ver second were
foreseen and 58 Mw of refrigeration was also planned
By 1988 however five intake airways and four return

airways were deemed necesgsary to provide adequate

ventilation.

Compressed air requirements were broken into the
categoriey of sinking and permanent Sipging air was
designed for 150 drills fed by 3 X 2.36 cubic melres
per gecond, or about 5 000 c¢.f.m , compresgsors.
Permanent compressed air requirements were based on a
minimum of 1 000 drills used to mine a total of
200 000 ton3 per month The initial plant caters for
350 drille and congists of 3 X 50 drill reciprocating
unites and 1 X 350 drill centrifugal unit for 50 000

tons  per month mined. An  extra 3 X 350 drill

centrifugal units will be added to accommodate




compressged air requirements during full production

later in the life of the mine

Backfill services consist of a aurface batching plant,
storage tanks onear the shaft on surface, ranges douwn
the ahaft to dams situated above projected longwall

positions and ranges from the dams into the longwall

stopes. Eventually the entire mine will rely on
backfill for regional support In 1986 the ini“tial
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 RY9 million in 1988
terms This estimate covers expenses only between the

ghaft agitating silos and stope face pogitions.

Columng  required for these and other miscellaneous

services are summarised by Table 3.8

P
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Table 3.8 Service Columns Required

]

Service Number Diameter
Pump columns 3 406mm
Mud columns 2 150mm
Compressed air columng 2 500mnm
Chilled water columns 2 300mm

Power /phone cables 25
Grout/service ranges 3 38mm
Backfil! columns 24 BOmm

3.3.1 Geological Variations

Geological variations have little to do with the extra
pre-production CAPEX required for the services
category. Perhaps in the gense of ventilation and
refrigeration, in  lieu of unexpected extremes of heat

encountered, could geological variations be considered

an  important factor. Alao, if larger quantities of

water than axpacted wEro encounterad, pumping

capacities and asgcoiated CAPEX would have to
o

A
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increane In this cas:, larger quantities of water
than iInitially expected will have to be pumped by the
extendad 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 punping
arrangements. IPC development in  the surface main
shaft complex was completed several years ahead of
gschedule 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 capacitiew, comprescead air
availability and ventilation Pernhaps the reason

electric power wag accurately estimated was because
from the beginr.ng it was assumed indeperdent from the

aperating mine.

1PC deve lopmant hay already been discuwsed but

production  pupping requirements closmer to the longwall
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positions  has not. In the initial feasibilivy 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 coolumna 80 ar  entire settling system and pump
chamber had to be developed and commissioned Water
from the longwall to be assumed now travels on
21 tevel to the sub-vertical shaft, then via a series
of awtages to the TPC in the main shaft for pumping to

surface

One way or another 1t appears the entire Rbd million
shortfall experienced in the services category is a
result of planning discrepancies. Further
investigation reveals punping and ventilaticn
under-design ag responsible for most if not all of

this pre-production CAPEX increase

3.3.3 Kscalation Factors and Exchange Rates

Kuycalation factors in this instance may account for a

portion of  the extra CAPEX required but is not

gignificant, Pumping squipment, air and water



columngs, and electrical cables are &ll acquired
locally and a3 such are not subject to exchange rates

or import dulies

To gumparise the gervices category, planning
discrepancies account for most If not all of the extra
CAPEX required in this category. Bad assunptions were
made reagarding pumping and ventilaticn capacities to
be provided by the existing mine. The single reason
for these bad assumptions was lack of communication
betwsen the operating mine and the extended division

Geographical location appears to be an advantage in
the sgervices category but may also be conaidered an
underlying cause for the bad assunptions made An
axigting wmine able to provide pumping capacity, power,
water, ventilation and compressed air will definitely

result in couts savings when applied realistically

3.4 Housing

Housing v this case includes modern hostel complexes

and  conatruction of  houses in white, coloured and

black townships. Invreases in CAPEX in this category
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amount  to Just over 19%, or aimost R13 million in 1388
real terms, above what was initially estimated. Raw

material reguired to Dbulld hostels and homes is very

expensive and labour for these projects is
increasingly more expensive Services for these
buildings include freash water 4 mewage 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 buiiding new townships adjacent to existing
townahil ps The amount of money, in 1988 terms, to
build an average three bedroom mine house with garage

and servantg quarters is approximately R7H 000,

An  access  road, 5.5 km  long, in 1988 terms, costs
R2.6 million to build A good egtimate for a typical
paved road where cut and f1ll balance iz ROUU 00
kKilometre This cost ig naturally added to the cost
of housing along with pipes and cables required for

wodern servines

.
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341 Geological Variations

Geological varlations have absolutely nothing to do
with increased pre-production CAPEX costs, as far as

housing la concerned, on a new mine

3.4.2 Planning Discrepancies

Planning discrepancies, as wvith geological variations,
have little if any effaect on pre-production housing
CAPEX. A workforce size is assumed using comparlisons
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
unakilled labourer per month Combine this flgure
with the monthly tonnage expected from the mine and a
workforce profile results The number of skilled
wnployees can similarly he eatimated and  the
appropriate number and grade of houses are built

ancordingly

The one flaw in  this logic is  the poasibility of



building houses for senior unskilled employees and
cpending on the =0
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 occcurs

only after the mine comes into production

3.4.3 Bacalation Factors and Exchange Rates

Since houses built in  the Republic of South Africa
{applying to the mines) are 100% local content,
exchange vrates do not play a role either. Esacalation
factors therefore account for the entire ore-
production housing CAPEX increase of almost
RI13 million. This factor can be attributed to
underestimation of expected acalation rates. Up to
1985 it was perfectly accer o -« to  assume annual
escalation rates of 10%-12%. Compounding the
difference between what was a. med and the actual
figureg of 16%-19% per annwa cver  hree years adds up
Lo approximately 19% This accounls sntirely for the

shortfall of capital experienced

e K~
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role he re e abili

ertablished resident’al ar

road congtruction, wervic

tranaport costs  and

eatimation of these savin

with only escalation rate

lovation itself fs not a gen

3.8 General

The general category cove
amall Lo be congidered
together under general

expenditure  from  the atar

community

a4 an extremely important

ty to  build houses near

eas  results  in gavings in
es  installation, material
facilities Since
g8 can be done acourately,
8 to congider, geographical

aitive area

rg all the items =ither too
individually or group:d
or  pre- production capital

t Thege combined elements

do  however vrepresent a  112%, or R8E million in 1988
real terms, ipcrease over original  estimates so an
attempt will be made to expose o waia reasons for
thia  increase General expendit' ces. in this case,
refers to  underground  squipment workashops, other
huildings and  equipment, surface canaport, general
and vre-production expenses,
wailh, R
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T eliminate any confusion, the overall general
category includes Lhe items of general (as defined in
the CAPEYX ertimates used by the model mine) and

pre-production expenses.

3.5.1 Geological Variations

Geological vartations have little or no effect on the
general category There may be some minor hidden
couts  included in the general category, pertaining to

geologlical vartations, but noihing of consequence.

3.5.2 Planning Discrepancies

Planning discrepancies, ag with geolowical variations,
have little or no effect on pre-production general
CAPEX with perhaps one exception Sinwe the
development category wanp adversaly effacted by

planning discrepancies it follows that underground

aquipment will he gimilarly effected Extra

development requires  extro  aquipment In this case

antta underground sl pment avidea an et ima ted
i




e wiliion

¥l

to HY willion  to  pre- production CAPEX

Chirootw & relatively  minor  figuare but nevertheless

whould  be poted The remaining ttems in the general

viegory are not affected by planning discrepancies

KRN Emcalation Factors and Exchange Ratea
3 flatron factars,  or  oonts included in general or
pre g [ TR S ST L must therefore  scoount for

T 4 Fae

nersans experienced within the general

sty Updeppronnd  equipment .  workshops,  other
Cobvnge and seguapment and gurface  trangport  are
cheralee o oesmcalation in the same manner ac housing
: 1 f Losstor extent the  reduction  plant
Lotergrontst equipment iz osubiect to higher sscalation

peten tRan the ther dtems  and  im analysed more

mes  again cxchauge rates play only a

i ve by
aLte oy rede due to aimost 100%  Jocal manufacture.
Sospgtend compoonenty oare perhaps dmported but are of

Pt hee canmiesie o
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Underground equipment includes all rolling stock and
vehicles required for development plus drills and
winches Table 3.7 gives 1988 prices for typical
underground equipment required for oprimary and ore
reserve development Transport chargee and general

sales tax are rnot included




Table 3.7 Prices for Typical Underground
Rquipment (1988 terms)

Equipment Price (R)
0.25 cubic metre Loader 35 000
0.40 cublic metre Loader 45 000
1Self'propelled Loader 107 900
6 ton Diesel Locomotive 50000
10 ton Diesel Locomotive 8u 000
& ton Hopper 7 888
Dirill Carriage 2 270
Drill Machines 1 360
Alr Legs
37 Kw Slusher Winch § 18t

Hydraulic Drill Rig 840 000

(2 or 3 boom)

5 tonne LHD 250 dcd

120 tonne Dump Truck 300 000

1 tonne Service Bakkie 20 000

Sciggor Truck Utility 180 000

Vehicle

o
-
=Y

lHydraulic Hammer

150 000

il et P
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After interviewing several repregsentatives from
varinus companies it appears prices be tween
competitors are close, rthe important fact is the

egcalation experienced with this type of machinery

For example, referring to Table 3.7, in (986 the same
10 ton liesei locomotive cost approximately R50 000

Since this product is manufactured uader licence
entirely in South Africa the increase is attributed to
local inflation and wage increases These interviews
with representatives exposed union muscle lexing,
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 typicral underground equipment

To gumnarise the general category it appears
emscalation factors account for much of the increase
experienced. There is another element however, that
af debenture interest payments, coversed in the
foliowing chapter which actually accounts for 50% of

tha increase experienced in the general category
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4 RESULTS AND DISCUSSION

In the previcus centrai chapters +the categories of
shafts, development, reduction plant, aervices,
bousing 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 wmain reascns for the
ncrease. In this research project the coat 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
productior and some will be spent after production

beging.

A comparison betwkeen the initial feasibility study and
actual progress outlines the most senaitive area, that
of shafts and development, on a new gold mine in the
Fepublic of South Africa Rating the =ix categoriesn

for sensitivity provides a v sual  summary of this

A e e —
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project  report. Minor congiderations not covered in

the central chapters adds the finishi.g touch.

Following this are proposed solutions and methods of

isolating and controlling pre-produvction CAPEX

4.1 Comparison Between the Initisl
Feanibility Study and Actual Progress

Before vhe critical factors repponsible for the 59%
increase in pre-production capital expenditures can be
identified a comparigon between the injtial
feasibility atudy and actual progregs  must  bhe
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 extende. division was c¢rucial in  the initial
feasibility atudy. This development was delayed for

various reasons:

PR
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al Insnffivient ventilation and consequent
heat. build-up.

b Geological structure changes resulting in
increased development distarces

o) Striking of water

d) Long tramming distances

@) Waste hoisting problems on the operating

mine

The completion of the ventilation shaft wam also

delayed due to

a) Striking of water

) Poor ground conditions in  the 11 level

horizontal rope races

o) Stopping sinking operations to inastall a

il Py - e —



mid-shaft loading system on 10 level.
This became necessar, when ieselopment by
the existing mine on 13 lavel, the main

level, fell behind by approximately nine

monthsa, An  extra mid-shaft development
crew was raguired to axcavate the
sub-vertical ahaft hoisy chambers

according to acheaule

d Breaking away of the main return airway
on 10 level which was not allowed for in

the initial feas bility astudy

The =sub-vertical shaft originally had a bottom working
level of B96 metres below collar ¥or various reasons
it wag decided to deepen the ahaft to an ultimate
depth of 1 500 metres below collar Even after
rescheduling the new ashaft design it was subsequently
noted that no allowance had been made for cutting and
commissioning of punping and rock bandling facilities

and for the ore pass system

Griginal planning entailed the operating mine pumping

the expansivn  project ' s  datey However in January
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1988 conditions showed that this would not  he
posgible The extended division therefore had to
Bxcavate and commigsion their own pumping
arrangements. Development of the major excavaticns

wag  complated by means of a mid-shaft loading systen
situated on 10 level of the ventilation shaft. The
operating mine wals also reguired to develop settling
and  pumping excavations to handle longwall water on
the tower levels of the mine

Development delays on 1o 1 .e. «ave necessitated the
earlier development of 10 level hanging wall drive
(through 10 level mid-shaft loading) and 13 level

footwall drive, to provide return irway cepacity

The development from the axisting mine was crucial to
provide access, airways and the opening of ore reserve
on a new longwall planned for production in 19280,
Insutficient ventilation, increased development
distances and  tramming problems o1l contributed to

development, falling behind achedule

Tngufficiont ventilation ine buded the following




problems

Initially only 49 - ubic wetres per gscond

wam avallable for 13 and 21 level

Purchase an'  instalistion of two fang on

13 level it reased alr  volumes to 110

cubie  metres  por gecond  Cor 13, 16, 19
and 721 levelsn Yowever only 80 cubic
metres per  uecond could be usew  for
deve lopment te the extended division

until the compietion of a new ventilation
shatt on the exizting mine

A low wmauss/volume air flow coupled with a
canstant  heat input, led to aignificantly
higher temperatures than would be

normatly expectead

Additional  heat  load waz  input  to the
ayatem  due o hot water intersections

Exvewaively trgh face temperatures (35.8%
degress contigrade  wet huih) regal Led

[SRIPR R I ponr rabour affioienoles




21 level was actually stopped by the
Inapectorate ad gpenialined cooling

eguiprent had to oe inwtalled

@l When water was switched off over weekends
and  holidays, tae heat build-up resulted
in no work being possihle on  the
fallowing Mondry and sometimes Tuesaday

1 Additional development not allowed for in
the initial feasibility study placed
further pressure T an already

overextended system

Increased deve lopment, distances in  both primary
development ends  and opening of ore reserves were due
primarily  to changes in the original interprecation of
geological  structurs Table 4.1 compares original

feasibility mgtimates with sctual distances




Table 4.1 Comparison of Estimated and
Actual Development Distances

Estimate

deve lopment

Development {m) Actual (m)
13 H/W drive 2200 2855 (+ THH)
13 H/W twin 0 2631 (#2631
16 F/W drive 3000 4030 (+1030)
19 F/W drive 3200 4427 (+122°1)
21 F/W drive 3100 3530 (¢« 430
Service # [.85.6 400 581 (+ 181
| 16 level ore reserve 300 800 (+ 300)
fdevelopment
Vent development 0 58 (+ B8}
17 level ore reserve 840 13680 (75D
development
18 level ore reserve 740 18990 (+1200)
deve lopment
19 levael service ahaft o IS IEE AN )
atation development
1% level ore reserve 140 a7 (¢ 830
deve lopment
120 level ore reserve 550 1230 (+ BHO)
deve lopment
21 level ore reserve 640 1130+ 450

A e 4 ———
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The total  amount of development estimated in the 1885

ini‘ial feasibility study was 14 980 metres.  For
various reasons by 1888 this figure had increased to
25 P44 metres. Extra coste 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 ventilat n
purpoges (2 631 metrest. This was not allowed for un
the initial feasibility study. The original planning
had  allowed for 13 level hanging wall drive to be a
multi-blaat  asmokeoox. However due to difficulties
encountered by the operating wmine during development,
it was necesdary to reducs the size of the haulages on
16, 19 and 21 levels 19 and 21 levels are intaks
airways {or the extended division, and a reduction in
intake air capscity was incurred Thus the 13 level

nanging  wall twin was necesmary to  compensate for

this Alao  on 13 level, the main shaft station

development wag not catered for in  the initial

feagibility etudy. Minor problems c¢n 13 level arose

from increased tramming Jistances and the intersection

of a water bearing formation



On 16 level the increased footwall (primary)
development  was attributed to geological structure
changes. Ore reserve develcpment on this level
increased due to faulting Thig iz the top level of
the gervice ghaft designed to acrommodate the new
longwall Poor ground conditiong resulted in the
entire headgear development for the service shaft
collapsing, causing extensive damage to the initial

shaft system and the ghaft itself

19 level primary development was also underestimated
due Lo geological sgtructure changes. Localised
faulting, illustrated by Figure 3.2, also increased
the amount of ore regserve development resauired The
gervice shaft petween 168 and 19 level is actually
upside down’  becaus, 1% level is the bank level No
cubic metres  excavated from the service aghaft or
assoclated svation development were accounted for in
the initial feasibility study The feasibility study
also did not make any allowance for a cross cut to

reaf, although the respective reef raise was included

Geologiral  structure changes also increased the amount

of primary footwall development on 21 level and
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lonalised  faulting incressced the amount of ove raserve
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 sachedule it was decided to change priorities
and devote more resourcses 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 btoxholes, follow-on stubs, dams, cooliung
chambers, borehole excavations, etc. Main development
betwaen 13 and 21 levels at the new longwall position
was delayed because of additional raise boring
required for ventilation Removal of raise bore chins
geems to be a condition often overlooked., Finally,
during the fire or the existing longwall allocated to

the extended division, ail development. on the four

» A e
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major levels ceased for approximately three months
Water had to be used to flood the longwall 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 times considerably

A interesting observation is the high turnover and
unplanned absenteeism experienced in the area of the
project being developed from the existing nine It is
difficult to gquantify the amount of work lost due to
poor or no supervision and a continual shortage of
labour. There is something to be sald for favourable

env:ionmental conditions underground

With regard to timing down to the main level i{n the
gub-vertical shaft; the shaft jis one full year behind

schedule due to the following reasons:

——

A —
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geological
egcalation
six categories would be unreasonabhle and
The results

accurate

An attempt

Cover drilling

10 level development not

planned

Foor ground in the 11 level

rope races

Installation of mid-shaft

loading

Hope changesz and breakdowns

Total

Sensitivity Rating

Lo exactly quantify the

variations, planning

factirs and exchange ratea

of  this research project

the gource of information

118

21

48

108

17

110

days

days

days

daysa

days

days

effacts

tnaccurate.
are

information

discrepancies,

on sach of the

only as

e —————
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whinsh  varies from Broup b piuup and ming Lo mine
Certain isolated items are a curately costed and may
be  used for reference, but the main goal of this
research project is to point out pre-production CAPEX

sengitivity

Az shown in Table 2.3 the categories ot development,
reduction plant, services and general a'l exceed
original CAPEX eatimates by over 110%. Housing and
shaft estimates were also exceeded, but to a much
legsser extent All six categories and the major
factors which influenced them are rated as follows,

from least sensitive to most sensitive

al Houming escalation factors

33 Shatft ascalation factors  and  exchange
rates.

<3} Davelopment escalation factors

) Development. geological variations

o ———
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) Development planning discrepancies
) Service planning diascrepancies
) Reduction plant escalation factors and

exchange rates

Pre-production capital expenditures always have been
and always will be subject to influences which apply
upward presasure on  the cost of bringing & mine into

agarily sensitive in the

production While not nec
game order as the above rating, thaese madjor categories
maat be carefully analysed in future feasibility
studies ¢ keep pre-production  CAPEY under control
Thia rating doey not inelude normally minoy
congiderations not  covered in the central chapters of

thia research project

4.1.2 Minor Conaiderations not Covered in

Sensitivity Analysis

Min.r considerations for the parposes of this research

R —————
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project  include methodes of financing a vroject. tax

structures and geographical location

The imsue of geographical location has been briefly
discussed  in the central chapters To genseralise,
geographical proximity to existing mining operations,
infrastructure and communities requires less caplital
to get a new mine into production than gay a mine in
the middlie of  the Potchefatroom gap. Apparent
advantages however »f favourable geography must not be
taken for granted It would be wige in all cases to

plan & new mine totally independent from an existing

wperation. This way a ‘most expensive’ case can be
included in a fsasibility study. For the mine uned as
the mocie ] in this report it appears the least

expangive  case was put forward for approval

Methods of financitg a new mine or expansion proldect
vary considerably but normally have a relatively minor
effect on overall pre-production CAPEX In this case
R119 million wan  flnanced through the issue of

unsacured cunvertible debentures  and  the balaoce

funded with revenus from the operating mine

Table 4 72 sums  due dates and respeclive intereast doe
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on these debentures.
Table 4.2 Due Dates for Debenture Interest
I Intereat
Call Date Due (R)
First 12/8% 430 500
Becond 06 /BE 1 716 750
Th.rd 12 /788 & 207 250
Fourth 06 /87 2 443 000
Fifth 12/87 3 679 000
Isixun 06 /88 4 805 000
Seventh I qavss 6 131 000
Eighth 06 /89 7T 603 000
Ninth 12789 9 320 000
(Tennh 08 /90 10 791 660
Eleventh 12790 10 781 000
Twelfth 08 /491 10 791 000

Theas ungecured coconvertible cebentures were lasued at
par price of R44.00 each An  initial  R4.00 was
required by the vendors purchaszing the debentures in

July  1H8h Call dates spaced at six monthly periods



outlined the full extent to whic  these debentu ss
were to  be utilised Exch vendor .s expected to pay
an  additional RS 00 every six monthg until the full
debentures  price of R44.00 {8 reached. Interest on
thewe debeatures amounts Lo 1B% per annum until such
time as the extended division reached a sustained mill
production  yate 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 the pre-production period specified,
a total of R49  TEE 500 wasm omitted. Out of the
#9949 538 000  increass in  the (General category, the
debenture intereast payments represent 50% of the extra

monay  required Obviously the factors of geology.

planning, an eacalation and exchange rates have
nothing te  do  with this error [t was simply a very

costly oversight

Taxes for a pre-production mine do not have any direct
effect G pre production capital axpenditures
Nermaily., in the case of a new mine, pre-production
CAVEX  ism acvumulated until the mine begins generating

revege Capttal expenditure, plus  a  capital
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Ak iuowanon, are  wpen  deducted ver

unt il  yearly revenue exceeds remaining

a per:

A time

(X carried

forward Only then does the m.ne glart _ayving tLaxes

on  profits In  this case however
pra-production CAPEX aoriginated f§r

mine Because the extens:on

independent  this allows for a ¢ {1 wr

Ehee masority of

m 5 produs ing

te ot legalily

ite of foof CAPEX

in  the same year occurred agains revenue generated by

the producing mine Hence the amount of CAPEX spent

is not effected but the cash filows are

Unfortunately an indirect conse.

willingness to spend monay comcdend witn i e
thought towarde cost manageme:? haps this o e
view of an  outsider, bu* ve Y indastye i
South  Africa  has  besn booowa Lo sgpensive  Lgh
grade gold  depomits At ricdoae Prabwsor hoe
allowed this  blessing to o« B st prafitabiy

Times are  changing howewos FIEEeE [ ntiin 1y
decreas i and  couts  oar et vean. LY rising bt
mining industry me vy o i he s me

Herbert  Hoover the pres ent . o

L, believed  the  mar. M I i

Wintory  of ot nual
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mining projects in  the Republic of South Africa must
concentrate on  the reduction of unit costs. The
concept. of getting “stol” ocut of the mine at any cost
needs  to be replaced with efficient extraction methods
based on wound engineering principles Every mine
faces the game destiny, the cost of removing a unit
of ore exceeds the value contained within the same
unit., Thig destiny can however be postpone) by
ef "icient management of avallable resources applied to

both pre-production and production environments

Recent legislation calling for major taxation reforms
may soon change all this The posaibility of capital

expenditures beaing deducted from revenus over a pericd

of  yeara exists, as does a mivimum tax on companies
5)

declaring dividends but not paying taxes A flat

tax rather than & progressive rate has also been

ptopmed

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

incurred during a financial year the Margo Commission
(&)

recommends & three yeay 50:30:20 rate

Indications are the 10% capital allowance presently

enjoyed by deep lavel mines would also fall
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6)
away . Progsen

mining industry

implementation of
discourage capita
provides South A

foreign exchange

The minimum tax
whoga effect s
operating at a

could  alter the
production costs

revenue generated

A flat  tax rate
of  tax paid by
favour marginal

CAPEX s-ending o
gavings. Actual
changed, but the

effected.

Depending on  who

and  MTC  propreas

8b

t real capital investment in the
is already on the decline,(l’ The

this recommendation would further
1 invesmtment in the industry which

ca with more than two-thirds of its
}

on vompanies (MTC) is a cash flow tax
only realimed when the mine starts
profit In the extreme case it
pattern of CAPEX wpending if pre
for an extension equalled or axceeded

by the operating mine

has the effect of reducing the amount
high grade mines. Progressive taxes
producers  but  could aize encourage
n operating mines for the gake of tax

pre-production costs  would not be

net :fter tax cash flows will be

voiu  talk to, CAPEX write off rates

ive wva  {lat tax rates have positive
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and negative  Lmplivaciuns  foy  the mining industry
For the purpose of this research prosect none of these
propoged  tax reforms are certain  yet. ¥hile the
ovarall profitability of operating mines would
certainly be effected, the effect on pre-production
capital expendiutures and pregent wvalues for new

mining ventures is minimal

At the end of 1888 the report of the Marais committee
on mining taxation waz published, with somewhat
different reccmmendations The final position should

become olear during 198%

4.2 Isolation and Control of Sensitive Areas

Onee  potential  problem  aress  are  didentified steps
musat  be taken to  achieve accurate estimates of the
amount,  of pre-production CAPEY required Setving up a
gsort. of ‘cheok-list’ covering all pessible areas for a
new  mine im  an  alternative which requires much * e
and  effort  but  resuits in a comprehentive exercige

This check-list can  then be matched with current

prices  applicable  to the winiag industry Bafer to

PO -




the appendices of this research vproject for a

guideline to such a check-list and 1988 prices

With thisg in mind the factors of geclcogical
variations, planning discrepancies, escalation and
exchange rates can be evaluated for effect

Hemembering the sgsensitivity rating and the major
categories most prone to  cost  increases will help
gerve as a guideline for identification of potential
problem areas., The concept of applying probability to
the extent of these factors, thus estimating their
effect in Rands, can be considered but is not covered

in thia research project

4.2.1 Eetimation Procedures

Two  basic methads aof imating pre-production capital

expenditares have been considered The ‘ratio’ method
af  applying costgs  proportionate to higtorical models
of  aimilar capacity ig one method The other method
entails detailed estimating of costs, both preaent and
future kven within the aame group, costs in the

Republic  of bouth Africa are riging too fast to assame
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‘ratio’  proportions will stay the same Therefore a
more detailed approach is required for future

feazibility studies to be valid

Geological variations cannot be predicted accurately
due  to  the little amount of information available
Surface boreholes are expensive and time consuming,
and historical continulty of reef leads to asgumed
mine valuations. It woo i be extremely naive however
to  assume the geological structure outlined by a dozen
or B boreholes will remain  the same through

production,

Planning discrepancies should not account for the
o  the extra overall UAPEX aw experienced on the model
mine With a structured, detailed approach the sffect

of planning discrepancies can be reduced to o minimum

Eacalation factors and exchange rates are probably the

most  difficult  influences to predict.  South African

inflation rates calculated for consumer prices
(1

averaged Z.6% between 1874 and 1984

Furthermore, having peaked at 15.2% in 1981 a steady

downward trend wag observed through (984 when yearly
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inf{ ation was  11.7% Alan. ip 1984 the evehsnge rate
averaged 0.6954 1.8 Dollsrs per rapd f{ollowing a
continual downwWard trend lion 1980,(1) Planning a
new  mine in 1985 required use of these statistics plus
popular opinioen  of future economic events Hence the
0% and 11% per annum escalation factors umed 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 Implicaticns for New Mining

Projects

Detailed capital estimating will give more acourate
feagibility astudies The mogt  expensmive’  ocase
represents  a conservative approach but {8 neceassary in
these Limes. Today we apeak in billions of Randa
raquired Lo bring a modern gold mine into production

Sericus  underesatimating of pre-production CAPEX could
raault  in the suspension  of  a  project Even if
gutfficient  ore reserves are available Lo Justify a new
mine, the sapply of capital reguired at time zero must

v suff{icient Lo bring the mine into production aver
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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 guite another thing Lo do it
inderestimation, or overspending, of money on new
mines i an old problem Gverspending is often blamed
on management wheveas the root problem ig
underastimation before management takes control of the

project

4.3 1 Dedication te Control

Once  given a CAPEX guidel

ine management must adhere o

it ag  closely as possible A “buck here and a buck

there goon  add  up  and capital spending gets out of
hand Charging items to different accounts mey work
for a short  time bubt eventually causes a shortage of
funds somewhere Alasa, the practice of pushing ocut or
delaying  capital  expenditures falls Lo actually solve

the  probilem Ingtead it crastes compounded probloms
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an extended period

4.3 Applying Control in a Mining Eavironment

it iz one thing to talk about CAPEX and operating
within budget. It ig guite ancther thing to do it
Underestimation, or overspending, of money on new
mines i3 an old problem.  Overspending iz often blamed
on management whe reax the yroot problem ta
underestimation before managewent takes control of th

project

4.3.1 Dedication to Conurnl

Once  given a CAPEX guideline management must adhers

A “buck here and a buck

it as  clogely as  posatl
there soon  add up  and capital apending gets out of
hand Charging items to different accounts may wook
for a  short  Cime but eventuaslly causes a shortage of
funds  somewhere Alao, the practice of pushiog oul ar
delaying capital expenditures fally to acousl(y woive

the  problem Instead 1t cpeates compounded problems
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for gomeane elas in tha foturs

4.3.2 Management Responsibilities

Top management is responsible for the overall asucceas
of a new project Delegat ing responsibility through
the ranks, down to the person putting together the
nutz  and  bolts, is necerdary People must be held
aceountable. In  this manner overspending can be

reduced to a minimun

-




CONCLUS IONS AND RECOMMENDAT IONS

P

In the case of the model analysed pre production CAPEX
was  undervestimated by + 5o% It ia not the intention
of  the report to oriticime mine management but to
iltlvatrate the shortfalls of oconventional  thinking

when estimating capital expenditures

Within the mining industry, international recognition
of  the control over working costs reflects on the
apility of the local miniag profession Competition
is  aiwnply who can  produce an ounce of gold  the
cheapaat I firmiy believe that the gold price will
not  (cannot) fall below tLhe lowest working cost per

ounce prodaced

Wnile the sensitivity rating shown development is most
vulnerable  to  cost  inecreases, escalation factors and

exchange rates  applied to the reduction plant proved

Lo he  the most  expensive  srea A suggention for
jocally  manufac ured  items i to  apply eacalation
facturs caloulated within L he mining induwtry
fatabitah  a  working  ont oandex Trom g omine milling o
srephant amont ey 4 ™y man 33 fouy Auarters




L]
Workdng costa saacciatad  LiLL 0 Lhe  congtant omill
figures are  than monitorsd for  increases Thesge

Iperegges  repregeont oa mo sccurate escalatioan factor

than the inflation [igures published by the 050

For  items manufactured overseas, use epcalat on rates

appl.ocable Lo the wountry of origin Currency
flustustions  can then be applied over a rangs to cater

for changing Rand exchange raten

My atrongest recommendation  {or planning on the mine
o the use of gualified miniog people with access Lo

modern computers and  smoftware Too  often  mine

planning s sne from a cadtralised  office  where
artual  vonbtact  with  the mine and the people involved

L remote In  this  case vhe sxpansion proded
¥

EES

mplished without  consulbing  the mine invedved

resulting  in  érronsous  assumptions  ar to what the
cperating i e e ld realistically accowplish

Shortages  of pamping capacity and wenbtilation cepacity
cno the  mine resalied in extra time and maney reqaired

to complete the jobs

Attt wethods of  hand drawn chay sad deve lopament

T
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designg should be replaced with modern computerised
packages Today the technology exists which allows a
common PC to accomplish what once required a mainframe
or mini-computer The ability to design a shaft
aystem and agsgsociated development car be done on a CAD
aystem within a matter of days. Once the bage case is
established alterations can be made to detecmine the
best (or the most profitable) arrangement Moving the
aite of a main shaft will not changs the cost of
ainking but could theoratically result in millions of
extra Rand sgpenc or saved in development costs over
the life of Jhe  mine. A typioal PC owith 40 Mb of
storage capaclty and color graphicg capabllities

accompanied by a printer and plotter will do the Job

Minimum software requirements are the mining CAD
(devaloped in  South Africa) coupled with dr SE and
LOTUS 123 for data manipulation. Expect to pay about
HI0 000 for the computer equipment and about RS0 000
for the aocftware in 1888 terms Training the mine
planner to operate the system depends on the calibre

of mine planners employed

State  of the art computer developments in Scouth Africa




are  directly applicable to the mining discipline The
same  CAD  software package discussed allows for the
input.  of a geclogical data base whick allows not only
development design but stoping sequences to  be
impoged, Resulting cash flows can be generated for
short.  term planning or for the life of a mine All
within a matter of minutes It a fire takes out a
longwall for examnple, managenent  has  the tools
necesgary  to evaluste the conseguencss jmrediately and

pran accordingly

5.1 Summary and Concluwions

A detailed approach, with pething overlooked, s

equlred these days to provide an accurate satimation

af  capital oouts Bringing & mine into production and

drgging  a hole i the ground are entirely different
autivities it in possible tou accurately estimate
the  cost  of bringing a mine into production and do so
unter  budgel Gold production in South Africa means
hard  currency  necessary to maintain a stable economy

Future  plans for new wmines must b oaccomplished with a

minemum ot pre pronfuctaon CAPEX Todays aperating
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minea  will someday have to be replaced with new mining
projects if  South Africa e to mpaintain its lead in

free world gold production

5.2 Recommendetions for Future Analyasis

The purpose of this research project was to illustrate
the sensitivity of pre-production capital expenditures
wn  a new gold mine Reduction plant expenditures were
anderestimated mwore than any other category because of
mucalati.a faciors  and  exchange rates The mont

sengitive category howaver was development

Present  conventional mining practice will eventually
be  rep. ced with modern  technigues  but the factors
resulting  in coat  underestimating will be \ne same

Pad  estimates of  escalavtion factors, exchange rates,
geologiosl  variations  and  planning details could in
many cases contribute  towards the dewmise of a mining
project  1f not carefully considered through each phass
't the project An increased awareness however of bthe
Savtora  discuswed  will  improve  the  chanoss  for  oa

saccsngiul operation
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APPENDIX &

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

All financial
terms.

figuresa
Financial years ending June 30

given in December

1585

{Heoaction Plant
|
ii umplng
Ventilation
Refrigeration

Compresased Air

Underground
Equipment

Electric Power
Workshops

Black
Accommoar tion

Other Bulldings
and Eguipment

THousing

General

| Duve loppent

production
Bxpanges

Surface Trangport

I

680

1887

3

ES

43

235

300

276

L60

100
B0
370

400

}
H
|
|
|
|

L
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¥
98
[ Category 1988 1989
lshates 820 870
gReduCLion Plant 500 300
ipump;ng - 350
évwntilatiwn 20 550
;Hefyxgeratxon 4 950
i
}CompreSSGd Air 200 850
Underground 100
Equipment
Electric Power 1 430 420 1
Workshops 550 550
Black T30 3300
\Avuommodatxou
Ather Buildings 8h8 580
and Equipment
Surface Trangport 330
I
{Hous ing 470 030
General 715 200 1
IDevelopment 180 160 3
[ Pre-production G040 G010

iExp&n

it ———
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AFPENDIX B

Forecast of Operations for the Extended Division

¥inancial years ended June
(B7000 1f not siated)

;Yedr end June 1388 1887 1488
Years per cycle 1 1 1 i
i1l rate (TRH) w 0 0
|Yield (grams/ton) 4 ¢ (
[Kilograms gold ! [ 0 0
Gold Price (R/kg) | [ 0 0
Costs per ton milled ¢l [ £
Woyking costs 0 |

Hevenve 0 o

Frofit 0 0

{Sundry Mine Hevenue il 0
ibxp»ndxtuxas [ 9460 | 11 616

jWorking profit L4 460 1-11 6186

[Capital Expenditure ; 40 Ggv ; T4 536

i |
‘ i i i
‘Ypar end June 19689 1990 RN l
Years per cycle ! 1 i 1 |
e e - S
| oo ono |
Mill rate (TPM) [ o e son i
Yield (grama/tan) oo o S
Mxlopram«s gold ‘\ o | 1) r
{Gold Price (R/kg) | 4] ? 0 ! 1
]Lo«ts per ton milled Q 0 }

Working costs o | 0 117 sat |
Revenue c [ 0 150 743
Profit o | 0| oA 02
Sundrv Mine Hevenue 0 O | 404
Exprnditures 21 376 0 20 815 O
Woriing profit 21 376 .20 815 1 33 508
|[Capsial Expenditure [REEA AN §er TGS % 87 781

! i i L
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Year end June 1982 1893 1984
Years per cvele 1 1 1
Mill rate (TPM) 80 000 100 000 120 000
Yield (grams/ton) 6.5 R 5
Kilograms gold £ 240 7 800 9 360
Gold Price (R/kg) 35 431 38 974 42 871
Costs per ton milled 160. 07 163,11 169.89
Working costs 153 867 185 732 244 642
Revenue 221 089 303 997 401 272
Profit 67 422 108 265 156 830
Sundry Mine Revenue 593 816 1 076
Expenditures 0 0

Working profit 68 015 109 080 157 708
Capital Expenditure 17306 50 603 69 795
[Year ena June 1995 1996 1997
‘Yearﬂ per cycle 1 1

L [N

Mill rate (TPM) 120 000 120 000 120 000
Yield {(grams/ton) 6.5 6.5 8.5
Kilograms gold 9 360 4 360 9 2By
Gold Price (R/kg) 47 158 51 874 57 061
Costg per ton milled 187 88 205 .87 228,08
Working costs 289 107 296 021 325 627
Revenue 441 398 485 541 H34 091
Profit 172 292 189 520 208 464
Sundry Mine Reveuoue 1 184 1302 1 432
Expenditures 0 ¢

Working profit 173 476 180 822

Capital Expenditure 83 0z& 100 144
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[Your ard dine 2003 2009 2028
Years per cycle [ 31 20
Mill rate (TPM) 123 333 176 666 180 000
Yield (grams/ton) 6.5 6.5 §.5
Kilograms gold 9 620 13 780 14 040
Gold Price (R/kg) 80 714 142 892 179 083
Costs per ton milled 217,19 516 51 64348
Working costs 472 139 1097118 1388938
Revenue 781 769 1978089 2614324
Profit 309 829 (881 571 1124388
Sundry Mine Kevenue 095 5 305 6 741
Expenditures 0 0 0
Herking profit 311 725 886 876 1131128
Capital Expenditure 195 838 257 187 232 897
Year end June 2031 2033 2036
Years per cycle 2 2 3
Mill rave (TPM) 176 000 152 500 0
Yield {(grams/ton) 6.5 6.5 0
Kilograms gnld 13 650 11 895 0
Gold Price ('/kg) 179 083 179 083 179 083
Costs per ton milled 643,49 643, 49 0
Working costs 1361328 11775686 1)
Revznue 2444482 2130191 0
Prefit 1083154 2130181 0
Sundry Mine Revenue 6 74l & 741 a
Expenditures 0 Q 0
Working profit 10949895 9549 346 0
Capital Expenditure 146 ags 196 996 0




APPENDIX €

Summary of Inittal CAPRY RPorecant.  for
Proposed Mine Extension
(Kgtimated 14 February 198f)

the

Total of Spant to
Heading Ferecast 30/06/85

(R7000) (R)
Ventilation Shaft 22 463 3 364 502
Main Shaft 94 168 0
Sub-Vertical Shaft 68 050 0
Service Shaft 8 800 4
Reduction Plant 39 180 4
Pumping 4 900 0
Ventilation & 18 800 4

Refrigeration
Compressed Air 10 04% 0
Underground kKquipment 12 069 1190 810
Electric Power Supply 20 200 1140 041
Workahops 3 536 0
Black s Accommodation 21 765 0
Other Buildings & 6 217 0
Equipment

Surface Transport 3 590 411 542
Housming 30 130 1]
General 13 574 788 32
Development 35 101 2 708 633
Waybill & General 36 GO0 1)
Expenses
Sundry Persons a0 Q
Grand Total Mine 450 Hy? 9 541 8449
Excluding Inflation
Inflation Factor 0.0
Inflation Frovision 96 161 0
on Grand Tutal

546 4 141 #49
including Inflation

-
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perioda (R7000)

19845 1986 1988
Heading 1 2 3

Ventilation Shaft 4 419 5 101 4 690
Main Shaft 13 005 12 138 12 853
Sub-Vertical Shaft Q 0 2 000
Service Shaft 0 a 0
Reduction Plant 20 80 1 000
Pumping 1] a Q
Ventilation & 0 1 000 100

Refrigerntion
Compressed tur 817 800 428
Underground Eg. . oment 645 233 0
Electric Power Lupply 508 452 0
Workshops 244 642 300
Black s Accommedation 0 2 025 3 870
Other Buildings & 241 1 870 1 622

Equipment
Surface Transport 237 220
Housing 1 2 000 2 000
General 1 803 1 280
Davelopment 3 55 4 940 4 710
Waybill & Gereral 1 B3O 2 000 2 000

Expenses
Sundry Persons o 4] 100
I,, e e - S
|Grand Total Mine 27 806 2R 37073
Excluding Inflation
Inflavion Factor o0 Goan
Inflation Provision 4 1 854
on Grand Total ;

i
. S . ? i . .
{Grand Total 808 \ 37 veny } a8 gy
| i

lheluding Inflation
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Forecast in six-monthly periods (R 000)

T r
| 1987 1987 1988
| Heading 4 5 &

Yentilation Shaft 3 968 922 o}
Main Shaft 11 936 10 300 49 900
Sub-Vertical Shaft 5 000 8 900 12 300
Service Shaft 1100 1 500 1 800
Reduction Plant 2300 2 200 3300
Punping 1) 500 0
Ventilation & 200 250 0
Refrigeration
Compresned Air 0 500 1 500 “
Underground Equipment 500 Q 0
Electrie Power Supply 0 3 000 600
Workehops 500 500 300
Black's Accommodation 3 470 3 100 & 000
Other Buildings & 422 160 0
Equipment
Surface Tranaport 220 800 250
Housing 2 500 2 Q00 6 135
General 900 300 800
Development 4 044 3 100 3 100
Waybill & General 2 000 4 500 4 500
Expenses
Sunciry Persons 400 500 4
Gread Total Mine 39 458 43 032 4% 485
Bxcluding Inflation
Inflation Factor 10 0n 1500 21,00
i Inflation Provision 3 946 6 455 9 762
1 on Grand Total
» #
“ Grand Total 43 403 49 486 S8 246
Including Inflation

b el
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Forecast in six-monthly periods (R 000)

Heading 1988 1989 1458 19490
v 8 9
Ventilation Shaft @ 0 0 0
HMain Shaft 9 700§ 3 400 3 806 1130
Sub-Vertical Shaft 12 700)11 9201 10 090 5 100
Service Shaft 1 8001 1 &00 1100
Reduction Plant 8 500| 8 000 7 800 7 800
Pumping 5001 1 100 1200 1 600
Ventilation & 1 400] 4 950 6 700 5 200
kefrigeration
Compregsed Air 2000 1 500 1 500 1 000
Underground Equipment 0 1 000 4 000 4 500
Electric Power Supply 7000 800 4 500 z 200
Workshops 300 300 450 [\]
Black s Accommodation 1 000f 2 000 2 800 2 000
Other Buildings & 120 290 981 €11
Equipment
Surface Tranuport 220 220 300 280
Housing 5 506 4 140 2 300 1700
General 30001 1 350 1070 100
Development 3 100% 3 100 1 887 860
Warbill & General 4 500 4 500 5 000 5 170
Expenses
Sundry Persons 0 0 0 Y]
Grand Total Mine 53 345156 110] 55 184) 3y 281
Exeluding Inflation
‘Inf&ahiun Factor L7.0u) 33 00 EEN 46. 00
Inflation Provision 16 023118 H16) 21 8221 18 074
. on Grand Total
-t
P ettt e VST
" Grand Total 75 368 76 705
Including Inflation
A
' M‘m - I
B i
) H

A -
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APPENDIX D
Initial CAPEX Forecast for the Proposed Mine
Retepsinon  (Hatimavad 14 Pobpnsey 1008
| Total of [Spent to
Headirg Forecaav |30/06/85
(R7000) (R}
Ventilation Shaft
Site Levelling 88 88 173
Site Establishment 20302 |2 301 857
Shatt Collar 238 238 257
Mizcellaneous Costs 1 634 45 713
Sink and Line Shaft 18 201 680 502
Main Shaft
Construction of Main Terrace 2 466 Y
Headgear and Shaf+ Collar 3 487 0
Man Winder House 1 380 0
Platform Winder 2 615 0
Servicea Duct 1 500 0
Concrete Batching Plant 350 i}
No. 1 Man Winder g9 400 ¢
5 bm diameter)
No. 2 Man Winder 3 400 0
5. 5m diameter)
Rock Winder 15 600 0 v
Personnel Duct 190 0
Sink Line and Equip Shaft 33 100 4]
Station Development 1 800 0
Sinking Hoisting Equipment 3 800 0
Permanent Holsting Equipment 4 300 1]
Winder Spuarey 480 O
Permanent Signalling 250 5]
Rope Reeling Arrangements 3484 0
Main Loading and Transtfer 2200 4]
Arrvang  ments
ot Shaft Bottom Arrangements 500 1]
5 and Toillage
i Bank Layout and Gite H00 0
i g Site Investigation and 150 0
j Driiling
Emergency Diesal Alternator 1l 0
N . . Wante Handling on Surface 4040 0
™ I Surface Protection of Bank a3t o
Terracen
4

4 " o - W @
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: [Tmtal of [Spent to
i Heading Forerast [M0/70R /785
(RIDODY Ry
Sub-Vertical Shaft
Initial Shaft System (IS8) 14 100 0
Including Headframe
Barrel, Winder Chambers
and Development
Sink Line and Equip Shaft 11 1300 Y
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
Rock Winder 8 700 5}
Winder Spares 500 0
Sinking Holsting Equipment 4 300 ¢l
Permanent Signalling System 200 0
Mid-Shaft Loading System 550 0
on 25 Level
Brow Box on 21 Level 450 0
Reef & Waste Pazses to 3 300 0
26 Level
Deepen Shaft to P9 Leve G00 i
Alr Filtration and Cooling 450 o
System for Hoista
fopvice Shaft (16-19 Level) & 80”7 0
Reduction FPlant 39 180 @
g 4 900 4
Waybill and General Expense 36000 4]
Account
sndry Perasons 1000 0

P —
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Total of &Spent Lo
| Hrading Forecasy 130/06/85
[ VTNV ()
Ventilation & Pefrigeration
Return Airway Booster Fans 40 0
Main Shaft Sinking T00 0
Ventilation
Sub-Vertical fhas’t Sinking 450 0
Ventilation
Ventilation Shaft Permanent 3350 Q
‘ans
Sub-Vertical Underground 100 0
Coursing Fans
21 Level Intake Airway 900 0
13 to 14 Level Return Alrway 1 600 4]
and Horehole
Refrigeration Including Bulk 12 300 0
Coolers and Chilled Wat~r
Reticulation
Comprossed Alr System 10 045 4
Underground Equipmen®,
13, 16 & 21 Level Equipment 1501 11 180 810
19 Level Development 568 0
Three Lh Units 500 0
Additional u/g Equipment 5 500 0
Raige Boring Machines 4 000 )
Electric Power SBupply
Yemporary Fower Supply 1 800 |1 140 041
Initial Electric Poaer 300 0
Surface Electric Power 5 800 0
Hain Shatt Electric Power 7 800 0
Sub-Vertical Shaft Power 4 500 0
Deave lopment
Main Level at 120m/month 6 600 |1 822 330
Developwent on Three Levels 27 200 11 0RE 303
Sub-VYertical Shaft 1300 0

Developmeant

e B it S b %

-
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| Total of |Spent to
| Heading Forecast [30/08/85
L (R7000) (R)
iwoxkshops
Workshops 386 0
Deill. Loco and Carpenter 1 300 0
Shops
wWinch, Truck and Transport 750 0
Shops with Change Houses
Workshop Equipment 500 0
Black’'s Ac~ommodation
Services for Hostel Blocks 300 0
(884 men)
Hostel Blozks for 864 Men 3 020 O
Temporary Kitchen Facilities 2560 0
for 1200 Men
Hostel Administration 600 0
Including Pay Hall,
X-Ray and Dressing
Station
Parking Facilities 100 s}
Sports Fieids 45 0
Firat Aid Roon 50 0
Hostel Complex for 9 336 Men 12 400 0
Married Quarters 700 0
Fermanent Kitchen and Dining 3 800 0
Facilities for 6 500 Men
Surface Transport
Construction of Access Road AR3 411 542
Surface Transport 487 0
Roads 2220 0
Housing
Purchase of 135 Erven in 1 ESQ 0
White Township
104 Houses in Township 500 0
40 Single Quarters & Flats 2 490 0
Services for 370 Stands & 290 0
Additional Housing 1 coo | 0
. L
.
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Total <f |Spent to
Heading Forecast |30/0t /85
(R000} (R)
Other Buildings & Equipment
Heavy Machinery Store 424 )
Main Shaft Engineering 350 Q
Buildings
Temporary Administration 181 @
Initial Magazine & Fuse 300 0
Store
Office Furniture & Survey 150 O
Equipment
Car Shelters 70 0
Security Complex 200 0
Mine Store 880 Q
Shaft Offices & Change 1 330 0
House
Crush and Cap Lamp House 800 Q
Main Shaft Covered Walkway 100 0
Proto & Fire Fighting 80 0
Building
Heat Tolerance Training 462 ¢
Centre
Shift Boss Siore 110 0
Office & Canteen for 50 0
Workshops
Micro Computers & Equipment 300 0
General
Geotechnical Survey 122 71 878
Telephone Service 1100 2 415
Rand Water Board Suwply 1 832 852 248
Purchase of Freehold 0
Reticulation of Bank, Plant, 1000 0
Offices, Hostei & Stores
Sewage Disposal and 1 650 0
Treatment Plant
Stormwater Drains 550 0
Surface Equipment 1240 0
Badge Reader Arrangements 400 ¢l
Back Filling Plant and 3 000 4]
Reticulation




APPENDIX E

Suidisar y ul Spdaled CAFRX Forecast for the
Proposed Mine Extension
{(gstimated 21 June 1988)

Total of Spent to

Heading Forecast 30706 /88
(R°000) (R}

Ventilation Shaft 25 180 25 160 244
Main Shaft 120 757 G 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 & 47 838 7 619 188

Refrigeration f
Compressed Alr 12 734 5 082 309
Underground Equipment 19 070 7870 012
Electric Power Supply 20 387 £ 821 661
Workshops 5 975 3 979 528
Black's Accommodation 3z rz2 17 279 000
Other Buildings & 165 171 8 410 894

Equipment
Gurface Transport 7§31 & 600 385
Housing 46 070 18 736 238
General 20 984 5 654 633
Development 98 588 47 348 000 '
Pre-Production 91 772 38 570 000

Expenditures
Sundry Persons 2 182 1173 900
Grand Total Mine 797 195 377 180 547
Excluding Inflation
Inflation Factor 0.0 G.0
Inflation Provision 16 018 0
oa Grand Total
Grand Total a1 213 372 190 547
Including Inflation
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Forecast in six-monthly periods (R'000)

Heading 1988 1989 19849 1680
7 8 8 10

Ventilation Shaft 0 0 4
Main Shaft 9 067111 547 7793 1 940
Sub-Vertical Shaft 11 730111 1501 12 218] 10 381
Service Shaft 2 000] 1 610 1 4560 1 940
Reduction Plant 27 505124 083] 15 871 7 950
Pumping 4 240 5 700 4 430 4 550
Ventilation & T o114 7 B95| 12 760} 12 450

Refrigeration
Compressed Air 3 3500 3 3560 712 240
Underground Ecuipment 5001 1 52% 3 550 5 52
Electric Power Supply 1 4857 3 790 4 480 3 660
Workshops 0 0 136 1 860
Black's Accommodation 7 2881 2 360 4 208 8 610
Other Builidings & 1060 455 2 108 3 140

Equipment
Surface Transport 431 50 500 350
Housing 4 830 B 724 5 600 9 180
General 1 364 1 344 6 371 4 250
Developrment 12 68010 120) 12 700] 15 760
Pre-Production 11 600113 600) 156 5001 14 502

Expenditures
Sundry Persons 709 0 4] 300
Grand Total Mine 103 92311063031 111 180[104 588
Excluding Inflation
Infration Factor 0.0 0.0 5.0 1000
Intlation Provision 0 0 5 80D 10 489
on Grand Total

§ Grand Total 103 923110630311168 7481115 048

Including Inflation
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APPENDIX F

Updated CAPEX Forecast for the Proposed Mine
Extension
{Esvimated 21 June (9687
Total of Spent to
Heading Forecaat 30/06/88
(R7000) (R
Ventilation Shaft
Closed Estimates 1 551 919
Miscellaneous Costs 3881 800
Sink and Line Shaft 19 616 528

Main Shaft

Closed Eatimates

Sink Line Equipment

Sinking Hoisting Equipment

Headgear and Shaft Collar

Man Winder House

L.H. Man Winder & 5m dia)

R.H. Man Winder (5 5m dia)

Personnel Duct

Rope reeling Arrangements

Bank Area and Road

Rock Winder

Rock Winder House

Station Development

Permanent Hoisting Equipment

Winder Spares

Permanent Signalling

Main Leading and Transfer
Arrangements

Shaft Bottom Arrangemernts
and Spillage

Bank Layout and Surface
Change-Over

Track Layuut to Timber Yard

-
O e B LN D
S
-

o

UL e =3
S @
&

582

[

O W > W DD
S
e

o

218
6056
328
12 763
100

0o

100 ¢

e
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Total of Spent
Head ing Forecast, 30706 /88
SR Ry

Sub-Vertical Shaft
Initial Shatt System 16 232 & 372 000
Inciwding Headframe, Barrel
Winder Chambers and

Davelopment
No. 1 Man Winder 12 857 9 768 000

5. bm X 1 5w
No. 2 Man Winder 11 430 8 035 000

5. 5m X 1.5m)
Rock Winder (5. 5m X 1 6m) 12 580 g9 994 000
Sink Line & Equip 26 536 (12 038 000 w

to 36 level
Station Development 5 531 1 031 000
Heef & Waste Passes 2 490 0

to 33 level
Hoist Air Filtration & 470 180 000

Cooling Syastem
Miscellanecun Costs 2150 0
Surface Shaft Temporary 700 0

Services
Service Shaft (16-19 level}
Sinking Holsting Equipment 440 410 000 0
Sinking Windera 400 400 000
Initial Shaft System 2 630 2830 000
Concr~te Mix and Bateh Plant 40 3
Raise Bore, Line and Ejuip 3 180 2 820 000
Station Development 300 Il
Man and Material Rinder 2200 {
Fermanent Holsting Equipment 500 0
Shaft Bottom Arrangements 110 4]
Permaneat Signalling BO I}
Reef and Waste Passes 1200 300 000
0ff Station Development 1 200 ¢l
Hoist Alr Filtration and 180 Q
i Cooling Syatemn I

D ——————
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Toval of Spent to
Heading Foracaat 30 /08 /RR
(R000) (R)

Reduction Plant
Cloged Estimates 250 249 753
Temporary Services 165 165 000
Eng. & Metallurgical Store 8680 366 000
Geotechrical Survey 80 80 000
Terrace Construction 830 830 000
Roads, Drainage & Toile - 850 850 000
Reduction Plant Civil Wo . 17 000 & 0772 000
Plant Offices & Change Housu 550 0
Reef & Waste Conveyor System 5 473 1 843 000
Stockpile Arrangements g 000 3 5872 400
Milling Section 30 000 8 93y 000
Thickners & Woodchip Removal 8 600 1 100 =00
FPipe Bridges,K Towers Trestles 1 800 300 .0
Leach Section 6 400 800 00
C.1.P. Adsorption & Elution 10 000 328 000
Gold Recovery Section 4 000 500 000
GSlimes Dam 3 000 0
Cyanide, Lime and Flocoulant 500 Q

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

Slimes Disposal
Laboratory Services 200 107 000
Mise. Metallurgical Costs 200 100 poo
Commirmaioning Coste 700 0
Plant Control Buillding 500 100 000
Plant Control Instruments 400 ]
Fencing and Gate 270 §]
Punping
Initial Intermediate Punmp 1 400 1 400 000

Chamber
Completion of I.P.C 5 340 2100 000
Longwall Pumping Syaten 580 0
Service Shaft Pumping System 7800 (&
9, 10, and 20 Level Pumping J T 500 0

ke
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Heading

Total of

Forecast

Spent to
30706 /88

[STCVIV) (R
Ventilation & Refrigeration
Cleaed Estimates 33 93 169
Sub-Vertical Shaft Cinking
Ventilation System 600 346 000
Vent Shaft 10 Level 2 182 8682 000
Development
Main Level Return Airway £ 011 1 211 000
Access Cromss-Cucs for two 2 728 400 000
Interlevels |
Service Shaft Multiblast 877 477 000
Raise Bore Hcle
204m Raise Bore Vent Hole 410 410 000
Upcast Raime Bore Holes for 3150 800 0U0
Gix Levels (two holes
408m long & 3.63m dia. )
8.V, Shaft Multiblast 1710 300 000
Raise Bore Hole
Refrigeration Plant 9 420 ? 722 000
Permanent Ventilation Fans 5 100 0
Exhaugst Fans for two Levels 960 0
Intake Airway on 21 Level 2 400 0
Bulk Air Coolers and 2 400 0
Associated Development
Chilled Water Keticulation L5560 0
Inter-Shaft Alrway 2 080 o}
Fire Detection System 460 4]
Fans Store and Testing 380 i}
Equipment
Underground Development Fans 240 0
Methanometers 40 i
Dust Extraction for Main 240 0
Rock Transfer System
2 Chilled Water Dams (5MI) 890 0
Main Level Energy Recovery
Turbine 2RO 0
Self Rescuers - 0
Return Airway Development 2 tru 0
Refuge Bays 840 0
Ventilation System Above 210 0

the Main lLevel
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i Heading

I B

Ventilation & Refrigeration

Closed Estimates

Sub-Vertical Shaft Sinking
Ventilation Systenm

Vent Shaft 10 Level
Development

Main Level Return Alrway

Accegs Cross-Cuta for tw
Interlevels

Service Sha't Multiblast
Raise Bore Hole

204m Raise Bore Vent Holn

Upcast Raise Bore Holes for
Six Levels {(two holeg

| 408m long & 3.63m dia )

S V. Bhaft Multiblast
Raise Bore Hole

Refrigeration Plant

Permanent Ventilation Fans

Exhaust Fans for two Levels

Inteke Airway on 21 Level

Bulx Air Conlers and
Assgociated Development

Chilled Water Reticulation

Inter-Bhaft Afrway

Fire Detection System

Fang Store and Testing
Eguipment

Underground Development Fans

Methanometers

Dust Extraction for Main
Rock Tranafer System

¢ Chilled Water Daws (HML

Main Level Energy Recovery
Turbine

Gelf Rescuers

Revurn Alrway Development

Refuge Hays !

Ventilation Bysten Above

the Main Level

Total of

Forecast

K

[UF5%

6

o

i

1
1
i

Spent to
30706 /88

(919}

300

122

169

000
gy

o0
000

000

000

¢ 000

ago

aoo
4]
0
O
8




Total of

Spent to

Heading Forecant 30706 /88
K R 000) Ry
Compressed Air
Clogsed Estimate T 794 2 794 309
Additional Compressed Air & 210 2 288 000
Longwall Compreased Alr 850 4]
Supply
Shaft Compressed Alr Columns TH) 0
Underground Equipment
Environmental Testing 100 0
Equipment
Tlosed Eatimate 3 879 A 970 012
Additional Development 10 500 4 000 000
Equipment for 4 Levels
Underground Stope Props 4 500 0

Electric Power Supply

Temporary Fouer Supply

Surface Rlectric Power

Closed Bstimates

Compressor Station Power
Supply

Refrigeration Power Supply

Reduction Plant Power Supply

Initial Power for 1.P €.

Main Shaft Power

Power Control

-

Workahops

Closed Estimates

Dritl, Transport and
Carpenter Shops

Workshop Egquipment

Winch, Truck, & Loco Shops

Hostel Maintenance

w

401
T80

i
iao |
REIVEN

i

460

570
480
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Total of Spent to
Heading I Forecast 30706 /88
(R7000) (R
Black s Accommodations
Servicus for Initial 7 487 2 487 000
Accommodations
Initial Accommodations 4 8890 4 890 000
Hostel Administration 2 860 1 B03 000
Including X-Ray, Pay Hall
and Dressing Station
Bus and Parking Facilities 136 O
Sport Fields and Complex 349 49 000
Firat Aid Room Equipment 50 18 000
Kitchen and Dining Facility 3 566 3 016 000
Hostel Complexes (6 000 men) 15 680 | 4 118 000
Married Quarters 378 0
10 Rondavels for Visiting 370 0
Wives
Additional Hostel Services 2 120 800 000
Other Bulidings & Equipment
Closed Estimates 3 984 3 983 894
Miscellaneous Shaft 457 257 000
Engineering Buildings
Security Complex 1 952 18952 600
Initial Magazine and kuse 815 600 000
Srore
Computers and Eguipment 582 147 000
Monitoring Control Centre 696 576 000
Survey Equipment 450 200 000
Micro Filming for Drawings 174 175 000
Workshop Office Building 220 220 000
Walkway from Crush to Hestel 300 300 oo
Additional Change House 685 0
Facilities
Training Centre 830 0
Crush and Cap Lamp Housge 840 0
Proto Building and Equipment 645 0
Heat Tolerance Training BEG 0
Centre
Mine Overseers and Foreman 180 0
Store
Main Office Bullding and 1ohTo 0
Services




119

E Total of Spent to
! Heading Forecant 30706 /88
oo (R}

Surface Tranaport

Clused Bstimates 1 030 1 030 395

Additional Surface Transport 3 747 247 000

Conpletion of Roads 3154 2 323 000

Houying

Closed Eatimates 1 908 1 908 238

Services for 370 Stands 5075 5 075 000

503 Houses in White Touwnship 38 7RG 1 7886 000

Ctormwater Service 100 [}

General

Closed Estimates 2453 ¢ 452 633

Permanent Sewage Plant 1 756 846 000

Purchase of Freehold 3 590 1 690 04u

Water Supply 2 800 4

Reticulation of Bank, Flant, £44 384 000
Offices, Hostels & Stores

Telephone Services 450 [

Exploration Diamond Drilling T8RY 287 000

Card Reader Arrangementys 300 4]

Security Fencing and Alarm 350 4]
Syaten

Hackfill Underground 2 400 i}
Reticualation System

Agsaying ¥acilities 844 4]

Contributicons to Group 3 848 3}
Train.ng Centre & Hompital

L.:mrfm;v Byuipment 160 {

"™
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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
13717 Footwall Drive South 3 370 300 000
Main Level Station 12 000 1 100 G0
Completion
Main Shaft Reef and Waste 1120 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 Q
Longwal: Re-Establishment 3 040 0
10 Level Footwall Drive 7 680 0
Development
Sub-Vertical Shaft 1 300 0
Development
General Expenses 41 487 120 084 711
Debenture Interest Payable 50 285 |16 485 28°
Sundry Persons 2 18z 1 173 000

. R L —
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APFENDIX G

Costing Exercise for Surface and Underground
Track sayouts

This exercise estimates the ‘ost per metre for the
installation of trackwork on surface and underground

Cogts
For 610mm and 22kg rails
22kg rails R 218.419 each
4.3m switch R 1694 005 each
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

(egtimated)

Ingtallation labour R60 per metre for ideal

gurface conditions

R30 per metre for typical
underground conditions

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

Assumptions

9 sleepers per 4.3m switch

18 sleepers per 9. 1m rail (0.5 spacing)
8 bolts per joint

4 clips per sleeper

Eesults
Expect to pay appruximately 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
Lhis research projoct between 14 Outuber 1587 and

21 April 18€8.

28.:100/87 Re-raising of the destroyed longwall was

discussed with three possible options

1. Re-establish the existing stope faces

2. Develop and re-ralse from the existing
follow-on footwall drives

3. Develop and re-raise frerw the existing
deep footwall drive

At this point in time option three is the

nost  favoured This is relevant to the

research project because more capital is

neaded sooner than expected for equipment

04/11/87 Re-raising the destroyed longwail from deep

footwall position would require an
additional RS 500 00" during 1989 and early
1990
G 12 /87 It AAY pointed out that the extended
N divis:ion has completely lost a fully
producing longwall due to a fire,
subsequent flooding and seismic events

Regardless it was felt that the operating
mine ahould hand over a fully producing
longwall o the extended division as
gpecified in the initial feagibility
atudy. More capital thaa originally
plannad will therefore be required to
produce the eame results

[UPPE NPT -

U6 /791768 Devslopment  progress on 16 level has siowed
dus  te an unexpected intersection with the
3 cobble  reefsa This means the end must turn
4 to  go denper (80 100 metres) ir the
footwall to avoid unfavourable rock
mechanics Thigs development will project
what can be expected on 11 level in the
future

f The existing A service shaft caanot handle

- . the tonnage asnumed  therefare it wust
i 5, either be opgraded or asgisted with the

s I development of an access raise system The
exiating B service shaft has never actually
been  commissioned due to  excessive  heat




13/01/88

20/01/88

27701784

pVA)

problems No  provision wag made in the

initial feasibility study for work required

to get these service shafts operating at

design capacity. It was agsumed they would
I

£
fully

he given to the

operat:onal

Until such time as the sub vertical shaft
ia completed it is assumed the operating
mine will pump the extended divimion’'s
water on the lowest level. Water will be
generated from numerous development ends
and three producing longwalls Surge dams
must be excavated and built at the bottom
of each longwall.

The operating mine informed the extended
division it could not possibly agsist with
pumping as previously assumed. There are

no  pumping excavations available This
weans the extended division needs extra
capital to excavate and equip its own

gettling dams and pump chambers. HNow the
development of the IPC becomes high
priority. If the [PC is not finished soon,
the mine may have to delay the start of the
productinn

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

There may not be enough money for the
development of the planned reef and waste
pass system

The R4 700 000 allocated for pumping iw
inadequate

The 36 saquare metre intake airway off the
wain shaft has been underestimated in terms
of CAPEX as have oth:r intake airways The
figure of RIBO par cubic metre assumed in
the initial feasibility study is no longer

valid. A more realistic figure is RZ50 per
cubic metre Thin figure applies to most
development ends  whether samall standard

enda  or large winder excavations Upon
subgequent.  investigation 1t was discovered
that  this figuoe iz actually R2B0 per cubio
metre




21704 /88

124

Pregsent CAPEX eatimates for compressed air
cover the compressors and main shaft
columns but not the purchase and
instailavion of & 20 inch column required
on  the main level to the A smervice shaft, a
distance of 3.5 kilometres

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

Development rates on the main level could
reach 200m/month under ideal conditions
This 18 a twin haulage If smingle end
davelopment were the case a maximum of
30m/menth  could be expected. An average of
160m/month would be adequate to bring the
mine into production or schedule

Develop ant rates on 16 and 19 levels are
alao estimated at H90m/month for a single
end with a possible 110m/month for multiple
ends To finich 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  coclers need to be repaired at a cost
of  R52 000 and wiil #ix weeks It appears
this development will not be finished in
time for the nrojected production start-up

Development off sgtation from the service
shaft is runpring  short of ventilating

capacity This may result in the stopping
of another development project in order to
provide both fresh air and axhaust
capacity. Completion of this sarvice shaft

and aszoclated ore reserve develonment in
necessary to  bring the 76 longwall into
production as  planned In the initial
feasibility atudy the expected tonnage
profile wag Lo come from two fully
producing longwalls c¢aded to the extended
division Due to a fire in the largest of
the two longwalls and unexpected geological
losaes the introduction of an  extra two
longwalls and gome  acatter mining was
deamed necessary Thin naturally requires
more  pre-production  CAPEX  than originally
egtimated



Development on  1H  jevel in necessary to
provide accesy Lo the secatter mining
areas. This  was not accounted for in the
initial feasibility study

Development, of 10 level footwall drive has
commenced Lo provide future exhaust
capacity This was not accounted for in
the initial feasmibility study




APPENDIX I

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

Raiseboring times and costs for a 2. 13m diameter
vartical hole in Dolomite (181 - 256 MPa), Cobble Reef
(50 MPa), Quartzites (230 MPa) and Shales (155 MPa)

Activity Days Cost (R
Connect Machine & Collar 1.0 2 469
Pilot Drill 21 3m/day A87 /m
Break out bit stub 0.5 1 235
Attach reaming head 0.5 1 235
Ream 9. lmsday| 1 027/m
Break out reamer 0.5 1 235
Pull rods;diamantle machine 1.0 7 46y
Move machines on site 1.0 2 489

Therefore cost per hole = R11 109 + (R} 383 * length
of hole)

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

Raiseboring times and costs for a 2 13m diameter
vertical 1ole in Lava (300 MPa)

¢ - gy

| Activity Days EUush 43
Connect Machine & Collar 1.0 2 469
Pilot Drill 17 4m/day 421/m
Break out bit stub 0.5 1 235
Attach reaming head 0.5 i1 235
Ream 7 4m/day; 1 188/
Break out resmer 0.5 1235
Pull rods,dismantle machine 1.0 2 469
Move machines on site 1o I L OA469 1

{ I

B ypmmp——



Therefore
of hola.

Nota:

coat  per  hole Ril 106 + (Rl 609 * length

This does not  include development costs

i wALIAVALLIE “ raisebure cubby
providing services, standing time,
pouring concrete or removal of

raigeboring chips

G e ke
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APPEND IS J

Summary of Development Costs in 1988 compared
with Development Costs in 1986

Average development ~osts  (Rands  per tonne} for
May 1888

Mine 1 2 3 4 & [ 7

i

94,7283, 47196 60187 .77

Mean cost for all seven mines R 890 B4/tonne.
Assuming 2. 75  tonnes per cublc metre - RZ48. 8 scubic
melre

Average deve . opment couty (Rand per tonne) for
May 1888

5 i 2 E 4 5 € 7

64 8701 45

K6 80166 76155 0117070

[

3 R 65 35/tonne

Mean coast for all seven m

Asauming . 75  tonnes  per cubic metre = K179 72/ cabic
metre

Tao determine  Lhe “eve cpment  escalation rate  the
future value formula § Fv Py x i1 + 0" ju used

¥y future value of & 248 81 _Ler cubic metre

Py present value of ® 17U per cubla metre

n Hinumber of periods Lo compound)

i resulting yearly interest lescalation) rate

In  thiw case i, or the zsscalation rate, equals 17 9%
per year

B S T TU ey
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APPENDIX K

Summary of Shaft Sinking Costs in 1988

Shaft  sinking and lining costs for a 10 metyr diameter
ahaft were calculated to a depth of 1 810.5 metres

Total sinking costs were R28 137 587.88 and total
lining costs were RS 370 668,79, This works out to a
cost per metre for sinking and lining of R17 403 07

®hile 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 monthl
increments, to August 1968 terms

Approximate costs for sinking and commissioning a

surface wshaft, 9 metre diameter, to a depth ~f 1 950
metres in 1988 terms

Dimensions for various development ends

Development end Dimenzsion (metres)

Cross-cut to reef 3.0 x 3.4

Follow on footwall drive 3.0 % 3.0

Boxhole to stope 2.4 x 1.8

Shaft ore pass 2.13 diameter
Internal ore pass 1.8 x 2.4

Reef raise 1.8 2.0

Access raise 3.4 « 2.4 |
Shallow footwall drive 3.0« 27

Footwall drive boxhole 1.8 x 1.8 J




130

’ Item

(R million)

Initial Temporary Services

Chait uifices

Crush and Caplamp

Bank Layout

Power

Tar Road

Surface Waste Handling

Shaft Telephone Services

Initial Track Layout

Man Winder

Rock Winder

Sink, Line & Equipment

Rope Reeling Arrangements

Permanent Hoisting Equipmant

Main Level Station
Development

Main Loading Arrangements

Shaft Bottom Arrangements

Miscellaneous

L IR 1

[=1
NE BAPLIWRRDD D DD

Total

@©
S
fe

Ventilation network

Intake levels are 13,
Exhaust levels are 10,

21, 21, 13, 13,

13, 16, 18

Need an extra raise bore hole between 18 and 18 levels *
to providep exhaust capacity for the 82 longwall

Notes on Reduction Plant
metal lurgist:

interview with chief

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 RZ5 million each

It was felt that the stacker/reclaimer replacing

conventional atorage bing

the carbon-ir-pulp

gection reptlacing the conventional filter section
would result in a capital eavings of R20 million to

HZ6 million

Mis

@llansous  costa  in 1988
personal  experience  as  planning

terms  calculated from

and projects mining

vngineer on a new gold mine under construction
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Conventic 1l wire meshing (cables and chain lick}) is
approximately  K19.55 per aquare metre.  This tigure
was  obtained from 627 square metres of a winder
chamber meshed for a 1988 cost of R1Z 257 8%

Shotoreting ias  approximately H46. 78 per square metre

This figure wazm obtalned from 2 22% square metres of
winder chamher ghotore* .d at a 1988  cost of
R104 085 50

Coat to excavate underground winder cosmber

( De velopment Cubic metres
}Crusscuh to winder chamber 625

jDrainhole cubby 27

initer chamber 170

}Wxnder hamber 10 7P

(Total 11

| S

Estimated cogt of excavation R1 593 486
Actual <i: . of excavation in 1988 RZ 86y 274

These Jevelopment costs  in 1988  terms  work out to
approximately R248.40 per cubic metre The figure of
R250  per cubic metre appears in most development
caloulations  whether related or independent. In thia
cage L he figures were wupplied by a contracto
geparate from the mining company involved
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