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Introduction

The eastern extension of the kimberlite pipe of
the De Beers diamond mine, Koffiefontein, has
been intact ever since the start of production
for various reasons. It has, however, become a
necessity to mine this part of the orebody to
extend the life of mine. The mine is experi-
encing various problems pertaining to the front
caving method currently in use*.

The main purpose of this study was to
investigate and compare the factors
influencing the feasibility of two single level
extraction layouts for this part of the orebody
on 48 Level. A financial comparison was made

of two layouts and the most feasible layout
was obtained.

The main objectives of the project in short
were to draw up two different single level
extraction layouts, work out the tonnage
profiles and do a full financial analysis on
both.

The tonnage profile development schedule
and production ring blast layouts were chosen
and the tonnage profile, development schedule
and production ring blast layouts were
calculated by applying the information
acquired through a literature study. Current
principles used on mine were also applied.

Mine background

Koffiefontein Diamond Mine is a division of De
Beers Consolidated Mines. It is situated in the
Southern Free State, 140 km south west of
Bloemfontein and 110 km south east of
Kimberley. It has been producing a unique
pure high quality investment diamond since
1870 (Van der Bank, 1999).

Diamonds are extracted from a tuffisitic
kimberlite breccia pipe that is 11.1 ha in
surface area. The Koffiefontein pipe is
relatively small in comparison to the Cullinan
pipe (32.2 ha) and the Finsch pipe (17.9 ha),
both of which are also currently mined by De
Beers Consolidated Mines. The pipe contains a
very low grade ore and the mine sustains this
by maintaining very low production costs (R/t
compared to other South African diamond
mines) (Tukker, 1997).

The pipe is hosted by rock that resembles a
horizontal stratigraphic layering as shown in
Table I.
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*The figures and facts presented in this article represent
the state of the project as of December 2004 and do not
take into consideration any changes since the period of
the investigation.



Single level extraction at Koffiefontein

The kimberlite has 2 prominent facies, a kimberlite
containing mudstone and the other of relatively pure
kimberlite. Both of these facies can be found to the northern
side of the pipe.

The contact between the kimberlite and the host rock has
a very low competency. This is mainly due to the fact that it
is a highly sheared region which varies in thickness.

Currently the mine is extracting the kimberlite with a
mechanized trackless front cave method on 48 and 49 Levels.
This method is essentially a block cave method utilizing
retreating draw points on the two levels. This retreating is
done in two dimensions to open up a void large enough to
create the required hydraulic radius (void area necessary to
induce caving of the volume of rock under consideration).
After the caving is initiated the ore will fracture and break up
by itself due to internal stresses and gravity (Van der Bank,
1999).

An area sufficiently large enough to induce continuous
caving must be undercut to ensure the success of the cave
mining operation. This area is a function of the rock mass
strength, the regional stress fields that prevail before and
after mining started and an empirical correlation between a
rock quality index and the undercut area. This relation is
known as the hydraulic radius defined as the ratio of the
area of the undercut to the length of the perimeter of the
undercut (Bartlett, 1997).

Figure 1 graphically represents the mining layout for the
front cave in section view in full production.

Single level caving (SLC) is applied on 52 Level, trackless

blasthole open stoping was applied on 32 and 37 Levels
north and sub level stoping on 37 Level south. Figure 2
shows a section through the pipe and shows the mining
layout and regional geology.

Koffiefontein mine has an average production profile of
approximately 2–3 million tons per annum, (± 10 000 tons
per day). Life of mine is predicted at the end of 2007 but
current economic conditions might cause life of mine to be
shortened.

Project background

The eastern portion of the kimberlite pipe on 48 Level is
bounded by a very low grade mudstone area to the west and
a 15 m shear zone projected from 52 Level to the east. This
area is also of a lower grade ore than the central main part of
the pipe. Figure 3 shows the plan view of 48 Level with its
infrastructure and development indicating the area under
consideration with the very low grade mudstone area, the
higher grade eastern portion and the 15 m wide shear zone. 

This part of the pipe was initially included in the mine
design to form part of the front cave layout on 48 Level and
the necessary infrastructure and development was put in
place. However, various problems were uncovered relating to
the front cave mining method employed on 48 Level in the
main part of the pipe, which caused the area under consid-
eration not to be mined.

Stability problems and the low grade of the mudstone
area are the two main reasons why the mining was not
extended further to the east on this level. These two reasons
are explained in the paragraphs to follow.

Stability was a major concern for Koffiefontein mine
especially on 48 Level. The main reason that stability
problems were experienced was due to the tunnel spacing of
the layout. The structural strength of the layout is a function
of natural factors such as the rock mass competency and the
prevailing regional stress field. The spacing between
excavation openings should be such that the core of the
confined major apex is sufficient to carry the imposed load
(Bartlett, P.J, 1997). The calculated minimum tunnel spacing
for 48 Level was 13 m and the layout was developed at 15 m
(Hannweg, 2004).
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Figure 1—Section of front cave mining layout in full production
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Table I

Host rock layering and depth below surface (Lorig,
2003)

Depth blow surface (m) Rock type

0–50 Grey shale
50–100 Dolerite
100–160 Grey shale
160–210 Dolerite
210–250 Black shale
Below 250 Granite



Even though the developed spacing of 15m is more than
the minimum required, major tunnel movement was still
recorded. The movement of tunnels is an indication of
instability that could lead to the closure of production tunnels
and in this case some of the tunnels on 48 Level had to be
stopped of all production. The closed tunnels caused incorrect
draw control of the orebody due to the loss of draw-points in
these tunnels, which in effect influenced the stress distri-
bution and increased the load on the tunnels situated to the
east. 

The mudstone area was initially thought to be of a higher
grade ore than was discovered later. This area is of a very
low grade ore and has less competent characteristics than the
surrounding rock and was considered not to be feasible to
mine anymore.

The 15 m shear zone projected from 52 Level situated to
the east of the area under consideration would impose
additional geotechnical problems if the initial front cave
layout were to be extended to mine the area under consid-
eration.

Therefore, due to the effects of the stability problems, the
low grade mudstone area and the shear zone, it was decided
it was not feasible to mine the area under consideration with
the front cave layout (or any other caving method).

However, the area under consideration includes a part of
the pipe that contains a higher grade ore that might still be
able to add to the total tonnage profile of the mine and could
prove to be a feasible operation that might extend the life of
mine if other means of extracting the ore are used. Therefore
this area could probably be mined with a selective (mining
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Figure 2—Section through pipe showing the mining layout and geology

Figure 3—Plan view of 48 Level showing the area under consideration
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Single level extraction at Koffiefontein

only the areas of high grade ore between the mudstone area
and the shear zone) non-caving method that can be applied
on a single level to the area under consideration.

This led to the decision by the management of
Koffiefontein that the feasibility of two single level extraction
layouts (selective non-caving method applied to one level)
should be investigated.

Challenge statement

A critical investigation into the factors influencing the
feasibility of two single level extraction layouts for the
eastern extension on 48 Level.

Results from literature study

In order to fully investigate the factors influencing the
feasibility of a single level extraction method, it was firstly
essential to understand what a single level extraction method
is. It was then necessary to identify the various factors that
will influence the feasibility before these factors can be
investigated and for the investigation to continue.

SingFle level extraction

This method is a specialized non-caving mining method
applied on one level. It is a modified front cave method where
no caving is expected but, if hydraulic radius is reached, can
occur. For the purpose of this study it is assumed that no
caving will take place.

A slot is developed, as with front caving, parallel to the
rim tunnel, and a raise-bore is drilled to provide the first free
face. Production tunnels are developed according to geotech-
nically determined tunnel spacings. Contact arches are
installed over the kimberlite contact in production tunnels to
provide extra support for this area. Figure 4 graphically
presents the basic layout for a single level extraction mining
method showing the terminology discussed.

Long-hole rings are drilled to a maximum of 28 m into
the hanging wall. Rings contain between 13–20 drill holes.
These rings are drilled to a calculated burden, blasted and the
ground loaded out by LHD (load haul and dump) vehicles to
a nearby ore pass. Only ring tons are extracted with this
method, meaning that the volume of rock physically blasted
will be loaded out and accounts for the production tonnages.
No extra rock is assumed to be loaded out.

Parameters influencing feasibility of single level
extraction
The single level extraction method, however, is a selective
non-caving method with most of the infrastructure already in
place. Therefore the technical factors influencing the layout of
a normal front cave or block cave are not applicable here.

For the purpose of the project and the requirements stated
by the mine, it is necessary to discuss only the parameters
associated with the following:

� General assumptions need to be made that are based
on the current conditions on mine and that were used
by previous projects in terms of shift configuration,
density of the rock to be used in calculation, support
requirements, etc.

� The development parameters
� Ventilation layout and infrastructure
� Production parameters related to the tonnages

produced
� Financial figures and assumptions that have a direct

influence on the investigation.

General

The layouts will function on 2 shifts per day and 26 per
month. This will give 312 working days per year. This relates
to the current configuration used on Koffiefontein mine and
these figures will be used in the computation of the results
for the investigation.

In order to calculate the volume of rock and the tonnage
produced during development and production, it is necessary
to know the values of the in situ and broken rock densities.
The values used by the planning department of Koffiefontein
will be used in this project and are shown in Table II.

The general practices employed by the mine will also be
assumed to be employed in this investigation. The main
general practices and assumptions made are as follows: 

s
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Figure 4—Plan view of single level extraction mining method

Table II

In situ and broken densities for rock and blue
ground

Density (t/m3) In situ Broken

Rock 2.7 2.0
Blue 2.4 1.7

SLOT

PRODUCTION TUNNEL

RIM TUNNEL

RAISEBORE

CONTACT ARCH

KIMBERLITE CONTACT



� The mine utilizes contact arches for additional support
at the contact area between the host rock and the
kimberlite. These 12 m pieces are installed on the
contact position only in production tunnels.

� Footwall concrete is applied in all production tunnels to
provide for better road conditions for LHD vehicles and
provide a small amount of footwall support.

As explained in the description of single level extraction,
it is necessary to drill a raise-bore in the slot to provide the
first free breaking face. The raise-bore should be 30 m long
with a diameter of 1 m. 

Development
It is assumed that the development ends will run on a multi-
blast schedule. This will allow the faces to advance at a rate
of 25 m per month in kimberlite conditions and 30 m per
month in rock conditions. With 4 faces available, the
maximum development per month is assumed to be 110 m,
averaging at approximately 90 m per month advance. The
following assumptions are made:

� Current roof bolt support layout employed on the rest
of the mine will be applied utilizing 3.2 m roof bolts
with the front cave layout currently applied

� All development will be contracted out. Development in
kimberlite is more expensive than in the host rock due
to the extra support necessary in these tunnels. A
summary of the quote obtained from the mine is given
in Table III. These figures will be used in the investi-
gation to calculate the amount of capital associated
with each layout.

Ventilation
The nearest return air pass (RAP) will be used to ventilate
the tunnels during development and production. On 48 Level
there is a return air pass originally planned to ventilate the
front cave layout for the area under consideration called no. 6
RAP. This RAP is assumed to be efficient for ventilation
purposes of this investigation.

During development a force-exhaust system will be used
and during production an exhaust system will be utilized.
Current pipe and fan layouts will be used as with current
front cave ventilation layout applied on 48 Level.

Production
Only ring tons will be extracted from underground. If the
total cycle for blasting and loading is taken into consideration
and with current drilling rates underground for Koffiefontein,
it can be assumed that 1 ring per day will be blasted and
loaded. This will give a maximum of 24 rings drilled per
month. 

The layout differs from the front cave method layout in
terms of the length of the long-holes to be drilled; therefore it
will be necessary to design a new ring layout for this level
and method of mining. The design will be based on
maximum tons extractable by blasting only. The mine
extracts ore from underground at an extraction rate of 85%.
Of this percentage tons extracted, it can be assumed that
20% is internal waste.

Financials
The figures used are all based on current figures and

assumptions used by the mine. It must be noted that due to
the sensitivity of the project the carat price and grade of the
ore will not be shown in this report.

Results

All the information stated in the background of the project
and the main factors listed in the literature study were
applied to get to the results found. 

Identification of various layouts for comparison

The following had to be taken into consideration before and
during the drawing of the different mining layouts:

� Tunnel dimensions—Rim Tunnels–4.2 m x 4.2 m
Production Tunnels–4 m x 4 m

� Geotechnical Constraints—The following basic
guidelines in relation to the geotechnical constraints of
drawing up a mining layout for the area under consid-
eration were used:

– All tunnels must be at least 15 m from contact
position between rock and kimberlite

– Suggested spacing between production tunnels is
15 m

– No tunnel should be closer to the shear zone than
15 m.

� General—In general, it was necessary to fit as many
and as long as possible production tunnels into the
layout. This will make the designing of the develop-
ment sequence and blasting layout easier and allow for
maximum extractable tons. It was also necessary to
keep the development in waste rock to a minimum to
decrease loss of revenue.
The area under consideration contains zones of
different grades. It is necessary to extract as much of
the higher grade ore as possible and keep the low-
grade mudstone extraction to a minimum. This makes
the mining method very selective and has an influence
on the physical layout of the method.

� Practical application—After all these factors have been
analysed and brought into consideration for the layout
under design, it must be analysed for practical applica-
bility. For the project to be accurate and to eliminate
unnecessary mistakes, the layout should be easy to
apply. 

By using all the information mentioned before, different
layouts were drawn. The final two layouts (Layout A and
Layout B) were chosen to be used in the investigation.
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Table III

Quote showing development contracting rates

Development

Kimberlite R 13 000/m
Rock R 5 000/m
Contact Arch Construction R 130 000 per unit
Footwall Concrete R 1 008 per m
Raise-boring R 426 192



Single level extraction at Koffiefontein

Detailed discussion of Layout A
This simple straightforward layout has 6 production tunnels
spaced 15 m apart developed into the higher grade portion of
the area under consideration. The slot is developed out of an
existing tunnel from the front cave section to the west and
runs parallel to the mudstone contact. The slot is 133 m long
and is 15 m away from the host rock contact to the east. The
existing rim-tunnel will be extended a further 60 m. Figure 5
graphically presents the mining layout of Layout A.

Development sequence
Various development schedules were calculated, until the
shortest and most effective schedule was obtained for Layout
A. A summary of the development sequence for this layout is
given in Table IV. The table shows the various tunnels of this
layout and the metres that need to be developed per month
for each tunnel. Arc indicates the times when no
development takes place in the specific tunnel due to the
construction of the contact arch. The raise bore development
is done during month 7 and 8 in the slot. The total metres

development during the 8 months of 636.5 m is important to
note because this can be used as a means of comparison with
Layout B. 

Production ring blast layout

As with the development sequence, various production ring
blast layouts were drawn up in order to obtain the shortest
and most effective ring layout design. It is necessary to have
an accurate sequence of all the rings to be blasted of the
layout to calculate the tonnage profile. Various factors had to
be taken into consideration as was mentioned previously.

For the layout to be drawn up, an appropriate ring design
had to be designed that would be applicable to the layouts
chosen. It is necessary that drill holes will be drilled to
maximum length possible to ensure maximum ring ton
extraction. Figure 6 graphically presents the ring design that
was designed for the investigation with the help of the
Survey Department of Koffiefontein. This design can be
applied to any single level extraction layout with 15 m
spacing between tunnels.

s
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Table IV

Development sequence for Layout A (m)

Month 1 2 3 4 5 6 7 8 Totals

Tunnel EE1 25 Arch 24 49

Tunnel EE2 25 Arch 12.5 18 55.5

Tunnel EE3 13 25 Arch 13.5 25 76.5

Tunnel EE4 8 12.5 33.5 Arch 28 82

Tunnel EE5 10 12.5 12.5 24.5 Arch 14 14 87.5

Tunnel EE6 10.5 12.5 25 25 Arch 20.5 93.5

Rim-tunnel 30 29.5 59.5

Slot 25 25 25 25 25 8 Raise bore 133
Total (m) 101 100 99 96 106 86 34.5 14 636.5

Figure 5—Mining layout of layout A
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Table V shows a summary of the information pertaining
to the ring design, which was used to draw the ring layout.
The information in Table V shows the total tons that can be
extracted from blasting one of the rings.

By using the burden stated in the table and taking the
parameters stated in the literature study into consideration
the various ring layouts could be drawn for Layout A. The
production ring blast layout was applied to ensure maximum
stability and maintaining of draw control. 

Tonnage profile

The tonnage profile could now be computerized by using the
above results. Table VI shows the yearly and accumulative
waste, carats and tons for Layout A.

Figures 7 graphically represents the tonnage profile for
Layout A over the life of the project. The figure shows low
extraction tonnages during the 8 month development phase
followed by a steady and constant production profile of
approximately 36 000 t per month till end of life of project.

The maximum rings that can be drilled, blasted and
loaded per month are 24. This value can be multiplied by the
maximum extractable tons per ring of 1483 t to give the
average tons extracted per month of approximately 36 000 t.
By using the final production ring layout, the total life of the
production can be calculated. The rings are blasted in
sequence, one per day. The total rings of this layout add up
to a 17 month life of project.

Financial description

The main means of comparison for feasibility is a financial
description using capital expenditure, cash flow, net present
value, internal rate of return, break even analysis and
sensitivity analysis. 
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Figure 6—Ring design for single level extraction on 48 Level

Table V

Modified ring design detail

Modified ring design (15 m spacing)

Number of holes 16
Burden 2.2 m
Area 330.5 m2

Volume 727.1 m2

In situ density 2.4 t/m2

Virgin tons 1745.04 t
Extractable tons @ 85% 1483.28 t

Table VI

Waste, tons and carat profile for layout A

Waste Profile (t) Year 1 Year 2

Total 7,763 0
Accumulative 7,763 7,763
Tonnage profile (t) Year 1 Year 2
Total 156,508 176,511
Accumulative 156,508 333,019
Carat profile (t) Year 1 Year 2
Total NA NA
Accumulative NA NA

Figure 7—Tonnage profile for Layout A

HOLE NO. LENGTH
1 10.6
2 13.0
3 16.4
4 20.9
5 27.1
6 26.5
7 26.2
8 26.0
9 26.0
10 26.2
11 26.5
12 27.1
13 20.9
14 16.4
15 13.0
16 10.6
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Single level extraction at Koffiefontein

� Capital expenditure—The summary of the capital
expenditure for this layout over a 17 month project life
is shown in Table VII. Note that the capital will be
spent during the first 8 months of the first year of the
project.

� Cash flow—The cash flow for the project is shown
graphically in Figure 8. The figure clearly shows the
development stage where a loss is experienced and
after that the layout gets into production and the
project shows a profit till the end of life of project at 17
months.

� Net present value (NPV)—The net present value was
calculated at a discount rate of 15% for the two years
of the project. The NPV for Layout A indicates a loss of
R 540 230 and is an indication of the present unfeasi-
bility of the project.

� Internal rate of return (IRR)—The internal rate of
return for the two-year project was calculated to be a
very low 1%. Even though the NPV for this layout is a
negative value, the IRR is positive due to the fact that
the cash flow shows a marginal profit at the end of two
years without discounting the values with 15% per
year.

� Break-even—The break-even shows what conditions
should prevail for the whole project to show neither a
profit nor a loss. These conditions prevail when the

NPV is calculated to be zero. For this layout to have a
net present value of zero, the following economic
conditions need to exist: (due to the sensitivity of the
figures the results for the carat price calculated cannot
be shown.)
– Carat price—N/A (+ 3.1%)
– Exchange rate—R 6.60 to the dollar (+ 3.1%)
– Working costs—R 36/t (- 5.6%)

� Sensitivity analysis—Figure 9 shows the sensitivity
analyses for the capital, working cost and revenue of
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Figure 9—Sensitivity graph for Layout A (NPV at discount rate of 15%)
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Table VII

Capital expenditure for layout A

Year 1

Development R6 970 500
Kimberlite R6 155 500
Rock R815 000
Contractors R343 224
Footwall Concrete R343 224
Construction R1 206 192
Contact Arches R780 000
Raise Boring R426 192
Total R8 519 916
10% Contingency R851 992
Grand total R9 371 908

Figure 8—Cash flow for Layout A
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Layout A. The figure shows the percentage change in
the NPV (discounted at 15%) when the capital,
working cost or revenue is increased by a certain
percentage. The steeper the gradient of the graph, the
more sensitive the respective variable is. 
The graph shows that this layout is very sensitive to
the rand/dollar exchange rate and other economic
factors. The layout is more sensitive to a change in the
capital of the project than to a change in the working
cost.

Detailed discussion of Layout B

This layout is referred to as the complex chevron layout. This
is mainly due to the shape of the layout and because the rim
tunnel situated in the kimberlite is called a chevron. This
layout has 9 production tunnels spaced 15 m apart and

extends selectively into the higher grade portion of the area
under consideration. The slot is developed out of an existing
tunnel and runs parallel, but not straight, to the mudstone
contact. The slot is 150 m long and is 15 m away from the
host rock contact to the east. The existing rim-tunnel will be
extended a further 79 m. Figure 10 graphically presents the
mining layout of Layout B.

Development sequence

Various development schedules were calculated, until the
shortest and most effective schedule was obtained for Layout
B. A summary of the development sequence for this layout is
given in Table VIII. The table shows the various tunnels of
this layout and the meters that need to be developed per
month for each tunnel. The grey areas indicate the times
when no development takes place in the specific tunnel due
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Figure 10—Mining layout of Layout B

Table VIII

Development sequence for Layout B (m)

Month M1 M2 M3 M4 M5 M6 M7 M8 Totals

Tunnel EE3 25 24.75 Arch 0 0 0 0 0 49.75

Tunnel EE4 10 12.5 19 Arch 15.25 0 0 0 56.75

Tunnel EE5 12.5 12.5 25 Arch 14 0 0 64

Tunnel EE6 12.5 25 33.5 Arch 0 0 71

Tunnel EE7 12.5 25 25 19.5 Arch 0 82

Tunnel EE8 25 27.5 0 52.5

Tunnel EE9 0 25 34 59

Tunnel EE10 0 23 42 65

Tunnel EE11 25 24.5 0 49.5

Rim- tunnel 30 30 18.5 0 0 78.5

Slot 25 25 25 25 25 25 Raise bore 150

Totals (m) 90 104.75 100 100 98.75 108.5 100 76 778
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Single level extraction at Koffiefontein

to the construction of the contact arch. The raise bore
development is done during month7 and 8 in the slot. The
total metres development during the 8 months of 778 m is
important to note because this can be used as a means of
comparison with Layout A. 

Tonnage profile

The tonnage profile could now be computerized by using the
above results. Table IX shows the yearly and accumulative
waste, carats and tons for Layout B.

Figure 11 graphically represents the tonnage profile for
Layout B over the life of the project. The figure shows low
extraction tonnages during the 8 month development phase
followed by a steady and constant production profile of
approximately 36 000 t per month till end of life of project.
The total rings of this layout add up to a 20 month life of
project. 

Financial description

The main means of comparison for feasibility is a financial
description using capital expenditure, cash flow, net present
value, internal rate of return, break-even analysis and
sensitivity analysis.
� Capital expenditure—The summary of the capital

expenditure for this layout over a 20 month project life
is shown in Table X. Note that all capital will be spent
during the first 8 months of the first year of the project. 

� Cash flow—The cash flow for the project is shown

graphically in Figure 12. The figure clearly shows the
development stage where a loss is experienced and
after that the layout gets into production and the
project shows a profit till the end of life of project at 20
months.

� Net present value (NPV)—The net present value was
calculated at a discount rate of 15% for the two years
of the project. The NPV for Layout B is R 1 491 075.

� Internal rate of return (IRR)—The internal rate of
return for the two year project was calculated to be 
48 %.

� Break-even—For this layout to have a net present
value of zero, the following economic conditions need
to exist: (due to the sensitivity of the figures the results
for the carat price calculated cannot be shown.)
– Carat Price—N/A (- 6.1%)
– Exchange rate—R 6.01 to the dollar (- 6.1%)
– Working costs—R 42/t (+ 10.5%)

� Sensitivity analysis—Figure 13 shows the sensitivity
analyses for the capital, working cost and revenue of
Layout B. The graph shows that this layout is very
sensitive to the rand/dollar exchange rate and other
economic factors. The layout is a bit more sensitive to a
change in the working cost of the project than for a
change in the capital.
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Table IX

Waste, tons and carat profile for Layout B

Waste Profile (t) Year 1 Year 2

Total 8 383 –
Accumulative 8 383 8 383
Tons profile (t) Year 1 Year 2
Total 161 948 266 991 
Accumulative 161 948 428 940 
Carat profile (carats) Year 1 Year 2
Total NA NA
Accumulative NA NA

Figure 11—Tonnage profile for Layout B

Table X

Capital expenditure for Layout B

Year 1

Development R8 706 000
Kimberlite R7 826 000
Rock R880 000
Contractors 455 616
Footwall concrete R455 616
Construction R1,076 192
Contact arches R650 000
Raise boring R426 192
Total R10,237 808
10% Contingency R1,023 781
Grand total R11,261 589
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Comparison between Layout A and Layout B

The parameters stated from the literature study and the
results, will form the basis of the comparison. Table XI
shows a summary of the two options in terms of the main
constraints and parameters. The more favourable parameter
associated with each option is shown in Table XI. Due to the
sensitivity of the figures presented the average grade and
carats recovered will be given only as a percentage of the
increase (or decrease) of Layout B in relation to Layout A.

In order to compare the two options, all other constraints
and parameters are assumed to be equal and that all other
financial indicators used to calculate these figures stay
constant. Table XI shows that Layout A has a smaller initial
capital expenditure and less development metres. Layout B
has a higher carat and tonnage extraction, good NPV and IRR
with a 3 months longer life of project. This analysis shows
that Layout B is more feasible.

Risks associated with Layout B

By taking all the results and findings into consideration and
analysing the layout in terms of the limiting parameters
obtained during the investigation, the various risks
associated with this layout are as follows:

� Stability could be a risk associated with this option due
to two reasons:
– There is a rim-tunnel situated in the kimberlite

area and extra support might be necessary in that
region.

– Slot developed runs parallel to the mudstone
contact and could have stability implications.

Single level extraction at Koffiefontein
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Figure 13—Sensitivity graph for layout B

Table XI

Comparison between layout A and layout B

Layout A Layout B

Capex R 9.4 million R 11.4 million
NPV @ 15% (R 540 000) R 1.5 million
IRR 1 % 48 %
Average grade (% difference) - + 6%
Time to get into production 8 months 8 months
Development meters (m) 636.5 778
Tons recovered (t) 333,019 428,940
Carats recovered (% difference) - +37.4%
Life of project 17 months 20 months
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Figure12—Cash flow for Layout B
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Single level extraction at Koffiefontein

� Closure of tunnels due to the stability and condition of
the ground (taking current Koffiefontein situation into
consideration) could be a risk. This could lead to loss
of tonnages and capital investment, which will have
negative financial implications that could influence the
profitability of the project. 

� The geotechnical information pertaining to this area is
very limited and layouts and calculations were based
on assumptions made, therefore there is a certain
degree of geotechnical risk associated with mining in
the area.

The shear zone situated to the east of the layout could be
a risk. The exact position of the shear zone and the ground
conditions associated with it is not known and this might
influence the layout. The effect that the shear zone will have
on the stability of tunnels situated close to it is not known.

Conclusion

Based on all the results obtained, there is conclusive evidence
that Layout B will be the most suitable and feasible mining
layout to mine the area under consideration. This layout
shows more profitable results than Layout A. The layout has
a positive NPV and IRR, which are much better than the
negative results of Layout A. In addition, Layout B produces
more tonnage and carats with a 3 month longer life of
project.

Suggestions for further work

Further investigation is still necessary in various areas of the
project that were not included in the investigation.
� Geotechnical investigations need to be undertaken to

ensure stability of the layout and prevent closure of
tunnels. Two areas of the layout should be focused on:
– In the kimberlite where the rim tunnel (chevron) is

situated.
– At the mudstone contact where the slot runs

parallel to it.
� The shear zone area will have to be investigated to

describe the impact it will have on the operation. It
must be investigated to show the presence of water,
methane or other hazardous substances.

� The ventilation layout and parameters of this area will
have to be investigated to ensure correct ventilation of
the workplace.

If this layout is applied on 48 Level and proves to be
successful and profitable, the possibility of applying the same
layout on 52 Level deeper down should be investigated. 

The possibility of caving should be investigated as this
could prove to be an additional advantage to provide for extra
kimberlite tonnages. The project is based only on extractable
ring tons, but if the area that is undercut by the layout is
sufficiently large enough to induce caving, extra tonnage can
be extracted and add to the profitability of the project and
therefore needs to be investigated.
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