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SYNOPSIS

The introduction of tunnel-boring machines to South African gold mines has created problems and challenges
which accompany any new technique. '

This paper describes the experience gained in this field, especially in the design and erection of a tunnel borer and
in boring and environmental conditions.

SAMEVATTING

Die invoering van tonnelboormasjiene in Suid-Afrikaanse goudmyne het probleme en uitdagings ingehou soos
met enige nuwe tegniek die geval is.

I-!ie~die refe,raat beskryf die onde~vinding wat op hierdie gebied opgedoen is, veral wat betref die ontwerp en
opngtmg van n tonnelboorder en die boor- en omgewingstoestande.

Introduction

The Gold and Uranium Division of the Anglo American
Corporation has been intensively pursuing the intro-
duction of mechanized equipment into its gold mines
for the past seven years. This effort is conducted and
co-ordinated mostly through AAC Technical Develop-
ment Services (T.D.S.).

Because of its superior power-transmission character-
istics, electro-hydraulic equipment is being introduced
into the mines, rather than pneumatic equipment. As
far as possible, the equipment chosen has been proved
suitable and reliable elsewhere.

When the equipment is undergoing production trials,
efforts are made to keep unit costs competitive with
those of conventional mining techniques, but, when this
is not possible, other benefits are considered, such as a
high rate of output, improved environmental conditions,
and an increase in productivity.

Generally speaking, equipment used in the current
mechanization phase is slightly more expensive to
operate than conventional equipment, but it is sub-
stantially better in terms of rate of advance, produc-
tivity, and safety. Such mechanized equipment includes
a tunnel borer, raise borers, blindhole borers, face
drilling jumbos, roofbolting jumbos, and shuttle trains
for cleaning.

Accordingly, one of the main objectives of any
mechanized equipment acquired by T.D.S. is to improve
the rate of output. This invariably permits an improve-
ment in productivity to be effected whilst efforts are
made to keep unit costs competitive. However, as in
raise boring, if the unit costs prove to be higher but the
rates of advance are very much greater, the equipment
is still an attractive proposition, especially for a new
mine in the tonnage build-up phase.

Tunnel Boring
With these points in mind, the AAC Gold and Uranium

Division ordered two tunnel borers - one from Alfred
Wirth and Company, West Germany, in 1974, and the
other from Subterranean Tools (Inc.) in the U.S.A., in
1975. The Wirth machine was dismantled and sent

*Anglo American Corporation, Johannesburg.
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underground in August 1976, and commenced operations
in October 1976.

Although the specifications for both machines had
been carefully considered by both T.D.S. and the
manufacturers, when the Wirth machine began opera-
tions, serious shortcomings became evident. Accordingly,
specifications for the Subterranean machine were altered,
and this resulted in the delivery period being extended.

The Wirth machine is currently boring a 1,5 km
tunnel on 53 level at Free State Geduld Mines Limited
No. 2 Shaft, which was planned to intersect the major
Dagbreek fault, where the ground conditions were known
to be poor. Figs. 1 and 2 show a plan and geological
section of the area where the tunnel is situated. It was
hoped that the circular tunnel excavated by the borer
would be better able to support itself in the weak
ground.

Wirth Tunnel Borer
The tunnel-boring machine (Fig. 3) was designed by

the Wirth Company in liaison with a project team from
AAC Gold Division, T.D.S., and the Gold Division
Consultants. It is designed to bore a tunnel with a
diameter of 3,4 m in quartzite at advance rates of up
to 1,5 mjh.

The machine as supplied, with certain modifications,
was basically of the same design that .Wirth had used
previously. It was decided that the ventilation and
dust-suppression systems should be designed and fitted
locally by T.D.S.

Technical description
The borer (type TjB S 11 - 340 - HjSch) is powered

through an electro-hydraulic system that gives full
rotation and torque control. Steering is effected by
hydraulic cylinders in the horizontal and vertical
planes, and directional control is maintained by a laser
beam that strikes two targets 3 m apart near the front
of the machine.
Rotary Speed

0 to 15 rjmin infinitely variable
Torque at Cutter Head

320000 Nm at 22 MPa
Thrust

5300kN



Peed
Stroke
Speed
No. of cylinders
Cylinder diameter
Hydraulic pressure

Bracing
Force
No. of shields
No. of cylinders
Cylinder diameter
Hydraulic pressure

Electrical
Total installed power: 540 kW
Primary voltage: 6,6 kV
Secondary voltage: 380 to 500 V

800 mm
0 to 50 mm/min
4
280 mm
22 MPa

15 000 kN
8
16
200 mm
22 MPa

Current: 3-phase a.c.

Mass
Total: 100 t Cutter head: 12 t

Cutters
(i) 21 Wirth full-face button cutters

2 Wirth cone cutters
(ii) 21 Wirth double-disc cutters

2 Wirth cone cutters

Components

Boring Head. The boring head is of a welded con-
struction with removable cutter saddles, buckets,
bucket-lips, and scrapers.

Outer Kelly. The outer kelly is of split design to
reduce transport mass. With 8 bracing pads a sturdy
design is obtained aimed at reducing vibration and hence
cutter wear.
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Fig. I-Plan of the area in Free State Geduld Mines Ltd where the tunnel borer has been installed

N~ 2 SHAFT.
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SCALE

Fig. 2-Section looking south through the area in which the
tunnel borer is operating

ELS. Q. Elsburg Quartzites - Siliceous to slightly drab
quartzites
Gold Estates - Drab yellow quartzites with poly-
mictic conglomerate bands
Main Bird - Drab yellow quartzites with argilla.
ceous phases

L.R.Z. Leader Reef zone - Alternating grey siliceous and
dirty yellow quartzites with polymictic conglomer-
ates
Upper Footwall I - Alternating yellow and grey
siliceous quartzites
Upper Footwall 2 - Yellow quartzites with poly-
mictic conglomerate bands
Upper Footwall 4 - Yellow quartzites with
relatively polymictic conglomerates with basal

G.E.

M.B.

UFI

UF2

UF4

UUFJ

LUF J

oligomictic conglomerates
Upper Upper Footwall J - Laminated grey
siliceous quartzites with oligomictic grit bands
Lower Upper Footwall J - Drab yellow quartzites
with polymictic pebble bands
Middle Footwall I - Drab yellow quartzites with
loosely packed polymictic conglomerates
Middle Footwall J - Yellow quartzites with
argillaceous phases
Middle Footwall 4 - Laminated grey siliceous
quartzites
Upper Middle Footwall 2 - Drab yellow quartzites
with scattered polymictic grits
Lower Middle Footwall 2 - Grey siliceous
quartzites
Basal Reef - Grey siliceous quartzites with
oligomictic conglomerates

MFI

MFJ

MF4

UMF2

LMF2

B.R
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Fig. 3-Wirth tunnel borer erected on the surFace

Fig. 4-Wirth tunnel borer 'walked' into starting tunnel, showing the operator's cab

190 FEBRUARY 1978 JOURNAL OF THE SOUTH AFRICAN INSTITUTE OF MINING AND METALLURGY



Inner Kelly. The inner kelly is of square section to
provide the necessary torque reaction against the outer
kelly during boring. The inner kelly also carries the
main bearings, drive shaft, and gearbox. The gearbox
has a bull-ring planetary gear system powered by 5
Bruninghaus hydraulic motors.

Steering. In view of the hard to very hard rock
conditions, steering can be carried out only during the
resetting cycle. This is achieved by use of the vertical
and horizontal steering cylinders.

Operator's Cab. The operator's cab (Fig. 4) is connected
to the inner kelly at the rear of the machine. All the
electrical and hydraulic controls are positioned in the
cab. The machine is fully instrumented to record
rotation, penetration, and torque, together with system
pressures and all alarm circuits (low oil pressure, high
temperature, etc.).

Conveyors. Because of the short turning radius
specified by T.D.S., 5 conveyors were fitted. The width
of each conveyor is 500 mm, and the installed length is
(4 X 10 m) + (1 X 12 m). The conveyors are hydraulically

driven and have infinitely variable speeds. Because the
conveyor transfer points were inadequately designed and
caused excessive spillage, the conveyor system has been
completely redesigned so that there is more efficient
removal of material and spillage is eliminated.

Tracklaying. Tracklaying is carried out in the clear
space beneath No. 3 conveyor. Specially designed
preformed concrete sleepers fit into the tunnel invert and
carry four rails for the twin-track system. A monorail
system is used to convey the sleepers and rails from the
end of the machine to the tracklaying area. A twin-track
system is used in preference to a California switch to
allow efficient shunting of trucks.

Remainder of the Train. The complete train is made up
as follows: driver's cab, auxiliary power pack, rockbolt
platform, conveyors, dust-extraction unit, main hy-
draulic power pack, electrical power pack, transformers,
and cable cars. The whole train is connected to the
borer by means of two hydraulic tubes, which are
designed to sense any increase in the towing effort
required to pull the train, and to warn the operator
accordingly; hence, they are not true cylinders. Behind
the tracklaying area, the borer train is carried on one
of two sets of 750 mm gauge tracks; the muck-removal
train runs on the other set of tracks.

Pilot Drilling

The machine is equipped with a rig-mounted Seco S36
independent rotation drifter that can bore a 50 mm
diameter cover hole through the head during mainten-
ance periods. To date, the necessary legal requirements
concerning pilot holes have been catered for by a diamond-
drilled cover hole.

Rockbolting

A rockbolt platform is attached to the machine
behind the auxiliary power pack some 22 m from the
face. Mounted on this platform are two Seco S25 jack-
hammers on feed beams, which can drill 1,8 m rockbolt
holes for temporary support.

Muck Removal
Muck removal is effected by the use of 4 t hoppers and

battery hydrostatic locos. The hoppers are specially
designed narrow double-side discharge with overlap to
give continuous loading without spillage. A total of
20 hoppers are used, Le. 3 spans of 6 with 2 spare.
During loading, the hoppers are moved under the con-
veyor discharge with a remote-controlled air winch,
which releases the locos for tramming.

Pumping

The pumping system consists of two spate pumps
working in series. One 75 mm spate pump is mounted
just forward of the driver's cab with twin suctions, one
suction being connected direct to the dust shield to pick
up all the water and sludge generated in the head area,
and the second suction being placed under the rock-
bolting platform to collect the water generated during
the drilling for rockbolts.

The delivery of the 75 mm pump is connected to the
suction of a 100 mm spate pump and mounted behind the
dust-extraction unit. This pump draws the sludge that
has formed in the dust-extraction mixing tank.

The total sludge output is then pumped out of the
tunnel through a lOOmm diameter column. The system
is capable of handling 10 Ifs at a specific gravity of
between 1,067 and 1,144. The output is fed through a
cyclone to remove the coarser particles, and the remain-
ing 'dirty' water is fed into the normal mine-drainage
system.

Preparation of Site

It was necessary to prepare the surface and under-
ground erection sites well in advance of the borer's
arrival.
Surface Site (Fig. 3)

A clean area close to the shaft was selected, HO m
long by 15 m wide. A gantry was erected and equipped
with 15 t chain blocks, and a track layout was installed
to carry the back-up system and for transportation
to the shaft. Services were installed at the surface site to
enable the borer to be test run.
Underground Site (Fig. 5)

The route from the shaft station to the start of the
tunnel was surveyed to ensure a clear passage to the
erection chamber for the machine parts. The first part of
the tunnel was mined conventionally to give an 80 m
straight section for the erection of the back-up system.
The erection chamber itself was 10 m long by 7,0 m wide
by 7,7 m high. A gantry identical to that used on the
surface was erected in the chamber. A start tunnel 6 m
in length was blasted, and a steel shield was concreted
in to ensure a good surface for the borer to start (see
Figs. 4 and 5). Other preparation work included the
provision of all the services (power, water, compressed
air, etc.), the building of suitable workshops, and the
installation of the refrigeration plant and the main
ventilation fan.

Erection of Machine
Surface Erection

The main boring unit arrived in one piece, weighing
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54 t. It was transported to the site on a tow-bed trailer
and was ofIloaded under the gantry using a 110 t mobile
crane. It was then erected, the remainder of the back-up
equipment was installed, and finally the boring head
was assembled. At that stage, a dummy tunnel was
erected around the machine to simulate underground
conditions and to ensure that all the equipment that
had been added to the machine did not protrude beyond
the limits of the tunnel.

During the next three months, additional equipment
such as the dust-extraction unit, pumping units, rock-
bolting rig, and redesigned water and air circuits, were
added to the machine. The machine was test run under
no-load conditions, and all the relative movements
were checked such as head rotation, and thrust and
gripping cylinder movements. In addition, the conveyor
belts were test run.

Transportation to Shaft Location

On completion of the tests, the machine was dis-
mantled into component sizes suitable for slinging in
the shaft. The small shaft compartments limited the
component sizes to a maximum of 1,59 m by 2,6 m.
Special transport cars to handle the main boring head
and bulky components were designed and manufactured
by T.D.S. A slinging schedule was drawn up in conjunc-
tion with the mine, and special permission was obtained
from the Mines Inspectorate to allow much of this
slinging to be carried out on Sundays so that there
would be no disruption of the normal shaft-operating
schedule. The most difficult item to handle in the shaft
was the complete drive shaft and gearbox of the inner
kelly. This unit has a mass of 15 000 kg, and, when in the
shaft, it cleared the guides by 25 mm on either side.
Special slinging attachments and a skeleton were de-
signed and manufactured to handle this load, which was

~----------
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"

~

~
~

;;;

~

in excess of the permitted load tor the winder and
required special Mines Inspectorate approval for slinging.
The normal cage was removed, and the slinging skeleton
was attached direct to the humble hook. The kelly was
then attached to this skeleton with wire ropes having a
safety factor of 50:1. Temporary guides were fitted to
the kelly to match the shaft guides and so ensure sta-
bility while the kelly was being lowered to 53 level
station.

The other components followed in sequence, and the
whole operation took four weeks to complete.

Under~round Erection

All the machine components were transported to the
erection chamber in erection sequence and were assem-
bled by use of a 15 t crawl, the conveyors being lifted
into position with chain blocks. The major erection was
completed in ten days on a double-shift basis, and a
further two weeks were required to complete all the
power, hydraulic, and service connections. A final
week was required for test running, pressure setting,
and 'walking' the machine into the start tunnel.

Ventilation and Refri~eration

Ventilation Desi~n

Ventilation planning for the borer was done on the
basis that the machine is capable of cutting 18 m per
day. The total estimated heat to be rejected from the
tunnel was 730 kW.

The original plan was to remove the heat by a mixture
of ventilation and refrigeration. A forced-ventilation
column 1 m in diameter was to be installed to deliver
12 m3fs of air in the machine area, at holing. The re-
mainder of the heat was to be removed by chilled service
water.
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Fig. S-Section through the erection chamber
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])uring the initial boring, difficulties were experienced
in keeping the machine on grade. This resulted in the
clearance between the hoppers and the 1 m diameter
column being reduced. Suspension problems on this
column contributed to the lack of clearance, and the
column was damaged by hoppers at several points. The
ducting was also bulky to handle and install.

The design of the ventilation system was reviewed,
and it was decided to replace the large column with a
column 0,76 m in diameter, which would result in a
decrease in the quantity of air delivered in the machine
area at holing to 7 m3/s. This would reduce the heat
removed by the air to 320 kW, representing a loss of
220 kW of cooling power, which would be offset by the
availability of a second refrigeration machine installed
as a standby. Both machines would need to be run
continuously when the tunnel was close to holing.

Itefrigeration
Two Carrier 240 kW refrigeration machines are

provided to chill all the service water sent into
the tunnel. Each plant is capable of chilling 5 lis of
water from 26 °C to 15°C. Temperatures of the summer
inlet water to the plant have been as high as 29°C.
Currently one machine is operated at a time, with the
second machine as standby.

Service-water Supply

The service-water supply system is shown in Fig. 6.
Water is fed from the drinking-water dam on 49 level
through a pressure-reducing valve to the refrigeration
plant, and also to the spray pond to replace water lost
by evaporation and carry over.

The normal usage of service water in the tunnel is
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Fig, 6-Water circuit for the tunnel borer
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approximately 4 Ifs. The water is chilled to approxi-
mately 14°0 and enters the tunnel through a 100 mm
diameter insulated pipe. A cooling coil is installed at the
erection chamber to pre.cool the air entering the tunnel.

The chilled water is used for cooling two hydraulic
power packs and the two rockbolting machines. The
remaining water is used for spraying at the head for
dust control and for cooling the cutters.
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Fig. 7-Ventilation layout for the tunnel borer

Sprays are provided on the machine conveyors for
wetting down the conveyors at start up to reduce dust
emissions.

Head Sprays

Redesigned head sprays incorporating check valves
and sieves have been installed to give better spray
coverage of the face, to reduce the accumulations of
water at the head, and to prevent rust and pipe scale
from blocking the sprays.

Ventilation System

The ventilation layout is shown in Fig. 7.

Main Forced-ventilation System

The main forced-ventilation system blows fresh air
from the start of the tunnel to the machine area. The
fan used is a Fantecnic PZF 137 centrifugal inlet-guide
vane-controlled fan handling 10 m3fs of air.

The main forced-ventilation column consists of
760 mm diameter heavy-duty force-type Flexadux
ducting, installed in 10 m lengths and suspended from
straining wire

Machine Forced-ventilation Column

A second forced-ventilation column is provided on the
borer itself to take fresh air to the operator's cab and
the tracklaying area. The column is made up of recto
angular sections joined by flexible spiral-wound circular
ducting to conform to the space limitations of the tunnel.
Regulated openings are provided in the sides of the
rectangular section so that the pattern of air distribution
in the machine area can be adjusted easily.

Expansion Magazine

The borer must be able to advance 10 m between
installations of new lengths of the main ventilation
column without affecting the ventilation of the machine
area. An expansion magazine is provided to cater for
this advance and to connect the main ventilation
column to the machine ventilation column at all times.

The magazine is made up from two 5 m long fibre-glass
ducts, one duct fitting inside the other so that it can
slide in and out as required. The diameter of the outside
duct is 405 mm. Leakage is prevented by the provision
of sealing strips along the outside surface of the inner
duct.

An 11 kW fan handling 4 m3fs is installed on the
machine side of the magazine to provide the motive
force for the machine ventilation column. The air
released at the expansion magazine is used for heat
rejection from the borer's transformers, which are
installed at the end of the service train. The magazine
is shown in Fig. 8.

Exhaust.ventilation System

The machine exhaust system draws 3 m3fs of air from
the machine-head transfer point into twin 250 mm dia-
meter fibre-glass ducts mounted on each side of the
conveyor. The fibre-glass ducting is joined into a single
405 mm diameter spiral-reinforced exhaust. type flexible
column behind the operator's cab. The single column
then carries the dust-laden air to the filter. The
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Fig. 8-Expansion magazine to allow for the advance of the borer
I Magazine retracted
2 Borer advanced over first 5 m
3 Borer advanced and magazine extended over second 5 m
4 Magazine retracted and new 10 m column length installed

Fig. '-Dust-filtration unit
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conveying velocity in the column is 23 m/s to prevent
dust settling in the column.

Filter Unit
The dust filter used is a Mikropul Minipulsaire

self-cleaning, fabric filter. The filter chamber gives a
total filtration area of 30,6 m2 with a filtration speed of
0,10 m/s on the bags.

Cleaning is by compressed-air reversed pulse, the dust
being pulsed from the outside of the bags onto the floor
of the filter chamber and removed by a screw conveyor
to a mixing tank under the filter. It is sludged with
water in the tank and then pumped out of the tunnel.

The pressures recorded across the filter bags so far,
with a pulse setting of 8 s, have been between 500 and
700 Pa during boring. The filter is shown in Fig. 9.

Flameproofin~

All the electrical equipment on the borer has been
granted a Government Mining Engineer's Certificate of
Approval in terms of Mines and Works Regulation
21.16. Particular problems were encountered on the
filter unit with the flameproofing of the filter timer and
solenoids. These were overcome, and it is of interest that
the solenoids and timer have operated without trouble
since the unit was commissioned. The filter manu-
facturers considered this to be due to the flameproof
enclosures, which also serve the purpose of keeping dirt
out of these units.

Methane Detectors

G.T.M. methane detectors are used on the borer, the
remote heads being mounted to sample the exhaust
air from the dust filter. The instruments are situated in
the operator's cab and give an audible and visible
signal if the methane level exceeds 1 per cent. Monitoring
is continuous throughout the shift.

Workin~ Conditions in the Tunnel

During the sumtner months, the inlet air to the tunnel
had a temperature of 23,0°C W.E. and 33,5°C D.B.
Despite this, the temperature in the operator's cab
during boring did not exceed 29°C W.E. even before the
installation of the cooling coil.

Dust counts in the tunnel during boring have been
satisfactory, the following being typical values:

Position Dust, plml
Operator's cab 102
Machine rear grippers 109
Mikropul outlet (undiluted) 180
Loading point 112
Main fan inlet 41
Tracklaying area 54
Return air 99

Problems with Ventilation System

In the early operation of the borer, unacceptably
high dust counts were recorded in the operator's cab.
This was found to be due to excessive air turbulence in
the area between the head and the cab. The problem
was solved by regulating the outlet of the forced-
ventilation column and installing adjustable grids in the
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side of the forced-ventilation column so that the forced-
air distribution could be strictly controlled. The system
was then set to ensure that the airflow was all inwards
to the boring head from the operator's cab. This has
successfully contained the dust in the head area, and
has resulted in dust counts of the quality quoted above.

Problems were experienced with the flexible ducting
used in the head area, which became damaged by rock
that scaled from the sidewall. This was solved by replac-
ing it with fibre-glass ducting. The original design of the
expansion magazine gave trouble owing to problems in
tensioning the flexible ducting as it was released from
the magazine. The magazine was therefore removed and
replaced with the magazine described above.

The detection of methane has been a problem in that
it was originally decided to place the detector heads as
close to the face as possible. This resulted in damage
from dust and water, and the present position was then
decided on.

Originally, it was not possible to close down the fan
to a pressure that was low enough for comfortable
installation of new forced-ventilation ducting lengths,
and a further control regulator was installed in the
forced-ventilation column at the fan to give satisfactory
pressure and volume regulation.

Borin~ Problems

Lar~e Rocks and Conveyor System

The machine commenced operations on 4th October,
1976, and was shut down for major alterations on 1st
May, 1977, after 196 m of boring had been completed.
During this period, it became clear that the conveyor
system was not suitable for handling fine wetted material,
and excessive spillage occurred at transfer points.
Another problem was that the tunnel face tended to
come away in relatively large chunks, and these large
rocks, which measured about 0,6 m by 0,4 m by 0,3 m,
caused the head to jam and continually damaged the
front transfer chute. Moreover, because the conveyor
system was unable to handle large rocks, a man had to
be placed at each transfer point to position rocks safely
on the belts.

Because there is a likelihood of large rocks being
produced by future boring operations, the buckets of
the head will be altered during the shut-down period
to prevent rocks larger than 0,4 m by 0,4 m by 0,17 m
from being gathered. The rocks will thus be confined
inside the head and will be crushed until they are small
enough to be gathered by the buckets. It is appreciated
that this method may appear to be a crude means of
overcoming the problem of large rocks inside the head,
but it is anticipated that the borer torque-limiting
device will prevent damage to the rock cutters and
buckets during operation.

The problems with the conveying system stemmed
mainly from the specification given to the manufac-
turers that the machine had to operate on a bend of 30 m
radius. This required the fitting of five short conveyor
belts instead of one long belt, which would normally
have been used. The overlap from one belt to another
was insufficient, and this resulted in a build up of fine



sludge. It was found that, to keep dust counts to accept-
able levels, the material had to be well wetted.

The alterations to the conveyor system, which will be
carried out during the machine shut-down, will mean
that the machine will be able to bore on a minimum
radius of only 80 m.

Cutter Failure

Although the quartzite formations to be traversed
were known to be relatively easy to bore, it was decided
to commence boring with button cutters, rather than
with the cheaper disc cutters. As it turned out, the gauge
cutters failed prematurely and had to be hurriedly
replaced with cutters having a denser button configura-
tion. Furthermore, the wear of the tungsten carbide
buttons on several cutters was not uniform.

The very fine material produced by the button
cutters contributed to the sludge problems, and, when
the borer restarts, it will bore with disc cutters rather
than with button cutters. It is hoped that the disc
cutters will be able to stand up to the abrasive quartzite.
Recent success with the disc cutters of another manufac-
turer in the T.D.S. raise-boring programme indicate that
the disc cutters should prove satisfactory in view of the
soft rock being traversed.

Weak ground

As can be seen from Fig. 2, the 53 level haulage runs
through a major fault. Bad ground conditions were
anticipated, and the plan was to bore rapidly and con-
tinuously and to support the weak ground in an area
where it could be roofbolted properly; this position was
where a rock bolting platform had been installed 22 m
from the boring head.

Unfortunately, because of the slow boring progress,

the unsupported ground between the head and the
rockbolting platform deteriorated so badly in some
places that boring operations had to cease. Fig. 10
shows the ground conditions that were experienced.
This meant that the supporting of the tunnel was
extremely difficult in places owing to the cramped
conditions. As a result of this experience, the specifica-
tions of the Subterranean tunnel-borer, which was then
under construction, were altered to allow for a support
drilling area to be incorporated into the borer at a
maximum distance of 3 m from the face.

Performance and Costs

The borer started up on 4th October, 1976, and until
2nd May, 1977, when it was shut down, it had bored
only 196 m because of the various problems encoun-
tered. The machine operated on single shifts for the
first two months, and then on double shifts.

The best performance per shift for single-shift opera-
tion was 4,1 m, and for double-shift operation wa3 6 m.
This indicates that the machine has potential if mainten-
ance and other delays can be kept to a minimum.

The availablility of the machine during the double-
shift operation (out of a total of 16 hours) was 65 per
cent, and the utilization 26 per cent.

Because of the poor utilization, the unit costs incurred
to date have been high, and the ratio between labour
costs and other costs has been disproportionate. How-
ever, it is envisaged that, after the proposed alterations
have been carried out, the unit costs will be very much
lower.

Labour

Because of the problems encountered to date, the
complement for this borer and ancillary operations has

Fig. IO---View towards the cutting head, showing the failure of the hanging wall
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Mine Overseer and Project Leader

Ganger
(1 per 24 h)

Shift Overseer
(1 per 24 h)

/ 1

Tunnel Borer Foreman

I

Chargehand and
Leave Relief

I

Artisan Operators
(2 per shift)

I

Artisan Aides
(2 per shift)

Boilermaker
(1 per 24 h)

I

Aide

I

Helper

Tramming and Support
Crew

I

Team Leader
Loco Driver
Loco Guard
Roofbolting Crew
Pipes, Tracks, and

Belt Attendants

- 1 per shift
- 2 per shift
- 2 per shift
- 2 per shift

- 5 per shift

not been finalized. The present staff structure is as
shown above, and it should be noted that all the staff are
employed by T.D.S. and not by Free State Geduld Mines
Limited.

When boring operations recommence after the shut-
down period, it is intended to work a three-shift cycle
and to pay a team bonus to the entire boring crew.

Conclusions

The main problems experienced in the tunnel-boring
trials stem from limitations with the muck-handling
system of the machine and the large rocks generated in
the cutter head.

Because the conveyor system, unlike most other
tunnel- boring applications, was required to operate in a
curve of 30 m radius, several short conveyors had to be
used instead of the usual one long conveyor. The design
of this conveyor system led to excessive spillage at the
points were the conveyors overlapped. In addition,
the bucket-discharge arrangement at the head chute was
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unable to cater for large rocks, which jammed and tore
the belts at certain overlap points.

Another major problem was that the design of the
machine inhibited the installation of support close to
the face. This drawback was aggravated by the slow
rate of advance due to the spillage problems. Conse-
quently, when the ground conditions became very bad in
the Dagbreek fault zone, the borer had to be stopped
while attempts were made to rockbolt and grout in the
region of the driver's cab, and this was a difficult task
owing to the lack of operating space.

It is anticipated that the alterations being carried out
during the shut down of the tunnel-borer will overcome
the problems experienced to date, and that the machine
crews will be able to settle into a continuous operating
routine.

A notable success was the fact that the ventilation
system on the borer proved satisfactory in handling the
dust generated at the cutter head. This is significant
in view of the harmful effect that excessive quantities of
quartz dust could have on the operating crews.




