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ABSTRACT
A C ONCEPTU AL STUDY INT O THE IMPLEMENT ATION OF A
NEW IN IT IAT ION SYSTEM AT BL ACK MOUNT AIN MINE

KOROPE LM
This project was done in order to assess the need for a new blasting initiation system at Black
Mountain Mine. The initiating method that is currently used by black mountain mine is that of
the delay fuse which is considered by the DMR to be unsafe, considering that the miner has to
be on the face in order to initiate the explosives. It is for this reason and more that black
mountain had considered the use of centralised blasting in order to make the process of
initiating much safer. This study compared the options that are available by means of doing
research and evaluations in order to come up with an optimal solution that is suitable for
Black Mountain mine. This study also looked into the financial implications of implementing
alternative systems. The benefits thereof were evaluated as well as the financial gain of these
systems.
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Implementation of the centralized blasting system at black mountain mine

CHAPTER 1
MOTIVATION FOR THIS STUDY

The use of explosives is a vital part in the mining industry to be able to break the rock into
manageable sizes. It can be a very dangerous process that may result in injuries or fatalities if
not properly executed. The current blast initiation system is fraught with difficulties at Black
Mountain mine. Accidents have occurred and will continue to occur if the system is not
changed to a more reliable and less dangerous system. This chapter examines the initiation
system currently used at Black Mountain as well as alternative systems that are considered to
be much safer.
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1. INTRODUCTION
1.1. General Information
1.1.1. Locality
Black Mountain Mine is part of Sesa Sterlite Vedanta Company. The mine is situated in the small town of
Aggeneys between Poffader and Springbok in the Northern Cape Province 280 km west of Upington town,
South Africa (BlackMountain,2015). The mine comprises of the Black mountain mine, concentration plant
and the Gamsberg project. Black mountain mine consists of three shafts; Deeps shaft, Broken hill shaft and
Swartberg shaft.

Figure 1 Location of Black Mountain Mine (Sterliteindustry, 2012)
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1.1.2. Production and mining method
The primary minerals mined at Black Mountain are zinc, copper, lead and silver which is by product. The
mine has been operational for the past 30 years and it employs about 1500 people including locals and
foreigners. This mine was initially owned by Gold Fields who then sold it to Anglo American who then sold
it to Vedanta resources early 2011.
The mine currently produces about 1.69 Mt per annum from the deeps shaft, which is the main focus at the
moment. The production levels at deeps are between level 40 and level 50, life of mine scheduled till 2020.
The Swartberg shaft produces 0.36 Mt per annum and the resources there are nearly depleted.

1.1.3. Mine access
The Deeps shaft is approximately 1800 m below the ground, to access the workings the mine makes use of a
man cage which can carry 63 people at a time, and they also use a decline shaft which is 15 km long. The
mine approved light duty vehicles (bakkies) are used to drive down the decline with a maximum speed of 16
km/h. To hoist the material underground the mine makes use of two skips, which has a capacity of 23 tons
each.

1.2. Project background
Blasting is a very dangerous process but due to progressive innovation of explosive manufacturing
companies the dangers have been minimised. The current initiation system used in Black mountain mine is
the capped fuse igniter cord initiation system (CFIC). This system consists of a stay-a-light 30 minutes delay
starter which is used to initiate the capped fuses, which then initiates the detonating cord. One of the dangers
of using this system is the possibility of an unintentional detonation.

1.2.1. Safety
Safety at Black Mountain mine is an important factor, but also challenging. The safe use of explosives and
explosives accessories is an important issue to be addressed given the incidents that has been reported on
this mine pertaining to explosives. To date from the previous year 3 incidents were reported pertaining to
explosives.
The first incident was due to lack of communications between successive shifts, whereby a miner blasted a
face late and the people from the other shift were not aware of it and as such they went in to the face
prematurely only to have a blast go off 100m in front of them. The incident report is attached in Appendix A
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The second incident was the one whereby one mine blasted earlier than a miner at a lower level in which the
blast fumes are extracted to; as a result the people on the lower level were exposed to blasting fumes. This is
a problem caused by both lack of communication and unreliability of the current blasting system, as well as
the shaft clearance system.
The third incident was due to a misfire whereby after washing down the face and scaling down, a loader
came to load the material and as he was loading one of the misfires went off. This is now a major problem
that not only places the life of the loader operator in jeopardy but also damages equipment.

1.2.2. Legislation
Mining as dangerous as it may be it is important that the employer creates a safe environment for the
employee. It is for this reason that the DMR must see to it that the mines adhere. Due to the dangerous
nature of explosives more so the capped fuse initiating system, the AEL explosives company is no longer
manufacturing the capped fuses and also because it has become very expensive to manufacture (van Wyk,
2015)

All of these incidents contribute to lost time injury because of all the investigations that needs to be done.
This then cost a lot of money to the company due to stoppages. The cost to compensate the people also costs
the company unnecessary amount of money that was not planned for. It is for the above mentioned issues
that the mine considered a new initiating system that would be much safer.

1.3. Problem Statement
Investigating the implementation of a new blast initiation system in order to improve blasting
quality, safety and productivity at Black Mountain mine
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1.4. Objectives and methodology
Table 1: Objectives and methodology
Objective

Methodology

Comparing alternative systems to the current Literature study, site visit and observations
system
Detailed study on the implementation plan of the Literature study, personal correspondence with
alternative blast initiation system

underground personnel and explosives companies

Draw up an implementation plan for the Site visits, observations, personal correspondence
alternative systems applicable to this mine

with

underground

personnel

and

explosives

companies.
Make an estimation of the capital that will be Observations, site visits and literature survey and
required

for

the

implementation

of

the personal correspondence with explosives company

alternative systems

to get quotes

Review the work place blast clearance system

Site visits and personal correspondence with shaft
and underground personnel.

Influence of human error

Literature study and observations
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CHAPTER 2
2. LITERATURE STUDY
This chapter evaluates the current blast initiation system used by black Mountain mine. The
alternatives systems that are available in the market are also evaluated.

2.1. The capped fuse igniter cord blasting system
This system consists of a stay a light 30 minutes delay starter combined with a detonating cord and
pyrotechnic detonators. The starter is initiated using an open flame, the starter then burns for 30
minutes allowing enough time for the workers to evacuate the area.

2.1.1. Stay-a-light
The stay alight 30 minutes delay starter is used in order to allow sufficient time for the miner to
evacuate the face before the blast goes off. This product is not classified as an explosive and it is
also not water resistant as a result if it is exposed to water it will not burn. An igniter cord is used to
connect the stay-alight to the capped fuse. Table 2 below highlights some of the advantages and the
disadvantages of using the stay-a-light.

2.1.2. Capped fuse
The capped fuse is a 2 minutes delay fuse used to ignite the detonating cord which in turn sets off
the in hole detonators. This detonator is highly cap sensitive therefore poses a risk for unintentional
detonation.

The occurrence of the small scale fall of ground at the mine are an issue to consider, due to the fall
out height of these rocks and also taking into consideration that the rocks at this mine have a
density of 4 g/t this may not only cause cut offs, they can lead to unintentional detonation.

Unintentional detonation may result in employees being injured or even worse fatalities. Other
risks that are associated with unintentional detonation include people being exposed to noxious
gases and also lead dust that are emitted during blasting.
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This system is however cost effective because it eliminates the need for costly infrastructures, it is
an easy to use system that requires only a flame and a starter. It is a very flexible system that can be
adopted for any mining conditions.

Table 2 the advantages and disadvantages of stay a light system
Advantages

Disadvantages

Cost effective

Impact sensitive

Not complicated

Not very reliable therefore loss of blasts
Emission of noxious gases
Not waterproof

2.2. Centralized blasting system
The centralized blasting system is a computerized blasting system which allows for blasting to be
initiated from a computer on surface. The main components for this system include a blast
controller (computer), blast control unit, terminator and tagger.

According to (Sasol 2015) the centralized blasting is safer because it reduces the number of lost
blasts and improves control over seismicity; it is more reliable due to the fact that it offers real time
information for both underground and surface. This system is accurate, flexible and cost effective.

The system consists of a centralized blasting unit which connects to the faces using a harness wire.
The blasting unit is then connected to a computer on surface. This is an electronic system therefore
it makes use of electronic detonators. The electronic detonators are connected to the terminator
using harness wire, this system is limited to electronic detonators therefore the mine must use
electronic detonators for initiation of the shock tube system.

This system is compatible with the different kinds of system that are used in the market currently.
This means that a mine does not have to convert to electronic in-hole detonators to be able to use
this system.
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2.2.1. Harness wire
The connection between the BCU and the computer can be done using optic fibre cables or copper
armoured cables (Figure 2). Each of these options each has their own benefits and their short
comings. The decision to use either copper or optic fibre will depends on the needs of the mine.

Figure 2: Harness wire (copper wire) (Enslin 2015)

According to (Damico, 2011) the following differences exist between copper and fibre optics.
Bandwidth
Fibre cables have far greater bandwidth than copper cables more so when using the single mode
cable than the multimode cable. The fibre optic cables eliminate the need for earthing.

Attenuation and distance
The fibre cables can cover a distance range of 300m-40km while the copper cable has a limit of
100m, due to the design of the fibre cable very little signal is lost and more data can be transferred
over the great distances

Immunity and reliability
Fibre cables core is made of glass which makes it immune to electromagnetic interference because
glass is an insulator therefore it does not create problems when installed next to electrical
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equipment. The fibre cable can withstand being submerged under water and can withstand
fluctuations in temperature but the same cannot be said for the copper wire.

Design
Due to the design of the fibre cables they are much easier to handle, and they are much easier to test
than the copper cables but the problem is that they are much harder to terminate.

Cost
The capital cost of fibre is much higher than that of copper wires mainly because of the skills
required but in terms of maintenance fibre is less costly to maintain than copper therefore it may be
concluded that in the short run copper is more expensive but optic fibre is less expensive in the long
run.

The connection between the BCU and the terminator, as well as the connection between the
terminator and the detonator uses copper wires (Figure 2). The difference though is the size of
wires that are used. The connection between the BCU and the terminator use 1.8mm copper wires
while the connection between the terminator and the face uses 0.63mm wires.

Despite all the benefits that the fibre wires have, they also have their down falls ((Barber, 1998).
Fibre is more expensive per meter than copper. The cables are more fragile than copper and they
can be affected by certain chemicals. These cables are sensitive to radiation and may be opaque if
they are exposed to such. The fibre optics cannot be easily be conjoined therefore they require some
special skill.

2.2.1. Electronic detonators
The centralized blasting system is an electronic system that can only use electronic starters. There
are 6 types of electronic initiators currently available in the market (Figure 3) which includes the
smartshot, quickshot, digishot, driftshot and net shock detonators. The type of initiator used is
dependent on the type of in-hole detonators used, for the shock tube system the only electronic
initiator that can be used is the net shock detonator.
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Figure 3: Electronic detonators (Enslin 2015)

The delay of electronic devices is achieved electronically using a computer chip to control the delay
timing (Cardu and Giraudi 2013). The electronic detonators are programmable in ms increments
and have delay accuracy (scattering) as low as 0.1 ms. The use of these devices can improve safety
which in turn cut costs and optimize blasting.

The electronic detonators can only be initiated by designed control equipment and not by any other
power source such as battery or cap lamps (Enslin, Laubscher and Slabbert, Infomine 2010) and
the CB system has proven to reduce lost blast rate from 4% to 1%.
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Table 3: Comparison of firing system (Cardu and Giraudi 2013)
Electronic

Electric, with

Electric, with

Non-electric with

pyrotechnic

pyrotechnic

detonating cord and

delay

delay

pyrotechnic delay

elements

elements

elements

usually 20

ideally unlimited

ideally unlimited

± 10 ÷ 20 % of

± 10 ÷ 20 % of

± 10 ÷ 20 % of the

actual

the

the

nominal interval

detonation time

nominal interval

nominal interval

Max number of

up to 3000

possible

(up to 200

detonation

per line)

times
Accuracy in

± 0,1 ms

setting
Duration of time

minimum

from 8 to 30 ms

from 25 ms (SP)

intervals between

1 ms

(SP)

from 100 to 500

from 250 to 500

ms (LP)

explosions

ms (LP)
Number of

The same

the same as

the same as

1;

detonators

as charges

charges

charges

dependent on the

needed

(not considering

number

for a blast

connecting units)

of needed delays

Depending on

depending on

ideally unlimited

detonators that

blasting

connections, up to

can

machine, up to

200

be used in a blast

1000

Max number of

Max duration of

up to 3000

up to 15 s

up to 10 s

up to 7 s

up to 4 s

1 type

the same as

the same as

1 type

of detonators

detonation

detonation

needed

times

time

the
blast
Number of kinds

for a blast
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Table 3 above compares the electronic detonator to the electric and the non-electric detonators. In
all the categories that are being compared, the electronic detonator can be seen to perform better or
the same as the other options that are available. Table 4 below highlights the advantages and the
disadvantages of the electronic detonators.

Table 4: Advantages and disadvantages of electronic detonators (Cardu and Giraudi 2013)
Advantages

Disadvantages

Higher precision

Higher cost per detonator

Improved blast results

Intensive training for use

Reduced ground vibration
Possible limitation of detonators per shot

2.3. Blast clearance system
Current procedure for clearing the shaft at this mine is that, all the workers must go to level 45
waiting place (Figure 4). There are two different shift systems that are operational, the cut and fill
crews same as the development crew work three shifts a day. The blast hole crew and the backfill
crew on the other hand works 2 shifts a day.

Figure 4: Blast clearance (BMM 2014)
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The crews that are working 3 shifts a day it is not a problem for them to clear out of the shaft
because at that time when blasting needs to occur it is also their time to knock off. As for the back
fill and the blast hole people they need to go to the waiting area for the blast to clear off. The
working places that are going to be blasted are then barricaded off.

The blasting times for the mine are 05:00, 13:00 and 21:00. The allowed time for the fumes to be
cleared is 45 minutes. These are the time for which the shift change occurs and the relieving shift
assumes that 45 minutes after the blast went off it is safe to go in and work. This applies for all the
other workers that include the construction crew, engineering crew and the technical services
department people.

When a miner sees that he might not have enough time to blast he can then leave the face
uncharged. If for any reason the miner then decides to blast late it must then be communicated with
the mine overseer to ensure that the relieving shift is aware of the situation. Considering the fact
that the miner is a human being then it can be expected that deviation from procedure will occur.

2.4. Human error
The human factor is the act of doing something unintended that is unacceptable. Research shows
that this is one of the major contributors to safety and reliability. This is something that must be
taken into consideration when dealing with people. Good system can be put in place but if people
decides to deviate from the plan either by mistake or planned for then it does not help.

According to (Gutierrez 2010) 88% of industrial accidents that occur are due to unsafe acts of
fellow workers, 10% are caused by unsafe conditions while the remaining 2% includes unavoidable
accidents. One of the contributors to human error is drug abuse and this includes alcohol.

According to the human factor theory (Error! Reference source not found.) there are three factors
that contribute to human error which are overload, inappropriate response and inappropriate
activities. Overload refers to mainly factors out of work, inappropriate response and inappropriate
activities both refer to misjudgement of risk and subsequently lead to complaisance.
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Figure 5: Human factor theory (Gutierrez 2010)
2.5. Shot exploder system
The shot exploder is a portable electric current source that is used to initiate electric detonators according to
(Farlex 1963). It is a portable initiation tool that is suitable for both underground and surface operations. The
primary current source for the unit can be that of a dynamo, magneto, capacitor or a battery. The unit is
connected to the electric detonator using blasting cables.
The blaster can stand up to 3km from the face and initiate the blast. In order to connect the detonator and the
shot exploder permanent copper wires can be used, and then from there copper wires that need to be
replaced daily can be used. The box is not able to indicate to the user if there is any fault with the wires.
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Table 5: Benefits and short comings of the shot exploder
Benefits

Short comings

Easy to use

Costly wires

Safe

Costly maintenance

2.6. Digi-shot system
The Digi-shot exploder is a portable electronic source that is used to initiate an electronic detonator.
This system can be used for both underground and surface operations. It allows for blasts to be
initiated from a safe distance using copper wires. Same as the shot exploder the electronic detonator
can be connected to the Digi-shot using copper wires.

The Digi-shot exploder can detonate a maximum of 300 Digi-shot detonators (van Wyk 2015). A
tagger is used to program the delays. The Digi-shot boxes make use of rechargeable batteries that
need to be charged daily. The system has full functionality testing meaning that it can detect if there
are faults on the blasting cables. The benefits of using this system are highlighted in Table 6.

Table 6: Benefits and short comings of the Digi-shot (AEL 2014)
Benefits

Shot coming

Easy to use with minimal components

Costly wires

Reliable

Short life battery

Safe
Full functionality testing
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CHAPTER 3
RESULTS
3. RESULTS AND EVALUATION
This section summarises the main findings discovered during the investigation. These are the
results from the literature study that was done, site visits as well as personal correspondence. These
results addresses the objectives that were set.

3.1. Current system against the proposed system
Form the literature study that was done it showed that the proposed centralized system is much
better than the current system used by the mine in a lot of ways.

The centralized blasting system allows for the blast to be set off from surface, blasting all the
panels at once. This makes this system much safer because it removes all the people from the face
before initiation of explosives can occur. This means that the risk of exposure to gases emitted by
the stay-a-light initiator can be eliminated.
The CBS system uses an electronic starter which is far more reliable compared to the pyrotechnic
detonator. The electronic starter is not impact sensitive therefore there is no risk of unintended
detonation. During the site visit it was observed that miners use two detonators on each face to
ensure that if the one fails then the other is there for back up.

The reliability of the system ensures that all the faces are blasted at the same time making sure that
scenarios like the incident that occurred the previous years do not repeat themselves. The risk of
having miners blasting at different times is eliminated when this system is in place.
3.2. The CBS system
3.2.1. Wiring
The centralized blasting system can be connected using either fibre optics cable or the copper
wires. The current data transfer system in Black Mountain Mine is the fibre optics therefore
considering all the benefits of the fibre optics as mentioned above it would be best that the mine
continue using optic fibre. Taking this option would mean that the mine does not have to incur
additional charges to establish the copper wires.

A conceptual study into the implementation of a new initiation system at Black Mountain mine

Figure 6: Fiber optics centralized blasting system (Ensilin 2015)

This system in a way uses both copper and optic fibres. The optical fibre is for the Ethernet
connection between the blast control and the blast control unit. Because the blast control is a copper
component, there will be needs for convertors. The convertors convert Ethernet to copper and vice
versa. The connection between the blast control unit, the terminator and the face is that of copper
wires (Figure 6). These are 0.63/0.71 mm armoured cables.

3.2.2. Wire route
The current working levels at Black mountain are 40, 42, 43, 45, 46, 47, 48, and 49. The main work
level where there is a waiting place and the workshops is level 45. The current route for the fibre
wires are displayed in Figure 7 below.
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Deeps CCR
Ventilation
fans

Winder
building

Reclaim
substation
50 level
31 level

34 level

51 level

40 level
Dam (Reclaim)
44 level
45 level
Figure 7: Route for the current fibre network
Form the above figure it can be seen that the wire system does not extend to other levels and in this
case they will need to be extended in order to make the CBS connection possible.

The connections and all the extensions for this system for the fiber optic wires will be done by a
contractor that has been working with the mine. The contractor needs to go and determine if there
are available ports on each level to connect the BCU. Once that is done the AEL company will
come and connect the rest of the system.

3.2.3. Required components
The components that are required for this system differs depending on whether it is connected using
copper wires or optic fibre wires. The copper connection requires much more components than the
optic fibre system. The components for optic fibre are as follows

18
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 Blast controller
 Convertor
 Blast control unit
 Terminator
 Tagger

As mentioned in the literature survey optic fibre is better than copper in a lot of ways and due to
some of the short coming, the copper connection will require a few more components and they are
as follow



Blast controller



Modem



Network splitter



Dual channel Network repeater



Blast control unit



Terminator



Tagger

Implementing the CBS system using copper would be a bit cheaper for black mountain mine if
there was infrastructure for the copper according to the quotation given in appendix B.

3.2.4. Location of the blast control unit
The blast control unit is a component of the centralized blasting system which connects the blast
controller to the face. This component has 6 ports and therefore it can blast 6 electronic detonators.
The BCU makes use of the blast key as a safety device to ensure that once the miner has connected
the faces he can then alert the blast controller that the faces are ready to be blasted.
This unit can be placed a maximum distance of 1 km from the face. It is important that this unit is
placed at a safe area where it will not be damaged by the rocks during a blast as well as moving
machinery. These components are supposed to lasts in the mine for as long as the mine is
operational. Considering safety of the units and the distances from the faces the options that are
available for the sitting of these units is at one of the blasted cubbies as can be seen on appendix E.
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The green dots on the maps in the appendix indicate the position of the BCU, and the red path show
the paths that will be used to access the working areas. From the plans it was determined that
furthest working face was less than 700m which complies with the requirement that the BCU must
not be more than 1000m away from the face.

The other possible position to put the units would be at the entrance of each level next to the
electrical substation. The problem with this option though is that positioning the substation there
may have an influence on the signal transmission. It for this reason that it is advised that the mine
must put the unit at least 50 m away from the electricity substation (Ensilin 2015).

3.3. Shaft clearance system
Looking at the current shaft clearance system it is clear that there is not enough communication
between the different shifts as well as communication with the other department. This not only
causes problems but it has also resulted in an incident. The use of explosives requires that people
must evacuate the working place before blasting occurs, the current system though does not
guarantee that people will be out or that people will not go into the stopes prematurely.

The use of the Stay-a-light with the fuse combination is all subject to pyrotechnic cluster this means
that they may not operate as specified. One of the other short coming of this combination is that
there is no way of making sure that everybody blasts at the specified time. This does not only delay
the subsequent processes it also means that there is a risk of people coming in to the working stopes
before the stopes are cleared out.

Mine incidents not only necessitates the need for investigations that may take time, it also means
that the stopes may be closed and as a result the mine loses out on production. The injured people
also need to be compensated more so when they are dead.
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3.4. Costs
3.4.1. Misfires
The cost of blasting is one of the major contributors to the mine total costs. The cost for reblasting a
face is computed below taken from (captain). These costs are computed for a 5m by 5m face, the
hole lengths are 4.9m with an expected advance of 4.5m. The holes are spaced at 0.8m on dip and
on strike. The Figure 8 below shows that the number of holes that needs to be charged is 61 in total,
the figure also shows the firing sequence of the holes.
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Figure 8: 5m x5m Face (Mohlake 2013)

The cost for blasting a face according to (Mohlake 2013) is R4900. The amount of tones per blast is
approximately 450. The selling price for the metals that are produced at the mine is in the range of
R700 – R1000 per ton, assuming that 400 tons of the 450 blasted tons then in can be concluded that
the mine makes averagely R350 000 per face that is blasted.
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3.4.2. CBS system
Looking into more detail about the CBS system it can be noted that incorporating this system will
introduce changes. The current capped fuse together with the stay-a-light will be replaced with an
electronic detonator and the tables below show the cost incurred by this change. Table 7 below
shows the costs for the accessories that need to be replaced that are currently being used.
Table 7: Cost for accessories CFIC
Item

Items/face

Cost (R) /each

Stay-a-light

1

R2.16

Capped fuse

2

R21.33

Igniter cord

1

R 5.45/0.5m

Total

R50.27

Table 8 below shows the costs for the CBS accessories that are going to replace the current
accessories used in the CFIC system. The blasting cost for a single face will increase by R170.00,
this is an increase of about 3.5% per face.

Table 8: Accessories cost for CBS
Item

Items /face

Cost (R)

Net shock electronic detonator

1

R192.40

Telephone wire

1

R28/20m

Total

R220.40

Table 9 below shows a criterion matrix that was used to compare the detonators that are used in the
different systems. The table shows that in terms of safety, reliability and compatibility the net
shock detonators is much better, same as the digi-shot but the capped fuse detonator is much
cheaper though.
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Table 9: Criterion for comparing detonators
Criteria

Net-shock

Capped fuse

Shot exploder

Digi-shot

detonator
Compatibility

Yes

no

Yes

Yes

Reliability

Good

Bad

Moderate

Good

Cost

High

Low

High

High

Safety

Excellent

Bad

Moderate

Moderate

Table 10 below shows the costs for the components that are going to be needed for the installation
of the CBS system. All of these components will be installed by AEL free of charge. The total costs
for the components will then be R761.317.10 and adding a 10% contingency this amount can be
expected to be R837 448.81. A detailed explanation of the costs is included in the appendix.

Table 10: Cost for the CBS components
Items

Costs

Product software

R

71 070.75

Products hardware

R

427 010.20

Training

R

70 522.85

Spares

R

75 773.10

Product training

R
R

116 940.20

TOTAL

761 317.10

The table below shows the costs for copper wires for the CB system. The table shows that the total
amount of permanent copper wires will be 5470 m while the copper wires that will require constant
replacement will be 720 m. The costs thereof are tabulated as well on the table.
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Table 11: Wire lengths and costs
Wire
1.8 mm Copper
0.63 mm Copper
Total

Total meters
5470
720

Total cost
R8 916.10
R1 152.00
R10 068.10

3.4.3. Digi-shot system
The digi-shot system requires copper wires that connects the detonator to the blasting box. These
wires can be extended up to 3 km from the face. These wires may require to be replaced very often
and therefore it is best that they are placed as close as possible to the face. The exact distances to
each face is included in appendix.

The capital cost for this system is shown in Table 12 below. This cost includes the cost for the
components as well as the costs for the permanent and the temporary copper wires.

Table 12: Capital cost for the digi-shot system
Capital

Cost

components

R528 776.65

Copper wires

R1 152.00

Total

R 529 928.65

The tables below summarises the costs for the accessories of this system. The capital cost includes
the cost for the digi-shot unit and the permanent copper wires. Table 13 shows that the cost for the
accessories that will need to be replaced on a daily basis, these costs will increase the blasting cost
by 2.8%.

Table 13: Accessories for the digi-shot system

Item

Items /face

Cost (R)

Digi-shot detonator

1

R163.50

Telephone wire

1

R28/20m

Total

R191.50

24
.................................................................................................................................................................. PSC 411

A conceptual study into the implementation of a new initiation system at Black Mountain mine
3.4.4. Compensation
The consequence of a misfire or an unintended detonation can either be an injury or a fatality, both
of these will cost the mine an enormous amount of money to compensate either the injured person
or the family of the deceased. The amount of money that the mine might need to pay out is
estimated on the table below (Table 14).

Table 14: Compensation criterion (Carstens 2015)
Compensation criteria

Amount

FAC

R350

MTC

R500

LTI

R800 up to R1 000 000

Fatality

R1 000 000 – R20 000 000

3.4.5. Lost time cost
When a fatality occurs on a face, the face has to be barricaded for investigations therefore no
mining can take place. This stoppage can last for about 3 days up to 6 weeks. The amount of money
that would be lost from not blasting a single face for this period is between R2 – R28 million.
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CHAPTER 5
CONCLUSIONS
4. CONCLUSIONS
The current initiation system used at this mine is not safe and not reliable. The CB system is not
only safe but it is also reliable due to the fact that this system makes use of electronic detonators
and also because the explosives are initiated from a point of safety on surface. The digi-shot system
also uses the electronic detonator which is more reliable but the safety of the initiator is not really
guaranteed. The shot exploder which is almost the same as the digi-shot and it also does not
guarantee the safety of the initiator.

The implementation of the CB system will require that the current fibre network to be extended to
the other levels. The 0.63 mm copper wires will be limited to 20 meters in order to reduce the daily
costs which could easily become a lot of money for mine. The digi-shot system as well as the shot
exploder system will require the copper wires, the initiator can stand up to 3 km from the face but it
would still be safe to initiate from where the BC units were supposed to sit.

The costs for the CB system is well over R1 million rand and the cost for the digi-shot is half the
price of the CB system. Considering that a mine might be liable to pay up to R20 million rand per
fatality these prices are a small amount to pay.

The current blast clearance system at the mine does not in any way that all the people have
evacuated the working area before the blast goes off. The best solution really is to ensure that all
the people in the mine work the same shifts so that it is possible to ensure that all the people have
evacuated from underground before any blasting can take place.

Mining is a business and it is important that all the options that are available to optimise production
and minimise cost are evaluated. The implementation of the CBS system will address the major
problem that the mine is facing that is the safety issue, it will also improve the blasting quality due
to the use of more reliable detonators.

Implementation of the centralized blasting system at black mountain mine

CHAPTER 6
5. RECOMMENDATIONS


It is recommended that the mine switch to the centralized blasting system as this would
improve safety. The capital cost for the implementation of the centralized blasting system is
justified considering the amount of money that may be potentially lost.



Further studies to be done on the implementation of electronic in hole detonator in order to
improve the blast quality of the face.
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7.6.

Appendix G

Product software

Each

Blast controller
Blast web software
Blast web server configuration

R 17 178.75
R 29 394.90
R 24 497.10

TOTAL

No
units
1
1
1

Total costs
R 17 178.75
R 29 394.90
R 24 497.10

R

71 070.75
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Products hardware

BCU
RED key
YELLOW key
Tagger
Terminator

Each (R)

No
units

46959.8
729.3
729.3
13942.5
588.9

Total costs (R)

8
8
8
2
20

R
R
R
R
R

TOTAL

375 678.40
5 834.40
5 834.40
27 885.00
11 778.00

R

Each (R)

Spares
BCU Ui Module
BCU power supply module
BCU back up battery
BCU voice com module
BCU voice coms UI module
Red key
Yellow key
Tagger
Terminator

No
units

427 010.20

Total costs (R)

22243
4708.6
312
4708.6

1
1
1
1

R
R
R
R

22 243.00
4 708.60
312.00
4 708.60

19874.4

1

R

19 874.40

729.3
729.3

2
2

R
R

1 458.60
1 458.60

13942.5

1

R

13 942.50

588.9

12

R

7 066.80

TOTAL

R

Training

Each (R)

Blast controller
BCU

17178.75
46959.8

No
units
1
1

Red

729.3

Yellow key
Terminator
Net shock training pack

729.3
588.9
52.65

TOTAL

75 773.10

Total costs (R)
R
R

17 178.75
46 959.80

1

R

729.30

1
3
60

R
R
R

729.30
1 766.70
3 159.00

R

70 522.85
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Product training

Each (R)

Engineering training
User training
Management training
Software training

R9449.7
R9449.7
R3543.8
R9449.7

No units

Total costs (R)
4
4
1
4

TOTAL

Level

R

Face

Copper
wire (1.8
mm)

Cost(R)/m Total (R)

42
43

1

250

44

1
2

580
280

45

1
2
3
4

120
400
360
390

46

1
2
3
4

510
170
360
190

47

1
2
3
4

200
120
180
440

48

1
2
3

160
460
220

49

1

80

TOTAL

R 37 798.80
R 37 798.80
R 3 543.80
R 37 798.80

1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63

0
0
407.5
0
945.4
456.4
0
195.6
652
586.8
635.7
0
831.3
277.1
586.8
309.7
0
326
195.6
293.4
717.2
0
260.8
749.8
358.6
0
130.4

R 8 916.10

116 940.20

Copper
wire
(0.63
mm)

40
20
20
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

Cost(R)/m Total (R)

1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6

0
0
64
0
32
32
0
64
64
64
64
0
64
64
64
64
0
64
64
64
64
0
64
64
64
0
64

R 1 152.00
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