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SYNOPSIS 

Harmony’s Unisel Mine situated in Welkom Free State is an intermediate low grade operation that is 
currently mining two of the three different reef bands, namely the Leader reef, Middle reef and 
Basal reef.  A challenging mining environment resulted in a support design consisting of pack 
support.   

An analysis of the mining efficiencies highlighted that the support installation and sub-standard 
support hampered the production rates resulting in lost blasts.  

An alternative support unit was investigated, however no support units on the market were 
available to fulfil the ideal design. The development of a new support product together with Elbroc 
Mining, resulted in a positive solution to this problem. 

The new support unit sufficiently supports the stopes and ensures stability from a Rock Engineering 
perspective and also has added Mining Engineering benefits which improved the mining efficiencies, 
reduced logistical tramming, and ease of support installation, improved production rates and 
improved economic benefits to the operation. 

 

INTRODUCTION 
 

Unisel Shaft is situated centrally within the Free State Goldfields.  The goldfield forms the South-
Western corner of the greater Witwatersrand basin and mining is focused on two auriferous 
conglomeritic horizons, the Basal and Leader reefs.  Both reef horizons lie within the Central Rand 
Group of the Witwatersrand Super group. 

Structurally, the Free State Goldfields represents a North pitching asymmetrical syncline, which 
closes towards the South.  The syncline is split along its axis by the De Bron and associated North-
South trending faults. 

The Basal reef is extensively developed around the South-Western corner of the Witwatersrand 
basin.  It strikes North-South in the section east of the Stuurmanspan fault and North-West to South-
East in the section West of the Stuurmanspan fault. The Basal reef sub crops against the Leader reef 
to the South of the mining area within the lease area.  To the West the Basal Reef subcrops against 
the Leader reef beyond the lease area.  

The Leader reef overlies the Basal reef.  The middling is on average 16.0m – 18.0m, with the 
middling increasing from West to East.  Strike is North-South to the East of the Stuurmanspan fault 
and North-West to South-East in the section West of the Stuurmanspan fault. 
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Mining on the Basal and Leader reef at Unisel Shaft ranges between 1150.0m and 2200.0m below 
surface with the average mining depth being 1675.0m below surface.  The orebody varies in dip 
between 25º and 35º to the East, locally dips of 40º have been recorded. 

In general, the channel width on the Basal reef is 15.0cm – 300.0cm (300.0cm being unique).  The 
average channel width is in the order of 160.0cm – 180.0cm.  Areas of waste on contact (WOC) are 
present where the Basal Reef has been eroded away. In general, the channel width on the Leader 
reef is 0 – 400.0cm and is often mined selectively for economic reasons. 

PROBLEM STATEMENT  
 
Ensure and maintain the integrity of the current support system, whilst improving the efficiencies of 
the supporting cycle, reducing the shaft time and possibly reducing the overall costs of the entire 
support system, in order to make Unisel profitable once again.  

 
OBJECTIVES 
 

The objectives of this technical paper are as follows: 
 

 Improve safety 

 Maintain the stability of the mine 

 Maintain the integrity of the support design 

 Improve the mining efficiencies (support and cleaning cycles) 

 Reduce shaft time 

 Reduce overall support costs 
 

DISCUSSION 
 

Unisel is a marginal operation with three reefs bands, whereby the Leader and Basal are currently 
being mined. Due to extensive mining in the past, blocks of ground have been isolated. The complex 
variations in the grade of the reef has resulted in selective mining of the blocks of ground, which is 
determined by the Ore Reserve Manager (ORM) in relation to pay or non-pay ground. Apart from 
the low grade and isolated blocks of ground far from the shaft, the mine was not achieving their 
planned tonnes, which put the operation at risk financially.  
 
An analysis of the lost blasts was conducted in order to address what the reasons for poor 
production are and how the management team can address these problems in a positive manner to 
make Unisel profitable again.  
 
The lost blast analysis as indicated below shows various reasons for not blasting however three 
reasons which stand out are namely; sweeping of back areas, installing additional support, and 
inadequate / incomplete support. Refer to Figure 1. 
 
There are other factors which cause lost blasts, however these three factors contribute 65% of the 
total m² lost during the 2016 year. This 65% is equivalent to one month’s full production on Unisel. 
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Figure 1 
Unisel lost blast analysis for 2016 represented in m² lost 

 

Underground investigations confirmed that the sweepings of back areas was a result of no blasting 
barricades being installed. This was a quick easy fix, however the installing of additional support and 
inadequate support highlighted numerous other factors which needed to be addressed.  
 
The installation of additional support was preliminary due to the fact that support was being blasted 
out. The support consisted of Apollo packs which were pre-stressed by means of grout bags. This 
however was not always performed correctly and as a result the poorly installed support was blasted 
out. The closure rates on Unisel are also relatively slow; with a rate of approximately 5 mm for every 
1.0 m advance. This resulted in packs not taking their full load as deformation was gradual. This 
required additional support to be installed or new support to be installed. Further investigations also 
confirmed that due to the current layouts whereby panels tip into German boxes the cleaning cycle 
took longer to complete. The longer cleaning cycle limited the support cycle and therefore resulted 
in incomplete support. 
 
The investigation did not only focus on a micro scale but also on a macro scale, whereby the shaft 
time was analysed. This was a result of a summary of findings after interviewing the mining 
personnel to find out what there constraints were which lead up to the lost blasts. The interview 
concluded that there was not enough support being delivered underground, as shaft time was 
limited. No Timber bays were planned or blasted on Unisel previously as a cost saving initiative. The 
support was loaded directly from the cars onto the mono-rope and into the panel face. This limited 
the amount of support required and therefore resulted in the inadequate support which resulted in 
lost blasts.  
 
Other contributing factors was the fact that in order to install one line of support after a blast, based 
on the average face length at Unisel of 30.0 m, 12 - 13 cars were required, depending on the stoping 
width. The average stoping width across the operation is currently at 2.2 m. In order to achieve the 
monthly call 10 panels would need to be blasted per day. This equates to an average of 120 - 130 
cars of support per day excluding any other material. Unisel was achieving 84 cars of support a day. 
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This resulted in a short supply of support and therefore contributed to the lost blast results.  
 
The limited support resulted in half the face being blasted by some mining crews in an attempt to 

achieve their production calls. This increased the instability risk and jeopardised the safety of the 
workers in the panel.  
 
In summary the inadequate/incomplete support and installation of additional support was a result of 
the following factors which needed to be addressed in order to ensure that Unisel could still operate 
at its planned targets.  
 

1. Poor installation of support 
2. Relatively slow closure rates 
3. Poor layouts 
4. Poor mining efficiencies with long cleaning cycles 
5. Lack of support delivery 
6. No timber bays to store support underground 
7. Inadequate shaft time 

 

The constraints raised during the discussion were made key points to address in order to ensure 
positive change and the survival of Unisel. These points will be analysed below and solutions will be 
recommended. These factors were also important factors which were considered when investigating 
alternative support designs.  
 

Poor installation of support - Installation of support can be attributed to the time allowed to install 
support as well as the discipline of the mining crew. In order to correct the discipline, underground 
training and coaching is required, but the main constraints lies with the fact that support cycle is 
shortened due to a long cleaning cycle as well as the support is tedious to install. This motivated the 
thought process to investigate alternative support methods on the market, to improve the support 
installation times, support installation rates and reduce the physical effort required to install the 
support.  
 

Relatively slow closure rates - The slow closure rates cannot be changed as they are a result of 
nature, however this is an important factor to consider when scrutinizing alternative support 
methods.  
 

Poor layouts / Poor mining efficiencies with long cleaning cycles - Planning sessions in the future 
included more practical methods of mining which would reduce the lead time between the cleaning 
and supporting cycle. This was countered with short ore passes. The additional development metres 
cost a fraction of the amount of what was saved in terms of time on the face.  
 
Lack of support delivery / No timber bays to store support underground / Inadequate shaft time - 

The lack of support was a result of two factors: No timber bays and the inadequate shaft time. The 
timber bays were then planned strategically and were blasted. The timbers bays were planned close 
to numerous working places and service a couple of panels in the locality. This did not increase the 
development costs but served a valuable purpose.  
 

The inadequate shaft time was as a result of winder issues and therefore could not be improved 
from an engineering stand point. This then resulted in being an important factor to consider when 
looking at a new support strategy. 
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ANAYLSIS AND RESULTS 
 

A new support strategy was considered the best way of improving the mining efficiencies at Unisel in 
order to ensure that operation remains profitable and the Life of Mine (LOM) can be achieved.  
 
Concluding the research, investigation and discussion, it was noted that a new support strategy 
would have to comply with the following limitations: 
 

1. Ensure the same hanging wall stability (Safety) 
2. Stiffer, more active support, rather than a passive support 
3. Seismically active environment (Low risk) 
4. Quicker installation 
5. Easier installation 
6. Durable support 
7. Blast on support 
8. Reduce shaft time 
9. Cater for a stoping width of 1.8 m to 2.5 m 
10. Cost effective 

 

Numerous support systems were analysed however the one that stood out and addressed all the 
above limitations was the Omni 89 prop from Elbroc Mining. Initially the prop was manufactured as 
a stock item with a pre load tension of 20 tonnes ranging from a minimum of 1.3 m and maximum of 
1.8 m full extension. Unisel due to its geological conditions and slow closure rates required a 10 
tonne prop with a minimum of 1.8 m and a maximum of 2.5 m extension. Elbroc manufacture the 
desired prop whereby tests were conducted on the maximum length of 2.5 m. During the tests an 
induced seismic event was generated to confirm that the support would be able to with stand a 
seismic event underground. Unisel is not a highly seismic area, however seismicity does occur and 
small events are triggered on a regular basis. The seismic plotting’s can be seen below in figure 2. A 
total of 14 events were recorded during the January 2016 and October 2016, with majority being in 
the Decline section, which will not at this stage go over onto the Omni 89 prop support system.  
 
Design parameters 1, 2, 3 and 9 have been accounted for during the tests and new designs. The 
other design parameters will be analysed during an underground trial.  
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Figure 2 
 Seismic plotting’s of seismic events > 0.0 magnitude recorded from January 2016 to October 2016 

 

Figure 3 in the tests above indicate that the Omni 89 prop is an active support unit and that the 
support unit can withstand seismicity, if an event does occur. Figure 4 represents the tests results 
from timber packs under load testing.  
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Figure 3 
Test results on the Omni 89 props when exposed to dynamic loading conditions 
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Figure 4 

 Test results of timber packs utilised in the initial design 
 

An underground trial was conducted in January 2017 in order to ensure that the support can 
maintain the stability of the hanging wall and fulfil the other above mentioned design parameters. 
The trial has now been completed and a complete roll out on 24 suitable panels at Unisel has 
commenced. The roll out should be complete on schedule by the end of June 2017. Figures 5 and 6 
represent the underground conditions during the trial at Unisel. 
 
During the trial information was collected and time studies were conducted to confirm a few key 
parameters which would improve the mining efficiencies. The current support system and the 
original support system are compared against each other below in the table 1.  
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Figure 5 

Underground conditions in a trial stope where Omni 89 props are installed 

 

Figure 6 
Omni 89 props installed in a trial panel on Unisel after ledging has been completed 

The summary of the results of the trial are as follows in Table 1: 
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Parameter Original system Current system Variance 

Support systems Strike pillars 

Timber packs (pre-
stressed with grout 
bags) 

Rock studs 

Grouted shepherds 
crooks 

Strike pillars 

Omni 89 props  

Timber packs (pre- 
stressed with grout bags) 
(breaker lines only) 

Rock studs  

Grouted shepherds crooks 

27.0% 

Ease of installation Poor Good  

Durability of support / blast out 
rate 

10% - 15% 5% 10.0% 

Transportation into the stope, 
preparation and installation time 
per prop 

96-100 minutes 10-12minutes 88.0% 

Total support installation time  16-17 hours 2-3 hours 82.0% 

Labour required to install support 10-13 persons 3-4 persons 69.0% 

Table 1 
Comparison between the two support systems highlighting parameters investigated during the underground 

trial 
 

Table II indicates that the news support system also has a cost saving benefit. It can possibly save the 
operation 24.74% per month in terms of support costs if utilised correctly, ignoring the fact that the 
mining efficiencies will improve and the possibility of additional tonnages can be generated with at 
the same fixed costs. These costs were calculated at an average stoping width of 2.2 m and an 
average face length of 30.0 m with an average face advance of 10.0 m per panel. Note: these costs 
are an indication of what is possible once a full roll out has been conducted.  
 

Parameter Current system Original system Variance 

Cost per m² (R)  R 672.20 R 893.14 R 220.94 

Exchange rate R - $ R 12.71 

Cost per m² ($) $ 52.89 $ 70.27 $ 17.38 

Saving % 24.74% 

Table 2 
Comparison between the two support systems highlighting cost comparisons in Rand (R) and US Dollars ($) 

 
Figure 7 below indicates the proposed support layout for the new support system indicating the 
breaker lines of packs. Note this support layout does not show instope bolting and temporary 
support. 
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Figure 7 

Support Standard for Omni 89 props and timber packs on Unisel Mine 

 
CONCLUSION 
 

Omni 89 props in conjunction with timber packs will satisfy as the new improved support strategy 
for Unisel. The benefits of the system have been trialled and tested in the underground environment 
and positive results have been observed.   
 
The new support systems addresses all the set out design parameters. The overall safety in terms of 
hanging wall stability will improve with a more active support system. Seismic events are also not a 
risk as the support has been proven to handle seismic events.  
 
The most impressive advantage of the new support system is the mining efficiencies improvements. 
The support installation time has been reduced by 82.0% allowing for more time to commence other 
mining cycles. This could possible allow for additional face advance under the same costs which will 
increase the overall profitability. The mono-rope time also allows the cleaning cycle to commence 
sooner as support will already have been transported into the stope.   
 
The availability of shaft time is another key advantage in the new support system with the entire 
shifts support being put underground in just over and 1 hour compared to 10 hours previously. This 
is a 88.0% improvement on shaft time efficiency.  
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The human factor also benefits with the new support, as less labour is required to install the support 
and in the narrow steep dipping orebody, this support system is less psychically demanding. There is 
a 69.0% improvement in labour availability with the support system.  
 
Finally a cost saving benefit of approximately 24% can be saved with the new support method. This 
is a considerable benefit, as Unisel is a marginal operation.  
 
In conclusion the new support system is the next step to making Unisel profitable once again and 
ensuring that the life of mine is achieved.  
 
ACKNOWLEDGEMENTS  
 

The authors would like to thank Harmony Gold Mining Company Limited for the privilege of 
presenting this research. The permission to include data and make use of equipment, as well as the 
assistance received from colleagues at Brentley, Lucas & Associates, Mining Consultants, is greatly 
appreciated. 

 
LIST OF REFERENCES 

 
Brady, B.H.G. and Brown, E.T. 1999. Rock Mechanics for Underground Mining. Kluwer Academic 
Publishers 
 
Jager, A.J. and Roberts, M.K.C. 1986. Support systems in productive excavations. Gold 100. Proc. of 
the Int. Conf. on Gold. Vol 1: Gold Mining Technology. Johannesburg, SAIMM, pp. 289–300. 
 
Klokow, J. 1999. Evaluation of current recommended stope support design methodology as applied to 
deep level mining. Proc. of the Colloquium for Successful Support Systems for Safe and Efficient 
Mining, South African Inst. of Mining and Metallurgy. 
 
Ryder, J.A. and Jager, A.J. 2002.  A Textbook on Rock Mechanics for Tabular Hard Rock Mines, 
SIMRAC  
 
Ryder, J.A. and Jager, A.J. 1999. A Handbook on Rock Engineering Practice for Tabular Hard Rock 
Mines, SIMRAC 


