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Abstract

A recently established mining company holds an exploration license for Phosphate in the
Cabinda Province in the Republic of Angola. The company plans to establish a mine,
beneficiation plant and export terminal for exporting phosphate from the Cabindaderof/
Angola, Southern Africa and in particular from the Cacata area.

This paper will present the proceken to identify an appropriate site for the location of the
TSF and andlary infrastructure Capital requirements, environmental and social ctepwere
factors that influenced the choice of site.

The recommendation to the client was to design the TSF at thafteill allow for a cost
effective desigrand have the least impact on the surrounding environment and neighboring
community Furthermoe, should the TSF fail it will fail away from the pit area.

Keywords Tailings Storage Facility, Site Selection Matiqvironmental, Social, Impact

1 Introduction

A recently established mining company holds an exploration license for Phosphage in th
Cabinda Province in the Republic of Angola. The company plans to establish a mine,
beneficiation plant and export temmai for exporting phosphafeom the Cabinda Province of
Angola, Southern Africa and in particular from the Cacata area.

Golder Assodites Africa Pty Ltd (Glder) was appointed by the Clietd carry out the
prefeasibility study and option analysis for the design of a new tailings storage facility (TSF),
in line with the life of new mine of Cacata Phosphate Project.

This paper will preent the processes taken to identify an appropriate site for the location of the

TSF and ancillary infrastructusghere the challenge was to minimize capital expenditure and
environmental and social impact
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The primary objectives of thESF design weréo:

Identify and determinanadditional #ernative site to an existing sjte

Develop aconcept design on the preferred site to a Prefeasibility level of engineering to
allow an option analysis between a site previously identified and a site identified by Golder;
The design of the return water management for decant and seepage water from the TSF;
Determine access and service road routes;

Determine slurry and return water pipe corridor; and

Determine source for embankment construction material.

EEECE = =4

2 Sitelocation and Description

The Cacata deposit is located approximately 49km east of Cabinda Town. The accompanying
tailings material will be stored in a new TSF. The new TSF is required to accommodate the
tailings to be produced for a planned mine life of 11 years

The general topography of the site comprises large undulating plains with a thick concentration
of bush and trees. The proposed tailings storage facility (TSF) sites and plant beneficiation plant
site are Greenfields, with a number of cassava plantatiotisrechin the nortieastern portion

of the site. The populace is largely reliant on subsistence farthing the project will have a
social impact on the surrounding community

The vegetationcomprises a thick concentration of trees, small shrubs and grass, interspersed
with large baobab trees. Movement through the trees by vehicles is generally difficult, with
some foot paths used by the local people; the site investigation team reliedrankéormed

by the excavator to navigate the site. The block plan of the identified TSF sites, beneficiation
plant and overburden stock pile area is shown in Figure 1 below.
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Figure 1. Cacata Project block plan
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3 Design Criteria

The design criteridhat Golder adopted in the TSF design on the preferred site and related
infrastructure within the battery limit is listed in Table 1 below

Table 1. TSF Design Criteria

Item Description Value
1 Tailings material Phosphate
- Optionl,Dry 5.5y 15943 tpm (average)
2 Deposition rate Option2, Wet 11y 1D39 tpm (average)
3 Rate of rise 2 mlyear
4 Life of mine (LOM) 11lyears
5 In-situ dry density (average) 1.3 t/mf(Preliminary)
6 A\_/(_erage specmc gravity of 2.8 (Preliminary)
tailings solids
7 TSFFreeboard Minimum 0,5m plus 100 year 2dour storm event
8 Return water from TSF to the Maximum amount of water to be returned to the
process plant process plant
Designed for a freeboard of 0,5m above the
9 Return water dam sizing expected precipitation plus a-Béur 100 year

return storm event
Decision making criteria

applicable to the lining / Assume worst classification waste requiring a cl
10 . . .

engineered barrier of the TSF liner.

facility

TSF embankment design and .

- Operational slope FOS = 1.3

11 outer slope stability factor of Closure slope FOS = 1.5

safety
12 TSF decant system Gravity penstock or floating pump barge
13 Tailings deposition Upstream deposition witbpigotted tailings

methodology

Overall TSF slope for closure 1V:4H
14 and rehabilitation

considerations

4 Site Selection

Two areas were identified as possible sites that would be suitable for the location of the TSF.
Site 1 is located west of the pit area approximately 800 m from the pit, adjacent to the existing
access road. This area is approximately 30 ha in sizgeity slopes towards the sowsst.
Currently the area is used for cassava plantations by theclmemhunity. South of this site is

a marsh area with intercepting streams. It is anticipated that water will flow in the southeast
direction during the rainy season.
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Site 2is located approximately 1.7km east of the pit area. It is roughly 72 ha inrgizis a
located within the mine boundary. A seasonal stream east of the site irdéreegite, generally
flowing in thenorthern direction. This site area in enclosed by gently sloping hills with a marshy
area at the lowest point. Apart from animal trapsstructed by the local community, no use of
the area was identified and no infrastructure is located on the footprinsit€hgositiondan
relation to the mine pind plant area are shown in Figurbe2ow.
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Figure 2. TSF site options

5 Site selection option matrix

The site option selection was ranked according to the following cr{@light, 2010)
Engineering / Technical

Economic

Regulatory

Environmental

Social

e

Some sufrriteria were established for each of the main criteria in dadeank the sites. The
most critical ones identified were sahteria for Engineeringshown in Figure 3Economig
shown in Figure &nd Environmentakhown in Figure 5
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5.1Engineering

Water
Management
EX|§t|ng Expansion
Servitude Potential
Interference
Proximity to i
Infrastructure Operation
Storage
Capacity

Figure 3. Engineering considerations

Water management inrtes of stormwater diversion and the size of the contributing catchment
areas were taken into consideration. The potential to expand the facility should the life of mine
increase was also an important input into the matrix. The ease of operating thg, facilit
especially the pool and freeboard management, and the storage capacity of each site was
considered. The proximity to other mining infrastructure like the process plant and pipeline
infrastructure and any interference with existing servitudes like pmesithad to be deliberated

as part of the engineering criteria.

5.2Economic

Capex

Capex Bulk
Deffering Earthworks

Closure Opex

Figure 4. Economic considerations
The most important element of the economic criteria was the capital expenditure (Capex) and

Operational expenditure (Opex) requirementeath site and concept. The site and concept
with the least Capex and Opex requirements were favoured. Part of the Capex requirement is
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the bulk earthworks, especially the embankment of the starter wall. A larger wall would require

more capital expenditure The potenti al closure costs at the
important consideration and a concept that could allow the clielgfér capital (like building

the facility in phases) was rated higher than the others.

5.3 Environmental

Dust Control

Visibility Ecology

Protection of
Groundwater

Surface Water

Figure 5. Environmental considerations

The environmental considerations were dust control, taking into account wind direction and
surrounding infrastructure that could be impacted. Any ecological sensitive areas were
identified by the environmental spelisa and the site and concept that had the least impact on

the ecology were preferred. The impact on surface water and groundwater was also considered,

with the aim of minimising this impact. There was also a need to minimise the visibility of the

faciltyf r om areas that are outside the mining area

A project specific site selection matrix was developed to assist with qualitative rating and
ranking of the identified candidate sites. The rating of the candidateveas based on the
values given in Table Below.

Table2. Site selection rating value

Rating Value
Excellent 5
Above average 4
Below average 2
Very poor 1
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6 Developingthe Site 2 concept further

Conceptual models were developed for Site 2 in order to further assess the feasibility of the site
to accommodate the tailings volume. Tailings volumes were modelled on the basis of 5.5 Mt
airspace requirement.

Site 2, Option 1
The general laydufor Option is shown in Figure 6elow. Option 1 has the highest TSF
footprint of 78.8 ha, with a final height of 51 m and has the largest starter wall volume. The
large area will allow for a low rate of rise (2m per year after 18 months) giving the tailings
erough time to consolidate.
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Figure 6. Site 2, Option 1 general layout

Site 2, Option 2

Option 2 is constructed against the southern hill on the site and therefore has a reduced area of
65.2 ha. The final height of Option 2 is 49 m and the rate of rBeniger year after 2.3 years

of operation.
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Figure 7. Site 2, Option 2 general layout
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Site 2, Option 3

Similar to Option 2, Option 3 constructed against the southern hill on the site but will
constructed with an upstream selise. Option 3 will require an area of 64.5 ha and has smaller
starter wall. The feasibility of the Option 3 will depend on the tailings chernigation. The

final height of Option 3 is 49 m and the rate of rise is 2 m per year after 2.5 years of operation.
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Figure 8. Site 2, Option 3 general layout

7 Site Selection Matrix

A site selection matrix was developed with the Client to assbehwite would be the most
suitable. The site selection matrix was weighted and the client indicated that the Environmental
and Social impact criteria to weigh the most at 35% followed by the Economic Criteria. The
matrix is shown in Table 3 below.
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Tablke 3. Site Selection Matrix
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Weighting 3
Site Option Engineering Concept 35%  30% pE
Options  Description
Site located Self-raise conventional
Option1l  tothewest TSF
(Western  of the 1 2 1 1
SRK Site) Provisional
Tar Road
Site located  Full footprint 4 2 4 3
1.7 km east development
Option 2 of the Pit Southern Hill
(Eastern  Areaina (downstream 4 4 4 4
Site) low lying development)
area. SoutherrHill (upstream 5 4 4 3

development

Site 2, option 2 was selected as the most feasible site option for this design for the following

reasons:

1 Site 2 is against a hill and will only require an embankment at the toe of the hill whereas
Site 1 would requiran embankment around the whole base of the TSF. Therefore, capital
expenditure for Site 2 is less;

9 Site 2 provides ample area to expand. Site 1 is restricted because of the surrounding
community residences;

1 Site 2 offers the option of staging tbenstruction and therefore differing capital;

1 Since Site 1 is quite far from mining operations, it will cost more to deliver tailings to Site
1 thanto Site 2; and

1 Site 1 is close to the community and therefore scored low on the environmental and social
impact aspects of the matrix.

8 Conclusion

The recommendation to the client was to design the TSF at site 2 because the topography will
allow for a cost effective desigRurthermore, should the TSF fail it will fail away from the pit

area and becauseetlsite is remote there will be little impact to the surrounding community.
Option 2 arrangement proved to be the most suitable for the Site 2 development, it requires
relatively lower capital investment because the starter wall is against a hill ancdémpsate
airspace for the tailings to be depositetl an option to extend the facility
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Converting a Mechanised Mine to a Conventional
Mine and the Associated Challenges as Experienced
at Lonminbs Saffy Shaft
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Abstract

Lonminés Saffy Shaft is situat eWestplownsesof t o t he
South Africa. Shaft sinking and infrastructure development were conducted during the period

of 2000 to 2005. The Shaft was initially sunk in anticipation ofdeirfully mechanised mine.

Lonmin embarked on a drive to mechanise some of the operations (i.e. Saffy). Between 2010

and 2012 the mining method was changed from fully mechanised to hybrid mining. This
entailed conventional stoping whereas all of therash cleaning was conducted with a
mechanised fleet of equipment. Due to difficulties experienced with the optimisation of the

hybrid mining method (50% conventional mining & 50% mechanised mining), it was opted to

revert to a completely conventional miningrhhod i n an attempt to achi
production output.Both mechanised and hybrid mining was conducted on an essentially
conventional breast layout due to geotechnical constraints.

Keywords:Conventional mine; mechanised mining; geotechrioalstraints.

1 Introduction

Saffy Shaft, a Generation 2 Shaft is situated near Marikana in the-Weth Province and

forms part of the Western Bushveld Compleigure 1 Saffy Shaft is currently utilising a
conventional mining method (i.e. footwall waste development witheeh stoping panels),
following a conversion from mechanised mining and hybrid mining methods. Shaft sinking
commenced in the year 2000 and was cetapl in 2005. Saffy Shaft was originally planned

to be an entirely mechanised operation. Mechanised mining was practiced from 2005 to 2009.
It was, however, deemed unsuccessful due to the underperformance of the mechanised
equipmenhaving difficulty negating major geological structures (i.e. rolling reef and faults).

A decision was made in 2009 to revert to Hybrid Mining method.

Hybrid Mining consisted of conventionally breast mining with the cleaning operations
conducted via strike gullies using Lobhdul dump (LHD) machines. After further challenges
and difficulties with the unreliability of the trackless equipment, the production target of
200000 tons a month were still not met. In 2012 a decision was made to change to a fully
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operational conventi@ mining method. The production target was met for the first time in

2014.
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2 Reef type Exploited

On Lonmin, 3 shafts on the western sidd.ofimin are mining both the Merensky and UG2
reef bands. As for Saffy shaft only the UG2 reef is being mined. On the eastern side of Lonmin
the Merensky reef has a reef width of up to 10m and the PGM grading is very low. It will not
be possible to extractraef band of 10m in thickness with both mining methods. The UG2 reef
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width is approximately 1.2m wide. The dip of the reef varies betweeh3ldegrees and dips

towards the North. The UG2 Reef has a prominent parting plane (UG2A markers) situated in
the rangingwall where commonly two chromitite stringers are present within the pyroxenite
layer between the HW1A Pyroxenite layer and the HW2 Anorthosite layers. The parting plane

of the UG2A markers defines a beam varying in thickness of betwidegtmBvhich ha to be

supported-igure2.
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Figure 2. UG2 Reef stratigraphy (left) and UG2At Isopach plan (right).
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2.1 Problematic geological features intersected within the Saffy Shaft boundaries

The major geological features on Saffy Shaft are 3 major ndamnéis, 2 dykes, prominent
jointing which can lead to instability and water intersection on the western side of the Shaft.
The faults intersected are the Saffy East and Saffy West faults which strike in theSS¥W
direction with displacements betweeni 18m, dipping between 780 degrees in the NE
direction. The Turfontein fault strikes NNBESW with displacements varying between

30i 42m, dipping 85 degrees in the NW direction. Numerous strata control challenges are
encountered between and approaching #féyEast and Saffy West faults. Two major dykes
Figure 3 are situated between the faults on the eastern and western side of the shaft. An aqua
zone was intersected on the western side of the Shaft which has a major influence on the
surrounding working plees and mining as additional support has to be installed to ensure
stability. The source of the water is still unknown and is exposed along jointing and fault
intersections.

X ;“é» "

Figure 3. Aeromagnetic survey indicating major geological structures in
Saffy shaft. (More OO6Ferrall, 2009

3 Saffy Shaftds mining methods

Three different mining methods were applied on the Shaft. A brief background is provided in
the next subsection to give amerview of each to highlight the limitations and challenges.

3.1 Mechanised Mining

Mechanised mining refers to all the mining activities being conducted with extra low profile
(XLP) equipment. The mining layout is rigid and complex as it does not havekibility to

change when adverse ground conditions or problematic geological features are intersected. A
simple strategy such as establishing support pillars to provide additional stability would be
challenging.

A major challenge mining faced werestbinreliability of the machinery and the long period of
time it took to repair breakdowns. This resulted in panels not being cleaned or support not being
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installed on time resulting in production lossdsis severely contributed to the shaft
production taget not being met month after month.

The equipment itself was constrained by travelling speeds and travelling distances. This limited
the equipment mobility between panels and to ore tipping points. As mining faces advanced,
lengthy travelling distanceare created. The fleet of machinery, workshops, conveyor belt
extensions and tipping points must therefore constantly be moved forward to reduce hauling
and travelling distances.

The mechanised mining layout also had to accommodate larger mining spahgegMipment

has hefty turning curves. Also hangingwall slots had to be blasted in order for the machinery
to tip the load into tipping points or onto conveyor belts. These areas required above normal
support which has to cater for a discontinuous hamgatidoeam. The pillar dimensions had to

be increased along these areas as the excavation height has a impact on the width to height ratio
of the support pillars.

Furthermore, the fleet of equipment had to be able to negotiate major geological structures.
This created challenges. Areas with rolling reef, creates a steeper inclination where the reef
trends into the footwall. Mechanised machinery is limited to the inclination it can operate in.
Blocks of ore could therefore not fully be extracted or cleaRethermore, steep gradients
greater than 13 degrees with full loads are troublesome for trackless equipment. It increases the
turnaround time and impacts on tyre wear and mechanical components.

The cleaning and support of the panels when optimisingramyg layout should be conducted

in a timely manner. The support design and support units must cater for equipment size and
mobility. Support units should not be bumped out of place or damaged. E.g. tendon support
units, where applicable, must be sucht th&s designed to be as flush as possible against the
hangingwall to avoid damage caused by heavy machinery in a low mining environment.

3.2 Hybrid Mining

The Hybrid mining methods a combination of 2 mining methods, itrefers to the
conventional driihg of the panels. Winches clean these panels into advance strike drives
(ASD). Broken ore is hauled by means of trackless equipment to tipping points at conveyor
belts. Hybrid mining exposes more employees at the face area. However, due to conventional
cleaning of the panels, support can be installed closer to the face improving the hangingwall
stability in the face area.

The width of the ASDO6S must, however, stil
design must therefore consider wider spaci®ss the stope panel to the pillEine advantage
of trackless cleaning in the ASD6s is that

equipment. Trackless equipment is not bound to straight line movement, whereas with scraper
cleaning it is of theitmost importance.

During strike swings or when rolling reef or slumps are intersected, the mechanised equipment
cannot tolerate gradients along the footwall steeper than 13 degeegth mechanised
mining it impacts on travelling time, tyre and equgnt wear Similar to fully mechanised
mining drilling of the ASD6s is conducted
challenging to maneuver after every drilling cycle. Steep gradients and sharp bends require
skilled operators to move the equipnt.

As trackless equipment require short travelling distances to travel, decent planning is required
to ensure short turaround time and workshops must be regularly moved forward to be as close
to the working area as possible. Closure and convergems®tbe tolerated when utilising

this equipment. Pillar designs must be such to cater for a stable pillar design.
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3.3 Conventional Mining

Conventional mining consists of both off andreef development ends where stope panels are
established through lgithg processes. Off reef development consists of drilling, cleaning and
support where all is conducted conventionally (by people). The conventional equipment
consists of handheld drills for drilling purposes, and track bound locos with hoppers to haul the
broken rock to a levetb-level ore pass system. Workshops and service excavations for the off
reef development equipment is normally situated in the shaft pillar area and remain permanent
for the life of mine on the specific level.

On reef development isonducted by means of handheld drills. Cleaning is done using
electrical winches with scrapers. The broken rock is moved into ore passes down to the level
below the reef horizon. Once placed in these ore passes, rail bound locos with hoppers draw
the rockfrom these steep dipping ore passes and haul it to the main orepass system near the
shaft.

Stoping panels are established by means of ledging. Mining is done using conventional
handheld drills and cleaned by means of electrical winches using low psofdpers to
accommodate the mining height (approximately 1.2m).

Conventional mining is greatly dependant on a significant amount géeffdevelopment.

Once these excavations have been established, then only the extraction of the reef can
commence. Thisesult in additional mining cost, as well as equipment and labor overheads.
Off reef excavations must be designed and supported to cater for the reef mining which could
take place over long periods of time. This could lead to increased support costdlgspleen

adverse ground conditions are intersected and the development excavations must be kept open
for long periods (life of the half level).

4 Support Strategies and Geotechnical constraints

Due to the fact thahree different mining methods were applied on Saffy Shaft, various support
strategies and challenges were experienced. Support standards and designs had to cater for
various aspects and differences. The key challenges will be discussed in the following
subsections.

4.1 Mechanised Mining

The pillar designs had to take the equipment dimensions in consideration. It had to
accommodate the travelling of the drill rig from panel to panel. As a result the pillar holings
had to be larger (4m x 4m). Also be atadellow tipping the ore at the tipping points. On Saffy
Shat an alteration layer Figureid present along the top of the pillars. This results in the pillars
behaving differently. To ensure long term stability this had to be incorporated in the design (
Plessis, 2009). The inter pillar spans (panel lengths) was approximately 30m. The span had to
accommodate equipment cycle times (support before the next blast). A 1.6m long tendon length
was required to ensure that the resulting beam could-®efoeced and remain stable.
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Alternation

Figure 4. Alternation at the top of the pillar.

Due to the nature of the ground conditions on the shaft the support design had to ensure the
stability of the UG2A markers situed 8 12m above the hangingwafigure 2. A 1000 ton

pack had to be developed to ensure the support requirements were met. The rock bolt support
installed was Hydrabolts, a friction anchored tendon beingsipessed with water. The
Hydrabolts were effective in optimising the cycle timeswhver, allowed beam deflection

which resulted in smaBcale falls of ground occurring between the current support installed.

A breast mining layout has accommodated the equipment requirements. Breast mining also
accommodated the orientation of the lasgale problematigeological structures Figure 5

being mined on strike {BV) ensures support for the geological features as the face advances

Figure 5 and was therefore the preferred mining layout. The dip of the reef restricted the

maneuverability of egipment. Dip access ways were therefore put on apparent dip.
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Figure 5. Breast mining layout to accommodate problematic
geological stuctures (1 Plessis, 2010)

One of the challenges with mechanised mining is that there is not any flexibility when poor
ground conditions are intersected. Poor ground conditions may not encompass the entire length
of the panel. Mining of only half a panel restricts the mobility afipapent as it cannot travel
through restricted areas.
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4.2 Hybrid Mining

Hybrid mining increased the exposure of employees in the face area. The support standard had

to be redesigned as the support had to be closer to the face. The support requirsrtieat wa

same as with mechanised mining in the development but the support standard in the panels had

to be changed. Pillar holings were still 4m x 4m. This created a risk as the holings were used

by the employees to tr avehgadeuatelyusgppartedlitfvil t he h ol
impact on their safety.

Given the fact that the panels were being blasted and supported conventionally, elongate
support could be introduced. Elongate support providesastiffe support which is capable of
supporting upto the UG2A markers. Grout packs were still being installed but as a
supplementary support to prevent possible back breaks.

4.3 Conventional Mining

The majority ofthe Shafts on Lonmin Platinum are being mined conventionally. However,
numerous challenges were experienced when the shaft was changed to a conventional mine.
With the mechanised mining all the development as previously mentioned wasfphut

with corventional mining on and offeef development was required

Conventional mining required people to install the support in an unsupported area after a blast.

The support standards had to change accordingly. Conventional mining also entailed a lot more

peopk working on the face. The support spacing in the panels had to be closer to the face to

ensure the safety of the employees. Figure 6 compares the support standard for conventional
versus hybrid layouts to point out the significant differences. To enlserstability of the

conventional panels in problematic ground conditions the packs were installed 5m from the

face after the blast to ensure stability of the hangingwall. Fseoje rock bolts changed from

the 1.6m Hydrabolt (Friction anchored) to 1.6®@sk bolts which is a stiff active support unit

as cycle times were no longer a limiting factor. The resin bolts being a stiff active support unit
doesnét allow any beam deflection and | ess fal

Even though the breast panejdats were preferred, Lonmin specializes in split dip mining.
This consists of the centre raise and two half panels being mined either side. Problematic
ground conditions can be negotiated by only advancing one of the half panels. Also joint
modelling (vanzyl, 2009) identified this layout to also accommodate the orientation of the
problematic WNW joint orientation when the western panels leads the eastern panel.

The pillar designs could be adjusted as smaller pillar holings could be implemente&i@2m

which also meant less exposure to employees travelling through the holings. The challenge
with holings is the fact that in most cases it
though the support standard was designed to ensure safety ofyeesplind equipment the

challenge of more people with a severe lack of discipline is problematic.
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Figure 6. Hybrid layout (left) and Conventional Support Standard (right) (Saffy Shaft).

5 Conclusion

Saffy Shaft was converted from a fully mechanised operation to a conventional mine as a result
of numerous different challenges. The complex ground conditions and atilili of
mechanised machinery did not allow for productive mining for both the mechanised or hybrid
mining methods. Saffy achieved the target of 200 000tons for the first time in 2014 with the
conventional mining method. There are still daily challengéb the conventional mining
method, however, conventional mining provides flexibility to adjust and accommodate the
challenges experienced. The main focus of any mine is to create a safe working environment
to ensure production requirements are achieved.
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Routine GPRMapping of UG2 Chromitite Triplets
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Abstract

GPR technology has been previously shown to be applicable for the mapping of chromitite
triplets above the UG2 reef in the Bushveld Complex. A review of previous work on this topic
and a theoretical evaluation of its applicability to the mapping of tsipdes conducted.
Electrical properties of the host and target rocks are also evaluated. The evaluation exercise
came to the same historic conclusion that GPR technology is applicable for chromitite triplets
mapping. The evaluation further determined tleetigal resolution of 13cm, this being the
width of the smallest detectable feature when using a 400 MHz antenna for the GPR system.

Keywords:GPR, UG2, Triplets, Mapping, Dielectric Constant

1 Introduction

The application of Ground Penetration RaflaPR) technology in the mapping of geological
features in underground mines, especially in the Bushveld Complex (BC), was shown to be
viable more than 10 years ago by Vogt et.al. (2005). Routine application of this GPR
technology has however not expandasl anticipated based on the expected benefits of
application.

This paper is aimed at helping to increase the application of GPR in the mining industry by
providing technical content that will give confidence to mine rock engineers to use GPR
technology, i ch is still mostly perceived to be a s

Numerous underground geological features can be mapped using the GPR technology however
this paper will evaluate the mapping of the chromitite triplets, which are just a few meters above
the UG2 ref.

Knowledge of the middling between the UG2 reef and the triplets is critical in fall of ground
management for the following two reasons:

1 Where the triplets are too close to the reef they pose a fall of ground hazard, and

1 Where the triplets are too firey pose a challenge to the support design.
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A detailed knowledge of the triplet position is therefore crucial for fall of ground management
on the UG2 reef horizon.

This paper provides a brief review of published work regarding GPR mapping of geblogica
features in the BC. An explanation of how GPR technology is applied for underground
geological feature mapping and an evaluation of GPR application to the mapping of chromitite
triplets is given This is donen order to give a better understanding andfience in the
application of GPR technology. Applicable parameter values for the host and target rocks
applicable to UG2 triplet mapping within the BC are also given.

2 Preceding Published Work on GPR Application in the Bushveld Complex

Initiation of South African research into GPR routine mapping of geological features in the

mi nes was started in the | ate 1980606s. However ,
feasibility of GPR hangingwall geological feature mapping in the gold andphatindustries

was produced by ISS Geophysics (Pty) Ltd. This work laid the foundation for later research

into BC GPR research (White et.al., 1999).

During the early 20006s, the CSIR Mining Divis
application of GPR to map geological features in the BC (Vogt et2005). This work
concluded that:

T 6The electrical properties of the host rocks
radar is a viable technique within Bushveld
T 6The GP$Sshosvthat GPReis an effective tool for determining the distance to some
of the important parting planes in the hangi

The work done by Vogt et al. (2005) also indicated that the hangingwall mapping of chrome
triplets on the UG2 reef himon meets all the requirements for a successful GPR scan as:
1 The host rock (pyroxinite) has very low conductivity / high resistivity
1 The target (chrome triplets) has a sharp contrast in dielectric constant with the host rock
(pyroxinite)
1 The target (chromtriplets) lies parallel / suparallel to the hangingwall which is the line
of access

Additional research on measuring the radar frequency electrical properties of the Bushveld
rocks was done by the CSIR Mining Division to aid in the application o&fR technology.

This work was published by Du Pisani and Vogt (2003) and Ngwenya et al. (2009). The
Department of Electrical and Electronic Engineering at the University of Stellenbosch also did
valuable and accurate work on the electrical properties sifigid rocks in 2006 (Rutschlin

et al., 2007). The values of the electrical properties of the relevant hotdrgetrocks are
thereforeknown.

As part of the Platmine GPR project, 61 mpl e me
published in 2004, th CSIR Mining Division also developed a GPR Application Guideline /

Manual. These guidelines dealt with both the benchmarking and optimisation of GPR surveys,

by identifying required items for planning and execution efine GPR surveys (van Schoor,

2009.
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3 GPR Theory

3.1 GPR Method and Survey

Ground Penetration radar is an electromagnetic method which operates at a frequency range of
1 to 1000 MHz. At these frequencies the electromagnetic field propagates as a wave through
the rock.Electromagneti energy pulses are sent from the antenna by the transmitter through
the rock and arrives at the receiver (also inside the antenna) by wave reflection on a rock with
different electrical properties, see illustration in figure 1 bglbentith & Mudge, 201%

o*e,

L 7T

Traosmitter  Necerer

Figurel. Schematic of Underground GPR Application. Adapted for
underground situation from Dentith & Mudge (2014)

In underground assessment of the hangingwall structures, the antenna is turned upside down
against the hangingwall and the signasént up into the hangingwall rock as illustrated in
figure 1 above.

In GPR surveys an electromagnetic pulse is transmitted as a discrete pulse of electromagnetic
radiation, and the responses of the subsurface rocks are recorded. The method operates on a
reflectionmode, where the pulse is reflected by the electrical property contrast in the
subsurface rocks, and a record of the time difference in the reflected pulses is kept.

The most common configuration of a GPR survey is the reflection profiling mduge the
antenna direction is parallel to a survey line. The antenna is moved at near constant velocity
along the survey line and the number of samples taken along the survey line affects the lateral
resolution of the survey.

The depth to reflectoindicated in figure ldepends on the propagation velocity of the pulse
through the host rock. The velocity and other electrical properties of the host and target rocks
are determined in laboratory tests as will be indicated in the section on rock properties.

3.2 Radar Wave Propagation in Rocks

Important parameters in the design of GPR surveys is the velocity and attenuation of the
electromagnetic waves in the rock medium. These parameters are dependent on the
conductivity and dielectric properties of the hastk and they vary with thsignal frequency
outside the Bdar windowDentith & Mudge (2014) definthe radar windoves the frequency
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rangewhere the attenuation and velocity are independent of the wave frequency. This is the
rangewhere the GPR systenperatesbetween 1 MHz and 1000 MHZThey further indicate

that to operate a GPiR the Radar windowthe host roc& sonductivity must be about or less
than 0.1 S/m (Dentith & Mudge, 2014).

According to Dentith and Mudge (2014yhen operating within #n Radar window, the most
important parameter to radar wave response is the dielectric constant of the host and target
rocks. It is therefore important that the radar window for a rock type and the correct values of
dielectric constant are known.

The theoetical calculation of radar wave propagation parameters relevant to radar survey
design/ evaluationare discussed imé subheadinglselow as explained by Dentith & Mudge
(2014) and Sensors & Software Inc. (1992):

3.2.1Depth of Penetration

The penetration depth of EM waves into conductive materials is determined from the
attenuation of the signal with depth, which is a function of conductivity, dielectric properties
and frequency (Sensors & Software Inc.,1992).

Sensors & Software Inc. (199cited by Dentith & Mudge (2014) gives the following rule of
thumb for estimating the maximum detection dekhe{ in m) in terms of either attenuation
(U in dB/m) or conductivity (G in S/ m).

Q - 2 )

A conservative rule athumb is that radar will be ineffective if the target depth is greater than
50% maximum depth calculated above.

3.2.2Power Reflectivity Index

In order to determine whether a target will generate a response detectable by the antenna, the
following factorsmust be considered:

1 Is there enough contrast in the host and target dielectric constant

1 Is the target physically adequate (size) to reflect a detectable amount of energy

Sensors & Software Inc. (1992) provides the following formula for estimating therPow
Reflectivity (Pr) using the dielectric constant of the host rdkk() and target rockUrge):

There are two rules of thumb for predicting success based on the aba@sigerations:
1 The Power Reflectivity (Pr) should be at least 0.01 and above
1 The ratio of target depth to smallest lateral dimension should not exceed 10:1

3.2.3Resolution Size and Antenna Selection

For the GPR system, it is the wavelength of the pitgeal that determines the horizontal and
vertical resolution. The wavelength of the signal is therefore determined by the antenna choice,
since all GPR antennas have a predesigned central frequency (Sensors & Software Inc.,1992).

Sensors & Software In€1992) cited by Dentith & Mudge (2014) gives the following formula
as a rule of thumb for selecting the appropriate central frequémtyHz) of the antenna

using the dielectrirg constant of the host rock
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x is the desired spatial resolution (m).

The spatial resolution gives the minimum width or size of a detectable target. This formula can
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©)

therefore be reversed to calculate the minimum size detectable using an antenna with a

particular central frequency.

4 Geological Setting

The UG2 reef at the Western BC has an average thickne§sah.7The hanging wall rock

immediately above the UG2 reef is@ 6 9mthick layer of pyroxinite, which is the host rock
of interest. Within the pyroxinite host rock esisthromitite layers (target rocks) known as the
ite Layer

I ntermediate Chromit

(1CL)

and

hazardous planesee figure for a generbised geological succession atpalaPlatinum Mines

(Impala Platinum Ltd1997).
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Figure2. Generalised UG2 Geological Succession (Impala Platinum Ltd, 1997)

The distance to the lowermost triplet can be estimated to be from 1.0m to 4.5me&nd th
combined thickness is generally 1.5m, which gives a required mapping vertical distance of
6.0m into the hangingwall. The chromitite triplets are each averaging 15cm in thickness and

spaced at 50cm apart. The ICL is not well developed, however wirendountered, it occurs
between the UG2 Reef and the Triplets. The ICL is a single chromitite layer thiitkaess

of 0.5cm to 4cm (Balakrishna, 2006).

5 Electrical Properties of Host and Target Rocks

The electrical property measurement work for B€ks done by Rutschlin et al (2007) is

t

he

accurate and detailed and therefore its results can be used for the host and target rock properties.
It should be noted that although the measurements were done at 25 MHz, the dielectric constant

(permittivity), condictivity (inverse of loss tangent) and attenuation behave relatively constant
over the GPR aanna frequency range of 25.000 MHz (Dentith & Mudge, 2014).
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Tablel. Electrical Properties of UG2 Rocks at 25 MHz (Rutschlin et al., 2007)

o Atten. Velocit

Material Sample Permittivity Loss tangent [dB/m] [m /us]y
' CV0tanCVian U CVU 3 CVs3
Anorthosite 1 743 320 005 909 03 1042 109. 161
2 826 208 006 7.76 04 866 104  1.03
_ 3 831 206 005 501 03 544 104  1.03
Feldspathic 4 821 538 005 11.65 03 1420 104. 2.65

pyroxenite

5 800 349 005 1237 03 1363 105 1.75
9 775 224 004 1060 02 1151 107. 1.13
Chromitite 3 1216 292 010 595 08 7.00 858 1.49
6,7 11.67 257 011 503 08 551 876 1.29
9 1170 436 009 493 07 676 87.6 2.23
PEP 10 828 589 006 2968 03 3221 104 276
Melanotite 11 819 123 008 427 05 467 104 062

The coefficient of variation (CV) is the percentage ratio of standard deviation to mean of a partict

The pyroxinite rocks above the UG2 reef is represented by sanipeil2 table 1 above and
the chrome triplet is represented by sample 3, 6 afihfle 2 below contains the average
values for the rocks of interest determined from the table above:

Table 2. Properties of Host and Target Rocks (After Rutschlin et al, 2007)

Dielectric Loss . ]
Rock types constant tangent A(\tt(anqu;/trlr?]n (Vtsalc;c ity :
@) (tan
Feldspathic Pyroxenite
(Host Rock) 8.00 0.05 0.36 104.75
Chromitite Triplets 12.00 011 0.85 66,77

(Target Rock)

6 Evaluation of GPR Suitability

Evaluatingthe appropriateness of the GPR metiadthe intended mapping of chromitite
triplets can beaccomplishedusing GPR theory equations (radar range equations). The
evaluation will be conducted by providing replies to the questions below.

6.1 Is the target within the detectable range?

The way to answethis question is to calculatbe maximum depth of penetration by using
equation 1 given above and the attenuation (dB/m) of the host 8mis@rs & Software
Inc.,1992) The average attenuation of the Feldspathic Pyroxenite from table 2 is 0.36 dB/m.
The calculated maximum depth fgd) is 83.33m. Using the rulef-thumb of 50% given in
section 3.2.3, the penetration depth in Feldspathic Pyroxenite is 41.66m.

Since the expected depth of the chromitite Triplets is from minimum 1.5m to maximum 9.0m,
this will be within the detection range.
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Theequationused above iaot universalbutis applicablewhentheattenation is> 0.1 dB/m
(Sensor & Software Inc.,1992), which is applicable in this case.

6.2 Will the target generate a detectable response?

To respad to this question, the Power Reflectivity must be calculated using eq@agiean
above.lnputting the values of dielectric constant from table 2, equation 2 gives a Pr value of
0.0102 This value exceeds the redé-thumb value which states that fGPR success the Pr
value should be above 0(@ensors & Software Inc.,1992).

The lateral extend of the target exceeds theafitaumb of 10:1 since the target extends over
the whole UG2 reef and therefore would be detectable.

6.31s the width of the target adequate?

In order to determine if a chromitite layer of particular thickness will be detected by the GPR
system, an inverse of equation 3 will be used to determine the spatial resolution of a chosen
antenna. A common antennantal frequency of 400 MHz and the dielectric constant of the
host rock of 8.0 was used.

Using these parameters, equation 3 gives a spatial resolution of 0.133m (13.3cm). The width
of the ICL is 0.5cnmi 4cm and that of Triplets is 15cim20cm, as given isection 4 above.

The ICL width is far less than less than the spatial resolution determined and will therefore not
be detected using the 400 MHz antenna, only the Triplet chromitite will be detected.

7 Conclusions

The mapping of chromitite triplets ale the UG2 reef has been shown to be viable by the
theoretical evaluation conducted. This accession is in agreement with conclusions by Vogt et
al. (2005), that GPR technology is applicable for the mapping of geological features in the BC.

The electricaproperties of the hog¢Feldspathic Pyroxenieand target (Chromitite) rocks are
available and adequate for use in predicting the range and resolution performance of the
technology. This data can also be useful for radar system calibration on site.

Thefollowing can also be concluded from the evaluation of radar range equations:

1 The average attenuation valuerafldspathic Pyroxenitis 0.36 dB/m

1 The depth of the triplet package is within the effective depth range of the GPR system in
Feldspathic Pyroxwte of 41.66m.

1 The chromitite triplets and ICL will reflect adequate energy to be identified by the GPR
system, this was indicated by the calculation of the Power Reflectivity, this is ensured by
the adequate difference in the dielectric constant valtleedfeldspathic Pyroxenitand
the chromitite.

1 The triplets will be identifiable using an antenna of 400 MHz central frequency, while the
ICL will not be easily detectable due to their small width. The vertical resolution of a 400
MHz antenna in th&eldgathic Pyroxenités 13.33cm, therefore all features with a width
less than 13cm will not be easily identifiable.
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Elandsdrift Fault Zon e (Graben Structure),
Managing the Complexity & Geotechnical
Challenges

A. J. Barnard?

1Lonmin Platinum, Rustenburg, North WeBtaam.Barnard@lonmin.com

Abstract

Ground conditions arassessed ahead of mine tunnelling by analysing drill cores (surface &
underground diamond drilling), projections from the geological mapping, stratigraphy and
structural modelling. This paper elaborates on the methods employed to extrapolate the fault
post i on towards the vari ous -diintersectiors.\Additignalt o pr o]
geotechnical drilling was done to quantified and express the geotechnical nature of the rock
mass affected by the Elandsdrift Fault zone. Furthermore, an anafyslie geological
conditions on the different mining levels reveal a range of inhomogeneity for the nature of the
structure. These findings formed the basis of understanding rock mass behaviour and allowed
for the design of suitable support. The caseystltbws that geological features and hazards
identified can be predicted through continuous updating of the structural model by accurate and
efficient field data. Geotechnical logging is used to depict the quality of ground mass by means
of normal distribtion curves.

KeywordsBC, Bushveld Complex; MK2, Farm Middle Kraal 2; SJ100 & MG4anse resin
product; RQD, Rock Quality Designation.

1 Introduction

The Rowland operation faces the challenge of a depleting ore reserve for both UG2 and
Merensky reefs within its current shaft boundaries. However, exploration assurance and
feasible studies motivate miners led to the extension of Rowland operations hawdggad

the Elandsdrift Fault into the mineral resource of the Middlekraal 2 block in preference to

accessing via a vertical shaft, and thus optimiseofifmine plan.

Geological underground diamond drilling is used to predict the exact positionsmd of

both western and eastern limbs of the Elandsdrift fault planes on elevated haulages. Diamond
drilling becomes an advantage when geotechnical information is needed and to seal water and
gas intersections with grouting techniques to pregembsia of support steel. Heterogeneous

rock mass were characterized by lithology, number of joint sets, joint roughness, joint alteration
(shearing & filling) and joint water reduction from underground boreholes. Ground conditions
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were then assessed through tgebnical logging (Rock Quality Designation, RQD) and Q
values rating per cover borehole was determined. The information was used to distinct poor
ground mass from good by utilizing rock quality distribution curves.

2 Location
X Fisgiisiigs
» Frai{aia
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Figuel The | ocations of Lonminds South Afric

Lonmin's entire South African Platinum Group Element (PGE) Mineral Resources and Mineral
Reserves are contained within the Bushveld Complex, located in the Republic of South Africa.

The Marikanaoperations are situated some 30 km East of Rustenburg in the North West
Province, on the southern portion of the Western limb of the Bushveld Complex.

Rowl and shaftdéds and MK2 project Mineral Reseryv
8.1km on strike and 4.2km on dip with most mining occurring at depths of between 0.77km to

1.03km (32 Level) below surface.

3 Geological Setting

The Bushveld Complex intruded into the supercrustal sedimentary sequence of the Transvaal
Supergroup 2.06 billion yeargga and is the largest known layered intrusion on earth,
underlying an area of approximately 66,000 km2. Bushveld PGE Mineral Resources are
frequently disturbed by geological conditions which may result in losses to the Mineral
Resource area. The areaseaféd are classified as geological losses, which are commonly
caused by potholes, faults, intrusive dykes and Iron Rich Ultramafic Pegmatite (IRUP) and the
Pilanesberg Alkaline Intrusion Complex.

Both the Merensky and the UG2 reefs are well preservdtei€titical Zone which is one of

the four major stratigraphic zones in the RLS. The strata and reefs strike in an approximately
eastwest direction and generally dip between 8°N in the west, gradually increasing to 13°N in
the extreme east of the properfhe UG2 Reef underlies the Merensky Reef by between 130

m and 210 m, the middling between the two reefs gradually increasing across the mining right
from west to east. The layered nature of the Bushveld Complex makes it possible to identify
different lithological and stratigraphic units, which facilitates the interpretation of geological
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disturbances such as dykes, faults, potholes and IRUP. At the Marikana Operations, the UG2
Reef normally comprises a narrow tabular chromitite layer, which varies imésslketween

1.0m and 1.4 m. The Rowland Shaft block area is bounded by 2 major fault zones striking in a
SSENNW direction, namely the Marikana fault zone on the western boundary and the
Elandsdrift fault zone on the eastern boundary. The Elandsdrift Zank has an estimated
down throw displacement of 020 metres to the east.

This graben structure has a notable NNW orientation (Pilansberg Age Trend) with strike
lengths up to 30km. Towards the northern extend of the shaft boundary the westerteaind eas
limbs of the fault are associated with doleritic intrusive material suggesting that these
lineaments were active during the intrusion of the BC, (Basson, 2008) solidification of magma
6bridging structured emplacement.
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4 Elandsdrift Fault Zone (Graben Structure) and mine tunnelling

At present additional development has established haulages beyond the Elandsdrift fault zone
from 18 to 27 level towards the eastern boundary of Rowland Shaft. The strike and dip of the
western and eastern fault limb were mapped in the haulages andleierd pn a stereonet.

The Elandsdrift fault zone strikes in a NNW to NNE direction with the western limb dipping

to the east and the eastern limb to the west (ranging from 65 to 80°). The haulages were
designed to develop throught fault zone with a aitangle of > 60° in order to negotiate the
altered fault lineaments with the least exposure. The haulages were designed with a standard
dimension of 3.5 x 3.0 metres and cubbies every 90 meters to drill underground boreholes.

22 level east was the firtevel to develop through the eastern limb of the Elandsdrift Fault
zone and continual cover drilling assisted in-pnepting fault plane positions ahead of the
advancing haulage. Ground conditions were of poor quality and phase two consolidation
processwas initiated (3.0m Spiraling Bolts, 1.5m Oslo Straps, Steel Sets and Shotcrete
aplication). The haulage dimentions on the fault position changed to 4.2 x 4.0 metres to
accommodate the steel set instalation and clearance for services in the haulage.

As multi-blasting continued the 24 level east also developed through the eastern limb, but with
only phase one consolidation process (3.0m Spiraling Bolts, 1.5m Oslo Straps). At the time of
writing this paper the 26 level east also exposed the the eastériblinground conditions

were a bit more challenging since there is an .
dyke. This dyke were probed by a nhumber of boreholes, but most of these holes caved when
the dyke was intersected. Subsequentlythii s i ndicative of an wunstat

dykeo) for mining purposes and alternative de
geotechnial logging results (RQD/iQ/alues).

ELandsdrift Fault Lineamant
N

Western Limb
Eastern Limb
a-ah
v
-

Outlier
.

S

Figure 4 Schematic illustration of the Elandsdrift Fault zone hmelament orientation
on stereonet (DO, Dolerite; BH, borehole; FLT, fault; UG2, Chromitite Layer).

The haulages are positioned 45 meters below the Merensky reef and 100 meters above the UG2
reef within the 6Graben structurebd. The haul ag
limb of the lineament developed above the UG2 reef in the anorthisiite of the Merensky

footwall. The 24 level east haulage already exposed the UG2 reef with the UG2A marker. The

marker is approximately 30cm thick chromitite layer with a 20cm thick pyroxenite. The UG2A

marker overlays the UG2 chromitite reef with thickses from 1.0 metres and measures up to

8.5m towards the east of the shaft block. The lack of cohesion between the chromite grains
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result in parting and hangingwall instabilities. From the information observed in the boreholes
no additional altered layexgere observed above the UG2 chromitite or in the vicinity of the
UG2A markers.

5 Hazards Associated with Faulting

5.1 Water

Unexpected water ingress during tunnelling usually escalates project costs and causes critical
delays. Water intersections lawms in the haulages were correlated with surface topography
from rivers and infrastructure features such as tailing dams, etc. This method gave some
indication to the origin of the water, whether from meteoric, ancient or unnatural drainage
sources.

Understanding the water origin will assist with the management strategy. Therefore, geological
underground drilling should be planned and scheduled around the project area of interest. Water
bearing structures and fissures were exposed in the Elandsditfzdme with water flows

between 3 000l/h to 21 000 I/h in some water bearing structures. Ring cover drilling methods

were used to measure water flows above 10 000 I/h and to develop the faces within 15 metres

of the known water intersectiofihe face shdd always be stopped in competent ground as
directed from the borehole Il ogging data. Once
interconnectivity of water flow along the fissure between the borehGlesd continuity

promotes more effectiveealing, and provides certainty that the resin penetrates effective in

the fissure around the boreholes.

MK2 Cover Drilling Delays, September, 2016

Labour Deficiency Contractor Delays: 11%
Mirirg Deley:  23%
Sewlag 0%
Grout Pump o

Drilling & Water Sealing

o
Interhole Transport —". \
Contractor Material
Section 54 ! E
~
Absent Mining Services = = Cubby Support
Face Cleaning Machine Break Downs
Drilling & Water Sealing @ Cubby Support Machine Break Downs
Face Cleaning @ Absent Mining Services @ Section 54 Contractor Material
@ Interhole Transport @ Grout Pump Labour Deficiency

Figure 5 Cover drilling delays.

One of the disadvantages observed is to avoid latex injection in long boreholes exceeding 30
metres. The reason is that the latex tends to coagulate in the borehole and fails to penetrate into
the local narrow fissures for adequate sealing process. Therdfdex resin (SJ100)
application is used to consolidate the formation only if caving was experienced in the borehole
and it should be used with MG4 polyurethane resin.
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Since reduction of production downtime is critical faster and more efficient wedding
methods were considered. Fissures with water flow below 10 000 I/h were sealed from
underground boreholes through with a combination of MG4 & Cement. The MG4 being a fine
grained product would initially penetrate hair fractures at a low pressuvtp®tin to the
surrounding rock mass. Secondly, water was pump into the borehole to serve as a buffer and
finally cement thereafter (MG4/Cement ratio, 2:1).

The resin mix was allowed to set for 24 hours ardriéing continued to confirm if all possible
fissures were sealed. The successful seal will only imply that the water was displaced to another
location, since water flow to the point of least resistance.

5.2 Alteration

From the core sample observed the fault zone is highly fractured and mireatyjogltered,

with secondary minerals (serpentinite, chlorite and/or calcite) present in joints and shears (see
figure 6). The fault zone exposed this far no alarming volumes of flammable gasses but water
are present with traces (> 1ppm) of hydrogen ddplt{H:S). Lukewarm water percolating

from the drilled boreholes and surrounding surfaces with a fair concentration of salanity. These
type of water will have the tendancy to corrodes the steel of roof bolts and may affect the
haulages life.

Fissure with Calcite Trigonal Crystals Serpentinite Calcite Filled Joint

L4
\% .

o g S

™
6Al teredd Breccia 6Al teredd Dolerite Dyke
:—- h‘
[ 28 T
Mylonite ( 6 Fel dspat hi cd) Shearing (Fault Material)
Figure 6 Images of secondary minerals observed in recovered core samples.
5.3 Jointing

Joints are geological discontinuities along which vigible displacement occurredhey
commonly have infilling material, which defines their eston and friction properteJoints
usually occur in sets, a set being defined as a group of joints evitimon orientationTwo,

three or four joint sets usually occur in a rock mass with one of the sets being predominant in
intensity in a specific area. Sets of joints were mappedndom haulages of the study area in

the Elandsdrift fault zone. The data set were columned according to their strike, dip direction
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and plunge. The histogram were created according to the frequency of joint strikes observed
verus the range in degre@giadrants).

Joints Orientation

Frequency
2 £ & 2

=

|
am 180 70 1]
Strike Direction ()

=

Figure 7 Histogram indicates the most abundant joint orientatioe @ 0 ¢ )
in the fault zone.

Four sets of joints were observed within the Elandsdrift fault zone. This classification is based

on their orientation, dip and charactéos. They are:

1 J1 & J3: SWNE striking joints, approximately vertical. These joints are characterized with
high frequency of talchlorite-sericite infilling and may be closely spaced, creating very
blocky ground conditions.

1 J2: NNWSSE striking jointsd i ppi ng N 90e: These are the mo:
joints has the same orientation as the Elandsdrift fault zone. Calcite infill were also
observed in these joints.

1 JAESEWNW (WOE) str i ki ng i80° Thesesjgintsdre plgselyrsghce6 0 A
and it seems that they are related to the joints set two because the also apears in the same
gaudrant.

5.4 Rock Quality Designation

On 22 level east two geological cover boreholes were drilled on thealedt side and right

hand side of the haulagepce-empt the eastern limb of the graben lineament. The borehole on

the left of the haulage collard in anorthositic norite and advanced into the fault zone. The fault
zone material were not competand and theri | ling
borehole. The borehole was stopped and a second borehole commenced oniaadigide

of the haulage. This borehole also collard from the same footwall and advanced through the

fault zone into the MK2 block.

Geotechnical loggingvas performed on these two boreholes (see figure 9 ) to determine the
rock quality designation (RQD) by using simple geotechnical parameters introduced by Deere
in 1963. The RQDs were measured from the core recovered and were applied to-a quasi
quantitative ock mass classification system-§@stem byN. Barton, R. Lien and J. Lunde).

Although geotechnical and structural information is available, strategic decision making will
still be a challenge without reasonable data interpretation methods. As a caihygestan in

the mining industry we feel more confident to visualize data sets as to compare objectives with
parameters.
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Poor Rock Quality Distribution Curve
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Figure 8 Simulated data, a)Poor quality rock masdepictingpositive skewed distribution
b). Good quality rock mass depictimggativelyskewed distribution.

The Qvalue which derived from the geotechnical parameters were applied on a method to
signi fsshapleael lcurvesd for diverse strata contrc
distribution curves were generated to ishist poor ground conditions from good in jointed or

sheared rock formationghe rock quality distribution curves may be applied as a tool to

classicify stability and support estimates of mine tunneling.

The similated distribution curves footprint depiatpositive skewed curve (@alue < 5) for

poor ground conditions and negative skewed curvedQe > 5) for good ground conditions

in relation with the mean of a data set. The skewness of a distribution is a measure of the
asymmetry of the probability stribution of a realalued random variability about its mean

(see figure 8). Not all beBhaped curves are normal therefore the unique footprint of
distribution curve maybe related to the degree of adverse ground conditions. Norvshhpell
curves exhiit the same relationship between the mean and standard deviation as stated by their
mathematical expression. Underground boreholes 4V0501 and 4V0514 were drilled to explore
the virgin ground around the fault in the direction of haulage.

The borehole onhe righthand side (borehole 4V050has atendency to the right which
implies that the core recoverd is of poor to intermediate ground conditions witlkiadu® of

3.8 compairing to the distribution curves. The trendline in the scatter diagram deceeases a
result of the fault zone of 61% frequency of poor ground mass.
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Figure 9 Rock Quality Designation Distribution Curves.
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The borehole on the leftand side (borehole 4V0514) probed from poor quality ground mass
into competent ground conditions loeyl the fault zone position. The data obtained from the
geotechnical parameters represents\afge of 1.82 which results in a positive skewzedve.

The results from both the boreholes are of poor ground conditions therefore direction of mining
was taken into consideration and support standards were recommended accordingly. Because,
the ground mass around the fault zones were of poor quality thepfase one and two
consolidation were recommended. Due to these ground conditions mine planning and
scheduling will be delayed and expenditures will increase. Therefore it is vital for miners to
reveal the expected ground conditions in order for them togdeordingly.

6 Conclusion

The objective for this case study is to develop mining infrastructure through unfavourable
ground conditions without any unplanned delay or lost time injury. To achieve this goal an
inherent understanding and knowledge of the ore body and its assoc@ated gonditions are
essential to allow for accurate technical recommendations. This paper confirms that geological
cover drilling is vital to execute the above mentioned objectives. The parameters of the
inhomogeneity of the Elandsdrift fault were idemtifi through geological cover drilling
observations and geotechnical logging. It was learnt during the preparation of this paper that
distribution curves can assist in identifying poor or good ground conditions.
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Abstract

The collection and analysis of geotechnical data forms the basis for understanding the
geotechnical characteristics and the overall quality of the rock magwsiitiray environment.

This data in turn makes available a number of empirical methods for the evaluation of stability,
the design of support and the selection of mining methods in underground and open pit
operations, which allow safe mining to take place.

As rock mass qualitys often presented as averages over large domains it can be difficult to
form a visual impression of the quality of the rock mass. This paper therefore focuses on the
creation of geotechnical block models that provide-din3ensional visual representatiof

rock mass data which estimates rock mass conditions (with varying levels of confidence) across
the planned mining area. This concept is illustrated using case studies where geostatistics is
adopted to estimate the rock mass quality between boreholagpbying the appropriate
geostatistical methodologies.

From this study it can be concluded that while geotechnical block models can provide insight

in the variability of the rock mass conditions in the mining area, these models should not be
used in a precriptive manner to design rock support on a local scale. Instead, a geotechnical
block model should provide insight on areas where potential instabilities can occur, allowing

for the opportunity to address these instabilities. Overall, once a geotedfla@amodel is

created, it should also be updated on a continuous basis as more data is gathered as mining takes
place.

Keywords:geotechnical block modelling, geostatistics, rock mass quality, geotechnical data
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1 Introduction

A detailedunderstanding of rock mass conditions is essential for safe, productive mining to
take place. To gain insight on the quality of a rock mass, boreholes are usually drilled,
geotechnically logged and analysed prior to and during mining operations. Dusipgdbéss,

data is often assessed using rock mass classification systems. While the results from the use of
these systems provide an impression of the rock mass conditioas, be difficult to form a

3D visual impression of the quality of the rock massoss the mining are@o account for this,

spatial variability in rock mass data can be estimated and assessed -gsingn8ional
geotechnical block models. This paper presents case studies where geotechnical block models
have been created to allow far 3dimensional visual representative of the rock mass
conditions, where the identification of data deficient areas and potentially poor ground
conditions are outline®imilar work has also been carried out by Jenkin and Seymour (2009),
Bye (20063", Luke and Edwards (2004) as well as by other authors, which may also be used
as a reference point when conductindi®ensional geotechnical block modelling.

2 Kipushi Geotechnical Block Model

Kipushi Mine (Kipushi) is a higlgrade underground coppeinc nine located adjacent to the

town of Kipushi in the southern Haldatanga Province in the Democratic Republic of Congo.
Kipushi is currently investigating the potential to mine a high grade zinc orebody known as the
big zinc (MSA, 2016). Major lithologiesnithe mining area are sphalerite (orebody), the
kakontwe dolomite formation (comprising of the upper, middle and lower Kakontwe dolomite)
and the shales, siltstones and sandstones of the Grand Lambeau Formation, all of which fall
within the Central AfricanCopper Belt. For the Ps#easibility stage of the project, a
geotechnical block model was created for Kipushi, with the aim to determine the variability in
rock mass quality across the project area and to identify gaps in the data set.

2.1 Rock Mass Quiity

Data input into the Kipushi geotechnical block model is based on rock mass quality information
which was determined with the use of Barton
Q-System (Barton et al, 1974fhis system was applied to aabof 90 geotechnical borehole

logs which were identified across the project area. A Q value determined for each
geotechnical interval for every available borehole.

As Q values are expressed on a log scale, all Q values were converted to rocitimgss r
(RMR) values using Bartonb6s equation (RMR =
and 100, whereby the higher the RMR the better the quality of theTable(). The converted

RMR values were used to populate the block model. A histograstrdting the rock mass
classification results (uncomposited) is presenteignre {left).

Tablel. RMR Rock Quality

RMR Rock Quality
071 20 Very Poor
217 40 Poor
417 60 Fair
617 80 Good
81-100 Very Good
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Following the rock mass classification, a weighted averaging method known as compositing
was applied to the data to produce geotechnical intervals of equal lengths, allowing for
statistical analysis. This operation was performed using the software packd@RFROG. A
compositing length of 3 m was chosen for the data as this was the typical core run length. Rock
mass classification results based on the composited data are preséitpatanl(right) and

Figure 2

Hi: Samples: Tad4 Hi: Samples: 14044
.t Hinimum 9,000 1 on.x E 7 Hinimum 29,000 i
Haximumi 532,000 Haximumi FZ.000
LEEEH 18, 687 Maan: 1E. 410
Std. Dev.: 12,536 Std. Dev.z 12,450
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Figurel. Histogram of RMR from @ not composited (left) and composited (right)

Figure2. Rock Mass Classification Results

2.2 Geotechnical Domains

On analysis of the rock quality across the project area, it was observed that overall the rock
mass quality is lower to the north oftproject area compared to the sollggre 2. It was
therefore decided to separate the data into two domains, domain A and domain B. As the poorer
quality rock in the north may be due to the more fractured nature of the rock in the north (upper
Kakontwe dolomite), the boundary between the middle and upper Kakontwe was used to
separate the domainBigure 3.
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Kakontwe Dolomite
Boundary Wirstrame

Figure3. Domain A and Domain B

The distribution of RMR values for Domain A and Domain B are presentEwjime 4 Both
domains share tHemodal negatively skewed distribution of the total dataset however; the first
peak in domain A has a higher kurtosis than the first peak in Domain B. Furthermore, whilst
the mean RMR values for Domain A and Domain B are similar (80 and 77), the distribiiti
RMR results illustrate that there is very little data with an RMR of less than 60 (RMR >60 =
good rock) for Domain A (43 samples) compared with Domain B (872 samples). Domain A
and Domain B were thus modelled separately to highlight areas with dhner gpuality rock
(Domain B) without distorting the good quality rock (found in Domain A) and to honour the
observed differences across the middle to upper Kakontwe stratigraphy.

Figure4. RMR from Qi Domain A (left) and Domain B (left)

2.3 Geotehnical Model Creation

For the creation of the Kipushi geotechnical block model, use was made of the Datamine Studio
RM and Isatis software packages. The process followed in creating the model is described
briefly below.

2.3.1 Variograms

The anisotropy ofhe RMR values was assessed through a-sanagram map, which showed
moderate anisotropy. It was observed that the data has the longest range of continuity in the
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vertical direction, and the shortest along the nedhth axis. For the creation of thedel,
variograms were required and thus created in 3 orthogonal directions to gain an impression of
the spatial continuity of the data across the project dfigaire 5. Based on these results, a

variogram model was created for Kipushable 2)
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Table2. Variogram model

) Range _
Parameter Domain X Y 7 Nugget Sill
. Domain A 68 53 69 35 12
First Parameter .
Domain B 68 53 69 31 13
Domain A 200 120 230 35 44
Second Parameter )
Domain B 200 120 243 31 39

2.3.2 Prototype

To create a block model, a model prototype is required. The prototype defines the location and
dimensions of the block model prior to the adding data to the model. The block si8 is 5

5 m, which was chosen to match the grade estimation block model.

2.3.3 Statistical Approach

Two methods were employed for the creation of the block model:
1  Neaest Neighbour

1  Ordinary Kriging

To honour the data within the boreholes, the nearest neighbour method was applieth to a 5
radius from each sample. This method does not involve weighting sample values. Instead, each
cell is assigned the value of the 'rest’ sample, where 'nearest' is defined as a transformed or
anisotropic distance which takes account of any anisotropy in the spatial distribution of the
RMR values.

Kriging is the geostatistical method for estimating the value of a volume and intbles
assignment of weights to the surrounding data. The calculation of the kriged weights is based
on the modelled senvariogram, which describes the correlation between two samples as a
function of the distance between them. One of the major advantadegiof) is that the
weights are calculated in order to minimize the error variance. When minimizing the error
variance, kriging takes into account the spatial location of the samples relative to each another.
Hence, if several samples are clustered tagetthis will be taken into account when the
weights are calculated and the weights reduced accordingly.

There are two variations of kriging i.e. ordinary kriging and simple kriging. For ordinary
kriging, a weight is calculated for each sample, and the sum of these weights is 1. For simple
kriging a weight is calculated for each sample and a weight-df (Iy is assigned to the mean,
therefore the sum of the sample weights, plus the weight assigned to the mean equals 1. Simple
kriging is not as responsive as ordinary kriging to local trends in the data, since it depends
partially on the mean, which is assumedbe known, and constant throughout the area.
Ordinary kriging is therefore the most commonly used method of kriging and was thus applied
to the Kipushi data.

Oridinary kriging was applied to the Kipushi data using a three search pass strategyhahere
distance from the data was incrementally increased for each seardfTalales3. This was

done to increase the smoothing of the block model as the distance from the data increased, while
locally honouring the nearby data. The ranges chosen for eacthspass was based on the
variogram resultsTable). For each search pass, a minimum and maximum number of samples
to be utilised was defined. Nothat where more than the maximum number of samples within
search volume exist, the nearest samples are selected.
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Table3. Search pass parameters

Minimum no. of

Maximum no. of

Search Pass Range (m)
samples samples
1 30 6 10
2 60 6 12
3 90 6 20

2.4 Results

Figure 6illustrates the confidence in the block model, which decreases as the distance from the
boreholes increase. As there is no data available in the far east of the project area, this was not
modelled. A horizontal section through the Kspublock model, showing the estimated RMR
values, is presented Figure 7

Based on the block modelling it was established that the rock mass conditions are generally
good to very good, especially in the south of the mining area. The block modeggkghtts

that there is little to no information to the east of the mining area. As footwall development is
planned in the east, further drilling is recommended here to confirm the rock mass conditions
in this areaigure 2.
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Figure6. Block model confidence (Plan view at 1352 m)
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Figure7. Horizontal section at 1307 m

213



9" SAYGE Conference 2017

3 Platreef Geotechnical Block Model

Ivanplats (Pty) Ltd, has undertaken an investigation to assess the feasibility of developing a
4Mtpa verticalshaft accessed underground platinum mine known as the Platreef project. The
project is located on the Northern Limb of the Bushveld Complex uthSaAfrica, near the

town of Mokopane, approximately 280 kilometers northeast of Johannesburg. Geologically the
Platreef is a complex PGE deposit subject to various processes over the course of its genesis.
Major lithologies across the project are frome tUpper Critical Zone stratigraphy which has
been locally divided into the uppermost Norite Cyclic Unit (NC1), the Turfspruit Cyclic Unit
(TCU), a footwall Norite Cyclic Unit (NC2), the UG2 (hangingwall chromitite and hazburgitic
footwall) and the lowerm&t mafic and ultramafic magmatic units of the Lower Zone. The TCU
hosts the two dominant orthmagmatic mineralized zones (orebody). A major fault known as
the Tshuduku fault also traverses the project area from the north to the south. For the yeasibilit
stage of the project, a geotechnical block model was created for Ivanplats, with the aim to
determine the variability of the rock mass quality across the planned mining area and to
highlight the poor ground caused by the presence of the Tshukudu fault.

3.1 Rock Mass Characterisation

As discussed in Section 2.1, -Sydieenwdhtilised®gi an Geo
facilitate the derivation of Q values for the rock mass per geotechnical interval per stratigraphic

unit. A total of 83 borehole geechnical logs were assessed using this system and thereafter

the Q values were converted to rock mass rating values (RMR) using the equation described in

Section 2.1The compositing process was accomplished using the software packagénBatam

Studio RM.A 10 m interval (compositing) length was applied to the data, as this was the block

size chosen for the-axis.

3.2 Geotechnical Block Model Creation

The following processes describe a summary of the development of the Platreef block model:

1  Convertion ofthe Barton Q values into Rock Mass Rating values (RMR).

1 Importing of the geotechnical borehole collar, survey and RMR data into the software

package (Datamine Studio RM).

Compositing (regularising) the RMR data within the borehole to 10 m lengths.

Importing the Tshukudu fault wireframe to creates a zone of influence (poor ground).

Defining the model extents based on the lithological wireframes.

Assigning a RMR value of 20 (very poor ground conditions) tona Zone around the

Tshukudu fault wirefram and a RMR value of 40 (poor ground conditions) to an30

buffer zone around the fault wireframe.

1 Estimating the RMR data within the model extents based in the inverse distance squared
algorithm with a 3 pass estimation neighbourhood.

1 Creation of the geethnical block model based on the resultant data from the above
processes.

= =4 —a -8

3.2.1 Statistical Approach

The method employed for the creation of the Platreef block model was the inverse distance
squared algorithm as outlined in the summary. Inverse D&staguared Weighting is a type
deterministic method for multivariate interpolation with a known scattered set of points. The
values that are assigned to unknown points are calculated with a distance weighted average of
the values available at the known iuisi

Anisotropic search ranges were chosen based on the orientation of the major structures in the
area, as the expected maximum continuity of weak zones is anticipated to align with these. A
block size of 20 x 20 x 10 m was chosen, andotheks wereiformed in a three pass search
strategy. The first pass was very restrictive, in order to ensure the estimates honoured the local
data, using only 1 sample and a very short range (the nearest neighbour type estimate used in
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section 2.2.3). The second pagilised a longer range and a maximum of five samples in the
estimate. All remaining blocks, not estimated in the first two passes were assigned a RMR value
of 62 (theaverage RMR from our dataseihe confidence in the third pass is naturally low, as
there is insufficient data to inform the estimates. Search pass parameters are pre$abted in

D. Sewnun, O. Pillay, M. Wanless

4.
Table4. Search pass parameteRlatreef
Search Pass Range (m) Minimum no. of Maximum no. of
samples samples

1 20 1 1

2 40 2 5

3 Assigned Averag&MR = 62
3.3 Results

A summary of the values determined using the statistical function imbedded into the Studio
RM programme for RMR are presentedTable 5for search pass 1 (highest confidence) and

search pass 2 (medium confidence).

Table5. Summary Geotechnical Block Model RMR Results

RMR Search Pass 1

RMR Search Pass 2

Mean

Standard Deviation

Min
Max

Mean + Std Deviation
Meani Std Deviation
Number of Samples

65

8

31

82

73

37
42 980

65

6

38

82

71

39
353 759

These search passes are also illustratgeigare, and can be considered as a proxy for the
confidence in the estimates. In contrast to the Kipushi model, the geotechnical data on the
Platreef project are less densely clustered, and se#nehspasses appear more like the classic
spotted dog. The diagram illustrate that the first and second passes represent reasonable
confidence in the estimates, while the third search pass highlights areas that are poorly

informed, and require additionahth to model.

Based on the block modelling exercise, it is recommended that further drilling is conducted in
areas where there is insufficient data. For the planning process, the geotechnical block model
i d e mtensdrey thatplaceasnt od permangm o r 0

shoul d

be

used to

structures are avoided in these areas (eg. in the vicinity of the Tshukudu fault).
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. Search Pass 1
B scarch Pass 2
B search Pass 3

Figure8. Platreef search passes (block model confidence)

4 Conclusions

Geotechnical block models were successfully crefatedipushi Mine and the Platreef project

to provide a &limensional visual impression of the rock mass conditions in the planned mining
areas. While these models provide insight on areas where potential instabilities may occur, such
models should not besad in a prescriptive manner to design rock support on a local scale.
Instead, they should be used to create awareness and provide the opportunity to address
potential rock mass instabilities that each mine may be faced with during the excavation
processAs the proposed mining at Kipushi and Platreef has not commenced, it should be noted
that the block models serve only as a platform that should be continually built and improved
upon as more data is gathered as mining takes place.

Based on this study it @ determined that geotechnical block models may be utilised
successfully for various mining applications that require a detailed understanding of the
variability in rock mass conditions. Creating such models not only allow for the assessment of
the spatiavariability in the rock mass information, but in addition allows for the identification

of datadeficient and high risk areas. The use of geostatistics with geotechnical datasets has also
highlighted the specific challenges which come with geotechnatal slich as a combination

of background values (undisturbed rock mass) and planar features (such as faults and
lithological boundaries) which require specific consideration and domaining.
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Abstract

Rowland ®aft is situated on the Westerimtb of the Bushveld Complex and plays a vital role

in the production profile of Lonmi engratiorMar i kana
shaft, the majority of the development has reached the shaft boundaries with the ore reserves
rapidly depleting. As a strategy to access the adjacent mineable reserves to the East utilising
the current shaft infrastructure, a@ffef haulages arplanned ¢ be developed through the

100n7 120m dowrthrow NNW-SSE striking Elandsdrift Fault Zone (EFZ). With adverse
ground conditions anticipated, due consideration must be made in ordvetop and
implement the most appropriate, yet cost effective support strategy. The support design should
be versatile in order to combat the probable rock related hazards anticipated and should
safeguard the development ends from instability for the ¢f mine. Geotechnical data
collected were used to estimate the anticipated zone of influence and prevailing conditions at
various stages of development. This paper discusses the challenges encountered as the haulages
develop through thEFZ and the suppt strategies implemented to alleviate these challenges.

Keywords:Mining through fault zone, support strategies

1 Introduction

Rowland®aft is critical in Lonminds sustainable
ore reserves rapidly depleginthe ore reserves ahead of the shaft boundary will extend the life
of the shaft if accessed with the existing shaft infrastructure.

Rowland Shafis situated along the Westeriinib of the Bushveld Complex. Thdarikana
operations are locatebproximately 80km \&st of Pretoria in the North West Province (refer

to Figure 1). The Elandsdrift Fault Zone (EFZ) is a natural shaft boundary dissecting the mining
operations occurring towards tEast (Hossy and Newman Shafts) and West (Rowldadt)S
respectively(refer to Figure 2)The position of this prominent geological structure has been
largely construed historadly by both geological surfa@nd underground drilling, underground
mapping and aeromagnetic selys conducted acrosklarikana operaions As mining
advanced towards the fault zone, additional geological information gathered has led to a more
definite understanding of the local position and nature of the zone of influence.
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Lonmin Platinum

Figure 1. Western Bushveld Compleshowing the Lonmin Marikana Mining Lease Area.
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Figure 2. Satellite imagef the EFZ

These excavations (haulages) form the linkage between the stoping excavations and the shaft
infrastructure, for ventilation, the removal of ore and for the transport of personnel and material.
The stability is therefore important to ensure a safe and effective mining process.

The stability of tunnels is largely defined by the rock mass envirofiim@wever, problematic
ground conditions can be controlled with the application of effective support systems. The
appropriate design and layout of tunnels (size, shape, orientation and excavation technique)
within a particular geological environment caraximize the intrinsic stability of tunnels.
Support and redbilitation costs can therefobe kept to a minimurfJager and Ryder, 1999).

The objective of this paper is to highlight the various challenges encountered during the haulage
(tunnel) developmerphase through the EFZ and elaborate on the support and geotechnical
strategies used to alleviate the various challenges. Some of the challenges include, and are not
limited to, water and gas intersections, exposure of the fault and adverse ground due to
increased joint density and sympathetic faulting. Developing thriawgé areas of altered infill
material including theinravelling dykeposed further challenges.
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Levels 19, 24 and 26 are emphasized in order to demonstrate the different types obitieorm
experienced when the fault was exposed at different positions and the subsequent support
implications in these areas.

2 Characterization of the EFZ

The EFZ is characterized as a graben structure. The Eastern Limb of the graben structure is
defined by a prominent NNVBSE striking normal fault dipping between-80 degrees
towards the West. The downward displacement of the stratigraphic layers ranges bétween 4
50m respectivelyAlong the fault zone, altered material consisting of chlorite, talc and calcite
occur. The fault zonearies between 16m to 30mtimickness

The Western Lmb of the graben structure is characterized by a prominent }fIS$® striking
normal fault dipping at approximately 48D degrees towards the East. The infill material
consists of brecciated material contained in the faulteplaith altered forms of chloritealc
andcalcite similar to the Easterrirhb.

A 15m widedolerite dyke siking NW-SEintruded the stratigraphic layers with a near vertical
dip. The dke intersected the EFZ on the Easteimthand when secondary-aetivation of the
fault structure occurred, the dyke was displaced towards the North in the reg@imofidwn
dip from its original position.

The dyke structure at the fault intersection is severely fragmented due to the excessive
movement and reactivation of the fault that occurfeldrge amount of groundwater is present
along the dyke.

3 Variations of Rock Conditions at Different Intersections

3.1 Western Limb area of influence

Intersecting the fault zone from the Western side focuses on 19, 24 and 26 level Haulages
deliberating the different ground conditions and complications encountered during the
develgpment phase.

3.1.119 Level

19East haulagéefer to Figure 3)is situated approximately 573m below surface. This Haulage
experienced extreme challenges whieintersected the fault. Here, the fault zames an
estimatedvidth of 28m The most promindrjoints observed were:

1 J1: NNWSSE striking and,

1 J2: ESEWNW striking.

Both jointsets have high inclination angles of betweet86@legrees, with calcigndchlorite
infilling in the joint planes. The deteriorated footwall unit is highly jointed ar@hsid with
chloritized alteration (Barnard, 2016)

19 East Haulage was developed througbtiwall 2 Norite up to the position of the Western
Limb of theEFZ where Rowlandlisaf t 6 s boundary was intersected

From borehole drilling during the prospecting phéselt breccia was preseim the core
intersected in the vicinity of 19 Leveladlage. During the investigati of the fall of ground
on 19 Level which occurred due to time dependent deteriorationdifehble information was
re-evaluated and examined. The underground siteestigation revealedstriations and
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brecciated material as observed on the borehole core which ultimately could be used as pre
cursors to the fault intersection.

il I]
o

Figure 3. 1%ast Haulage restablishment.

Support strategies in the form of steel arclwéh void filling were appliedn the \cinity of
the nav collapsed face. The approach of obtaining areal coverage with a fair yield capacity and
high load bearing capabilityithe brm of steel arches with everynladvance proved futile as

the brecciated material continue to unravel. The excavation collapsed around and ahead of the
support (Figurel).

Figure 4. Faulzonecollapse ahead of the steel arches oBEd$ Haudge.

Furthe geological data was requiréalestablish anore suitablgosition along this potentially
unstable geological structure. The aim wasot@ntatethe long axis of the excavation
perpendicular to the strike of this prominent plane of weakfdgs.orientation would limit

the length of intersection with the unstable secondary structures associated with this prominent
geological weakness and subsequently maximize the stability of the excavation. History has
shown that deformation in this faulbze without adequate support systems may result in rock
mass failureif left unsupported for a significant period of time.
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Before strategic reestablishment of the hage, all geological information (Figure 4 and 5)
available (from surface and undergnal) were reevaluated and utilized to obtain a more
conclusive understanding of the rock mass characteriatidshe in this zone.

White brecciated faulinaterialfrom surface borehole core
correlates to the material exposgtierground

Figure5. Surface borehole core, drilled into the Western limb (19 Level) of the EFZ

The Haulage was restablished South of the current face position. From cover drilling
operations it is estimated th#fte thickness of the fault zone in this Western Limb is
approximately 2&1 wide. Support strategies to account for the deficiencies in the first support
design will be disassed in 8ction 4.

The dyke had no influence in this area as it is situapggtoximately 220nNorth from 19
Level.

3.1.2 24Level Haulage

W‘est}n Limb
¢ ‘\,.

Figure 6. 24East Haulage in relation to EFZ.

24 East Haulage is situated #delow surfacéFigure 6) Here the fault zone is approximately
4m wide (as illustrated iRigure 7 and B with slightalteration. Minor water drippingbut no
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gas was intersected during the development phase. The host rock conditions were fair to good
in relation to the other two haulages.

The fault zonewas competent during drilling and blasting operations and nordattad
occurred. The dyke had no influence on this area as it is situated further towards the North of

the shatft.

Figure 7. 24 East Hauladg@ult intersection

4m fault zone

Start \

End
¢«

Figure 8. 24Eastcoverdrilled core showing fault intersection.

222



