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ABSTRACT

Doornkop Shaft had a regression in the Shaft Call Factor (SCF) from the year
2012 to 2017 of about 26%. This regression continued to a SCF of 59% in
February 2017, against the plan of 81% of the year 2017 budget. The SCF is the
ratio, expressed as a percentage, which the specific product accounted for on
the belt as dry tonnage is compared to the corresponding product called for by a
survey measurement from underground sources. These underground sources
include amongst others a blasted stope, which requires an Advanced Strike Gully
(ASG), orepass, haulage and skip to transport the blasted ore from the stope to
the belt. This research study seeks to optimise the SCF through the
improvement of ASG geometry and conditions. This improvement is done
through the prevention of any loss of ore likely to occur during the cleaning

process due to the geometry and conditions of the ASG.

The research study was carried out using quantitative methods in data collection
through underground visits, grade reports, Radio Frequency ldentification (RFID)
tags report (Appendix B) and sampling sheets. Thereafter analysis was
conducted. The correlogram was conducted to analyse the correlation between
the SCF to the gully depth, width and length. The research study findings
indicate that the geometry and condition of the ASG encourages the loss of ore
during the cleaning process. This loss occurs mainly through accumulations,
which negatively impact the SCF on a month-to-month basis. The study further,
found that a 14 % gain to the SCF can be achieved if these accumulations are
cleaned to surface. In addition, it is recommended that ASG’s geometry must be
developed to the required mine standard, as that will ensure ore capacity and
easy flow of ore to the ore pass.
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1 INTRODUCTION

1.1 Research Background

Ore flow is the process of calculating survey call from planned figures through
blasted ore from the stope, face grade, tonnage from on reef developments, ore
trammed from ore passes, ore hoisted to the surface, discrepancy between the
hoisted ore, available for hoisting, milling process and calculation of factors.
There are different factors in the ore flow (Appendix E) such as Shaft Call Factor
(SCF), Mine Call Factor (MCF), Plant Call Factor (PLC), Plant Recovery Factor
(PRF) and Mine Recovery Factor (MRF). The research study focuses on the

optimisation of the SCF.

The difference between the SCF and MCF is the Plant Call Factor (PCF). PCF is
the ratio expressed as a percentage at which the gold recovered plus residues
are compared with the shaft tonnage. Optimisation is the action of making the
best or most effective use of a resource and it is done to improve the production
and productivity of the operation. This research study focuses on improving the
shaft call factor (SCF). Shaft Call Factor is defined as the ratio, expressed as a
percentage, which the specific product accounted for on the belt as dry tonnage
compared to the corresponding product called for by survey measurements,
vamping and mud available for hoisting (Harmony Gold Mining Company
Limited, 2016). Mine Call Factor is defined as the ratio of the gold accounted for

over the gold called for, expressed as a percentage.

The SCF can be affected by several elements within the real and apparent
losses categories; however, the research study will focus more on the impact of

ASGs conditions. The real losses take place during the flow of ore process from



underground sources to the plant. Flow of ore is defined as the movement of ore
from the blasted face through sweepings, scraping into the advance strike
gullies, ore passes, haul through locomotives, skips and then conveyed to the
plant. All elements along the flow of ore chain have a potential of a negative
impact on the SCF, however, the research study focuses on ore in the advanced
strike gullies as one of the important aspect during the flow of ore. As mining
advances and especially when the mining depth increases, stope advance strike
gully (ASG) scrapers were necessary and were first introduced at the
Modderfontein B Gold mine in 1984 (Naidoo, et al., 2002). The gully is an
excavation cut in the immediate footwall of the reef for the purpose of enabling
the removal of the rock blasted from the stope face or providing access to the

face for miners and materials.

The advance strike gully serves as the dedicated route for cleaning the blasted
ore and each operation has the standardised geometry in terms of the length,
depth and width in order to recover ore more efficiently. In 2002, 100% of the
advance strike gullies were confirmed to be not cleaned at Tautuna mine leading
to damages to gully hanging wall, difficulty of examining the hanging wall and
revenue losses since the broken ore is stagnant in the gully instead of being
treated (Thompson, 2002). Thompson (2002) indicated that 82% of the gullies
were deteriorated barely 30m from the gully face due to the convergence rate
and this can results in ore not easily recovered because of the reduction of gully
height. The term gully was not adopted in 1932, but ore cleaning used to be done
through on-reef drives, exploration drives and tramming routes. Most
documented cases show that advance strike gully problems have been

recognized for over 70 years (Naidoo & Handley, 2002).



The standard gully geometry standard mostly used is a width between 1.6m and
1.8m in order to have adequate capacity for the blasted ore, people and material
access (Figure 1.1). The ASG is designed and mined 2m ahead of the mining
face with a siding being 3m behind the face. There is a clear distinctive link
between the SCF, face blasting practice and ore cleaning. This distinctive link
exists because mineral content cannot be liberated if the ASG depth, width,

length and direction does not adhere to the required mine standard.

Depth =1.5m

A
\

Width =1.6m

Figure 1.1 Gully geometry (Gaula, 2015)

Figure 1.2 shows the total ore from stopes in relation to ore available for hoisting
to the plant through the surface belt. The ore tonnage available for hoisting are a
combination of total trammed tonnes, which include vamping tonnage,
development reef tonnage to mill and mud. About 90% of the tonnages passing
through the surface belt are from the stope sections as per survey

measurements. The research study focused on the stope sections advance



strike gully in order to improve the SCF conditions through enhancing its

geometry and conditions.
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Figure 1.2 Stope tonnage and available for hoisting tonnage

The difference between available for hoisting tonnage and hoisted tonnage is
called discrepancy tonnage. Tonnage discrepancy can be negative or positive
and it is important to investigate the source. It is necessary to investigate the
tonnage discrepancy as it can increase the gold in the residue due to additional
tonnage. The negative discrepancy tonnage has a negative impact on the SCF
for that specific measuring month, because ore called for is not recovered.
Negative tonnage called for can probably be removed by vamping at an
additional cost. If the discrepancy is positive, there are additional tonnage
unaccounted for and can come from either waste or ore tonnage which can have
an impact on the ore grade, thus, increasing the processing cost. From October
to December 2017 there was an average of 29, 451 positive discrepancies and

average SCF of 74% which is far below the budget of 81%.



Figure 1.3 shows the discrepancy in tonnage from January 2016 to December
2017; where more or less 59, 406 tonnes were unaccounted for as per survey
measurements from underground sources. Discrepancy tonnage are above the
planned 8% tonnage in several months in a two year period from 2016 to 2017,
see Figure 1.3. This occur when tonnage blasted in previous months are cleaned

during the current month without being quantified, over or under measuring and

even fall of grounds not recorded during the month.
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Figure 1.3 Discrepancy tonnage from year 2016 to 2017

The mine standard states that sweepings must be kept at a maximum distance of
9m from the face, therefore, when sweepings measured are 9m or less away
from the face, the working place is said to have passed the sweepings and this
includes the strike gully area of the 9m advance from the face. When the
tonnage achieved from blasting the panel for the month is equal to the swept

tonnage for the month, the panel has achieved 100% sweepings for the month.



The sweeping concept does not take into account tonnage accumulated in the
advance strike gully. Therefore, a panel can achieve 100% for sweepings while
the ASG is full of blasted ore. This has a negative effect on the SCF, since the
SCF is based on the survey measurements and the ore hoisted from working
areas. The SCF at Doornkop Shaft from 2012 to 2017 (Figure 1.4) showed a
continuous regression and there is a need to further investigate. This is
mathematically expressed as in Equation 1 (Harmony Gold Mining Company

Limited, 2016):

Grams of gold delivered on the belt (dry tonnes)

SCF =

x 100% (1)

Grams of gold available for hoisting (survey)

Figure 1.4 shows the SCF for Doornkop Shaft from 2012 to early 2017 as per ore
flow. The SCF shows a continuous regression and there is a need for further
investigation on the tonnage blasted, ore cleaning, tramming and any or flow of
ore system pertaining to low SCF. The research study is focusing on phase A

and B whereby the SCF showed a significant drop.
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Figure 1.4 Shaft Call Factor




Figure 1.5 shows the grade comparison between the face grade, belt grade and
recovery grade from the year 2012 to 2017. Thereafter, as years progress there
is a downward trend from year 2012 to 2014 and flattens to 2017 in terms of the
belt grade. In year 2012 to 2013 the face grade had a downward trend and there
is gradual increase on the face grade from 2013 to 2016. This gradual increase
from 2014 to 2016 shows focus in mining blocks of ground above the 680cmg/t
cut-off grade and a possible improvement on the stoping width. In year 2016 to
2017 both the face grade and the gold recovered grade dropped, but the belt
value slightly increased, however, the belt grade has shown similar trend with the

gold recovered grade and face grade over the years.

If flow of ore systems are not monitored to ensure that blasted ore is cleaned
efficiently in advance strike gully, cross tramming of waste to reef belt, liberation
of metal during sweeping and loss of metal during tramming and hoisting can
have a negative impact on the SCF and the belt grade. Poor grade control
systems have a negative impact on the belt grade as a result affecting the

recovery grade and profitability of the operation.
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Figure 1.5 Grade comparison



Figure 1.6 indicates the Doornkop Shaft SCF from July 2016 to June 2017. The
SCF plan for the year 2017 was 81% and only two months out of 12 months
reached the planned target. In April 2017, the SCF gradually increased after the
implementation and follow up on the flow of ore tracking systems such as RFID

tags.

Doornkop Shaft SCF
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Figure 1.6 Shaft Call Factor for 2016 to 2017

The SCF percentages indicate that the product accounted for on the surface belt
does not correlates to the product called for by survey measurements resulting to
SCF regression. This regression of the SCF from October 2016 to March 2017
calls for further investigation in order to solve the problem in the operation. In
March 2017, flow of ore tracking tool systems such as the radio frequency
identification, radio frequency identification (RFID) tags, PTO’s (planned task
observation) on gully depth measurements were implemented. During the
continuous regression of the SCF, analysis of RFID tags is used to understand

the entire flow of ore. RFID tags consist of a small chip and an antenna and have



a frequency machine that detects the antenna and it is linked to a computer,
which populate a report. RFID tags are populated to different underground
sources by geologists, samplers and surveyors. The RFID tags from advance
strike gully should pass through the surface belts normally after 3 to 5 days
instead of 15 to 25 days. This transit of RFID tags between 3 to 5 days will give
an impression that there is no accumulation of ore from underground sources.
The assumption of receiving RFID tags after so many days is that advance strike
gully are not cleaned sufficiently, and this calls for investigation on the advance

strike gully conditions.

Figure 1.7 shows the RFID tag report for April 2017, whereby an average of two
tags passed through the surface belt monitor between 6 days and 156 days and
all these RFID tags were from advance strike gully. The RFID tag report brought
attention towards the advance strike gully and there is a need to further
investigate its condition especially against the flow of ore, because most of the

tags reflecting after 10 days plus are coming from the strike gullies.

April 2017 RFID tags report
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Figure 1.7 RFID tag report



Different systems were introduced in order to manage the ore discrepancy as it
can lead to low profitability. The systems used to monitor and audit flow of ore
from underground to the surface is through grade control, the ore tag tracking
system, sweeping audits in the panel faces and ASG, mapping report for

checking off-reef panels and grade quality reports.

The gold mines generally follow the system of strike to center gully mining. A
raise is developed on-reef along the true dip and it becomes the center gully of
the stope during stoping. Every stope panel has an advance strike gully (ASG)
carried above the strike of the reef and advance away from the center gully along

the strike of the reef (O’ beirne & Cantab, 1979).

The tonnage accumulation in the ASG consists of current sweepings ore that is
called for by mine measuring methods but was not removed during the time of
the metal accounting as a result the ore gets compacted if not properly cleaned.
When this broken ore is cleaned it is categorised as old gold during the vamping
stage of mining. Advance strike gully cleaning can be seen as a barrier that may
limit face advance because if not cleaned during night shift, day shift employees

must first clean the panel before drilling (Van der Merwe, et al., 2001).

Ore loss refers to any unrecoverable economic ore left inside a stope (broken) or
to any valuable ore not recovered by the mineral processing system and the
unfortunate part is that these broken tonnages have been called for and paid for
during that measuring month. This creates bottlenecks in terms of daily stope

face cleaning. Thus, the crew may lose a blast.

10



1.2 Doornkop Shaft location

Doornkop Shaft is located in the Gauteng Province of South Africa, about 30km
west of Johannesburg, on the northern rim of the Witwatersrand basin. The
operation is currently mining the South Reef conglomerate using convectional
breast mining method. The ore is being processed at Doornkop Plant, which is
about 100m from the shaft. The mine focuses on mining only areas above cut off
of 680cmg/t on the South Reef in order to increase the profitability rate especially
during the higher gold price seasons, although the traditional norm is that of
mining marginal blocks of ground when the gold price is at its peak. The mine

achieved about 87 772 oz of gold during the year 2016.

Figure 1.8 shows the location of Doornkop Shaft in South Africa and surrounded
by Durban Rooderpoort, Rand Uranium, which is now Sibanye Gold (Cooke

operations) and Luipaardsvlei towards the north.
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.:‘2'!.'
Legen = K 5
< Mpa
@ Location of operations SEndsand
Harmany Doomkop -
Neighbouring mines
@ Shafts

Figure 1.8 Doornkop Shaft location (Harmony Gold Mining Company Limited,

2009)
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1.3 South Reef sedimentology
The South Reef channel consists of several conglomerates with the thickness
ranging from 3cm to 10cm with blue and white gritty pebbles on the footwall and

within the conglomerate matrix.

Figure 1.9 shows the Witwatersrand super group stratigraphy and the research

project focuses on the South Reef situated within the Randfontein formation. The

South Reef was deposited about 60m above the Main Reef.
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Figure 1.9 The South Reef stratigraphy (Harmony Gold Mining Company Limited,

2013)
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The South Reef has light-coloured vitreous quartzite usually predominates above
the South Reef. Blue — shot grit, thin khaki shale partings and dun — coloured
quartzite are present. The hanging wall of the South Reef contains a number of
leader bands that contain less sporadic gold values than the lower-most band.
The pebble intervals are matrix to clast supported with carbon spikes in between
the matrix and sometimes seam carbon stringers on the bottom contact. Grade
increases from the leader bands towards the first bottom conglomerate which is

the South Reef.

The conglomerate that Doornkop Shaft is currently extracting is called South
Reef and all the other conglomerates above are defined as South Reef leader
bands. The conglomerate has more or less round to sub-round smoky to milky
quartz pebbles and splits easily from the rock strata due to carbon around the
matrix. In the South Reef conglomerate, there are accessories of chloritoid
specks, muscovite, and sometimes zircon. These chloritoid speck constituents
are also present in the barren quartzite, which separates the conglomerate and
they have been cemented in the conglomerate by the same silica cement

through metamorphic action (Delaunay, 2003).

The depositional channel represents a high energy inflow where sufficient
reworking occurred to concentrate gold as is postulated for the South Reef in
general. The South Reef band carries most of the gold but the leader bands are
payable in some localities. In numerous localities, the South Reef is poorly
developed and may be represented by a narrow stringer of carbon on a scour
surface where some gold values may be present and gold is often visible in

these thin conglomerates.
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Figure 1.10 shows South Reef sample having the carbon around the matrix
including smokey quartz pebbles where the conglomerates in a channel are

between 3cm to 5¢cm in thickness.

The carbon surrounding the matrix can be removed during the sampling and

overcharging up of the stope face resulting to gold liberation.

arbon around
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Figure 1.10 South Reef sample (Doornkop Shaft, 2017)

1.4 Problem definition

In 2016, Doornkop Shaft planned to achieve a SCF of 81%, however, the actual
SCF achieved was 59%. Thereafter, further statistics were derived from grade
reports and RFID tags. Statistics through grade report and RFID tags report (see
Figure 1.7) shows that there is an increase in locked up tonnes in gullies as most
of the RFID tags buried in advance strike gully were retrieved after more than 10
days. Although the monthly impression after measuring is that when sweepings
have passed on the face, ore tonnage is at the plant and in most cases opposite
is the case. Sweepings on the face do pass, however, every measuring month

end strike gullies are full of tonnage and if not cleaned efficiently between the 14
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days to milling month then tonnage gets locked up influencing the SCF for that
specific month. Doornkop Shaft is mining a carbonaceous reef and when over
blasted it creates fines and if there is a delay on cleaning such tonnage it gets
compacted when mixed with drilling water and this can influence the SCF for that
month due to ore left compacted on the strike gully footwall. There is a need to
efficiently clean the stope working places during the measuring month in order to
reduce the vamping percentage and increase the current sweepings, thereatfter,

increasing the SCF for that month.

There is a discrepancy of about 2.5g/t between the face grade and the belt
grade, increase in lock up tonnage and poor conditions of the strike gullies and
this has led to a question: How can the shaft call factor of the measuring month
be improved through ASGs geometry? It is common knowledge that there are
several factors that affects the SCF in the mining environment, however, the
research study focuses on strike gully conditions and when addressed can
influence efficient transit of ore from the face to the ore pass for the measuring

month, thus improving the SCF for that measuring month.

The research study focuses on the gully conditions in the operation in relation to

ore cleaning, which have been one of the major concerns in the shaft such as:

e Long ASG resulting in long pull affecting the cleaning rate of the face and
gully for year 2017,

e Shallow ASG leading to overflow of ore to the sides and contamination of
back areas;

e Off-line ASG resulting to accumulation of ore and water around the curves

causing losses of gold metal content;
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e Compaction of ore in ASG due to failure to expose the footwall during
scraping resulting to locked up tonnage. The locked up tonnage can possible
be removed during vamping process at additional cost and possible
convergence, therefore, the research study aim to improve the transit of ore
during the measuring month, thus, influencing the SCF for that month; and

e Footwall lifting of strike gullies close to the life span of the strike gully to the

centre gully.

Figure 1.11 shows the flow of blasted ore from stope face through the gully to the
ore pass. When the ore is blasted from the stope face, face cleaning commences
and the ore blasted can be cleaned by scraping and sweeping process. During
the scraping and sweeping of ore from the stope face, the ore is scraped into the

advance strike gully and thereafter, through the center gully into the orepass.

Blasted face

|

Face cleaning

Cleaning Sweepings

‘I,} > Strike gully cleaning < {T
!

Center gully cleaning

1l

Orepass

Figure 1.11 Flow of ore from the stope face to the Orepass
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1.5 Research objectives
The objectives of the research study are:
e To evaluate the cleaning rate in advance strike gullies;
e Determine the grade and mine locked up tonnes in the ASG as per grade
reports;
e Evaluate the current gully mine standards in relation to actual gully
conditions; and
e To emphasise the importance of developing advance strike gully depth,

width and length to standard for a positive impact to the SCF.

1.6 Relevance of the research

When exploiting gold using conventional breast mining method, the blasted ore is
scraped from the face into the ASG and from the ASG, the ore is scraped into
the orepass or into the center gully. From which, it will be scraped into the
orepass. If advance strike gully conditions are good there should be minimum
ore losses during cleaning of the measuring month, thus, having minimal
negative impact on the SCF for that month, if any. Ore losses for that measuring
month will be any unrecoverable economic ore left inside a stope for that month,
when paid for and called for. It is known that blasted ore can also be recovered
at a later stage as old gold during vamping stage, however, it is important to
increase the current sweepings and reduce the vamping percentage due to
argillite partings at Doornkop Shaft influence an increase in convergence rate
and high convergence rate can lead to fall of ground and small gap between the
hanging wall and the footwall affecting scraping during vamping stage. However,
in most cases, the ASG conditions are not good (not developed to standard),

thus, resulting in ore losses during cleaning.
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1.7 Research expected outcome

The shaft call factor at Doornkop Shaft is mostly below plan and the research
study focuses on the advance strike gully conditions to ensure that there is full
compliance to the mine standard and better area for ore transit. The
improvement of the SCF will have positive impact on the mine call factor (MCF)

and improving the Plant Call Factor (PCF).

1.8 Report outline

Chapter 1 focused on introduction and discussed the research background and
provides the definition of the problem. Chapter 2 focuses on the literature review
on the historical experience on gully geometry and the preferred standard in the
gold mining industry. Chapter 3 discusses the methodology employed when
collecting and analysing the data. Chapter 4 presents on the analysis of the data
from reports, systems and underground visits. Chapter 5 provides the

conclusions and recommendations of the research study.
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2 THE THEORY OF THE SHAFT CALL FACTOR

2.1 Introduction

De Jager (1997) defined MCF as the ratio, expressed as a percentage, of the
gold called for from all underground sources, to the gold recovered plus residues
in the metallurgical plant. SCF deals with the shaft measurements and MCF
focuses on the end product of gold processing in relation to the shaft survey
measurements. During the accounting and extraction of ore gold can be lost and
this can affect the SCF and MCF. Therefore, the literature of the MCF
components is similar to that of the SCF. If sampling and tonnage measurements
from underground workings are perfect and there is no gold loss, theoretical the

SCF must be 100%.

In ore flow, discrepancy is the more or less tonnes delivered to the plant from the
accounted ore as per survey measurements. When the surveyed tonnage is
greater than tonnage accounted for at the belt, there is a reasonable gold loss
from underground sources. Whereas, when the tonnage accounted for on the
belt is higher than the surveyed tonnage, there is additional tonnage
unaccounted for in the system. Both the discrepancies need to be investigated
as they can influence a low belt grade resulting to a low or high SCF. The
discrepancy of ore between the underground stope face and the surface belt is
normally due to metal content loss and this is as a result of apparent and real
gold losses. Apparent gold loss is the difference between the calculated gold loss
and the real gold loss. This is gold that was not there in the first instance. Real
Gold Loss is that portion of the total gold loss that can actually be found in the
underground situation. All these gold losses can impact the SCF in the flow of

ore process; however, the research study focuses on the impact of ASGs on the
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SCF. ASG geometry should ensure that there is efficient stope cleaning during
the production phases, however, the conditions must be as per required mine

standard in terms of the depth, width, length and directions.

2.2 Ore flow

Ore flow is the movement of the broken rocks from underground sources to the
ore passes, locos, skip, belt, bin, stockpile and tailing dams. When stope face is
blasted, ore is swept into the gullies to the ore passes and in areas where ore
blasted is not sufficiently cleaned, thereafter, sweeping fails. Each movement is
an opportunity to take spatially relevant measurements, to engage in routine
tracking of rock movements, and to quantify location, tonnage, and content.
Various other technologies for monitoring weight or density may also contribute
usefully to required reconciliations. And we do not need to wait for end-of-period
measurements, as both weight and volume can be measured at will (Woodhall,
2014). Reconciliation is merging all the rock flow network measurements with the
plant recovered product and residue with ore body content. Underground survey
measurement gives an indication of blasted ore and excavations from
underground sources and which is the reconciled from the belt and the plant. The
main reason to reconcile the blasted ore from underground is for internal and

external purposes in the mining industry.

2.3 Gold losses

The ore movement from an underground stope face is through blasting; face
cleaning, ASG cleaning, center gully and ore scraping into the ore passes.
Rupprecht (2003) indicated that the failure to remove the ore from stope face and
ASG can causes bottlenecks, resulting in low SCF and MCF. Futhermore, ore

losses were also classified as arising when ore is misclassified as waste and
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sent to the waste dumps, this is also called cross-tramming (Engmann, et al.,

2013).

Tonnage accumulation in underground sources is catergorised into two types,
namely: current ore and vamping ore (gold left in old workings). Current ore
accumulation is the ore accumulated during the current month blasting and must
be removed before the end of a survey measuring month, however, if not

removed, ore accumulates and is removed during vamping mining stage.

Andersen (1999) defined vamping as removal of gold accumulations left during
the previous months blasting, this is known as old gold and can be measured
and called for together with the current ore accumulations at a specific
percentage. Gold losses are either classified as apparent and real losses.These

losses have negative impact to the SCF and MCF (Tetteh & Cawood, 1981).

Figure 2.1 shows the apparent and real gold losses common in the gold mining
industry. De Jager (1997) further categorised the causes of apparent and real

gold losses as shown in Figure 2.1.
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Figure 2.1 The theoretical gold loss (De Jager, 1997)

2.3.1 Apparent losses in stope face

These apparent losses are the ore loss that occurs during the extraction of the
ore body and it gets measured by comparing the grade on the stope face and on
the belt. The gold loss results through the poor quality of chip sampling, the

wrong relative density and under or over measuring of the stope face.

2.2.1.1 Reef sampling procedure

The reef sampling procedure normally used in the gold industry is chip sampling.
This is the sampling procedure where rock samples are taken from the stope
face using chisel and hammer. The chipping procedure starts from footwall of the
stope face to the hanging wall in order to avoid contamination to the sections.

Samples are immediately put into sampling bags with ticket numbers attached to
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it for identification. Chip sampling has its pros and cons especially when chipping

carbonaceous conglomerates which result in losses of gold and contamination.

Carbonaceous conglomerates were normally called soft-reef (Fourie & Minnitt,
2015). Chip sampling of carbonaceous reef is bias and has errors. These bias
and errors result when chipping carbon patrticles falls off to the footwall and there
can be possible contamination during chipping of the footwall sections. The bias
in sampling results is over or under estimation of the in-situ grade and this has

an impact on the SCF and MCF (Fourie & Minnitt, 2015).

Figure 2.2 indicates the stope face marking when conducting chip sampling,
where the image (a) is before chipping and (b) is after chipping. Due to the
carbonaceous conglomerate there are occasions where the chipped sample can
be smaller or bigger than the markings of the sections, therefore, sample

sections marks must be at least 5cm below and above the conglomerate.

v

Chip area marking

Chip area marking
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Figure 2.2 Stope face marking when doing chip sampling (Freeze et al., 2013)
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Over extraction and poor estimation of the reef width of the soft reef can result in
as much as 26% overestimation (Fourie & Minnitt, 2015), however, AngloGold
Ashanti stated that the bias from chip sampling of soft-reef is not sufficient
enough to cause the deterioration of the SCF and MCF (Freeze, et al., 2013).
Chipping soft reef can create difficulties during due to possible contamination

and losses of ore metal particles.

2.2.1.2 Survey measuring in stoping areas

Survey measuring is the survey off-setting and recording of excavations blasted
underground with the quantification of the tonnage accumulated. Tonnage
measured from underground sources is compared to the tonnage received on
the belt. If the underground measuring results are accurate, they result to
positive or negative discrepancies of tonnage. Negative discrepancy is when the
tonnage measured during survey measuring/available for hoisting is higher than
tonnage received on the belt. While positive discrepancy results when the belt
tonnes are more than ore available for hoisting as per survey measuring. In all
panels where temporary or permanent stoppages occur, stop panel procedures
must be performed in order to ensure sweepings are conducted. This serves as
a controlling tool for avoiding a negative or positive discrepancy between the
called for tonnage as per survey underground measuring and accounted on the
surface belt to the plant.

Figure 2.3 indicates the electric weight meter for tonnage mass on the belt. This
instrument measures the tonnage conveyed from underground and it is
positioned close to the conveyor belt before the plant. The total tonnage hoisted
during the month is then compared to the tonnage available for hoisting from

underground workings according to the survey measurements.
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Figure 2.3 Electric weightometer for tonnage (Doornkop Shaft, 2017)

2.2.1.3 Belt sampling

On the surface the ore is fed onto the conveyor belt, sampled using a cross-belt
hammer sampler. The go-belt sampler is the first point where both grade and
tonnage are estimated in the reduction of gold ores. Studies indicate that a
composite sample collected at the go-belt should be 200t to 500t (Minnitt, 2014).
Go- belt samples gives an estimation of the overall gold produced per each reef
for the month. At some operations go-belt samplers are activated on a mass
basis by a weightometer, such that a single 200t increment is collected over a 24

hour period from 10 increments of about 20kg each (Minnitt, 2014).
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2.3.2 Real losses in stope face

There are gold losses occurring during the extraction, face cleaning, ASG
cleaning, ore tramming, hoisting and processing. However, ore processing
cannot be a factor on the SCF. There is clear indication that from the investment
perspective, 40% of the ore is left behind as support and clamping pillars to
geological structures. This percentage normally increase with the depth of the
mine and of the remaining 60%, 20% to 30% of the gold bearing rocks are lost
during the extraction, cleaning, tramming, hoisting and processing (Candy,

2014).

The research study focuses on the ASG conditions as the major component
affecting the SCF. The negative impact is due to gold liberation on the advance
strike gully sides and compaction of ore on the footwall. Poor fragmentation can
be caused by poor blasting techniques and long scraping distances. Poor
blasting techniques produce fines, which may result in gold being lost through
cracks. Whereas, long scraping distances may cause fines to be lost through
cracks and in the back areas. Poor sweepings, inefficient blasting barricade and

uncontrolled water usage can cause low SCF and MCF.

2.2.2.1 Ore fragmentation in stope mining

Fragmentation is defined as the size distribution of the rock fragments (Cho &
Keneko, 2004). It depends on the rock type and blast design. Xingwana (2016)
stipulated that the fragment size decreases as it moves away from the source
and this can be in a situation where advance strike gully are very long, resulting
in a long pull scrapping resulting in “free gold”. Free gold is defined as the
amount of gold content lost to the back areas, packs, the blasting barricade, ASG

sides, and footwall cracks and as mud in cross-cuts. Excessive hole burden,
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small or large burden and small or large spacing of drilled holes on the stope
face has a direct impact on the rock fragmentation. If excessive energy per blast
hole is used in carbonaceous conglomerate, the fragments size will decrease
exponentially. The decrease in fragmentation of carbonaceous conglomerate is
also explained through the Kuznetsov Equation (Equation 2), which relates the
mean fragment size to the quantity of explosives needed to blast a given volume

of rock (Kuznetsov, 1973):

150 — 4 (2)0.8 : )

Where:

k*° is the average fragment in cm;

A is a rock factor;

V is the rock volume in cubic meters broken per hole; and

Q is the mass in kg.

Shaft call factor can be improved by selecting the right type of explosive that
suites the rock type. Figure 2.4 indicates ore fragments on a surface belt at
Doornkop Shaft. These fine fragments get compacted on the ASG footwall when
in contact with drilling water. Therefore, it is important that the ore be scraped

such that the footwall is exposed in the ASG.
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Figure 2.4 Fragments distribution in underground workings (Doornkop Shatft,

2017)

2.2.2.2 Ore dilution

Dilution is defined as the waste material that is not separated from the ore during
the extraction and sometimes mixed with ore during cross tramming. Extra
dilution during stoping increases the operating cost and affects the grade
because there is an increase in tonnage at a low grade resulting to low belt
grade and less projected grams of metal per tonne. The ore dilution differs from
mine to mine and it is mostly generated through extra waste due to excessive
stoping width, off-reef mining and cross tramming of waste blasted from waste
development ends. Dilution may also occur as the results of mining low grade
block of ground below cut-off grade and can reduce the value of the ore per

tonne (Chieregati & Pitard, 2009).
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2.2.2.3 Other real losses

During the extraction of the ore from the stope face, other factors can contribute

to a low SCF such as:

Inefficient blasting barricade can be the contributor of gold loss when not
fully installed from footwall to hanging wall and when there are spaces.
Gold particles can easily liberate to the back areas resulting to
contamination if not swept;

Sweeping tools such as water jets is believed to cause gold loss as it has
a high pressure, water assist in depressing the small particles through
footwall cracks;

Extensive water usage when drilling without pump installation in ASG
result in water seeping through the ore passes. These conditions result in
mud accumulations in the cross-cuts and metal content gets liberated
through the flow of water; and

Spillages of ore during tramming and hoisting can result to gold losses.
Spillages during tramming may occur when hoppers are overloaded.

While spillage during hoisting may occur when skips are overfilled.

2.4 Stope cleaning

Blasted ore from the stope face is cleaned by using scraper-winch system of the

face and ASG in order to have successful cycle of mining in the operation. Stope

cleaning occurs during the blasting month and vamping during the removal of old

gold metal content. If stope cleaning is not done properly, it has an impact on the

mining cycle. The packs support must be installed on the footwall free of ore

accumulation thus, during cleaning in the face area, the footwall must be
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exposed. Face preparation without properly cleaning the face can result to

improper face marking, subsequently, leading to off-reef mining.

2.4.1 Face cleaning
After blasting the panel face during day shift, the ore must be cleaned during

night shift using the scraper-winch system.

Figure 2.5 indicates the winch rigging process, whereby two 1-tonne scraper
scoops are in tandem. Where two scrapers are in tandem, weighing one tonne
each, this system is used to increase the fill factor of the scrapers and tonnage of
the cleaning system. The tailing scraper ensures that the leading scraper is
pulled down into the muck pile, increasing fill ability. Cleaning rate is the rate at
which the scraper winch takes to clean the face and the advance strike gully
taking into consideration the winch capacity, face length, rope speed, availability

on utilization and the ASG length.
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