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ABSTRACT

Identifying the most effective and efficient protioa systems and then analysing these
to determine the factors contributing to the resigt paramount to the understanding,
management and planning of future operations. Th&ra need to increase current
productivity levels in underground coal mining aguidelines for achieving this need to
be developed. Improvement in productivity and bettesource utilisation as a
consequence of this research effort, would deriveost benefit difficult to quantify

precisely, but is expected to be of the order dfions of Rand.

Objectives

The objectives of the research were:

1) To study underground exploitation methods in SouthAfrican coal mines
considering the application and utilisation of cerain equipment. This includes
identifying recent local (Africa) and international (USA, China and Australia)
best practice information as recent top performance have been reported from
these countries

CM (continuous miner) and ABM (Alpine bolter mineystems with batch haulage and

continuous haulage have been evaluated. ABM sipgés machines equipped with CH

(continuous haulage) units are not very flexibleé deliver from 130ktpm (kilo-tonnes

per month) to 160ktpm. The double pass more flexbd and ABM units have a

3,500t/shift (tonnes per shift) potential. Unitsvladelivered 1Mtpa where conditions

allow, however the 2Mtpa target achieved by sommé&de operators is questioned from

a cut-out and risk perspective. The better Soufiticdn sections target 1.4Mtpa to

1.6Mtpa. The industry average is at approximatelgtf@®. Many mines have set their

call at 80ktpm per machine.

Wall systems dominate the Australian undergroumehado. Production deliveries from a

single face of between 5Mtpa and 7Mtpa have bebieaed. Highwall entry operations

are favoured. Powerful equipment and conveyors appe be responsible for the
difference. The South African wall delivery curilgnonly based at Matla and New

Denmark is in the 3Mtpa to 5Mtpa ballpark.

Industry Best Practice is identified and benchmaniesults reported.

“Benchmarking is the continuous process of meagunr products, services and

practices against our toughest competitor or thasmmpanies recognised as industry



leaders. A standard, by which something can be unedsor judged” (Scheepers et al,

2000).

2) To identify pertinent success factors and provide gidelines to management and
operators to ensure productivity and effective resee utilisation.

A list structured guideline has been developed mngresented. It includes Quality,

Costs, Delivery, Safety and Morale (QCDSM), Stadd@perating Procedures (SOP'’s)

and the Kobayashi Twenty Keys adapted for miningartomote deliveries.

Reserve utilisation has been problematic. Partirpextraction such as the Nevid

system, are currently favoured. Historical methofigillar extraction are looked at and

reported on. Rib pillar extraction has lost favdue to reduced development production.

3) To identify factors that influences the choice of mderground mining methods

Economic, technological, and geological criterizéhdeen mentioned and expanded on

with geotechnical factors and the provision of roefblogies to assist in making the

choice.

4) To identify factors relating to equipment selection

The choice between continuous haulage (CH) andhisatstems either shuttle car (SC) or

battery haulers (BH) have been considered and eatdt The competitive advantage

gained by continuous miners (CMs) and Alpine bol@ners (ABMs) under specific

conditions has also been considered.

Following the literature review, a survey in thenfoof a questionnaire, personal visits

and interviews, including electronic correspondenith management and operators of

currently operating systems was conducted. The meadting operation was performed

to identify new and successful practices that keaeffective results in better performance

and increased extraction in underground coal miopeyations.

5) To develop a structured guideline to mine design ahoperation best practice

This is dealt with in the consideration of the mpianning and design process, the mine

life cycle and the role of the mining engineer listlife cycle. Twenty six (26) focus

areas have been identified and discussed in thdtpaate Chapter.

The Study

This dissertation deals with a literature revievd aeports on major research conducted
that has influence and impacts this research. \S&duavork has previously been
performed by Galvin (1981), Beukes (1992) and L2@04) amongst others.



The dissertation deals with the geology of appaiprcurrent coalfields in South Africa
such as the Highveld, the Witbank and some analysithe Waterberg field. The
Botswana and Zimbabwean fields are not overlooked.

Hydrogeology was dealt with to enhance understandind the researcher looked
specifically at consequences in the high extracéowironment. The material generated
was from a literature review. Here most of therdésy is from work conducted by
Annandale (2006) and SRK Hydrology Group’s undeditag of the science.

Rock engineering which has a major impact on deaigph performance of the preferred
high extraction best practice operations is comeiiérom the perspectives of renowned
rock engineers and offers valuable insight for ngena and operators. The material
generated was not original research during thigeptdout sourced from literature. The
focus was on the secondary extraction environnidast of the learning is from van der
Merwe and Madden (2002) and SRK Rock Engineeringu@sounderstanding of the
technology.

Choice of underground mining methods and factoas iffluence choice is not new in
the literature. Its application is still very cunteand purposeful. Owing to its relative
importance this has been reinforced. Applied teghes in this field, (as has been used in
a case study, by this researcher and found tofbetieke) have been included. Work by
Buchan et al (1981) is still very appropriate am@g laccordingly been reinforced in this
work. No design can be performed without systerafiyiavorking through the elements
which have been grouped into broad economic, tdogieal and geological classes.

A discussion follows, of thick seam and thin seaming methods or mining profile if
they have been identified by managers as havingpoastice potential. Here innovative
technologies that assist in contributing to bgtenformance are also examined.

Work performed by this researcher at Morupule @o}liduring a prefeasibility and
feasibility stage was considered as a case studyidemtifies some of the issues design
engineers need to consider in the areas of hydyplogck engineering and method
selection.

Chapters looked at certain best practice mininchoug including international methods.
Here the focus is on technology and layout andotonesextent the identification of key
performance indicators. One chapter deals with wadthods and the other with pillar
methods including partial extraction, pillar extian and partial pillar extraction.

The research looked at the pertinent factors ifledtiby the benchmarking exercise.
What characterises best practice and what giveaiceyperations ‘the edge’. It is in this
research document that the application of theissftes is discussed. There is a trend of



evidence that where the soft issues have beenedppie production deliveries have
improved. Further data needs to be generatedoteepghe correlation. This research has
identified continuous improvement parameters ang performance indicators such as
QCDSM. The guidelines suggest the use of SOPs whee been identified by
management as good practice in the coal mining plade and also suggest the
application of the Twenty Keys as adapted for mini@ther systems such as Six Sigma
developed by Motorola and applied to mining, hawserb considered. The better
performers have a system they apply. This reseaaffehs and has tested such a system. It
has applied soft systems thinking.

The Design Guideline deals with the Mine Plannind Besign process and also refers to
the elements of an effective mine plan, it looks naineral reporting codes and
competency. Appropriate Engineering Council of 8o#ffrica outcomes have been
identified.

Conclusions and Findings

In Chapter 14 conclusions and findings are drawtha context of the objectives and
aims of this research as was developed for eaghteha

The aims and objectives of the research have betnAmguideline has been generated.
The report content has been successfully usedattsfer knowledge to the B. Tech.
(Mining Engineering) candidates of the UniversifyJohannesburg, Mining Department

during 2010 and will continue as course learningemal to this target population.
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NOMENCLATURE

The full list of nomenclature has been include@msppendix and includes:

1) Glossary

Specific Index of main terms in this report

2) Abbreviations
3) Units

Presentation of Numbers and Units

In this dissertation the researcher has adopteddahenonly used presentation format for

numbers and units. These are summarised in Table 0.

Table 0-1 Units and format used

Unit Format

Comment

Thousands 123,456

Decimals 12.345
Degrees 12°15'30.12"
Coal 12.345Mt
resources

decimal

places

Coal qualities 12.34% or
decimal 12.34MJ/kg
places

One hundred and twenty three thdwsel for hundred and
fifty six.

Twelve point three four five
Use decimal point not comma.

Twelve degrees fifteen minated thirty point one two

seconds

Number of decimal places depends on clastsifitao more

than three.

Generally no more to two decimal places except for

Phosphorus which should require 3 decimal placesl@00
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1 INTRODUCTION

1.1 Motivation for the Research

There are many factors that impact on a coal priadugperation. Identifying the most
effective and efficient production systems and tlralysing these to determine the
factors contributing to the results is paramounth® understanding, management and
planning of future operations. This in turn wibbrdribute to optimisation of resource

utilisation and the economic extraction of the ress.

1.1.1 Problem statement

The purpose of the study is highlighted by thedielhg problem statement: There is a
need to increase current productivity levels inangdound coal mining in South Africa
and guidelines for achieving this need to be deesdo

1.1.2  Justification

It has been reported that in South Africa the ocoiaing industry is a major component of
the overall economy. The Industry accounts fofd & gross domestic product (GDP,
the value of products and services produced witiéngeographic borders of a state) and
is the primary energy source for approximately 9@Pglectricity production. It is vital
therefore that it should continue to make its abation to the development of the
country, both as a local source of relatively chebgetricity and the earning of foreign
exchange for the country (Lind, 2004).

A concern is that at current levels of extractisam existing coalfields, the coal mining
industry in South Africa has a life expectancy &fy@ars (Lind & Phillips, 2001). This
researcher considers this life expectancy to bg eenservative as projects currently
being established are planned to exceed this. Menvehis is disturbing when we
consider southern Africa’s dependence on coal-ddrienergy. The endeavour to
maximise the effectiveness of the resource utiisais critical to the sustainability of
first world life-styles to which South Africa asps.

Improvement in productivity and better resourcdiaatiion as a consequence of this

research effort, would derive a cost benefit diffico quantify precisely, but is expected
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to be of the order of millions of Rand. It shoa$o be noted that this optimising of
production levels and enabling the delivery of praddto required targets will eliminate
wastage or excessive downtime. Achieving a higtencentage extraction owing to
secondary or high extraction processes and methibid®alise these financial gains. For
every extra 100,000t obtained from a resource tiathdil revenue of the order of ZAR12,
000,000 can be derived. This was estimated at08 pdice of ZAR120 per tonne for
domestic power station feed. The life extensionindfastructure will contribute to

significant saving. The costs and wastage of tabishment of the Witbank

infrastructure in the Waterberg Coalfield is anotfaetor in determining this impact.

1.1.3 Resumé of the history of the problem

Various researchers have previously focused onctspé mechanised underground coal
mining as a contributing factor for productivitycieases and these studies had the
objective of enhancing the understanding of theired process.

In constructive work by Beukes (1992) he dealt wgirtinent facts to promote the
performance of underground mining systems and géegrdesign guidelines for pillar
extraction (Beukes, 1992).

Research by Galvin (1981) of the Chamber of Minesdarch Organisation (COMRO)
aimed to provide a foundation on which to basesiecs concerning the implementation
of efficient underground mining methods for thiokat seams in South Africa (Galvin,
1981). For the purpose of this work, a thick seees defined as any seam more than 4m
thick. However, a number of multi-seam situatiovitere the parting between seams is
less than 2m thick and the seams are each atdeastick have also been included in this
definition.

Thick seam mining methods, which have become eastedul in countries throughout the
world, are identified in Galvin's research. They &lassified in terms of two criteria,
namely the extracted seam height and roof strat@vieur, which take the form of a
matrix. The geological and economic charactesstiod requirements of each of the
methods have been evaluated and tabulated withl Igealogical and economic
conditions for later comparison.

Research by Lind (2004) developed a significanigiesool to enable better resource
utilisation. In this thesis, the development ofiesign tool which would aid decision
makers in assessing their potential to conduct nigndend coal pillar extraction had its

foundations in the main objective of increasing thifisation of coal resources in the
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Witbank and Highveld coalfields of South Africa. hd@ report initially reviewed the
evolution of underground coal pillar extractionSouth Africa and tracked international
advances in this technique. Developments of ptapnmethodologies as well as an
analysis of safety issues pertaining to this minmethod were discussed.

In focused work by Jeffrey (2002), the researcHeniified the geotechnical factors that
impact upon the choice of mining method. Recestaiech suggests that most Witbank
coalfield collieries will close during the 2020’'snless the remaining pillar coal is
exploited. Successful re-mining of these pillaib meavily depend on understanding the
roles geotechnical factors play in the developitrategies to ameliorate their effects
(Jeffery, 2002). She also noted that, the seleatiba secondary extraction method is
therefore most strongly affected by stratigraphyl dne primary mining parameters.
Jeffery ranked and identified the factors, whichpamt on underground secondary
extraction, in major, moderate and minor categories

A United States publication discussed middle amhtfline management in collieries.
The work (Britton, 1981) focused on the dutiespoassibilities and efforts of supervisors
in both underground and surface mining. It alsalyses the management problems with
costs, workers, safety, productivity, training atethnical staff and presented some
practical ideas for improving them.

It can be seen that all the work referred to abbaes focused on increasing the
effectiveness of the selection process but thisaieher believes that behavioural or “soft
issues” are not adequately identified in the presiavork and action is needed to
determine what makes the better systems more wHecSoft Systems (Soft Issues) are
derived from Jackson’s Model of Systems Thinkingbéeholzer, 1986). Jackson
authored the concept of Hard Systems Thinking inclvla system is defined as “a
complex whole, the functioning of which depends it parts and the interactions
between those parts” (Jackson, 1985). It may welthat the “soft issues”, namely “the
workforce’s attitude with regard to issues suchcgsle times, getting to the working
place on time, shift change-over, housekeeping,ngistoothers, are the critical factors
that make some systems perform better than othdrsis research will attempt to
understand what the best combinations of layout ammdhod selection are and the
standards required which will include consideratairnthe soft issues to enable mining
operations to develop benchmark world class peroga” (Dougall, 2009).

Chapter 2 of this research deals with a more ekterreview of available and relevant

literature.
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1.2 Objectives of the Research

A need exists to increase productivity levels oflenground mining operations. This
research will identify the factors which influentiee performance of these operations,
through an international benchmarking study.

The study is aimed at identifying colliery specifiedicators which, when compared
against group and industry specific best practiemdards, would highlight areas of
potential improvement and would provide a valuaielgource for managing and adding
value to operations.

The objectives of the research are:

1) To study underground exploitation methods in Sd\fiican coal mines considering
the application and utilisation of certain equipmeiffhis includes identifying recent
local (Africa) and international (USA, China andstalia) best practice information

as recent top performances have been reportedtfrese countries.

2) To identify pertinent success factors and providédglines to management and

operators to ensure productivity and effective mes@tilisation.
3) To identify factors that influences the choice nflarground mining methods.
4) To identify factors relating to equipment selection

Issues that mining engineers have to consider vdesigning systems will be identified
and also recommend what operators have to do dmattorld class performance. The
research will endeavour to answer the question twloabest performers use and do to
attain world class performance and best practicdtis will be tested against what

manager’s consider being best practice and woasksgberformance.

1.3 Methodology of the Research

The procedures presented in this research tooKatime of a comprehensive literature
survey of both local and international experiengedaining to underground coal mining.
The focus being on seam thickness i.e., thick seaetdium seam and thin seam (low
seam) profiles and increasing the extraction preEes This was conducted to assess the
basis on whether or not these practices have factobehaviours that lead to effective
productivity levels and effective resource utilieat
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Following the literature review, a survey in thenfpof a questionnaire, personal visits
and interviews, including electronic correspondenith management and operators of
currently operating systems was conducted.

There was a longitudinal research component irddsggn, which will look at change, if
any, over a period of time. The objective wasdtedmine whether specific interventions
have been successful (Welman et al, 2005).

The benchmarking operation was performed to idgmi#fw and successful practices that
lead to effective results in better performance ammleased extraction in underground

coal mining operations.

1.4 Applicability of the Research

The results of this research will be of benefictdliery managers and mining engineers
to become more effective in understanding and impl&ing the reasons and criteria that
create best practice. This will optimise methotecn and control of the mining
process they intend implementing.

This research is primarily focused on the bestquaring underground mining systems in
the Witbank and Highveld Coalfields in South Africa

Although experiences have been drawn from otheasarthe implementation is intended
to assist operations in South Africa and southefricd The thicker seams are being
depleted and we need to consider thin seams arttbdgeaccordingly (Landman, 1987).
The Waterberg is a complicated resource with mamllenges and new projects are
being established in this field which would presemillenges to ensure best practice and
efficiency (Adamski, 2003).

This research is not designed to benefit any spenifning operation or coal mining
company but has been conducted under the auspic@sattech Research Organisation
(Coaltech), a collaborative research initiative ded by government, the coal mining
industry and the Council for Scientific and IndisdtResearch (CSIR).

This research is further funded by SRK Consulting.

The research is limited by the quality of data ackl of co-operation received from
mining companies and the responses received oattiiede survey and questionnaire.
The extent to which pertinent factors can be vedifthrough the broad application of
specific mining methods in our industry also comisis this research. Publications and

citations on selected mining methods are datechemdresearch has not been conducted.
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The research is intended to be descriptive, whiehma “A specific situation is studied to
see if it will give rise to any general theoriessee if any existing theories are borne out
by the specific situation” (Welman et al, 2005).

It is also assumed that the readers of this desent are familiar with underground coal

mining practice and processes.

1.5 Benchmarking Defined

It would be appropriate to look at some definitmflBenchmarking at this stage and one
authority refers to Benchmarking as, “An externdtigused, performance improvement
method, for continuously and systematically commpathe performances and practices of
business operations, to the best in class, in@ahystry. This process is used to develop
operational plans to surpass the current besagsgberformance. It can take the form of
Internal -, External -, Functional — and Generion&gnarking” (Cronje et al, 2003).
Benchmarking has been further defined by ScheeggsetBenchmarking is the continuous
process of measuring our products, services ardipea against our toughest competitor
or those companies recognised as industry leadersurveyors mark of previously
determined position and used as a reference @ostgndard, by which something can be
measured or judged” (Scheepers et al, 2000).

A consultant’s report elaborates on Internal, Catitipe and Functional Benchmarking:
“Internal-Benchmarking, is comparing sections oa g#ame colliery and with sections
within a group. Research indicates that produgtimprovements of the order of 10%
have been experienced by companies engaging tpis ¢of analysis. Competitive-
Benchmarking is an extension of competitor analysigshich the focus is on the best
competitors instead of on the industry averageodigtivity improvements can be up to
20%. Functional-Benchmarking is comparing spegii@cts of the operational process
against similar processes being carried out actbes same industry. Potential
improvements of up to 35% have been experiencel this type of exercise (Mining
Consultancy Services Report , 2004)

The reader is cautioned that although Mining Caasaly Services provide professional
services on contract to the mining industry, ih@ possible to substantiate their quoted
productivity improvement rates. Recognition isegivto their professional experience in
this matter only.

Functional Benchmarking would consequently be fagdwvith this project, as it would

substantiate greater productivity improvements.

2-6



1.6 Guideline Defined

A web reference (Encarta) defines ‘Guideline’ as bfficial recommendation indicating
how something should be done or what sort of acslbbould be taken in a particular

circumstance” (Encarta Dictionary, 2010).

1.7 Structure of the Research Dissertation

This section gives a preview of the dissertatiohagler 2 deals with a literature review
and reports on major research conducted that flasmte and impact with this research.
In Chapter 3 the dissertation deals with the geplafgappropriate current coalfields in
South Africa such as the Highveld, the Witbank aadhe analysis of the Waterberg field.
The Ermelo or Eastern Transvaal Coalfield is digiplg increased activity as is certain
remnants of the Natal Coalfields including the Wuportion for moderate to thin seam
mining. The Botswana and Zimbabwean fields are oaeerlooked. A major
development of the Mozambique fields is currentignstrained by infrastructural
development of the railway and road transport negtaio These fields have a significant
future potential of activity.

Chapter 4 deals with hydrogeology, looking spealfic at consequences in the high
extraction environment.

Chapter 5 focuses on rock engineering which hasagpormimpact on design and
performance of the preferred high extraction bestfice operations.

Chapter 6 deals with the choice of underground mginmethods and factors that
influence that choice.

In Chapter 7 follows a discussion of thick seam #inill seam mining methods or mining
profile if they are identified by managers as hagvibest practice potential. Here
innovative technologies that assist in contributitgy better performance are also
examined. This chapter has a strong focus on #amamining.

Chapter 8 and 9 will look at certain best practitaing methods benchmarked including
international methods. Here the focus is on teldgyoand layout. Chapter 8 deals with
wall methods and Chapter 9 deals with pillar methimttluding partial extraction, pillar
extraction and partial pillar extraction. In thedepters the focus is towards medium and

thick seams.
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Chapter 10 will look at the pertinent factors idéedl by the benchmarking exercise.

Measuring instruments that give certain operatitresedge’ are defined. It is in this and

the following chapter that the application of tlodt $ssues is discussed.

Chapter 11 focuses on critical soft issues and @ha® focuses on benchmarked data
for Continuous Miner sections and Longwall sections

In Chapter 13 structured guidelines on these bendked parameters are defined and
design and operating guidelines are stipulated eerthin recommendations are put
forward.

Finally, in Chapter 14 conclusions and findings drawn in context with the objectives

and aims of this research.
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2 LITERATURE REVIEW

This literature review was conducted to determine $tate of knowledge relating to
optimised mining methods and research findings twild be contributory to the
objectives of this research.

Previous work that has relevance to the currergareh deals with a wide variety of
topics, namely: pillar extraction; goaf methane ssiuns; thick seam mining; resource
utilisation; problems associated with the Waterb&galfield; geotechnical factors
associated with mining; innovative methods and nepkes; coal cutting efficiencies;
wall mining problems; thin seam mining challengpsgvious continuous miner best
practice findings; explosion hazards.

The manner in which mining systems produce willirfluenced by the hardness of the
coal and the associated coal cutting efficienciéswill further be influenced by the
preferred or chosen mining height (profile) and #ssociated geotechnical factors that
will influence the design decisions as far as pidamensions and roadway widths are
concerned. The emission of methane and the presaihcoal dust atmospheres will
influence the risk levels and therefore the ratalsich the operation can produce. The
lithological and stratigraphic depositions of tharisus rock strata within the channel
width or selected mining horizon also impact on gheduction rate. The attitudes of
people manning the system and the applicationefdbft issues” (identified in Chapter
1 and referred to in the glossary) will influena®gtuctivity. The “soft issues” will be
identified and targeted in this research. Fintlly equipment selected and the sequences
and schedules applied in the layout chosen willierfce the outputs.

The objective of this literature review is to detéme what previous research has been
conducted and through that determination idenfifyaps exist that need to be addressed
by this research. Initially it is evident that tbeverage of soft issues in systems thinking
as applied to coal mining operations and the apiitio of a related soft issue, for
example Quality Tools is deficient in research cage at this stage. This will require

that this research identify the importance of scmhicepts or behavioural soft issues.

2.1 Previous Continuous Miner Best Practice Findings

South Africa supplies two-thirds of Africa’s eldcity and is one of the four cheapest

electricity producers in the world. Almost 90% ajush Africa’s electricity is generated
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in coal-fired power stations (Koeberg Nuclear Wtilprovides 5% and a further 5% is
provided by hydroelectricity and pumped storageesuds).

The amount of coal exported from South Africa i9/®28f its production as reported
during 2010. South Africa’s coal is obtained froollieries that range from the largest in
the world to small scale producers. There were ¥aiing collieries in South Africa in
2004.

South Africa’s role in world mineral reserves, pumoton and exports is recorded as
having a coal reserve base of 27.981Bt (27,981.0&t) by reporting reserves not
resources, this is considered mineable with cunectinology. The figure accounts for
6.1% of the total known world reserve, ranking $odfrica 8". Production for 2006 was
244.8Mt (million tonnes) 4.5% of world productiomda ranking South Africa ' as
producer. Exports during 2006 amounted to 68.8M8.48%6 of world exports and ranked
4™ (SAMI, 2007).

Recently Hartnady (2010) produced a paper on Saathsouthern Africa’s diminishing
Coal Reserves which put the region’s ultimatelyoverable Coal Reserve at 23Bt
(billion tonnes), of which some 8Bt has alreadyrbegtracted, most of it in the last 40
years. This leaves only 15Bt in the region. Hannad his paper (Hartnady, 2010),
predicts that production in South Africa will peakabout 285Mtpa (million tonnes per
annum) in 2020. In 2009 production was 242Mtpahviskom using 123Mt, Sasol 40Mt
and 66Mtpa exported. Eskom’s build programme aatlifn to service’ stations will add
some 50Mtpa, and Transnet is building up capadtydliver 81Mtpa to the 91Mtpa
capacity RBCT. Therefore 242+50+15=307Mt immeaigquirementCan the South
African Coal Industry actually meet this immedid#mand?

In 2009 about 51% of South African coal mining whmie underground with 49% by
opencast methods. “The coal mining industry is lyigloncentrated with five companies
accounting for 85% of saleable coal production.SEheompanies are: Ingwe Collieries
Limited, a BHP Billiton subsidiary; Anglo Coal; SdsEyesizwe; and Kumba Resources
Limited”. (DMR, 2010). This researcher notes thaix&o and Xstrata have not been
referenced by the website and believes they shbaldncluded but are the result of
mergers and acquisitions. Eyesizwe is now redundant

“Production is concentrated in large mines, with rhihes accounting for 70% of the
delivery (output).

The beneficiation of coal results in more than 6%8fitoal discards being produced every

year.

2-2



The domestic mix for South Africa is 62% for elédty generation; 23% for
petrochemical conversion; 8% for general industgg for metallurgical industry; 4% is
purchased by merchants and is sold locally or dgganto Africa” (DMR, 2010).

South Africa’s indigenous energy resource basemsidated by coal. Internationally coal

accounts for 29% of the global energy mix, withatil35%, gas at 24%, nuclear 5% and

hydro and other renewables 7% (World Coal, 2008¢ Z010 IRP (Integrated Resource

Plan) stipulates that renewables must grow to 1A8enaiclear to 16% by 2020.

Moolman (2003a) reports “Continuous miners prodamoroximately 55% of the

country’s run-of-mine (ROM) coal tonnage (from urgteund). This represents more

than 100Mtpa of coal produced, a sizeable propor(gmme 40%) of the total annual
production. There are a few underground producspe@ally in KZN who do not use
continuous miners.

The reason for the study was that data from Souftlicak operations showed only

nominal increases in the output levels of contiruamniners (CM’s) rather than

meaningful improvements” (Moolman, 2003a). The 20ig6ires of the South African

Coal Report, reported a split of 44% cutting and id&chanised drill and blast, 5% from

wall mining with 55% total underground or 96Mt obat produced from continuous

miners including road headers and bolter minersl(#pg, 2007).

International productivity levels for United StatddSA) and Chinese operations are

significantly higher than their South African (SéQunterparts.

The main objective of Moolman’s study was to reskand evaluate international best

practices in CM operations, to enable SA, CM omegatto improve machine utilisation

and efficiency, and to increase mine productivityadower unit cost of saleable coal.

The project also concentrated on finding the beattiges that contribute to reducing

shift delays to the CM and on adapting these tainkan increase in performance and

overall utilisation of CM’s.

Data for CM production from Eskom — tied collierigsow the following:

1) During the period 1997 to 2002, the annual aveiagesase in production from
55 CM sections was around 8% per annum.

2) In 1999, the average production rate in metric &enper machine per year was
around 47,000tpm (tonne per month) and varied feominimum of 13,000tpm
to a maximum of 88,000tpm over the 12 month period.

3) In 2001, the average production rate was up to(EBn and varied from a

minimum of 12,500 to a maximum of 91,000tpm ové&Bamonth period.
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4) A comparison of monthly performance figures in 1%fw that production is
distributed about a mean of 40,000 to 60,000tpmspetion with three sections
showing performance in excess of 80,000tpm foryter (Moolman, 2003a).

During 2003 data collected from mines and equiprsappliers in SA showed that:

1) The best production result per single shift waf03t1This occurred at Sasol,
Secunda Collieries.

2) The production during a single day was achievedGogenside Colliery who
mined 190m in a 3.5m high coal seam 6.5m wide itwa shift system (18
hours). The amount of headings to produce thislimelvance is not reported.

3) The best production for a CM and shuttle cars durén single month was
130,800t. This was achieved using a Joy 12HM21ratside Colliery.

4) The most coal mined during a single production mamith a CM was 164,000t.
This was achieved with a Voest ABM30 and a contismudaulage system at
Syferfontein Colliery.

5) The best average monthly production by a single s&f¢tion over the 12 month
period was 103,800t, during 2002 by Greenside &ugll{Moolman, 2003a).

The international survey data showed that:

1) The best production per day was 8,300t per CM seaiver a three shift period
(22 hours).

2) The best production results achieved by a single €&lgtion during a calendar
month were 234,708t and 2,245,439t for the calegdar 2002 This was done
by China’'s Shangwan mine with a Joy 12CM15 contisuaniner and a
continuous haulage system cutting 4.5m high roagwioolman, 2003a)

Moolman classifies producers into three major geouwygth respect to the seam

heights and the geological conditions encountefite international mines displayed

hard cutting conditions and seam heights averaglng The roof and floor

conditions were classed as good. The typical skaight for the USA operations
was less than 2m with a spread of roof conditisomfvery poor to good. The coal,
being soft, reduces the wear impact on picks.

Best practices identified included Moolman (2003a):

1) “Minute management focusing on cutting minutes auiding rates of CM’s.

2) Systems in place for tracking the effective utiiga of all available production
machinery.

3) The mines have two nine hour production shifts vkiblh seat changes.

4) Reduced lost time per shift to a maximum of betw@@no 90 minutes.
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5) Limit travel time to sections to approximately 1625 minutes.

6) Maintain available production time per shift to apgmately 350 minutes
(Moolman, 2003a).

The best practice mines also had good ongoinggiaative management schemes to

assist with continuous improvement of productiorCiM sections. These included

(Moolman, 2003a):

1) Idea generating sessions.

2) Simulation of production improvement ideas.

3) Limits the number of sections per shaft managéhree.

4) Use appropriate roof bolting equipment such that rihofbolter should always
wait for the CM.

5) Mine plans and layouts that favour high production.

6) Have an in section sweeper or scoop in all sections

7) International operations prefer the retreat minimgethod above pillar
development because it is cheaper and more pregudthe pillars are extracted
or reduced on retreat after the panel has beendeleloped.

8) In the USA they were converting to 2,700V CM’s ggposed to SA’'s 950V
CM’s. A benefit is that trailing cables are thinrend lighter to assist cable
handling. Advantage gained in cable handling duéghter cables.

9) Operate a system of ‘Walk between Super Sectiohw/o CM’s and four battery
cars (haulers) in one section. Only one CM cuta dime. When the CM
relocates the battery cars go to the standby CM.

10) Good radio communication between all section miners

11)Use of production incentive schemes to acknowlgatgduction performance.

12)Have a daily maintenance program done during a tewamce shift. Time
allocated varies between three to eight hours.

13)Implemented condition monitoring with just in tinreplacement of critical
components.

14) Utilise the non producing third shift for belt erggons.

15) Materials are pre-packed on pallets.

16) Some mines are investigating a wireless local aetavork (LAN) system for
both voice and data transfer”.

Moolman concludes that managers are continuoustivirgl to improve the

production performance of CM sections. The follogvifactors can be highlighted
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for having excellent potential for enhancing thedarction performance of CM

sections:

1) “The quality of the maintenance and maintenancetegjies used in order to
ensure reliability of equipment for the durationtioé production shift.

2) Minute management — tracking and building a databa$ reasons why
production time was lost.

3) Determining the production potential of each sectamd utilising the minute
management data to identify and open up bottlenecks

4) Implementing participative management schemes s$ostawith the continuous
improvement of the operations of CM sections.

5) Developing standard operating procedures to enftwest practices that will
enhance CM performance.

6) The linear layout (punch mining) and hearing boriaimg method used by the
Chinese operations confirmed that mining methodeptati can have huge
impact on efficiency and productivity. They havehie#ved an average of
200,000tpm with a 12CM15 in a 4.5m height”.

This researcher has found that there has been li#eychange in these statistics

based on data supplied by original equipment manurfars (OEM’s). It is noted

that operators in Botswana have averages closappgmximately 80,000tpm. South

African averages are around 65,000tpm and thisaigely attributable to seam

geological and geotechnical conditions. Single pasachines have shown

considerable improvement from 80,000tpm to 120,/®0but require considerable

capital investment (Dougall, 2009).

2.2 Mining Thick Seams in South Africa

Research by Galvin on the mining of South Africhitk coal seams has attained wide
spread application. The report (Galvin, 1981) aimgrovide a foundation on which to
base decisions concerning the implementation a€iefit underground mining methods
for thick coal seams in South Africa. For the ms® of this work a thick seam is defined
as any seam more than 4m thick. However, a nuofulti-seam situations where the
parting between seams is less than 4m thick andgams are at least 2m thick have also
been included in this definition. In terms of tHmowe definition, it was calculated using
reserve estimates of the 1975 Commission of Enguiy the Coal Resources of the

Republic of South Africa that thick coal seams ¢ over 50% of the country’s coal
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resource. Less than 20% of this resource can baotxd by utilising underground
mining methods. Since coal supplies approxima®@d of the country’s energy
requirement, the need for effective thick seam ngnmethods in South Africa is
obvious.

Until 1980, the introduction of such methods wastrieted by severe economic
constraints, supported by the opinion that SouthcA®s coal reserves were virtually
inexhaustible. Only limited research has been wotadl previously which necessitated
that extensive investigations be undertaken.

Thick seam mining methods, which have become eastedul in countries throughout the
world, are identified. They are classified in terof two criteria, namely the extracted
seam height and roof strata behaviour, which takeférm of matrices. The geological
and economic characteristics and requirements af eithe methods are evaluated and
tabulated with local geological and economic caodg for later comparison.

It is noted that a number of practical problemssednd hence Galvin is quoted “A
number of practical problems are associated witplementing these methods, for
example, the effect of a mining method, on ovedymineable seams, available markets
for coal and sources of stowing material. The asmest is based on comparisons
between the economics of these methods and themios of mining methods currently
employed in moderately thick (2-4m) seams in SoiMftica. An examination of the
practical problems highlighted the need to invedBgthe use of power station ash as a
stowing material and the influence of massive d@eills in the super incumbent strata
on thick mining methods and operations” (Galvin81p Table 2-1 is typical of the
Galvin type matrix used for analysis.

Galvin (1981) stated that research into power ataéish has revealed that it has self-
cementing properties when mixed with water. Thigtdee is extremely advantageous
when ashfill is incorporated into bord and pillaaskd mining methods. The lateral
confinement of ashfill to coal pillars increasesittstrength and depending on depth and
seam thickness, enables an additional 5 to 30%icK seam reserves to be extracted.
This researcher supports the use of backfill whkeeSafety Factor created by mining
smaller pillars is marginal. Rock Engineers ar@sidering mining down to Safety
Factors of 1.3 or 1.4 where Salamon’s work idestdifil..6 as the minimum acceptable.
This is concluded from work using numeric modellidinney, 2008). The constraint
however with backfill is the increased cost.

Investigations have revealed that dolerite silleatgr than 30m thick can bridge over
spans in excess of several hundred metres. A catibin of strata control and economic
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considerations dictates that when mining methodstwtesult in caving of the roof strata
are employed, such sills should be induced to dailing the initial stages of mining.
However, the panel widths typical of thick seam imgnmethods are insufficient to
induce failure. Consequently massive dolerites siignificantly influence the potential of
these methods. A possible solution to this probleno, “Induce failure of a sill by
extracting an upper coal seam prior to the intrtidncof thick seam mining methods in
the lower seams” (Galvin, 1981).
It is concluded by Galvin (1981) that most estdidi thick seam methods that achieve
very high percentage extraction (>70%) were nobleiaunder conditions of the day,
because of their high capital cost, low rate ofdpiiion and low productivity.
With the exception of stope mining, viable thickasemining methods tend to be based
on methods used presently to extract local modgratack seams. The overall
percentage extraction that could be achieved aepteusing those viable methods which
maintain the integrity of the roof strata typicathnges from 30 to 50% while 40 to 70%
overall extraction could be achieved using methatigch result in caving of the roof
strata.
Such research findings in Galvin (1981) provide iiasis for at least doubling overall
percentage extraction under present relativelyictstl economic conditions.
This researcher noted that Galvin evaluated tHeviahg methods (Galvin, 1981):
1) Multi-slice longwall mining.
2) Longwall mining with sub-level caving.

a) Non-integrated longwall mining with sub-level cagin

b) Integrated longwall mining with sub-level caving.
3) Hydraulic mining.
4) Stope mining.
5) Bord and pillar mining.
6) Conventional longwall mining
Galvin concluded that the following mining methaate not economically viable. It is
still relevant and supported in today’s context:
1) All forms of longwall mining including stowing.
2) Simultaneous multi-slice longwall mining in descemgslices.
3) Non-integrated longwall mining with sub-level cagin

4) Integrated longwall mining with sub-level caving.

Table 2-1 Classification of thick seam mining methods
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Impact

Mining System

Mining System

Mining System

Roof
Strata

Control

Roof
Strata

Control

Roof
Strata

Control

Maintain

Limited

Full Face
Bord & Pillar

Longwall

Subsidence mining with

Cave

stowing

Bord & Pillar
with pillar

extraction

Longwall

mining

Slicing

Bord & Pillar.

In a number of slices,
With top & bottom
coaling.

With top or bottom
coaling followed by
stowing.

With repeated cycles of
stowing and top coaling.
Non simultaneous multi-
slice longwall mining in:
Descending slices with
stowing.

Ascending slices with
stowing.

Simultaneous multi-slice
longwall mining in:
Ascending slices with
stowing.

Bord & Pillar:

Multi-slice with pillar
extraction.

With pillar extraction &
top or bottom coaling.
Non simultaneous multi-
slice longwall mining in
descending slices.
Simultaneous multi-slice
longwall mining in:
descending slices.
Non-integrated longwall

with sublevel caving.

Caving & Drawing

Integrated longwall

mining with sub-

level caving.

Hydraulic mining.

Stope mining:
Open stoping.

Sub-level caving &

drawing.
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The result is that bord and pillar based thick se@ethods have the greatest potential for
application. The overall percentage extractionead by such methods is typically 30
to 60% but can be as high as 75% at shallow depth.

Galvin found full-face longwall mining a marginalconomically viable method.

In evaluating the economic status of the mininghwods Galvin (1981) analyses the
following parameters: capital cost; working costafe of production; productivity;
flexibility of method; versatility of equipment;sk; percentage extraction overall;, coal
price.

This researcher finds the work by Galvin (1981b¢overy relevant in this decade of coal
mining. Thick seams are however depleting and wepaesented with multiple seam
horizons of interspersed coal seams and other sedtintesembling barcodes, and that
require innovative application. Examples of sudpasits are the Waterberg and the
Moatize/Tete (Mozambique) Deposits. Many operatorgintain that depth below
surface is critical and at 250m depth the wall exyst become attractive provided the

mining blocks are not disturbed.

2.3 Guidelines for Pillar and Rib-Pillar Extraction

Pillar extraction using handgot methods has beantiged in South African collieries for
years. This was normally applied in the Natal @elas in narrower seam conditions
(Beukes, 1992). Beukes reports that during the 1B®'s pillar extraction with
mechanised conventional equipment commenced, apdoximately a decade later
continuous miners were introduced into pillar aibdpillar extraction panels.

A survey by Beukes (1992) of all the pillar and-piliar practices past and present has
been conducted for collieries in South Africa abtdoad and the successes, failures and
problems experienced, changes made to the miningoae and the results of these
changes have been documented.

Guidelines relevant to the various methods of pidlad rib-pillar extraction have been
established to improve safety and performance bBérpextraction operations. The
guidelines are intended to bring to the attentibrthe manager, planner and operator
those factors, which should be taken into constteravhen designing or planning pillar
and rib-pillar extraction operations.

In addition to the strata related factors, the eoaias of the mining method is important

in determining whether or not it is beneficial to decondary extraction. The design
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principles were therefore applied to different galagouts, pillar sizes and extraction

sequences to determine the effects on the productists.

It is noted “as a result of vast differences in gemlogy, behaviour of the overburden

strata, depth of the seam below surface and miaquipment used, it is not possible to

recommend standardised extraction methods” (Belld9s).

The behaviour of the overburden strata and locpéegnce of the coalfield are the most

critical factors when designing pillars and panfds pillar and rib-pillar extraction.

Secondary caving or pillar extraction methods (stog) used effectively on some

collieries, proved to be unsuitable or even hazasdm others.

The number of roads in a panel, the pillar size #aedsequence of extracting the pillar,

all has a significant effect on the productivitydaoroduction costs. Beukes argues that

the economic impact of the extraction method shaltb be considered during the
design process.

It is recommended by Beukes (1992):

1) “To consider all relevant factors carefully befatesigning panels for pillar and rib-
pillar extraction.

2) If stooping was not practised on the mine previpugie experiences of other mines
in the coalfield or in similar geological condit®ishould be studied and if possible,
the stooping sections on such mines visited toiolathrelevant information.

3) The pillar shape and size should be designed tonangthe extraction method,
bearing in mind the safety factor, and the behavaduthe overburden strata during
the stooping process. Rectangular pillars arenaftere suitable than square pillars
for certain extraction methods.

4) The panel width should be restricted to a practimalimum. If a wide panel is
necessary to cause a competent layer in the owdebuo fail, two adjacent narrower
panels should be considered. This will resultawdr pillars per panel and increase
the rate of retreat during the stooping process.

5) The stooping angle should be designed to suit preeiic geological conditions on
each specific mine. Although the majority of minesng CM’s extract pillars in a
straight line, the behaviour of the local overburdgrata will require a 45° or 30°
stooping line. For conventional stooping a 45%liis recommended, but local
experience may indicate that a 30° line is safsoime areas. In other areas on mines
where floor heave is a problem a limited numbepibérs are extracted in a straight

line.
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6) It is essential that all pillars are extracted eampletely as possible to prevent load
transfer on to the remaining pillars to be extrdcad prevent a loss of extractable
reserves. Even small snooks can offer sufficieppsrt resistance in the short term
to cause stress transfer onto the pillars beingaeted. Failed snooks can be
compressed and offer effective support resistanea m the long term.

7) The number of pillars or fenders that are pre-gblduld be restricted to the practical
minimum necessary to augment the extraction procAgsrt from the danger of the
premature failure of the narrow fenders, the fertters not offer the same resistance
and thus the same protection as the pillar.

8) The rate of retreat during stooping should be & & practically possible. The
number of roads per panel and pillar sizes shoelddsigned for the fastest practical
retreat.

9) Unless it is not practically possible, stooping Wdocommence as soon as the
development of the panel is completed. This presvére deterioration of the bords
and pillars prior to stooping.

10) Systematic roof support should be designed andliedtto augment stooping as far
as is practically possible. If stooping commenaed the systematic roof support is
found to be ineffective, it is more costly and wghuctive to install additional support
at this stage. It is crucial that faults, slipdasther discontinuities be effectively
supported during the development phase. If sidesuglport is necessary the support
should be designed so that it does not interfetie thie extraction process.

11) Where stooping is conducted under overlying, worketiseams, the possibilities of
dangerous quantities of water and gas being pra@séne overlying seams should be
carefully considered and taken into consideratidrenvthe stooping panels on the
lower seams are designed.

12) In addition to the strata and mining related fagtdiscussed, the economic impact of
the extraction method should be carefully consider&he panel width, that is, the
number of roads per panel, the pillar size andséguence of extracting the pillars
can have a significant economic impact not onlyirdupillar extraction but also
during the development phase” (Beukes, 1992).

This researcher finds the work by Beukes of sigaift importance to the effectiveness of

mining systems and the only means of ensuring tbetgerve utilisation is to develop

secondary extraction methods after primary exwackias been optimised. It should be
noted that rib pillar extraction requires some piyndevelopment and the layout tended

to provide less stress in the large rib pillargrfed than found in regular pillars prior to
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splitting as would be the case with Pillar Extranti Many operators believe this to be
safer. However Rib Pillar Extraction (RPE) whichiginated in Australia and derived
from the Wongawilli Method is not in favour in Sbufrica currently. This is due to the
lower productivity when developing the rib pillafEhere is during 2010 a move to apply
some of the RPE logic to the layouts and cuttinglesyof punch or linear mining and the

new Magatar (discussed in Chapter 9) equipmentgssc

2.4 Increasing the Utilisation of Coal Resources throulg the
Effective Application of Technology

Research conducted by Lind develops a significastgh tool to enable better resource
utilisation. This thesis (Lind, 2004) presents esign tool which would aid decision
makers in assessing their potential to conduct igndend coal pillar extraction and has
its foundations in the main objective of increasihg utilisation of coal resources in the
Witbank and Highveld coalfields of South Africa.&tool is computer technology based.
The report initially reviews the evolution of undesund coal pillar extraction in South
Africa and tracks international advances in thishteque. Developments of planning
methodologies as well as an analysis of safetyesgertaining to this mining method are
discussed.

The exercise shows that little by way of technatagjior innovative advancement has
been made regarding the pillar extraction mininghwe (PE). In fact a return to PE
practiced in the 60’s and 70’s has been noticedvisi to New South Wales, Australia
showed that successful practices exist, which wafiather investigation for the South
African situation.

Lind (2004) presented a research methodology, pwrating a risk analysis, for pillar
extraction design considerations based on receperinces in South Africa and
Australia. The work identified and defined mitigf risk control factors to limit the
hazard to health and safety of personnel involweghiderground pillar extraction.

The design tool presented (called A-PEP) analysiar gxtraction potential for any
suitable underground panel in the Witbank and Hedtheoalfields. The information and
computer technology software (ICT) tool considéenygical factors defining a potential
panel and pertinent risk factors in assessing vemneglilar extraction will be suitable
within the constraints. The tool is capable oflgsiag the potential economic benefit
that could be derived from conducting this highrastion mining method. It should be

noted that the design tool was validated by a laaaltysis on two collieries.
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This researcher has found that Lind’'s work is thesimecent research conducted on PE.
With a subsequent visit to the coal producing stafeAustralia, it was noted that PE has
lost favour against more widely practiced Wall noeth. Were the PE method is applied,
it most definitely aligns with RPE (Wongawilli). ind’s analysis of South African
systems is comprehensive. South Africa currerz§09) is not very active in PE but is
focusing more on primary extraction bord and piligining (B&P), probably as a result
of mining localities, conditions and risk aversiofiowners who are held accountable

along with the manager in the legislation.

2.5 Thin Seam Mining

Landman (1987) looked at technology in thin seapla@tation which has potential for
future application in thinner horizons as estaldisHields run down. His research is
documented in (Landman, 1987). He reported thdie“Extraction of thin seams at
Durban Navigation Collieries with equipment usedrently on the mine is limited, as
this equipment cannot be adjusted enough to accalatadhe thinner seams. If these
seams are to be extracted it is necessary to @nsiler methods utilised worldwide in
thin seams” (Landman, 1987).

Various points of criteria were established andcheaxdraction method investigated was
evaluated against these points in a performancexintihe overall performance of each
method was compared to that of the others andhtlee tmost promising methods for use
on the mine were investigated in greater detail.

The power and cutting requirements of the threehoust was predicted by utilising
information on the cutting forces, strength andeotproperties of Durban Navigation
Collieries (DNC) coal obtained by experiment. Thesquirements were then used to
determine if the machines then available on thekatavere capable of the performance
required.

Hand load methods were analysed on a more pradiasit from personal experience
gained on the mine.

A cost analysis was made and the method with thet patential for implementation at
DNC was recommended.

In his report, Landman (1987) effectively lookedldh seam mechanisms and systems.
Cutting mechanisms identified include:

1) “Chain miners.

2) Auger miners.

2-14



3) Coal ploughs.

4) Rotating drums.

5) Breaking by explosives”.

Landman (1987) identifies the following suitablestgms for the mechanisms selected:
1) “Bord and Pillar.

2) Longwall mining.

3) Shortwall mining.

4) Rib- pillar extraction.

5) Specific systems dictated by the mechanism”.

Hand loading is not fully excluded in modern times it finds possible application in
labour intensive third world scenarios. An effeetievaluation of hand loaded coal
mining methods, chosen as the third option, isiedmut. Landman (1987) looked at the
following hand loaded methods:

1) “Hand loaded room and pillar methods.

2) Hand loaded stooping methods.

3) Hand loaded longwall mining.

4) Semi mechanised longwall mining method”

In his conclusions and recommendations, “the dedaihvestigation of three alternative
coal mining methods, namely, ploughing, shearing hand loading, does not clearly
point out the method which is most suitable for lempentation under DNC conditions.
Each method has definite advantages over the oth#rthese are to some measure
eroded by disadvantages in other aspects. A reemdation is therefore based on the
priority awarded to certain criteria, but can chargpmpletely should these priorities
change. The chance of success of the method #attveecosts is considered as criteria
with high priorities” (Landman, 1987).

The report stipulates that the plough has a distideantage relating to the lower limit of
extraction. Seams as low as 0.6m are mineablaisiog the in-web shearer and hand
loading methods, the brushing or cutting of somef nmust be considered for seam
heights less than 0.8m and 0.7m respectively. Timenm methods are all applied in a
longwall mining system. The layouts for the plougyid shearer faces are the same, but
additional development is needed for the hand faadiethod.

Landman (1987) stated “The relative costs for theed methods are compared at
different production levels, the plough and theveb shearer method are very similar to
the current single drum shearer method at realfgticiuction levels of 15,000tpm to
25,000tpm. The hand loading longwall is cheapeargt production level; however a
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production rate of 10,000tpm to 13,000tpm is ma@istic in the case of this method.
The extraction rate of the non explosive mechanissms34% and the explosive
mechanisms is 97%” (Landman, 1987).

This researcher maintains that the selection psot@owed in Landman’s analysis to
determine which thin seam mining method is appleab the strongest learning point
from this work. Thin seam mining will become maneportant to South Africa as our

thicker seams are quickly depleting.

2.6 Geotechnical Factors Associated with the Choice of
Mining Method

Previous research (Jeffery, 2002) suggests that Mitbank coalfield collieries will
close during the 2020’s unless the pillar coalxgl@ited. Successful re-mining of these
pillars will heavily depend on understanding théesogeotechnical factors play in the
developing strategies to ameliorate their effects.

It must be noted that, Jeffery finds, that the &f@da of a secondary extraction method is
therefore most strongly affected by stratigraphyl dne primary mining parameters.
Jeffery ranked and identified the factors, whichpaot on underground secondary
extraction, in major (Table 2.2); minor (Table 2.8)d moderate (Table 2.4) categories.
The research shows that the interaction of seviarbrs is crucial and the successful
management of factors is a multidisciplinary exsgci

Jeffery concludes that an ‘all purpose’ standarsliite all sites, is not feasible, the results
can however be used as guidelines to steer sigstigations.

The ranking scale used by Jeffery indicates 1 gis &and 10 as low.

Jeffery identified numerous geotechnical factoet tmpact on secondary coal extraction
to varying degrees. These factors can affect lblesen mining method and actual mining
operation as well as issues of safety and econonii¢t®e pervasiveness of their impact
strongly suggests that geotechnical factors shbalderiously considered right from the
initial stages of secondary extraction.

This researcher finds that two sections analysethénresearch has application in this
research namely, factors impacting on mining metlsedection and then factors

impacting on secondary underground extraction.
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Table 2-2 Factors with major impact (after Jeffe§02)

Factor Ranking
Roof competency 2
Sequence of pillar extraction 10
Caving mechanism 10
Multi-seam extraction 10
Secondary safety factor 10
Sequence of fender extraction 10
Surface infrastructure 10
—Note:Ranking 1high 100
Table 2-3 Factors with minor impact (after Jeff@§02)
Factor Ranking
Depth below surface 1
Seam orientation 1
In seam partings and channelling 1
Extractable thickness 1
Paleotopographic variations 1
Coal quality variation 1
Differential compaction 1
Spontaneous combustion 3
Dykes 5
Sinkholes 6
Seepage water 7
Primary mining induced discontinuities and stresses 8
Previous access 9
Overall mining direction 10

Note: Ranking 1high 10 low
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Table 2-4 Factors with moderate impact (after 3gff2002)

Factor Ranking

Roof discontinuities and bed forms 1
Remaining reserves
Interburden
Overburden

Floor competency
Coal strength
Methane

Joints

Faults

Sills

Surface subsidence

Aquifers

N N o o0 AW NDN PP PP

Standing water bodies

Secondary mining induced discontinuities and stresses 8

o

Horizontal stress

©

Time since primary extraction
Primary mining method and equipment 9
Adjacent panels
Existing bord width
Mining history
Existing pillar width
Coal in roof

Panel width

Previous backfilling

© © O © O © O ©

Primary mining height

=
o

Snook size

=
o

Extraction technique

=
o

Direction of pillar splitting

[EY
o

Secondary mining height

Note: Ranking 1high 10 low
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2.7 Explosion Hazards

An in-goaf (goaf is the caved zone also referredato gob) monitoring research
programme (Cook, 1999) has shown that goaf metlcaneitions are not as they are
commonly believed to be. Potentially explosive ma@e air mixtures exist in different
configurations, from narrow fringes to a few metres/ery large volumes filling almost
the entire goaf strata.

Cook (1999) states, “Fringes are three dimensierinding all around the goaf, as well
as within the bottom caved zone. They are neitfiatic nor regular making them
difficult to predict and manage. Explosive mixtirexist far into the goaf as pockets or
clouds. These remain undetected or undetectabh@ivgal goaf monitoring methods”.
Cook (1999) reported that, “contrary to popularidfel methane does not layer or
otherwise separate from the air in a goaf. It doesslow uniformly along any parting or
dome structure to settle as a high concentratiohénupper regions, neither does it all
remain in the bottom area. Concentrations are redy constant from the lowest to the
highest regions”.

Ventilation does not enter the goaf area to angrexbut flows around and across the top
edges. This results in very little movement of glzses in the goaf and correspondingly
little removal of methane from the goaf.

Cook (1999) states that “Goafs are an integral @mmon part of South African coal
mining, yet the processes for mining and ventiatihem remain very much based on
beliefs and assumptions rather than quantified itiond. As the seam is removed the
strata above it collapses forming permeable zowbsch are ventilated to control the
build-up of methane. The methane itself layerdinithe goaf, rising up to higher areas,
waiting to be displaced by a sudden collapse attator change in atmospheric pressure.
Large volumes of methane are present in goafs,galeith possible ignition sources,
either from friction or spontaneous combustion.isTinay well account for some of the
previously unknown sources of methane ignitionsSouth African collieries” (Cook,
1999).

This uncertainty as to the possible contributiosypt by goafs in coal mine explosions
was also highlighted by the Middelbult explosion1®3. A major explosion occurred
in a pillar extraction panel, resulting in the deabf 53 men and the contribution of
methane, coal dust and an ignition source frongtaf cannot be entirely ruled out.
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Phillips as quoted in Cook states that “58.5% df mkthane ignition sources, are
unknown for the period 1990 to 1992” (Cook, 199%Bhe proof of causes therefore
remains elusive.

To understand the distribution of the methane éwbid, further research is needed. To
assist the understanding of the void distributind how strata movement and collapse is
related to gas concentrations, a new monitoringhotetvas developed in collaboration
with an equipment supplier. This is a strata anemal extensometer, combined with the
tube bundling system.

At Twistdraai, using this equipment, it was obseértleat methane built up rapidly to 50%
and remained around 35% for several weeks. At Bldt methane never went above
20% and was normal around 10%. This was associaiiirdvery low oxygen levels,
which led to the discovery of explosive gas pocldgsp within the goaf. It should be
noted that these mines are in the same mining eoog@parated by some 10km.
Methods in collecting data were largely successfukas found that when drilling from
surface, ahead of the goaf and installing verttodle bundles, that most of the tubes
remained open for sampling throughout the test.

The data collected from the sites was contourerbsgmting gas concentrations on planes
across and along the goaf. These showed thebdistin of gases and the way this
changed with time.

Oxygen was often as low as 1% or 2% for reasongeasuncertain. Results were
confirmed by laboratory analysis of gas sampleler& were no CO (Carbon Monoxide)
levels to indicate a fire or heating within the fjoa

Further research (Landman, 1992) analysed the SAfriban coal mine explosion
statistics and indicated an increase in the exdétiie explosion hazard in recent years.
“The majority of explosions in South African coliies start at the coal face, where the
use of electricity, blasting and mining bit or piclction (cutting) is responsible for most
ignitions. Consistent with experience worldwidgreased mechanisation has resulted in
an increased number of frictional ignitions at tlal face. In South Africa the problem is
aggravated by the high mineral content of and featjsandstone intrusions into the coal
seams. In addition the hard coal results in veistydconditions” (Landman, 1992).
Methane conditions are controlled by regulatioripveing 1.4% methane (Ci by
volume in the air. Although the behaviour of methas well understood, the potential of
excessive dust loading around cutting drums, eafhgdn the form of hybrid mixtures

with methane are largely unknown. While great eag$ is placed on monitoring
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respirable dust levels, total dust concentratioasehnot been measured or indeed
considered a potential danger by the South Afrazal mining industry.

Landman (1992) in his research investigated theiteity of ignition of those hybrid
mixtures likely to be encountered in the workingefa Methane content below the lower
explosive limit of methane has been mixed withtreédy low concentrations of dust, and
the minimum ignition energy determined.

“The thermal ignition theory distinguishes betweba behaviour of sources of ignition
which are spatially extended and those which awediafy concentrated. In mining,
ignition from a blown out shot is more voluminodsan a friction ignition and so the
explosive behaviour of both volumetric and poinurees have been investigated”
Landman (1992).

“Apart from ignition source geometry, many factarfluence sensitivity to ignition. In
this study most of these factors have been kepstaaty but two coal types, a very
sensitive and a less sensitive coal as measurdtebiK., explosion index have been
investigated” (Landman, 1992).

“Experiments were conducted in a 40 litre explositvamber (refer Chapter 13, Figure
13-22) and chemical and spark ignition sources weeal. It was found that dust reduces
the lower explosion limit of methane and in factlsunixtures can be as sensitive to
ignition as a 5% methane air mixture. Higher fogktures were required to initiate
ignition from a point source, compared with volurieignition, but small percentages of
methane reduced the minimum ignition energy of at doixture remarkably. Actual
measurements of dust loadings at coal faces halieabed that a small increase in
methane might well make the operational environmaghly sensitive to ignition”
(Landman, 1992).

The thesis concluded that typical coal dust comeéinhs increase the chance of an
explosive event in the working face. It is recormehed that collieries contain dust

concentrations at the working face within safe tani

2.7.1  Disasters involving methane

This researcher considers the understanding ofanethehaviour in goafs and the effect
of hybrid mixtures of coal dust and methane in therking place to be critically

important to the safety of high extraction openasio Explosions are immense killers and
in the spirit of zero harm need to be eliminatedabideast mitigated and must be of
paramount importance on the operators list of firgs: The disasters at South Africa’s
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Middelbult colliery during August 1985 (33 killedMiddelbult during May 1993 (53
killed) and New Zealand's Pike River colliery dugimNovember 2010 (29 killed) bear
testimony to this. It should be noted that New Zrdlhad a similar disaster at Brunner
coal mine during March 1896 in which 65 miners wkillked. Wankie colliery (now
Hwange) in Zimbabwe (ex Rhodesia) was the sitqefd' worst coal disaster in history
on 19 June 1972 (426 killed). China holds the dubicecord for the number of people
killed in a single mining disaster when during Ad@®42, 1,572 miners were killed in an
explosion at Honkeiko coal mine. The worst minirggident in American history was
caused by an underground explosion in 1907 thaitezsin the deaths of 362 miners in
Monongah, West Virginia when a year earlier in [eathe worst pit disaster in Europe
resulted in the deaths of 1,099 miners. A gas eimioat mount Kembla coal mine in
New South Wales killed 96 people in 1902, makingh& worst industrial accident in
Australia’s history. At least 66 miners died afterderground blasts at the Raspadskaya
mine in Russia (the deadliest incident in a Russiare since 110 people were killed by a
methane blast at another mine (exact details rmirted)) in the coal rich Kemerovo
region in March 2007 wiww.google.co.za/en.wikipedia.gidWhat more needs to be said

about this threat!

2.8 New Methods and Techniques in Coal Winning

Burst reports (Kindermann et al, 1986) that in aryehere world coal production

amounted to 2.9Bt (billion tonnes) (1986) the pmpo from underground was about
2.1Bt. A statistical survey published shows thmtgwall working with a proportion of

66%, dominates underground production. Longwallingjis employed in areas such as,
West Germany, Czechoslovakia (now Czech Republit Slovakia) and Japan. The
mean annual output however from 211 faces was 860er section.

World coal (2009) reports, “hard coal productionde 5.85Bt in 2008, with China
producing 2.761Bt; USA 1.007Bt; India 0.489Bt; Awadi 0.325Bt; Russia 0.247Bt;
Indonesia 0.246Bt; South Africa 0.236Bt; Kazakhst@ri04Bt; Poland 0.084Bt;

Colombia 0.079Bt; Ukraine 0.059Bt; Vietnam 0.040Btanada 0.033Bt; Germany
0.019Bt and UK 0.017Bt as sourced from IEA, Co#&biimation, Paris 2009”. The split
between underground and surface mining is not ted@World Coal, 2009).

Face installation has been made easier due to wmprents in procedures, new
equipment that is easier to assemble, new trandpoiiities tailored to individual

requirements and favourable heading cross-sectmren though special arrangements
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such as the development of faces from gate roadheruse of trackless means of
transport will continue to be used.

In the field of face—end technology, countless sohs to individual problem areas have
been found, both support related and mechanidabdst productivity increase.

Moses (Kindermann et al, 1986) in his capacityeatinical director of the National Coal
Board (UK) stated “We now have available from Ewap manufacturers, a range of
equipment, which has been proven on coalfaces ghiamut the world and which have
achieved very high rates of production. The rdléhe European coal industry is to apply
this equipment in its best mines, selectively wagkits best reserves to produce coal at
costs, which can withstand the competition froneottontinents, and from the East. We
do not need to continue to look for other than fafustments of our available systems.
We must not get blinded by the technological breadighs that always seem to beacon
around the next bend. We must manage what we ypte more effectively”
(Kindermann et al, 1986).

In South Africa more recently, a multi-year studsned at identifying and testing new
and innovative mining methods that can be usedite woal seams of varying thickness,
in such a way that the life of the Witbank/Highveldalfield of South Africa will be
extended as long as economically possible, wagedaout (Moolman, 2003b). Linking
the outcomes of year one’s study with a similadgtundertaken in Coaltech’s Surface
Mining research area, Highwall Punch Mining wasniifeed as a method that will be
able to achieve the life extension objective. Thisrim report details the progress made
to date with Highwall Punch Mining trials in Sou#tirica. The layout involves closely
spaced parallel roadways with potential RPE stiasegpplied. It is also referred to as
linear mining when this layout is applied.

The bulk of South Africa’s currently economic coaserves are found in the No.2 and 4
seams of the Witbank - Highveld coalfield. Thisnst surprising since the No.2 and 4
seams are the thickest, most widespread, mosy d@esdited and most easily accessed of
the Witbank coal seams. Since these reserves aidlyrabecoming depleted, it is
apparent that ways must be found of either incngattie extraction of the No.2 and 4
seams, or mining and processing the various ot@ms.

Increasing the extraction or production rate of M@2 and 4 seams may negatively
affect the future minability of the associated @sally the overlying) coal seams in the
area. Generally, the other seams are also thimmemare complex. The difficulty and
the high cost associated with mining the other seams, which are generally thinner,
has forced the mining industry to leave vast loarsecoal reserves unmined. It is
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therefore in the national interest to find coseefive and technologically safe mining
methods for extracting narrow coal seams.

A special subcommittee (Moolman, 2003b) undertookvéew of new mining practices
to identify new mining methods that will assist tinelustry in achieving the following
goals:

1) Improving current production rates.

2) Reducing mining costs.

3) Better utilising the available coal reserves, ithiibin and higher coal seams.

The work of the sub-committee was divided into saveomponents. Trench mining, the
hybrid Wongawilli system were identified, along lithin seam mining methods, and
international best practises for continuous mirapglication (CM’s),as being one of the
methods with the highest potential for assistirgySouth African coal mining industry to
achieve the above goals. It could also assist thighoptimisation of mining under the
unigue conditions encountered, i.e. weak roof alwdrf leading to improved coal
extraction. However, the viability of this metho&eded to be confirmed regarding
production rates and cost capability. The motorafior the project was therefore to test
the method in the South African coal mining envir@amt (Moolman, 2007).

Moolman (2007) reported that this project had re@ched conclusion and had petered
out due to the sponsoring group losing interest.

This researcher understands the significance ajviative methods and technologies in
the achievement of best practice process. Alrezglyain concepts involving linear
layouts are proving to impact internationally. THeagatar method proposed by Venter
of Magatar Mining and the reduced intersection sparring bone layout proposed by
van der Merwe hold great promise. Both methods limsar hearing bone layouts and
enhance productivity as a consequence. Magatar hwhiges Continuous haulage
equipment is further discussed in Chapter 9.

The coal sector is looking at clean energy andagtortechnologies. However, carbon
capture would be difficult for South Africa. It it even a matter of economics. South
African geology is not conducive to carbon capt@arbon could be stored in depleted
gas fields, at depths of more than 700m at whighllearbon liquefies and one could be
fairly confident of its prolonged storage. Howevalt,these oil and gas fields in Southern
Africa, like offshore Mossel Bay and on the offshaoast of Mozambique, are far from
the coalfields and their linked power stations. Heill we get the carbon dioxide to the
gas fields? It is not feasible to store carbon dadh mines — the overlying strata is

simply too porous.
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The underground coal gasification technology bemwgstigated by Eskom at Majuba is
proving viable, from a resource utilisation perdpex but that too will also have to take
into account its carbon footprint and it will hateensure that any nearby ground water

remains uncontaminated by phenols and other contants.

2.9 Coal Cutting Efficiency

Marsh (1988) was concerned with an investigatida the efficiency of coal cutting and
the problems associated with this procedure. Imfoik, (Marsh, 1988), it was concluded
that present investigations of cutting tool efficg are generally inadequate. By applying
the proposals as outlined in his report he condutthat improved efficiencies, lower
costs, greater productivity, less downtime and teashine wear will result.

The researcher considers wear mechanisms of cuttaly (both coal cutters and
continuous miners) such as:

1) “Frictional wear and attrition.

2) Abrasive wear and erosion.

3) Micro-fracturing and fatigue.

4) Impact damage.

5) Chemical erosion.

6) Thermal fatigue.

7) Material engineering.

8) Wear process of conical tools”

The researcher evaluates control systems at mimbs. four principle variables in coal
cutting are also identified:

1) “Cutting tool type.

2) Depth of cut.

3) Tool spacing.

4) Tool speed’

This researcher has found that conventional bigstiethods have been replaced
by mechanised coal cutting processes. The impmetahthis coal getting action

in effective production and world class performaigckighlighted.
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2.10 Practical Mine Management

A United States publication (Britton, 1981) disessniddle and front line management

in collieries. It focuses on the duties respotitiés and efforts of supervisors in both

underground and surface mining. Section two aealyise current management problems

with: costs; workers; safety; productivity; traigimnd technical staff. He presents some

practical ideas for improving the problems.

Britton stipulates that there are at least 6,10vacoal mines in the United States of

America and he notes the short comings in youngageament development that exist in

the system. “The coal industry has not been sufidassits efforts toward management

training and its orientation of young supervisamfitton, 1981).

He defines the manager as “Someone who gets thlioge through people” (Britton,

1981).

Effective operating techniques include all ideamed at improving productivity, safety

and employee relations. These have been termednhtinale factors by other authors.

These include such practices as:

1) “Initiating improvement programs for employees wh@anted to increase their
training, skills or education.

2) Incentive programmes for better production.

3) Incentive programmes for better safety practices.

4) Establishing communication channels beyond contregtirements to improve co-
operation (mine health and safety committees etc)”.

Britton (1981) argues the premise that in effectiviees, supervisors should be equipped

with the following basic qualities: communicatiokills; listening skills; decisiveness;

integrity; knowledge; enthusiasm and patience.

“At the mine level, good human relations and effectmanagement are critical to the

success of the operation” (Britton, 1981).

Modern management practices are based on the vialtzens of expert authorities, the

most familiar being Peter Drucker of Harvard Unsigr. These practices according to

(Cronje et al, 2003) incorporate the theories ofsida (Hierarchy of needs), Festinger

(Cognitive Dissonance), Mc Gregor (Theory X/Theol), Blake and Mouton

(Management Grid), Hersey and Blanchard (Situatiob@adership), Louis Alan

(Planning, Leading, Organising and Controlling)oshy (Quality) and others.

Worker morale in a colliery according to Brittord@l) is influenced by:

1) “Height of the working place.
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2) Presence of water or gas.

3) Roof conditions.

4) Treatment from supervisors and higher management.

5) Company policies and how they apply to the worker.

6) Fellow workers”.

Morale is a person’s mental and emotional statéepends on or reflects the individual's
sense of self-fulfilment. When a mine operationaiglysed for its performance, the
motivation of the employees is always examinedittd@r states, “Motivation is simply
the effort a person is willing to contribute towarachieving a goal. In coal mining a safe
and effective management team and a safe effici@rkforce are two such goals.
Leadership is the ability to direct the activitiek others. The key to leadership is co-
ordination. Co-ordination is defined, as the fimetof getting the right person, supplies
and equipment to the proper place at the propee.tigffective leadership is another
guality needed by supervisors” (Britton, 1981).

The first step in understanding the production fols in the mining operation is
identifying the general categories where most mnaisl fall. Britton identifies seven
major categories: section planning; operator peréorce; system performance; machine
performance; system logistics; maintenance perfoomand safety performance.

This researcher concurs with the appreciation & itmportance of the arguments
presented. These are crucial in a benchmarkirdy ghat aims to derive guidelines for
effective coal mine operation. The importance ofate and the motivation of the people
are major contributors to optimum production parfance. World class systems will not
exclude these factors. The challenge lies in émguhey are maximised and in how this

may be achieved.

2.11  Systems Thinking

Systems thinking had its foundation in the fieldsgétem dynamics, founded in 1956 by
MIT Professor Jay Forrester. Professor Forestgmrised the need for a better way of
testing new ideas about social systems, in the seaiyewe can test ideas in engineering
(Aronson, 2009).

The approach in systems thinking is fundamentalffer@nt from that of traditional
forms of analysis. Traditional analysis focusesseparating the individual pieces of
what is being studied. The word ‘analysis’ actpalbmes from the root meaning ‘to

break into constituent parts’. Systems thinkingcontrast, focuses on how the thing
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being studied interacts with the other constituesftgshe system. We have a set of

elements that interact to produce behaviour ohthlsstic system of which it is part. This

means instead of isolating smaller and smallerspairthe system being studied, system

thinking works by expanding its view to take inttcaunt larger and larger interactions as

an issue is being studied.

Examples of areas in which systems thinking haseprats value include:

1) “Complex problems that involve many participantsisg the big picture and not just
their part of it.

2) Recurring problems or those that have been madsenay past attempts to fix them.

3) Issues where an action affects (or is affectedtbg)environment surrounding the
issue, either the natural environment or the coitipeenvironment.

4) Problems whose solutions are not obvious”.

By seeing the whole picture, the team is able toktlof new possibilities that they had

not come up with previously, in spite of their beftorts. Systems thinking has the

power to help teams create insights when appliedgmblem (Aronson, 2009).

2.11.1 Value chain analysis

Porter (Jackson, 2004) introduced a generic vahagnamodel that comprises a sequence
of activities found to be common to a wide rangdimhs. Porter identified Primary and

Support activities as shown in Figure 2-1 .

Inbound Outbound Marketing

Logistics Lpsrations logistics & sales SOINGe

Firm Infrastructure
HR Management

Technology Development

Procurement

Porter's Value Chain Model

Figure 2-1 Porter's Value Chain Model (from Jack2894)
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In the model the primary activities are: inboundjistics; operations; marketing and

sales; and service. The support activities ardithes: infrastructure; HR management;

technology development; and procurement.

This is a system and requires an approach to anélysA modern scientific approach is

that proposed by Michael C Jackson (Jackson, 2004y work on ‘Systems Thinking'.

This applies a systems approach to managementepngbbnd classifies alternative

holistic perspectives in combination.

The Systems approach should result in:

1) “Improving goal seeking and viability.

2) Exploring purposes.

3) Ensuring fairness.

4) Promoting diversity”.

These approaches involve:

1) “Hard systems thinking.

2) System dynamics.

3) Organisational Cybernetics.

4) Complexity theory.

5) Strategic assumption surfacing and testing (e.dlerkiassumptions, making
assumptions that are incorrect).

6) Interactive planning.

7) Soft systems methodology.

8) Critical system heuristics.

9) Team empowerment.

10) Post-modern systems thinking”.

Jackson puts a taxonomy perspective on systemidrigiand it is this that in the opinion
of this researcher will identify the soft issueattiwill make a difference in mining

operations.

2.12  Quality Tools

In manufacturing environments, there are many aieasghich you can focus to create
improvements and systems such as the Six Sigm#oset12.3) and the Twenty Keys

(section 2.12.1) can help you to find a focus fopiovements.
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2.12.1  Twenty Keys

Kobayashi has created a list that includes thes# more, and can be used in

manufacturing audits (Kobayashi, 1995). It prosgidevery useful checklist. The Twenty

Keys are:

1) “Clean and tidy. Everywhere and all of the time.

2) Participative management style. Working with a@bple to engage their minds and
hearts into their work as well as their hands.

3) Teamwork on improvement. Focused on teamwork teolie everyone in
enthusiastic improvements.

4) Reduced inventory and lead time. Addressing owelgetion and reducing costs and
timescales.

5) Changeover reduction. Reducing times to change alie machines to enable more
flexible working.

6) Continuous improvement in the workplace. Creatingrovement as a ‘way of life’,
constantly makes work better and the workplacett@bplace to work.

7) Zero monitoring. Building systems that avoid theed for ‘machine minders’ and
instead have people who are working on maintaiaingmber of machines.

8) Process, cellular manufacturing. Creating intenemted cells where flow and pull
are the order of the day.

9) Maintenance. Maintaining of machines by people wiwk on them, rather than
external specialists. This allows constant adjustraed minimum downtime.

10) Disciplined, rhythmic working. Synchronised tosgistems where all the parts work
together rather than being independently timed.

11) Defects.  Management of defects, including defectiparts and links into
improvement.

12) Supplier partnerships. Working with suppliers, mgkthem a part of the constantly-
improving value chain, rather than fighting witteth.

13) Waste. Constant identification and eliminatiortlohgs that either do not add value
or even destroy it.

14) Worker empowerment and training. Training workierglo the jobs of more highly
skilled people, so they can increase the value ddelyon the job.

15) Cross-functional working. People working with athén different departments and
even moving to gain experience in other areas too.

16) Scheduling. Timing of operations that creates flovd a steady stream of on-time,

high-quality, low-cost products.

2-30



17) Efficiency. Balancing financial concerns with ath@reas which indirectly affect
costs.

18) Technology. Using and teaching people about moneptex technology so they can
use and adapt to it, bringing in the latest machared making them really work.

19) Conservation. Conserving energy and materialsavoid waste, both for the
company and for the broader society and environment

20) Site technology and concurrent engineering. Uridading and use at all levels of
methods such as Concurrent Engineering and Taguethiods”.

This is a useful list, but of course it still dasst include everything. A practical exercise

is to take this and use it either to evaluate aectirworkplace or as a discussion forum,

ensuring people understand it all contributing otheeas that need to be added for a

company (Syque.com, 2009). The Keys need to bpteddor a mining system and in

this lies a challenge.

2.12.2 Total Quality Management

Total Quality Management (TQM) is a management @@ or strategy aimed at
embedding awareness of quality in all organisatiopecesses. It maintains that
organisations must strive to continuously improlwese processes by incorporating the
knowledge and experiences of workers. Quality mansmnt can be explained as the
proposed action taken after finding out the diffe® or shortfall between the present
condition and the expected level set by any qualigndards. The proposed actions or
the actual action carried out to fill the gap can donsidered as quality management
practice. Although originally applied to manufadhgr operations, TQM is now
becoming recognised as a generic management teilap applicable in service and
public sector organisations. TQM is mainly concerméth continuous improvement in
all work, from high level strategic planning anccd®n-making, to detailed execution of
work elements on the shop floor. It stems from llbéef that mistakes can be avoided
and defects can be prevented. Continuous improvemarst deal not only with
improving results, but more importantly with impiog capabilities to produce better
results in the future.

Among the most widely used tools for continuous rowement is a four-step quality
model — the plan-do-check-act (PDCA) cycle (Sofeakp2009):

1) “Plan: Identify an opportunity and plan for change.

2) Do: Implement the change on a small scale.
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3) Check: Use data to analyse the results of the eéhand determine whether it made a
difference.
4) Act: If the change was successful, implement itaowider scale and continuously
assess your results. If the change did not wagirbthe cycle again”.
Organisations that may match or exceed the expeasatof customers should use
systematic, planned and well structured procedsssntay contribute to improvement in
quality and the quality management. A company my business entity that doesn’t
practice TQM may become non-competitive sooneraberl and the chance of that
company or business being driven out of the maikdtigh. Organisations today are
discovering the realities of managing a fast-movinginess in a permanent system of
complex regulatory compliance. A great number tiieo regulations are driving
companies to implement sophisticated complianaadraorks with unprecedented levels
of time, budget and resource. Current and emengergls suggest that the demands will
most likely become more stringent and more numeamuasharder to apply within a fast-
moving business environment. However, effective giiance management will protect
and enhance the brand and reputation by helpingd ab® adverse affects of non-
compliance such as: litigation; fines; prosecutiamd damage to brand reputation,
associated with non-compliance. It is importanfoicus not just on the immediate task at
hand but also on how a business solution can stufgoorganisation throughout the full
compliance lifecycle. A common cycle for procesgpiovement activities that can be
applied to any business improvement initiativehis tlassic PDCA Cycle stated above.
Software solutions should be designed to suppdrplahses of this cycle, from the

planning stage to the correction phase (Softexgéa9).

2.12.3 Six Sigma

Six Sigma is a management philosophy developed byoidla that emphasises setting
objectives, collecting data, and analysing resadtsa way to reduce defects in products
and services It is a business management strategy, which todgygye widespread
application in many sectors of industry. Six Sigimgrovements in surface mining
environments have been achieved for example:

1) Truck loading time reduced by more than 30 secamdaverage.

2) Rock fragmentation improved from 90% to over 99%naiterial within target size.

3) Fuel consumption reduced.
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4) Crusher throughput increased from 1,350 to 1,5Q0iating capacity for extra
production.

5) Fuel particle count reduced from 400,000 partipesml to less than 2,000 particles
per ml, producing increased production through cediequipment stoppages and
downtime.

6) Environmental haulage costs reduced.

These results are typical of what you can expettiarfirst 6 to 18 months of deploying

Six Sigma in a medium-size mine. These resultsheaachieved using basically the same

equipment and people (Aorist, 2008). The challdade find its suitability to

underground coal operations.

2.13 Conclusion

1) The literature review has identified pertinent éastthat will form part of the
guidelines to management and operators to ensadugtivity, effectiveness and
efficiency.

2) Certain critical guidelines have been identifietbtigh the research of Beukes in
the application of pillar and rib pillar extracti@and will not be repeated in the

new guidelines generated but must be taken note of.
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3 GEOLOGY

Geology impacts significantly on any mining methadd some understanding is
important when choosing specific methods and amayspecific successes. This

dissertation identifies issues which impact onaimas of this research.

3.1 Coal and Coal Formation

Geologists concur that the coal bearing strateomttS Africa occur in the Ecca Group, of
the Karoo Supergroup of rocks, which is of Pernmage (Beukes, 1992). According to
de Jager occurrences of coal also manifest in émmidn and Triassic aged rocks, where
we find the younger Beaufort and Stormberg seque(d® Jager, 1976).

Rank ranges from Peat, Lignite, Bituminous, to Aatite based on alteration and
volatile content and fixed carbon content. BeuKie292) quoted de Jager to identify and
define rank in southern African coals, “The rankges from Bituminous to Anthracite,
with relatively insignificant Lignite reserves knawrom Cretaceous and Tertiary aged
strata. Rank is the measure of the metamorphigimeofoal” (Beukes, 1992).

Anderson and Anderson (1985) argued that glaciatiag wide spread as evidenced by
the Dwyka Tillite at the foundation of the Karoocks. This was accompanied by
continental drift and the consequent breakup of dd@maland. As the South Pole
moved eastwards, the ice age began to declineiegdareduced in size and swamps
began to form. It is recognized that this took platuring Carboniferous and upper
Permian and Triassic timéanderson, J. & Anderson, H., 1985).

Falcon (1986) referred to numerous rivers bearing $ediments from melting glaciers
and local highlands, which meandered through tle¢ p@amps. As the climate became
more temperate plants evolved and flourished we#sablished species on the fringes of
Gondwana migrated inwards. The growth of the phaatter in the cold conditions was
slow and possibly seasonal, resulting in coal imcbxidised plant remains and often high
in mineral matter conterfFalcon, 1986) Figure 3.1 is a graphic of Gondwanaland

which was intact while the coal seams were depasite
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Figure 3-1 Gondwanaland during Carboniferous amty é&ermian (adapted from Beukes,
1992)

3.1.1  Chronostratigraphy and lithostratigraphy

Beukes (1992) refers to a tabulation by Macgred®88) which relates the geological
ages with chronostratigraphy (rock strata deposiest the eons, eras, periods, epochs
and ages) and lithostratigraphy (layered rock typegosited) and stated that the
Carboniferous era took place some 280 to 345 milliears ago, while the Permian
occurred some 230 to 280 million years ago. Téis is supported by (Falcon, 1986).

De Jager (1976) reported that the southern hemispbeal was formed during the
Permian times while the northern hemisphere coal®weposited during Carboniferous
times. This era (Carboniferous) was charactefiigetiopical to sub-tropical climate with
regular rainfall and rapid plant growth in the wiigged swamps on the shorelines of
warm equatorial seas.

Paleoclimatic conditions and topography influengeowth and deposition of the plants
during the period that coal was formed. Falcoruadgthat the chemical composition of
the coal was also influenced by these factors. dded is composed of a number of
microscopic organic constituent’s referred to asenals and also inorganic constituents
or minerals, which form the microscopic bands ocralithotypes and subsequently the

lithotypes.
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Table 3-1

Chronostratigraphy and Lithostratigrapdfyef Beukes, 1992)

Chronostratigraphic ~ Time line Era Lithostratigraphic  Lithostratigraphic
Unit (System) X 10Pyears System Supergroup
Quaternary <2 Cenozoic Quaternary Post-Karoo
Tertiary (Neogene, 2 -65 Cenozoic Tertiary Post-Karoo
Paleogene)
Cretaceous 65 — 140 Mesozoic Cretaceous Post-Karoo
Jurassic 140 - 195 Mesozoic Karoo Karoo
Triassic 195 - 230 Mesozoic Karoo Karoo
Permian 230 - 280 Paleozoic Karoo Karoo
Carboniferous 280 - 345 Paleozoic Karoo Karoo
Devonian 345 - 395 Paleozoic Cape Cape
Silurian 395 -435 Paleozoic Cape Cape
Ordovician 435 - 500 Paleozoic Cape Cape
Cambrian 500 - 570 Paleozoic Cape Cape
Namibian 570 - 1180 Precambrian ~ Nama / Damara Damara
Neo-Proterozoic
Mokolian 1180 - 2070  Meso- Nossib
Proterozoic
Mokolian 1180 -2070 Meso- Waterberg
Proterozoic
Mokolian 1180 —-2070 Meso- Bushveld | C
Proterozoic
Vaalian 2070 -2630 Paleo- Transvaal Transvaal/Griqualand
Proterozoic West
Randian 2630 —-3090 Precambrian Ventersdorp Ventersdorp
Neoarchaen
Randian 2630 — 3090 Witwatersrand Witwatersrand
Randian 2630 — 3090 Dominion Reef
Swazian 3090 - 3750 Precambrian Pongola
Mesoarchaen
Swazian 3090 — 3750 Moodies Swaziland
Swazian 3090 — 3750 Swaziland / Kheis Swaziland
3200 Paleoarchean
3600 Ecarchaen
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The chronostratigraphy units recognised range fymungest in Table 3-1 quoted in
(Beukes, 1992): “The International Commission orat®iraphy has classed: Eon, Era,
Period (System), Epoch (Series) and Age (Stage)d this has been reproduced in
Tables 3-2 and 3-3.

3.1.2 Macerals and lithotypes

Macerals are divided into three groups, VitrinEinite and Inertinite. Some common
rock forming minerals associated with the coal mess occur as sedimentary rocks
(siltstones, shales and sandstones) and as mgraiak within the organic matrix of the
seam (quartz, clays, carbonates, sulphides andugaoxides) (Falcon, L. and Falcon, R.,
1987) “Lithotypes known as Vitrain, Durain Clarain and &umsare groups of macerals
clustered into layers of microlithotypes. Microbitiypes are in turn banded or clustered as
lithotypes” (Falcon, L. and Falcon, R., 1987).

Falcon stated (Falcon, L. and Falcon, R., 1987) ttke Inertinite group, possess the
highest hardness, Vitrinite intermediate, and Hgithe softest. South African coals are
generally hard and uncleated which makes them muate difficult to cut than northern
hemisphere (European) coals”.

Macgregor (1983) summarised the major differenceswden South African and
Northern hemisphere coals and referred to minatidis, cleavage and jointing, depth to
seam and deposition climate. We note that theraliffierences in Vitrinite content and

qualities(Macgregor, 1983)

Table 3-2 Comparison of hemisphere coals (after My, 1983)
South African European
Deposited in a cool cold climate Sub-tropical cliena

High proportion of Inertinite & detrital High proportion of Vitrinite & Exinite

materials
Coal is jointed (little evidence of cleat) Well ated
Shallow seams Deep seams with accompanying stress &

high cleat frequency makes cutting easier
than in South Africa

Leeder (1982) summarised the environments of deposion the earth’s surface,
identifying; continental, coastal shelf and oceaeivironmental associatior{teeder,
1982).
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3.2 Resources and Reserves
The major coal deposits in South Africa occur i@ thain Karoo basin. The coal is found
in the Vryheid formation, formally classified asrpaf the Middle Ecca series of the
Karoo Supergroup. The formation is only developedhe northern part of the main
Karoo basin, north of latitude 29 degrees (Erasetad, 1981)
A resource is that part of a coal resource for Whimnage, densities, shape, physical
characteristics and coal quality can be estimatéd avspecific level of confidence.
Reserves can be defined as known amounts of econmimeral that can be profitably
produced at current prices with current technold@®eukes, 1992). A Reserve
classification is defined by the SAMREC Code in tBoifrica, the JORC Code in
Australia and the NI 43-101 which is the Canadidan8ard. The well-known Mc
Klevey diagram, (Figure 3-4) used by the Unitedt&itaGeological Survey, shows the
relationship between reserves and other measuressofirce stocks (Bredell, 1991).
Bredell stipulates (Bredell, 1991), “It classifiessources according to two parameters:

The degree of geological confidence and the degfeeconomic recoverability by

mining.”

TOTAL RESOURCES

Tehere i1 | o I T —
Domons traved
[ T— [P m—— infarred Hypathatical | Speculative

increasiag begres of
Eooncaiic feasibiliny

Inorsss ing Dogpres af

Goalogionl Asgurancs

Mc Klevey Diagram

Figure 3-4 Resource and reserve classification (Mevé&y} Diagram, after US Geological

Survey)
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Measured mineral resources may convert to eithevegal mineral reserves or probable

mineral reserves. Measured mineral resources, nequinsiderations of the modifying

factors affecting extraction.

The modifying factors are designed to include ngnimmetallurgical, economic,

marketing, legal, environmental, social and govesntal considerations (SAMREC

Code, 2007).

Table 3-3

Resource and reserve category (after SABRBEO7)

Coal Resource /Reserve Qualification

Category

Simplified Calculation

Gross Tonnes In Situ
GTIS

Total Tonnes In Situ
TTIS

Mineable Tonnes In
Situ MTIS th.mu
(Theoretical mining
height)

Mineable Tonnes In
Situ MTISPr yy
(Practical mining
height)

Run of Mine Reserve
RoM

Saleable coal reserve

Sales

All coal above minimum

seam thickness and cut-

off grade
Geological & modelling

losses applied

Coal in area defined by

GTIS = Area [defined by minimum
seam thickness & grade] x Avg. seam
thickness x Avg. RD

TTIS = GTIS x [1- geological loss]x[1-
modelling loss]

MTISthmn = [Area defined by

mineable seam thickness minimum seam thickness (up to

& depth or strip ratio cut- Th.MH & grade & depth or strip ratio

off. Geo & modelling

losses applied

Coal in area defined by

minimum & maximum
practical mining height,

including dilution

Extractable coal reserve

less recovery efficiency

factor including
contamination &
moisture correction

factor

Sum total of all products

after coal processing

operations

cut-off]lx Avg. Th.MH
thickness]x[Avg. RBnvn] X [1-
geoological loss]x[1-modelling loss]
MTISp, mn = [Area defined by
minimum & maximum practical
mining heights (with previously
defined area less layout losses)]x[Avg.
Pr. MH Thickness]x[Avg. RB.mrIX[1-
geological loss]x[1-modelling loss]
RoM=([MTISp, my]X[Mining extraction
factor])/([1- contamination
factor]x[Mining recovery
factor]x[1+RoM moisture correction

factor])

Sales =RoM x [%Yield]x[1-%Sales

moisture correction factor]
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SAMREC Resource & Reserve Classification

Figure 3-5 Relationship between Exploration resultneral Resources and Mineral
Reserves (SAMREC Code, 2007)

The relationship between resources and resengises in Figure 3-5. A South African
national inventory is overdue. The last was conelligh 1983 and published in 1987
(Bredell, 1987). This indicated a recoverable resevf 55.33Bt. Some reserves have
been reclassified as reserves from resources @hfhto 55.3Bt). One estimate is as low
as 33.19Bt (Prevost, 1999).

Table 3-4 Estimates of SA Coal Reserves (Jeffery, 2005)
Year Report In situ reserves (Mt)  Recoverable (Mt)
1975 Petrick 82,018 25,290
1983 De Jager 115,530 58,404
1987 Bredell 121,218 54,303

Jeffery (2005) stated, “South Africa has largehaligh not unlimited amounts of coal.
The Witbank and Highveld coalfields are approachigpaustion (estimated 9Mt of
recoverable coal remaining in each), while the apadlity or mining conditions in the
Waterberg, Free State and Springbok Flats coaffiedde significant barriers to
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immediate, conventional exploitation. New extragtidechnologies, technologies
exploiting the energy content of the coal in sés,well as suitable uses and markets for
low grade, high-ash coal are required before thenttg can utilise its admittedly vast
coal resources. Major challenges for exploiting sdompopo province coalfields are
severe water shortages, insufficiently developddatructure, fragile environments and
poor roof conditions due to depth and complex ggpldn the Central Basin (Witbank,
Highveld and Ermelo coalfields) technical innovasdor thin seam extraction, economic
mining of both pillar coal and intrusion fragmentes$ource blocks and the utilisation of
lower grade coals are required. The success dfutkised bed combustion technology is
necessary to utilise the low grade coals of the State and Indwe—Molteno coalfields,
while environmental exemption for past problemgether with strategies for mining
small, disjointed thin seam resource blocks is irequin KwaZulu-Natal. Clean coal
technologies, coal cost and quality, environmentdnsiderations, sustainable
development, the growth of the South African ecom@nd Government’s regulation of
the electricity industry are the main challengeshe continued use of coal as South

Africa’s primary energy source” (Jeffery, 2005).

3.3 Coalfields in Southern Africa

This research will identify only the most signifitafields with the best potential at the
time of this study. The Botswana fields providgramising future. There are some
untapped deposits in Mozambique and also the remmméthe Wankie field (Hwange) in
Zimbabwe.

The Highveld coalfield, of South Africa, covers apximately 7,000krand is situated

in the Mpumalanga Province (Beukes, 1990). Manthefbest producing underground
sections in South Africa are situated in this fieldarge collieries producing more than
10Mtpa saleable coal are found in this field. Treg amongst others Matla, Kriel,
Bossjesspruit, Twistdraai, Brandspruit, SyferfonteMiddelbult, New Denmark and
Khutala which is on the boundary with the Witbaietd.

Beukes (1990) found that, “at a majority of collés;, the strata overlying the 4 Seam,
which is the major seam of economic importancehisk competent sandstone, which
generally forms a good roof” (Beukes, 1990). Thenpetent sandstone however does
not cave readily during pillar extraction espegiali narrow panels. This causes stress
increases on the partially extracted pillars and cause premature failure of the
remnants. Goaf over runs of pillar and breakerdimay occur when the roof caves. The

4 Seam is split by a parting which increases iokifess from 2m to 15m. The 4 Upper
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only attains mineable thickness in limited areashef western part of the field. The 4
Lower is well developed over large areas, with aerage mineable thickness of
approximately four metres. De Jager (1976) confitntleat “the 4 Lower is of great
importance to the Republic of South Africa, whichthathe exception of the Waterberg
Coalfield is the only coalfield that can readilytisty a large future demand” (de Jager,
1976).

Jordaan referred to in Beukesudied the occurrence of igneous intrusives of the
Drakensberg formation, in the form of Doleriteséind dykes, which cover large areas of
the Highveld coalfield. “The sills are up to 90hick and consist of composite sills or a
series of splits. The splits are up to 40m thiCkese sills have been observed to
transgress the coal seam in various places reguitinthe formation of burnt and
devolatilised coal and the displacement of the seemvarious places, especially in the
central and southern parts. Numerous dolerite dyleeging in thickness from a few
centimetres to several metres, have been encodritethe coalfield. They have a major
influence on mine layouts and the type of miningthods that can be used cost
effectively” (Beukes1989a).

The Number 1 and 3 Seams are thin and discontinttwasighout the coalfield and
currently not considered mineable although thinnseaechanised methods are being
evaluated.

Beukes states “The 2 Seam is thick and economiealisactable at some collieries such
as Matla, Kriel and Middelbult, while the 5 seanoidly extractable at Matla and Kriel”
(Beukes, 1990). “The 2 Seam is thick (up to 8mjl daterally continuous. The
immediate roof is variable and can consist of stom#s mudstone and siltstone. The
sandstone forms a good roof but the other typesaffrequire systematic support. The
variation in the floor strata is similar to the f@trata. The sandstone forms a good floor,
but the other rock types break up under heavy miréquipment, especially in the
presence of water” (Beukes, 1990).

The research by (Beukes, 1992) identifies fieldbjctv have to date played a very
important role in the South African coal mining thiy but are or have approached
reserve depletion. Remnants are still being etgdoin certain areas but the balance of
the resource will only be recoverable through nesonemic structures and new
technologies.

South Africa has 17 identified coalfields, (de Jagd®76). Beukes has reported only on
the economically significant and active fieldsts time and it is noted that this excludes

the Waterberg Coalfield. Beukes referred to thghdéld, Eastern Transvaal, Utrecht,
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Klip River, Zululand, Vereeniging — Sasolburg, éBprings—Witbank coalfields (Beukes,
1992) .

3.3.1  The significance of the Waterberg and Botswana

coalfields
Galvin in a work on the mining of South African ¢hki coal seams, reported, “the
Waterberg coalfield is very remote to South Africaiajor industries and services and no
coal mining operations of any consequence have deeeloped in the field. Economic
considerations associated with the considerabléhdep the seams, coal quality and
remoteness restrict future mining operations is toalfield” (Galvin, 1981) Since
Galvin’s publication a surface open—pit truck ahd&l operation, Grootegeluk Colliery,
has been established in the shallower part of ible hear Ellisras. The operation
requires extensive coal preparation to get prottuntarket specification.
The Waterberg extends into Botswana where the gsdditity study for Mmamabula
colliery had been conducted during 2008.
Further north towards Palapye a feasibility studg heen completed during 2010 for the
expansion of Morupule colliery and to exploit thieick Morupule seam. A total
unpublished resource, for Botswana of about 378 heen reported by exploration

geologist G van Heerden, of SRK Consulting (vanrdee, 2008).

Table 3-5 Coal zones in the Waterberg as exposeatégeluk (Adamski, 2003)

Bench RD Thickness (m) Description Group

1 251 16.5 Overburden Upper Ecca
2 1.74 135 Bright coal Upper Ecca
3 1.83 16.0 Bright coal Upper Ecca
4 1.86 16.0 Bright coal Upper Ecca
5 1.90 16.7 Bright coal Upper Ecca
6 1.67 4.2 Dull coal Middle Ecca
7A 241 5.7 Shale Middle Ecca
7B 1.58 1.6 Dull coal Middle Ecca
8 241 3.9 Shale Middle Ecca
9A 1.58 2.8 Dull coal Middle Ecca
9B 1.58 53 Dull coal Middle Ecca
10 2.49 3.9 Sandstone Middle Ecca
11 1.52 4.1 Dull coal Middle Ecca

3-12



Coplfields of Soth. Alrica
W smpopa

B 2. Souipaisberg
. Waerhorg

A, Sprivghok Tles
B 5. Springs - Withank
B 6 Tpmgln

7. Highveld -
R Suuth Rasd B 14
B9, Basolbiing - Yerdenighig | R}
B 10, OF.S, - Viesloalein -
B Khipavaer -
B2 Ui

WI‘HH E‘P’,‘f“_‘fﬂ_’ Karoo Coalficlds of South Africa

Vryheid
Nenguoma
Skl
Boangwimine
Mulrens

Coalfields of South Africa

Figure 3-6 Coalfields of South Africa (van Heerd2008)

3-13



Kalahar| Beds

Ntsane Sst. Fm.

Tihahala Frn,

Serowe Fm. §

Serowe Bright Seam

interbadded Shale & Coal

Serowe Sikstone Marker

i
etonn Interbedded Shale,

Latsane "B" Seam | ©oal & Sandstone

Lotsane "C" Seamn
No. 2 Seam
Morupule Marker

Morupula Seam

Stratigraphy Morupule Coalfield

Stratigraphy of the Morupule coalfieldt8vana (van Heerden, 2008)

Figure 3-7
-
T T, _'a.r'_' !
pumtml 5 2
! "."r N\
i # ;
i Mt Q"’\
k PANDAMATENGA '
1 i
i » Maun l‘ i
i o VR
|
; ¢
: -
! « Ghanzi { ch
ey i A, -~
L
1 i
i | SERULE m
I vcolane e il
h ;
:
! MMAMABULA
]
i 7
| o
-\-‘_ !“'-M““’”"“ TOPOGRAPHICAL LEGEND
"i.* 4 _"- Lobatse | === intarnaticnal Bendary
b /3 b " ‘)" ————— Dvmtrict Boundary
£ P - »  Capl City
,' l’_-"-‘ - Town aF larga village
Botswana Coalfields
Figure 3-8 The Botswana Coalfields (van Heerden, 008

3-14



Various coalfield stratigraphies and localities displayed Figures 3-6 to 3-8 and Table

3-5 depicts the Waterberg lithology at Grootegelakiery.

3.3.2 The importance of the Witbank and Highveld coalfietls

Galvin (1981) reported on geological conditions afabsification systems pertaining to
floor strata, coal strata, immediate roof stratd apper roof strata. Galvin focused on
the seams suitable for thick seam mining and stlitie Springs — Vischkuil — Witbank,

the Highveld, the South Rand and the Vereenigin§asolburg coalfield§Galvin,
1981)

Jeffery (2002) in a study of geotechnical factossogiated with previously mined out

areas, reported on variables referred to as clasedstheir impacts on rock mass
behaviour, roof support and flammable gas. Jeffery identified the following classes

or categories: Statigraphy; Rock Engineering Prigser Spontaneous Combustion;
Discontinuities; Igneous Intrusions; Collapse oéypous workings; Hydrology; Stress

Environment; Primary Mining Parameters and Secondidining Parameters. Jeffery

further refers to impacts; roof caving potentiabick burst potential; rib and pillar

stability; floor heaves; roof surface subsidencaenscale roof support; panel scale roof
support; gas conditions and spontaneous combusken. study has found that the
remaining reserves in the northern section of thtb&k and Highveld coalfields were

recently estimated to be approximately 14Bt mainlythe 2 and 4 Seams (5 and 4Bt
respectively). This translates to approximately 6Bmineable in situ reserves, divided
1:2 between opencast and underground reserves.

Run of mine reserves amount to just over 3Bt, h@rgust less than 1Bt of this saleable
reserve estimate is attributable to export qualasl (that is coal with a calorific value of

more than 24MJ/kgYJeffery, 2002) Lurie (1976) is the source of the coalfield
stratigraphy depicted in the Figures 3-9 and 3-10.
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34 The Significance of Pillar Coal
Jeffery (2002) stated, “The majority of export @dlles will cease production by the late

2020's. There is thus a looming shortage of expoal, the 3rd largest earner of foreign
exchange for South Africa. However, with the migyoof mining in the Witbank area
being bord and pillar extraction, significant volesnof coal have been left behind as
pillars and barrier pillars. These are currentlyumexploited resource, which includes
export quality coal. The coal industry may shortlg forced to seriously consider
extensive secondary extraction in order to boopbexesources” (Jeffery, 2002).Various
researchers have attempted to quantify the amducda remaining in pillars in South
Africa. Hardman (2001) estimated 1.7Bt of coalfanr million pillars over an area
measuring 32km x 32km (Hardman , 2001).

Lind (2004) quoted Canubulat who estimated the arhofl residual pillar coal during
1997, using bord and pillar dimensions for 350 pate South Africa. The average
dimensions were bord width 6m, pillar width 15m,ning height 2.8m. Baxter (1998)
calculated the amount of pillar coal at 113.4Mtivkd from a volume of 70.9Mfrand a
density of 1.6tprh  Baxter concludes “that 6.7Mt of pillar coal cdude mined each year
for 17 years at 100% extractio(Baxter, 1998). This could be considered a mediom t
large mining operation.

Secondary extraction is only possible where thengry extraction was by the bord and
pillar method. The mining method chosen will deppean a variety of geotechnical
factors. Where either method is suitable the dmtiwill be based on economics.

Jeffery (2002) aims at identifying and quantifyitihgse critical geotechnical factors that
impact on the secondary extraction of coal in thitb¥k coalfield of South Africa.
Although the initial study is concentrated in thégion, findings could potentially be

applicable to other South African coalfields.

3.5 The Significance of Increased Extraction

Information on the extent of the South African reseis further elucidated on by Lind
and Phillips. “The use of bord and pillar mining (using pillaggign formulae) still only
extracts approximately half of a reserve, thusilgahalf in the form of pillars. It is
estimated that at 2001 levels of extraction thd ooaing industry in South Africa had a
life expectancy of 25 years based on the availdbta at the time” (Lind and Phillips,
2001).
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Lind (2004) reported in his research on the develm of a design methodology and
planning tool to increase the utilisation of coasaurces in the Witbank and Highveld
coalfields through underground pillar extractiohatt “The most obvious potential for
increasing the overall utilisation of coal resowraethe Witbank and Highveld coalfields
(which contributed 80% of all South Africa’s coatopuction in 2000) and thus
sustaining South Africa’s second largest exporérafiold, is the safe and economic
extraction of these pillars created by bord andaipimethods. More importantly the
increased utilisation of the coal resources indheeslfields will ensure that the coal fired
power stations situated on these coalfields wilsbstainable to the end of their lives (as

these power stations still have a life span of axipnately 30 years)(Lind, 2004).

3.6 The Potential of Discard Coal Products

An annual rate of production is discussed by, Wa@h898) “Approximately 262Mt of
run of mine coal was produced in South Africa i®89of which 55Mt were discard coal
products (fine and coarse discard, slurry and uhslofff). With a limited amount of
economically viable coal reserves in South Africgsibecoming increasingly important
to consider the discards and currently unmarketaeddeurces as vital energy sources”
(Wagner, 1998). During 2009 this figure was aroésit for a production of around
235Mt.

3.7 Technical Challenges Presented by the Southern

Hemisphere Coals

Van Zyl (2003) quotes Dave Hardman’'s (of the Ursityr of Witwatersrand) letter to

Sasol on the cutability of South African coals, poping the general perception that the
cutability is more difficult than that of Northerhemisphere coals, “Our coals are
generally more abrasive than those found in otbat producing countries making use of
continuous miners; we have problems with sandstotmasions, floors and roofs. The

combined factors can result in the generation ckpso badly worn that on occasion it is
amazing that the continuous miners can still cut.general | do not believe that other
coal producing countries have the same problenssiselves, which means that we need
to devise our own solutions. One of the solutitm®vercome cutting problems over

time has been the construction of heavier and poweerful machinesfvan Zyl, 2003)
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Adamski (2003) recorded that, the Waterberg cddlfie significant but presents some
technical challenges, “The coal field is relativedgnall in area but one of the most
important coalfields in the Republic of South A&icontaining approximately about 50%
of the coal reserves of South Africa. The coalfisl bounded by faults along its northern
and southern limits with displacement. The Daddwt with a displacement of 250m,
divides the Waterberg coalfield into two areashallsw, western area, where the coal
can be extracted by surface mining and; a deeph+astern area, where the coal occurs
at a depth of at least 270m. The coal seams min&iategeluk (based in the shallow
area), are part of the Ecca Group and 11 coal zoarebe distinguished. The upper Ecca
is on average 60m thick and consists of successibimter-bedded shale and bright coal
(barcode formation). It is a typical multi-seanpdsit consisting of coal beds varying in
thickness from a few centimetres to just over arepetiosely interbedded with mudstone
over the total thickness of 60m. The middle Eccari average 50m thick and forms the
lower part of the deposit consisting of dull coatlacarbonaceous shale, as well as grit
and sandstong/Adamski, 2003)The challenge lies in the mining methodology dedi

on for the Waterberg Coalfield.

3.8 Conclusions

1) South Africa has good resources exceeding 27Bt.eSauthors maintain that this
figure is over estimated and is only about 15Bt. épdated study is definitely
required.

2) Export resource tonnages are depleting rapidly.

3) Questions have arisen on the life of existing Bekhd the debate needs to be
resolved.

4) Resources with strong potential exist in South &sfs immediate neighbours
namely, Botswana and Mozambique.

5) In general the geology of the South African co#dfieis favourable compared to
other countries. The seams are thick, have goddarmbreasonable floor conditions.

6) Some areas have dolerite sills capping the areaimupdct on high extraction
exploitation.

7) Coal qualities are very suitable for power stafesd.

8) Metallurgical grade (blend coking coal) may onlyséxn thinner 5 seam resources or
in the “bar-coded” deposits of the Waterberg, thwirgbok flats and the Tete
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deposits or in the mining and economically challeggdeposits due to depth and
faulting of the Soutpansberg.

9) Botswana is equipped with medium quality 20 to 24gJesource with exceptional
mining conditions (good conditions).

10) The Waterberg will present significant mining ckealjes.

11) The mining challenges are also evident in the peteince of Mozambique, where
multiple thin seams are interspersed with sandstongudstones, siltstones and
shales. This is made worse with infrastructudbfams.

12) South Africa will need to consider the exploitatiafi thin seams to maintain
productivities.

13) As reported in Chapter 2, South African reservesoaet for 6.1% of total known
world reserve and at the time of the study is rdrf&qSAMI, 2007).

14) Recoverable reserves according to Bredell (198¥p&r3Bt (In situ 121.2Bt).

15) Recoverable reserves according to De Jager (198384Bt (In situ 115.5Bt).

16) Recoverable reserves according to Petrick Commmisgl®75) are 25.2Bt (In situ
82.0Bt).
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4 HYDROGEOLOGY

Hydrogeology is a science developed for simulatihg groundwater flow and

investigating the response of complex groundwatstesns (Annandale, 2006).

4.1 Hydrologic Cycle

Annandale describes the hydrologic cycle as, “tlyelrdlogic cycle is a constant
movement of water above, on and below the eartinface. It is a cycle that replenishes
groundwater supplies. It begins as water vapoiisesthe atmosphere from vegetation,
soil, lakes, rivers, snowfields and oceans (a m®aalled evapotranspiration). Surface
runoff eventually reaches a stream or other surfaeg¢er body where it is again
evaporated into the atmosphere. Infiltration, hosvewnoves under the force of gravity
through the soil. If soils are dry, water is absattby the soil until it is thoroughly
wetted. Then excess infiltration begins to movenglodownward to the water table.
Once it reaches the water table, it is called gdowater. Groundwater continues to move
downward and laterally through the subsurface. Baly it discharges through hillside
springs or seeps into streams, lakes, and the oatane it is again evaporated to

perpetuate the cycle” (Annandale , 2006).

4.2 Ground Water and Subsurface Water

Most rock or soil near the earth's surface is caadoof solids and voids. The voids are
spaces between grains of sand, or cracks in deokeAll water beneath the land surface
occurs within such void spaces and is referredstaraderground or subsurface water,
“Subsurface water occurs in two different zonese @one, located immediately beneath
the land surface in most areas, contains both watdrair in the voids. This zone is
referred to as the unsaturated zone. Other namethdounsaturated zone are zone of
aeration and vadose zone. The unsaturated zonedstaalways underlain by a second
zone in which all voids are full of water. This #ois defined as the saturated zone. Water
in the saturated zone is referred to as groundwaater is the only subsurface water
available to supply wells and springs. Water tabl®ften misused as a synonym for
groundwater. However, the water table is actuddly boundary between the unsaturated
and saturated zones. It represents the upper sudhthe ground water. Technically
speaking, it is the level at which the hydrauliegsure is equal to atmospheric pressure.”
The water level found in unused wells is often dame level as the water table
(Annandale , 2006).



4.2.1  Aquifers and confining beds

All geologic material beneath the earth's surfageeither a potential aquifer or a
confining bed. “An aquifer is a saturated geolofpemation that will yield a usable
qguantity of water to a well or spring. A confinifged is a geologic unit which is
relatively impermeable and does not yield usabkntjties of water. Confining beds also
referred to as aquitards, restrict the movemergrotindwater into and out of adjacent
aquifers. Groundwater occurs in aquifers under ¢atditions: confined and unconfined.
A confined aquifer is overlain by a confining bedich as an impermeable layer of clay
or rock. An unconfined aquifer has no confining kedazbve it and is usually open to
infiltration from the surface. Unconfined aquifen® often shallow and frequently overlie
one or more confined aquifers. They are rechardgedugh permeable soils and
subsurface materials above the aquifer. Becausedteeusually the uppermost aquifer,
unconfined aquifers are also called water tabléfagu Confined aquifers usually occur
at considerable depth and may overlie other codfemguifers. They are often recharged
through cracks or openings in impermeable layersvabor below them. Confined
aquifers in complex geological formations may bpased at the land surface and can be
directly recharged from infiltrating precipitatiolConfined aquifers can also receive
recharge from an adjacent highland area such asumtain range. Water infiltrating
fractured rock in the mountains may flow downwandd ahen move laterally into
confined aquifers.” Windows are important for tranising water between aquifers,
particularly in glaciated areas such as the Pugeh&region. A window is an area where
the confining bed is missing. The water level icoafined aquifer does not rise and fall
freely because it is bounded by the confining bke-lid. Being bounded causes the
water to become pressurised. In some cases, thesupeein a confined aquifer is
sufficient for a well to spout water several febbee the ground. Such wells are called
flowing artesian wells. Confined aquifers are atmmmetimes called artesian aquifers
(Annandale , 2006).

4.2.2  Ground water recharge and discharge

Annandale wrote “Recharge is the process by whidumd water is replenished. A
recharge area is where water from precipitatiotraasmitted downward to an aquifer.
Most areas, unless composed of solid rock or cavbgedevelopment, allow a certain
percentage of total precipitation to reach the waible. However, in some areas more
precipitation will infiltrate than in others. Areagich transmit the most precipitation are

often referred to as "high" or "critical" rechargeeas. How much water infiltrates



depends on vegetation cover, slope, soil composittepth to the water table, the
presence or absence of confining beds and othergadkecharge is promoted by natural
vegetation cover, flat topography, permeable saildeep water table and the absence of
confining beds. Discharge areas are the oppositecbiarge areas. They are the locations
at which groundwater leaves the aquifer and flamthée surface. Ground water discharge
occurs where the water table or potentiometricamgrfintersects the land surface. Where
this happens, springs or seeps are found. Sprindsseeps may flow into fresh water
bodies, such as lakes or streams, or they may ifitovsaltwater bodies” (Annandale ,
2006).

4.2.3 Ground water movement

Ground water movement is enabled through gravityguote Annandale, “gravity is the
force that moves groundwater which generally meamaoves downward. However,
groundwater can also move upwards if the pressuaedeeper aquifer is higher than that
of the aquifer above it. This often occurs wherespurised confined aquifers occur
beneath unconfined aquifers. A groundwater diviilte, a surface water divide, indicates
distinct groundwater flow regions within an aquiférdivide is defined by a line on the
either side of which ground water moves in opposditections. Groundwater divides
often occur in highland areas, and in some geolegigronments coincide with surface
water divides. This is common where aquifers ar@lelw and strongly influenced by
surface water flow. Where there are deep aquitarface and groundwater flow may
have little or no relationship” (Annandale , 2006).

He continues to quantify the flow rates and defparosity “the velocity at which
groundwater moves is a function of three main ‘deist hydraulic conductivity,
(commonly called permeability) porosity, and thedfaulic gradient. The hydraulic
conductivity is a measure of the water transmittcegability of an aquifer. High
hydraulic conductivity values indicate an aquifanaeadily transmit water; low values
indicate poor transmitting ability. Because geatogiaterials vary in their ability to
transmit water, hydraulic conductivity values rantpeough 12 orders of magnitude.
Some clays, for example, have hydraulic conduatizipf 0.000,000,01 centimetres per
second (cmps), whereas gravel hydraulic conduig#vitan range up to 10,000cmps.
Hydraulic conductivity values should not be confiliseith velocity even though they
appear to have similar units. Centimetre per secomgps, for example, is not a velocity
but is actually a contraction of cubic centimetger square centimetre per second

(cm®pent.s). In general, course-grained sands and gragetily transmit water and have



high hydraulic conductivities (in the range of 30000mpday (metres per day)). Fine
grained silts and clays transmit water poorly aadehlow hydraulic conductivities (in the
range of 0.001- 0.1mpday). The porosity of an aguiso has a bearing on its ability to
transmit water. Porosity is a measure of the amafirdpen space in an aquifer. Both
clays and gravels typically have high porositiedilev silts, sands, and mixtures of

different grain sizes tend to have low porositigsinandale , 2006).

4.2.4  Acid rock drainage

Kurt identifies acid rock drainage as, “acid rockidage (ARD) typically represents the

most significant mining-related impact (to wateisgarces) due to the presence of
sulphides. The exposure of the sulphides to airraatsture allows for the autocatalytic

reactions, which typically can lead to low pH vawend high concentrations of dissolved
metals” (Kurt et al, 2006).

4.3 Definitions and Governing Equations
An aquifer is an underground formation of specifiomensions, which contains
groundwater that can be extracted under the infleeof gravity. There are various

formulae and constants used for the calculations:

1) Reaction of the groundwater system to externaligftes.
2) Non-steady groundwater flow rate.

3) Flow rate of chemical substance through the aquifer

“Through the application of the equations, one sty the rate of movement of a
pollutant, the amount of dispersion and conveciiothe system as well as the chemical
reaction that may take place” (Annandale , 2006).

Kurt states “Since permeability characteristics #relamount of water in an aquifer may

change, computer simulation programmes are usettiéaralculations (Kurt et al, 2006).

4.4 Groundwater in the South African Coalfields

In the South African Coalfields, groundwater isazsated mainly with the dolerite dykes,
dolerite sills, and sandstones. The shale normallympervious to water, except in
instances of severe structural disturbances, &iaite in the vicinity of faults and dykes
(Kurt et al, 2006).



4.4.1 Groundwater associated with dolerite dykes

Kurt concludes that, “Where cracks penetrate tbkeride dykes the circulation of
groundwater, almost without exception, has createtes of chemical weathering along
the sides of the dyke. The weathering is a functidnthe depth of groundwater
circulation and normally pinches out at depths Ibely@0m. Typical yields from
boreholes in weathered zones range from 10 to J0tpss per second). Sustained yield
from these structures is a function of the lendtthe dyke and leakage of groundwater

from the adjacent sediments” (Kurt et al, 2006).

442  Groundwater associated with dolerite sills

Dolerite sills are underlying intrusive bodies tfialow specific horizons in the Karoo
Sediments for very long distances and can penetafitangles of up to 85° to the
horizontal according to Kurt et al (2006). Owingadack of groundwater circulation at
depth, very little groundwater is normally encouatealong the flat lying portions of the
sills (Kurt et al, 2006).

4.4.3  Groundwater associated with sandstones

Kurt concludes, “groundwater in sandstones maycbetained within pores in the
sandstone. Sandstone contains almost 99% of ther wiaie to retention forces. The
permeability of sandstone is extremely low. Owingthe weight of overlying rocks
cracks in the sandstone tend to close up at déptiecess of 60m. Therefore sandstone
cracks do not have a significant influence on aoaling operations since most of the
operations take place at depths of 100 — 180m.cfiheproblem is boreholes penetrating

the sandstones. This is the only place where watecome out” (Kurt et al, 2006).

4.4.4  Groundwater associated with shales

Most miners would have noticed where they haveos&g shales in the floor that these
are water retarding and presently tend to breakngpdeteriorate. Kurt comments, “the
shale above and below the coal seams generaliynaervious to groundwater. These act
as confining layers, separating one sandstone &mather. The groundwater within the
different sandstones therefore can be regardedp@sate occurrences, each with its own

hydraulic potential, separated by impervious layérshale” (Kurt et al, 2006).



4.45 Groundwater associated with pre - Karoo rocks

Kurt notes, “The various coalfields are underlaip tocks consisting of different
compositions. Whatever water may be encounterdfiédse rocks must be contained in
cracks, joints, fractures and faults. Therefordsitunlikely for water to cause any
problems during mining operations” (Kurt et al, D0

From the perspective of this researchers mininge&pce this seems a valid conclusion.
The only significant strata water freed during mmioperations has been in wall faces
with which the researcher was involved. The wadeliberated as a consequence of the

caving and fracturing of the dolerite sill present.

4.5 Characteristics of the Highveld and Witbank Coalfidd
Aquifers

Three distinct superimposed groundwater systenes paesent in the Mpumalanga
coalfields. They are the upper weathered Ecca aqutie fractured aquifers within the
unweathered Ecca sediments, and the lower aqufentithe Ecca sediments. The Ecca
sediments are weathered to depths of between 3 2mdbelow the surface throughout
the area. The upper aquifer is associated with wl@athered zone and water is often
found within a few metres below surface. This aguifs recharged by rainfall. The
percentage recharge to this aquifer is estimatéx tim the order of 1 to 3% of the annual
rainfall, based on work in other parts of the courby Kirchner during 1991 and
Bredenkamp during 1978 (Kurt et al, 2006).

Observed flow in the catchment confirmed isolateduorences of recharge values as
high as 15% of the annual rainfall as reported bgd$on during 1998 (Kurt et al, 2006).
It should, however, be emphasized that in a weatheystem, such as the Ecca
sediments, highly variable recharge values carobed from one area to the next. This is
attributed to the localised impact of mining ane tbomposition of the weathered
sediments, which range from coarse grained sanelsttay. The aquifer within the
weathered zone is generally low yielding (range tt0B,000Iph (litres per hour)) because
of its insignificant thickness. The good qualitytbfs groundwater can be attributed to the
many years of dynamic groundwater flow through wWeathered sediments. Leachable
salts in this zone have been washed from the syatehit is only the slow decomposition
of clay particles, which presently releases sontdrda the water (Kurt et al, 2006).

The fractured Ecca aquifers are comprised of urtfvezad Ecca sandstones and shales,

where fractures are the principal controls on gdwater movement. The pores within



the Ecca sediments are too well-cemented to alloy sagnificant flow of water. All
groundwater movement therefore occurs along secgrstiaictures, such as fractures and
joints in the sediments. These structures arebéttecloped in competent rocks, such as
sandstone, hence the better water-yielding pragsedi these rocks. At depths below
30m, water-bearing fractures with significant ygeldere observed to be spaced at 100m
or greater distances. Of all the un-weathered senlignin the Ecca, the coal seams often
have the highest hydraulic conductivity.

Below the Ecca sediments, the Dwyka Tillite hasyveoor aquifer properties. These
aquifers need not be included in the modellinghef impact of mine-water irrigation, as
the weathered and fractured aquifer will mainlyngort any salt emanating from
irrigation activities (Kurt et al, 2006).

4.6 Effect of Increased Extraction on Groundwater

Increased underground extraction of coal oftenltesn a collapse of the overlying
strata. The degree of collapse primarily is a fiomcbf the competence of the overlying
strata. The effect of increasing the extractionttanoverlying strata can be explained as a

continuous sequence of events (Kurt et al, 2006):
1) Shale and sandstone will collapse immediately dfteisupport is removed.

2) Where a dolerite sill is present, the effects Wédldampened and will be visible on

surface only after an area of at least 200m x 1B8mbeen excavated.

3) Now the cracks will penetrate the overlying rocks aill increase the permeability

thereof.

4) With an increase in advance, further cracks wilgbaerated and the inflow of water
increased.

5) Surface cracks are generally of circular naturea@ndd be regularly spaced. It can

also have an irregular pattern.

6) Itis anticipated that the degree of fracturingha overlying rocks decreases

progressively upwards, until single cracks shoveworiace.

The influx of groundwater can cause serious probldfour stand out from the

others

1) Flooding hazard, but also difficulty in handling ve®al.



2) Water influx will continue for long periods and tkeére depleting boreholes in

surrounding areas.
3) Contamination of water in boreholes.

4) Rainfall will restore initial quantities of water.

4.6.1 Rate of groundwater influx into areas of increased

extraction

The rare of groundwater influx into areas of ineeth underground extraction of coal is

determined mainly by three conditions (Kurt et24106):

1) “The major contributing factor undoubtedly is tlager at which groundwater can

move through the unfractured rock rocks surroundhiregarea of increased extraction.

2) Variation in the storage coefficient or specifielg can also have an influence on the

rate of influx from surrounding rocks.

3) Predicting the initial influx into areas of increaisextraction is the degree of

fracturing of the overlying rocks”.

Kurt explains that “the parameter values of trarssimity, the storage coefficient and the
specific yield can be determined by field invediigias. Numeric modelling can also be
used for the simulation of the flow of the groundevaOne cannot use the hyrogeological
information from one mine for another even thougle geological conditions on a
regional scale are similar. Dolerite intrusions @ticate the calculation of influx rates to
a large extent. The weathered zones adjacent tdaleeite dykes and steep dipping sills
act as highly permeable channel ways for groundwateeoretically, the rate of influx
into a specific area should decrease with timeabse there is a finite amount of
groundwater in the system. However, groundwateecharged annually with rainfall”
(Kurt et al, 2006).

4.6.2 Rate of dewatering overlying and adjacent sediments

Kurt identifies, “three main factors control theeaaf the dewatering of overlying and

adjacent sediments in areas of increased extraction

1) Variations in the value of transmissivity.
2) Storage coefficient and the specific yield.

3) Recharging to the groundwater system.



In practice a significant variation in the transsiigty, storage and recharge values can be
expected. The recharge of the groundwater systelardely dependent on the rainfall
pattern and the permeability of the surface fororeti Numerical modelling will
accommodate for any of these changes when simotat&me done. Another factor
complicating calculations of dewatering cones s fact that in many of the coalfields
numerous sandstone layers, each separated fronarmwther by impervious layers of

shale, are present” (Kurt et al, 2006).

4.6.3 Chemical contamination of groundwater in areas of

increased extraction

The reaction with pyrites leads to acid formatikort states, “as a result of fracturing of
the layers overlying areas of increased extractiois, water is exposed to fragments of
shale, sandstone, dolerite and coal. The sandstomkeslolerites are inactive chemically
and have very little effect on possible chemicarades. Shales might result in reacting
with chemicals in the water. This will result ineglents going into solution once the
water flows over it. That is why water arriving atmine will have a different chemical
composition compared to the initial compositionidscmay form from these elements in
the water reacting to the pyrites. The contamimatid groundwater during influx into
areas of increased extraction must not be confustrdgroundwater that siphons into the
mine through natural cracks. In old mines, contat@d water may be stored
underground, but on new mines this water must bpodied of on surface” (Kurt et al,
2006).

4.6.4 Isolation of areas in which increased extraction ha

ceased

The engineer will have to be cautious when desmjroundwater control systems as
the team of hydrologists are quoted, “groundwatédr eontinue to flow into areas in
which increased extraction has ceased. This infiitk continue until the original
hydraulic balance between the water table in tlagsas and in the surrounding areas has
been reached. This can be a very costly problerthénlong run. Therefore proper
planning is required especially for the possibildiy installing water doors and pump
stations. One needs to take special care with deigathe water reticulation system and
ensure that the flooding procedures accommodateeitpgired influx of groundwater”
(Kurt et al, 2006).



46,5 Recommendation for handling groundwater in areas of

increased extraction

There are various solutions for the handling ofugidwater in areas where extraction has
been increased. It is extremely important to fifé tcorrect manner of handling

groundwater as soon as possible (Kurt et al, 2006):

Drainage by surface boreholes

“It will be possible to drain groundwater in areasrrounding increased extraction
operations by drilling surface boreholes into mileeelopment. Each hole will have to be
cased with a perforated casing and the water tla@tglinto the mine development can be

used for mining operations or pumped to surface.

Selective increased extraction with geological corpments

Closed geological compartments occur within thdfedds. Any dewatering taking place
within such a compartment will not spread beyorel tbundaries of the compartments.
Increased extraction should be conducted in thesgpartments as far as possible and

will result in dewatering these compartments” (Keirtal, 2006).

4.7 Desalination of Pollute Groundwater

Desalination of contaminated groundwater has nehlieveloped to such an extent that
this can be a consideration in the treatment ofpibleuted groundwater. This normally

involves the addition of lime on large scale whitve ground water has been exposed.

4.8 Effects of Increased Underground Extraction on the

Environment

Increased underground extraction has a seriouseinfe on the topography, surface
runoff, disposal of contaminated water and theotfém surface vegetation. Kurt states in
sections 4.8.1 to 4.8.4:

4.8.1 Effect on the topography

“The mining depth, thickness of the coal seam dradlithology of the overlying strata
are the major controlling factors that determine éffect of increased extraction on the

topography” (Kurt et al, 2006).
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4.8.2 Effect on surface runoff

“Surface runoff will be affected by increased urmgteund extraction in two ways. First
of all, increased infiltration of rainfall will redt in areas where cracks extend up to the
surface. Secondly, in areas of flat surface togayyapans will develop above areas of

increased extraction” (Kurt et al, 2006).

4.8.3 Disposal of contaminated water

“All contaminated water needs to be treated to sachextent that it will be safe to
dispose of the water in rivers and dams. Otherwise will have to construct surface

structures to ensure evaporation” (Kurt et al, 2006

4.8.4  Effect of increased extraction on surface vegetatio

“The surface depressions that form above areascoéased extraction will fill with rain
water during the summer season, destroying anytatge that has grown” (Kurt et al,
2006).

4.9 A Case Study lllustrating the Importance of Ground
Water in Planning and Operating Coal Mines

This researcher was the SRK Consulting Project Manduring the Morupule Colliery
Expansion Feasibility Study. The subsequent acoeptaf the project by the external

bankers indicates the level of confidence in tHimfang information.

4.9.1 Introduction and scope of the report

Debswana requested SRK Consulting (Pty) Limitedutmlertake a hydrogeological
feasibility study for the Morupule Colliery situdte€lOkm west of Palapye in Eastern
Botswana. The general requirement of the study teaseview the geological and

hydrogeological information in order to:

1) Develop a conceptual hydrogeological model.

2) To assess the potential inflows in the undergromarking.
3) To identify information gaps.

4) To recommend a numerical hydrogeological modelk(juired) and
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5) Define additional studies required for the ovevadker resources management for the

existing and planned mining activities. (Dougalbgt2009)

49.2 Background and brief

The underground mining has been ongoing for ovietytiiears and currently takes place
at depths of up to 100mbgl (metres below grouneél)e\so far there is no evidence of
major groundwater inflows into the current undetgr@d workings, only occasionally

small inflows from water locked into the coal seameking the immediate working area
wet and this has been effectively managed in tisé pa

4.9.3 Geology, aquifers and confining layers

The coal deposits occur in a shallow syncline wlih strata dipping at less than 1° to the
west. The rocks are of Lower Karoo age and volcami&s of the Upper Karoo overlie
the coal seam resources. The Karoo sediments foommgplex, multi-aquifer system,
consisting of a few, low permeability, generallyntisandstone and coal units, separated
by a number of relatively impermeable, thick, cardceous mudstone and siltstone beds.
Packer testing conducted in the 1982 feasibilitglgtshowed that the permeability values
for all undisturbed rocks were low to very low. Ttveo major aquifers are the Ntane
Sandstones (K) and the Palapye Group (Tswapond.eiséne Formation), respectively

above and below the Morupule coal seam (Dougail,e2009).

4.9.4  Piezometric levels and flow patterns

A piezometric map with groundwater flow directionasv compiled. The following

remarks are relevant:

1) Regionally, the groundwater flow direction is to@sithe east following the Lotsane

River and towards the major Limpopo River drainagstem.

2) Locally (west of the Colliery), the contours além¥ from the north (Serowe area)

following the Morupule River.

3) At the actual mine position, the groundwater tataefirms the presence of a cone of
depression on average up to 30 m in depth, confgrabservations made by Water

Surveys Botswana in 2008.
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4) According to the contact of the water table andcibe seams, half of the
underground workings are actually below the waibte with a maximum water head
of 4 bars (400kPa)-he water head above the coal seams increase$yrapalnorth-
westerly direction up to 20 bars (2,000kPa). Atrii@éns| (metres above mean sea
level) within the coal seams, the water head ismizdlly 21 bars (2,100kPa).

5) Inthe Phuduhudu wellfield area, the groundwaiwftlirection is from the recharge
area (the Tswapong Hills) located south-east ofwtbkfield area, northwards

towards the underground workings; and

6) The water level contours give the wrong impressiai the discharge point is the
whole mined area which is most likely not the cd%es aberrance is caused by the

lack of data on a larger scale (Dougall et al, 2009

495 Groundwater use

The mine operates a small wellfield (Phuduhudufiedd) to the south of the mine on the
margins of the Lotsane River and the Morupule Miliage area wellfield. Groundwater
within the mine lease area has also historicallgnbased for supply to the Morupule
Mine 'Village' area, southeast and northeast ras@ye of the mining activities (Dougall

et al, 2009).

49.6 Hydrochemistry

The Phuduhudu wellfield water shows contaminatibriNitrates, (NQ) indicating that
the fractured aquifers of the Palapye Group arehlhigrulnerable to pollution of
anthropogenic origins. Groundwater seepage moslylito be contaminated depends on
the residence of time in the workings and the naligaition of the coal. The main
groundwater flow direction indicates a potentiagkrof transport of pollution (if any) in
the direction of Palapye Village wellfield situaté@km away. Microbial contamination
as indicated bye. Coli from the surface pollution sources (badly maintdibereholes)
has been recorded in the vicinity of the MCL viklaand the Phuduhudu wellfield in 2008
(Dougall et al, 2009).

49.7 Potential groundwater inflows

Potential inflow along faults or dykes could redbk workings assuming they connect

overlying aquifers such as the Ntane SandstonesHg{r cases have been modelled with

4-13



the Thiem equation for steady-state seepage: thealaonderground mine extension
(2009) and three scenarios with different watedredaove the coal according to different
cases of dewatering. The calculation for the

actual mine workings gives a result of an inflovosd to zero in the underground
workings, confirming the observations on site. Tigures for actual and proposed
extensions show that the underground inflow invloest case scenario will not be above
12nt per day.

The steady state seepage can be estimated from:

Equation 4-1 The Thiem Equation for steady state seepag

Where:
hw: typical seam floor elevation (mamsl)
ho: typical water table elevation (mamsl)
rw: effective radius of working (m)
ro: radius of influence (m)
T: transmissivity (rfpday) (Dougall et al, 2009)

49.8 Groundwater flow hazards

As an aid in identifying where the groundwater peafs in terms of potential inflows to
the mine, may be encountered during the developroktihe mine, semi-quantitative
groundwater hazard maps where compiled for the pldeiand Serowe Bright mining

horizon by SRK in 1982. The method is based orfdhewing parameters:
1) The connection to potential aquifer.

2) The proximity of any lineation interpreted from ¢ photos considered as open

fractures.
3) The estimated pre-mining hydrostatic head dividgd ®0 and
4) The rates reflecting the transmissivity of the adja aquifers to the mining horizons.

The overall index (H) is the sum of the four comgainindices (indicated in the bullets
above) and is denoted by colour coding and displayea map. The plan for Morupule

Mine shows that the whole proposed mine area ir2,1@88ich to date has been partially
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mined has a minimal groundwater hazard index oinlibe east part and greater than 50
in the west part. Furthermore, all the lineatioasénan H index greater than 60. The
whole actual mining area is ranked as having attowigh level hazard according to the
1982 rating. This rating needs to be updated viithlatest data to fit with observations
which show that so far no hazard as groundwatéwvirsf have occurred to date (Dougall
et al, 2009).

4.9.9 Acid rock drainage

More investigation is required to prevent any a@dk drainage (ARD) generation in
Morupule Colliery. The main groundwater flow direct indicates a potential risk of
transport of pollution (if any) in the direction dfe Palapye Village wellfield situated
downgradient 10km away. The information availabtetlds stage is insufficient to
understand the potential for ARD (Dougall et ald2pD

49.10 Dewatering effects on water supply

The underground workings are actually dewaterirgvibinity of the mine and according
to the piezometric map the actual radius of drawddsvestimated to be about 3,500m.
The three dewatering scenarios modelled indicaedtawdowns have been estimated at
8,000m. This dewatering could impact the availapitif water for the Morupule Village
wellfield, located 5,000m away from the centre bé tunderground working and the
private boreholes within the mine lease area. TielRhudu wellfield located more than
8,000m will not be affected. Finally the Palapydliidd seems to be far away but needs
confirmation by getting accurate coordinates ofehotes in the wellfield (Dougall et al,
2009).

4.9.11 Recommendations

1) Water level monitoring: The main recommendatiotoislevelop a groundwater level
monitoring programme by installing new piezometgrsdedicated new holes and
also equipping some existing exploration holes. tdeight new piezometers are
recommended for drilling and equipping. This wdésel monitoring will help MCL
to have a better understanding of the water tab#tipns, fluctuations and overall

groundwater flow directions.
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2)

3)

4)

5)

Aquifer characterisation: Aquifer tests need to performed to complete the
characterisation of the aquifers. It is essentidtriow the permeabilities of the strata
in the underground workings which may be mined ulgto faults or dykes. SRK

recommends air percussion drilling of two holesgomp-testing.

Water quality monitoring: It is recommended that tiples used for the water level
monitoring and some holes from the Village wellfieind Phuduhudu wellfield will
be sampled for water quality analyses on a mornihlsis for one year. In order to
investigate acid rock drainage (ARD) generation eptal, a sample from

underground seepage needs to be analysed alongheibiulk rock mineralogy.

Geology: SRK recommends the production of a newloggmal map with all the
latest updated information such as the aeromagrstiwey. It is essential to
groundtruth the faults and dykes which could odouthe expanded mining area, if

necessary by ground geophysics.

Potential groundwater inflows and Groundwater Hdzsan: Based on the approach
recommended above, there is no need to developnanal groundwater model at
this stage. However, efforts must be made to deterrthe position of the water
table; the groundwater flow direction and have tebainderstanding of the aquifer
systems in general. The method of calculation ef ghoundwater inflows and the
groundwater hazard plan developed in 1982 by SRKsHlt valid but now need to be
updated with the latest data such as water levdl siructures (faults or dykes)
identified from geophysical surveys (Dougall et2009).
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Figures 4-1 and 4-2 detail significant hydrologyailsor Morupule colliery.

4.10

1

2)

3)

4)

Conclusions

In a region such as southern Africa where watesune®s need to be protected,
groundwater needs to be considered carefully whimnmg new mining
operations or increasing the percentage extraction.

Increased extraction leads to fracturing of ovaedyistrata and in the right
circumstances lead to increased water inflow ineorhine.

Water may become contaminated by contact with sddish(AMD), therefore the
dispersal of water during the life of the mine ahé effects following mine
closure need to be considered carefully beforengicibmmences.

Where the surrounding water table has been contdednwith nitrates and
bacteria E Coli) the resulting drawdown as a consequence of miraggvities
could result in further pollution of the water tatthat was previously more wide

spread or remote and currently polluted.

Replenishment of dry or polluted wells will always a challenge and could be costly to

the mine operator. It may require sourcing by pasehfrom the utility (water board).
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5 ROCK ENGINEERING

51 Defining Rock Engineering

Work in Rock Engineering has been described by bhetauthors and practitioners
namely Brady and Brown (1993), Franklin and Dusk€a889), Jager and Ryder (2001)
and Budavari (1985). The most current and adeqoaterage of the high extraction
environment is work by Van der Merwe & Madden (2002

Van der Merwe and Madden have recorded that “thense of rock mechanics is
relatively new as a separate branch of the studynethanics. While it has always
existed, it has only been formally recognised sithee1960’s. It has been defined as the
study of the reaction of the rock mass to changadentherein by man. While rock
mechanics is a field of study, or a science, thgiegtion thereof is rock engineering”
(Van der Merwe & Madden, 2002). This is supporgdJager and Ryder (2001).With
regard to the similarity of coal mining across @oants van der Merwe states, “Coal
mining in South Africa, Australia and North Amerisasufficiently similar with regard to
physical parameters and mining equipment to besifled jointly” (Van der Merwe &
Madden, 2002).

5.2 Friction Affects the Efficiency of Roof Support

It is apparent that in the mining environment,c¢fion plays a major role in the efficiency
of roof support anchors, be it resin or mechanaahors, and in the sliding of roof
layers over one another in a laminated roof” adfiooed by van der Merwe & Madden,
(2002). Van der Merwe & Madden, (2002) definestioic as “the force that resists
sliding. Its magnitude depends on only three bpaiameters, namely: the magnitude of
normal force acting on the sliding plane, the carescting on the plane and the friction
coefficient between the two surfaces” (van der Me&Madden, 2002). The magnitude
of the shear stress required to overcome frictian be calculated by the Coulomb
equation (Equation 5.1) from van der Merwe & Mad{002):

Equation 5-1 Coulomb Equation

=C+ ,tar
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Where
= Shear stress in kPa
tan = friction coefficient
= friction angle
n = hormal stress in kPa

C = Cohesion between objects in kN.

“In the case of roof layers sliding over one anagtlibe resistance to sliding can be
increased by increasing the normal force on therfiates. In practice this is achieved by

pre-stressing roof bolts” (Van der Merwe & Madd2a02).

5.3 Stratified Rock Layers Behave Like Beams

Van der Merwe and Madden (2002) also declares“thatcoal mining environment is
characterised by stratified or layered geologigatsu These behave like plates, and the
behaviour of plates can be simplified to that ofiflne under most circumstances. When
the length of a plate is significantly greater th@nwidth, its behaviour approaches that
of a beam. There are several different types ofriseand consequently only two types of
beams will be discussed, namely clamped beams amtilevers. An unjointed roof acts
like a clamped beam in its simplest form. The magbortant visual, or measurable,
characteristic of a clamped beam is that it sabe.d@mount of sag is greatest in the centre
and it approaches zero at the edges. The maximmassss induced in the beam occur at
the edges. At the bottom centre of the beam thessts are tensile and they are
compressive at the top. Rock is weaker in tendiam in compression. In the case of a
mine roof, part of the beam is not visible and ¢ffiere the onset of tensile failure may not
be seen” (Van der Merwe & Madden, 2002). The magei of the maximum tensile
stress is given by Equation 5.2:

Equation 5-2 Magnitude of the maximum tensile stress

= L2t

Where:
= Maximum tensile stress in kPa

= unit weight of beam (kg)
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t = thickness of beam (m)

L = length of unsupported span (m).

Van der Merwe and Madden (2002) states that, “whercontinuity of a clamped beam
is broken, for instance by a joint in the roof, tmagnitudes of sag and stress are no
longer valid. The free end of the beam is now stfese, but the stresses at the clamped
edge are still there. The magnitude of the terstiless increases six-fold. The practical
implication of this is that the mere presence ¢diat in the roof immediately results in
six times the tensile stress, again at a poirtetdp of the beam that is not visible” (Van
der Merwe & Madden, 2002). Figure 5.1 depicts ditrer which is in reality a beam
with one side unclamped. Note the tensile streskeatop and the compressive stress at

the bottom of the beam or cantilever.

= T
Cantilever Beam
Figure 5-1 A cantilever beam (from van der Merwdi&dden, 2002)

54 Underground Stress

Mining does not create stress it merely re-arratigestresses that were always there and
is referred to as induced stress. “If the extenimiiing is limited to bord and pillar
mining, the stress changes are also minimisediglfi lextraction mining is done, we
experience the full extent of stress re-distrituiti/an der Merwe & Madden, 2002).

Van der Merwe and Madden (2002) defines Rock Meickathrough this explanation
“mining tends to unbalance the natural forces timte been in balance for geological
time and nature always tends toward balance, ahdnwve create disturbances, nature
will react by striving to reach a new balance. ®tedy of this reaction is called the

science of rock mechanics” (Van der Merwe & Madd5(2).
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It is known that before mining commences, the renkironment is subjected to virgin
stress. The vertical component of stress is calgdke weight of the overlying rock. The
horizontal component, however, has a largely uagedrigin and cannot be calculated as
readily as the vertical component according to gan Merwe & Madden, (2002). It is
often expressed as the k-ratio. Van der MerweMadden (2002) is quoted “At depths
in excess of say 1000m, the k-ratio has been fiyntheasurement to be in the region of
0.5 to 1.0. At shallow depth, the ratio is muchheig ranging from around 1.0 to as high
as 6.0, while in isolated areas it has been foorigetas high as 12.0. It is usually about
2.0. The use of the concept of the k-ratio at shaltlepth is questionable and often
misleading, because in general the stress magsitaigelow. Often a high k ratio does
not necessarily imply that the absolute stressldemee high enough to cause undue
problems” (Van der Merwe & Madden, 2002). ResediglCoaltech was commissioned
during 2010 on the horizontal stress regime in dagxpansive collieries and well
exploited coalfields to enable better understanding

Van der Merwe reports that “the horizontal compdnehstress at shallow depth is
greater than that which can be explained by thed®ai effect (i.e. the rock under vertical
compression attempts to expand laterally and becauss confined, stresses are
generated). There are several theories to exphanotigin of this horizontal stress. A
popular theory in the USA and Australia is that #teesses are generated by plate
tectonics. Therefore, the stresses are generatéldebyontinental plates pushing against
one another. In South Africa, this theory is nodely accepted, as the coal mining region
is remote from any known plate contact points” (\dem Merwe & Madden, 2002).

5.4.1 Properties of some coal measure rocks

Coal measures are made up of rocks that are msgalynentary in nature. The Table 5.1

highlights some of these properties.



Table5-1 Mechanical properties of some rocks foundcoal measures (after van ¢
Merwe & Madden. 200:

Rock type UCS (MPa) UTS (MPa) Shear Strength Young's Density
(MPa) Modulus (kg/m®)
(GPa)
Sandston 75 5 15 13 2 48(
Shale 75 5 15 2 48(
Siltstone 70 6 1 2 48(
Mudstone 40 5 7 2 48(
Dolerite 190 14 20 100 3 00(¢
Coa 25 5 8 5 1 50(C

It should be noted that the coal is relatively weaknpared to the other rocks. In so
situations the coal properties behave better thaietes of fin-grained carbonaceo!

rocks that are prone immediate weathering and deteriorat

5.4.2 The stresseffects of creating a roadwa.

To quote van der Merwe and Madden (200Mining does not create stresses; it me
redistributes the existing ones. Exactly how thesstes are redistributed depends
several factors, mainly the shape of the roadwal/the pr-mining state of stre. No

stresses perpendicular to the skin of the roadwayesis.

= TS

—
—
I

S~

Figure5-2 Showing redistribution of stresses when an excavasiameated after van der
Merwe & Madden, 200:

Redistribution of Stresses Around ar
Excavation
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There is then a concentration of stresses arouacetlyes of the roadway” (Van der
Merwe & Madden, 2002). Figure 5.2 shows the reithistion of stresses around the
excavation, the induced stress concentration bgiegter than the virgin stress. To quote
Van der Merwe and Madden (2002), “All the stresseting perpendicular to the skin are
reduced to zero while all the ones parallel togkie are magnified. This means that in
the roof, the horizontal stress is magnified whiile vertical stress is zero. In the rib sides,
the horizontal stress becomes zero and the verdioads is magnified” (Van der Merwe
& Madden, 2002).

Van der Merwe and Madden (2002) also states thmaa ‘homogeneous rock the severity
of the stress concentration in the corners dependwo factors, namely the sharpness of
the corner and the orientation of the principa¢sses. The more rounded, the corner, the

less severe the stress concentration is” (Van dawd & Madden, 2002).

Stress Flux Concentration in Corners of
Roadway

Figure 5-3 Stress concentration in corners of road{fayn van der Merwe & Madden,
2002)

Figure 5.3 shows the concentration of stress flukha corners of the excavation and
Figure 5.4 is a photograph of guttering on the thafitd side that has been supported. The
guttering is caused by stress failure due to irsédorizontal stress. The failure occurs

at the top corner against the abutment which-axially confined.
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Guttering Due to Horizontal Stress

Figure 5-4 Guttering due to horizontal stress (fr@an der Merwe & Madden, 2002)

Controllable parameters

Van der Merwe and Madden (2002) has clearly defthedmost important parameters as
“the rock quality, state of stress and the pres@faiscontinuities are given and cannot
be changed. The three main controllable parametersroad width, time of support
installation (linked to the cut-out distance) ahd tharacteristics of the support system”
(Van der Merwe & Madden, 2002). Van der Merwe Muatiden’s explanations of these
factors follow:

Road width. “The amount of roof sag is proportional to the foysower of road width.
This means that if the road width is doubled, theoant of sag will increase sixteen
times. It is well known that decreasing the roadtiwiis the first step to be taken when
bad roof is encountered, and this explains whgldd explains why road width control is
essential in high extraction mining, why intersest are prone to roof falls and why
uncontrolled cutting away of the corners at intetisais is dangerous. In an intersection,
the diagonal distance is 1.4 times the road widthis means that the roof sag is
potentially 3.8 times as great. If only 1m is céft ane corner of a pillar, the 3.8 factor
increases to 5.8. To make matters worse, if a goln made into an unsupported
intersection, the increase in width is a suddemesad the roof experiences the sudden
increase in sag as a shock. Road width contratas for another very important reason.
In several situations the supports that are iredtadire only intended to suspend the weak

material underneath the more competent layers afireesandstone), and not to support

5-7



the main sandstone beam itself. In the absencpedfi@d supports like long anchors, the
stability of the sandstone beam is controlled bg parameter, and one only, and that is
road width” (Van der Merwe & Madden, 2002).

Time. “At present, the effects of time on roof behaviowanmot be quantified
mathematically. From limited work done in laminatsldale/sandstone type roofs and
thick mudstone units, it appears that the majasityghe deflections occur soon after the
roof has been exposed and that it is controlled lerger extent by face advance than by
time. From the stage that the face advances away the last line of bolts is equal to the
road width, the rate of deflection decreases rgpidth further advance. This means that
especially in adverse conditions, bolts shouldnistalled very close to the face if they are
to have the maximum effect. Note that this means ifhit is necessary to increase the
cut-out distance (the distance the CM cuts befatiedrawing to support), it can be done
by limiting the road width, provided that the vdaltiion requirements are met. A time
may be reached when it is too late to support. diaeks are there, just waiting for the
slightest disturbance. Sometimes the late instaifladf support is the disturbing force. If
the roof survives that, the second possible triggethe disturbance caused by high
extraction mining. Sometimes the causes of rod$ fal stooping cannot be established.
Maybe there are no joints, no slips, and the baéswell installed, yet there was a fall.
Often what is called a ‘danger inherent to miniirsga man-made danger, created months
before by not having installed support soon enadigiing development. Roof support is
not a separate operation in mining. It is an irdegart of the act of mining. If the roof
bolter breaks down, mining should cease. An exdawahat cannot be supported must
not be made. This should be borne in mind at tltecdrthe shift, and before weekends”
(Van der Merwe & Madden, 2002).

Support provision. “The support provision loop begins with the iden#fion of the
most likely mechanism of roof falls in any areaeTdecond step is to design a suitable
support system; taking cognisance of the geologindl stress conditions, the equipment
that is available to install the supports, the suppnaterials that are available and the
level of training of the work force. If any new geient is to be introduced into the chain,
it has to be accompanied by proper training. Ipestinent to mention the basic design
procedure at this stage. The first step is to datex the load on the system, including
gravity and, if present, the effects of higher tharmal horizontal stress. Next, the
system has to be able to withstand the imposeds|oHuls is achieved by balancing the
length, diameter and the spacing of the tendoris.ithportant to first fix the spacing of
the tendons, and then the lengths. The reasohifistthat a load calculation on its own
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may result in a system that is able to withstarel Ittads imposed on it from a force
balance point of view, but, it will not necessarilseate a stable beam. Neither will it be
able to prevent the small but potentially lethdlsfdbetween bolts. In cases where high
horizontal stress is the cause of roof instabildy,where an artificial beam is to be
created, it is essential to concentrate on thénes of the support system. The third step
is to install the supports. It is vital that a peoprocedure for this be laid down and that
the necessary discipline is maintained.

The fourth step is monitoring, which consists airfonain elements. The applicability of
the system as designed must be monitored on anirapgasis, which includes taking
cognisance of changes in the geological conditidhs. quality of the installationsas to
be monitored on a daily basis—this is an imporfanttion of supervisors. The quality of
the support materialsas to be checked to ensure that it conforms togfeirements of
the designed system. Lastly, the integrity of thpp®rt over timehas to be checked,
bearing in mind that steel corrodes” (Van der Me8wvladden, 2002).

55 Geotechnical Classification

The mining engineer must appreciate the followirgtgchnical concepts, as reported by
Van der Merwe & Madden (2002), if he or she is ¢é3ign best practice mining systems.
These classification systems are supported by ldoekBrey (1995), Brady and Brown,
(1993), and Budavari, (1985).

5.5.1 Rock mass classification

Jager and Ryder (2001) identified and so does \GarMterwe and Madden (2002) that
rock technologists tend to use the following consap classify rock quality:

Rock Quality Designation (RQD)

RQD gives an estimate of the blocky nature of thata. Defined as the, “length of core
in excess of 100mm (0.1m) divided by the total tngf a particular strata unit expressed
as a percentage” (Van der Merwe and Madden, 2002).

Durability and swell tests

“Slake durability and swell tests provide an esteanato the likely impact of clay
minerals and water on the behaviour of the stratd are particularly important as
indicators of floor conditions” to quote Van der Me and Madden (2002).



Duncan swell test

“Measures the unconfined swelling strain, in onemare directions, when a sample of
rock is immersed in water” defined by Van der Meavel Madden (2002).

Slake durability test

“Assesses the resistance offered by a rock sampheakening and disintegration when
subjected to two standard cycles of drying and ingtt(Van der Merwe & Madden,
2002).

5.6 Roof and Sidewall Stability

Parameters for a rock mass include the following:

1) “Rock quality.
2) State of stress.
3) Presence of discontinuities” (van der Merwe and diéad(2002).

Three main controllable parameters of an excavatien

1) “Road width.
2) Time of support installation.
3) Characteristics of support system” (van der Meme lsladden (2002).

The secret of a successful support strategy isréoegmt the unstable minority from

falling.

The following can be used to estimate how dangeadasilt or slip is:

1) “Smoothness: the smoother the more dangerous.

2) Direction: the more closely parallel to the roadvitag more dangerous.

3) Dip: the shallower the dip the more dangerous.

4) Position: the longer the exposed weak side of &with a joint the more dangerous
the situation” (Van der Merwe & Madden, 2002)

Strata control needs the application of suitablgpsut units to enable roof and sidewall

stability. Table 5.2 from van der Merwe (2002) gegquate in highlighting these support

characteristics.

5.6.1 Beam building as a strata control method

Beam building along with suspension are recogniteata control strategies. Van der
Merwe recognises that “for the beam building fumctithe bolts must be longer than the
thickness of the beam to be created. This thickdegpends on road width, horizontal

stress, etc. The basic philosophy in this casbas the bolts are used to create a stable
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beam by preventing lateral sliding of the lamingbis can only be achieved if the bolts
are installed before any bed separation occursiddbly, full column resin is required
for this function. In theory, the same can be ade by installing pretensioned
mechanical or resin point anchors, but becausestlese tension, the beam building

function is lost very soon” (Van der Merwe & Madd@002).

5.6.2 Suspension as a strata control method

Roof support by suspension is done in the caseentherroof consists of a layer of weak,
or laminated, material overlain by a self-suppatiayer like thick sandstone. Van der
Merwe states that “the roof is then stabilised bgpending the weak material onto the
stronger layer. With resin bolts, the longer thaeimgortions in the hole, the stronger the
anchor. The bolt length must thus be greater tharnthickness of the laminations, with
enough left over to have a strong enough anchsuspend the laminations. The required
strength of the anchor depends on the spacing eofbtiits and the thickness of the

laminated layer.

Suspension Support of Laminated Beam
Anchoring Weaker Layers in Sandstone

Figure 5-5 Suspension of laminated beam (from van denel & Madden, 2002)

The thicker the laminated layer and the greatespiazing, the longer the bolts must be”
(Van der Merwe & Madden, 200Z&igure 5.5 depicts a laminated beam being suspended
by the tendons.
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Suspension is based on the principle that eaclotendbolt carries its share of the total
tributary load of the immediate roof. Support lgaer tendon is critical and must not

exceed the carrying strength of a tendon.

5.6.3 Incorrect bolt installations

How do operators ensure that there is correctihstallation? Firstly, adherence to the
required pattern can be measured; secondly, thétyguwd the anchor can only be
deduced; thirdly, pull tests can be done to testnfi@jor deviations on full column
installations, but not to determine the full anchesistance of the bolt. Van der Merwe
provides the reason for this is “that a pull tespérformed on the protruding end of the
bolt and consequently the load that is obtainethintest is the full frictional resistance
over the entire length of the bolt. Even if theimdsond is inferior, it is possible for the
full load to exceed the breaking strength of theelstFor instance, the unit frictional
resistance between the resin and the rock is inathge of 2,000kPa to 3,000kPa for most
rock types. If something went wrong during the afistion, that resistance will be
reduced. If it is reduced to 1,500kPa, approxinyakellf of the required resistance, then
the total load in a pull out test for a 1.8m lorathin a 28mm hole will be 237kN, which
is in excess of the strength of most 20mm boltsisTleven with only 50% of the required
resistance, the bolt could pass during the testrebleer, it will seldom be possible in
practice to obtain loads equal to the steel mdtstiangth, as the pull test will invariably
be done on the threads, which will fail at loweads in most cases” (Van der Merwe &
Madden, 2002).

“The most common errors during installation areomect hole lengths and incorrect
resin mixing. The materials are also sometimesatigks washer plates may be too thin
and crimps on the crimp nuts may be too weak orstoong. Torque settings on roof
bolters may be too high or too low and sometimessihinning adapters are worn” (Van
der Merwe & Madden, 2002) . The visual appeararica oorrectly installed bolt is

shown in Figure 5.7 and installation errors in Feb.6.
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Figure 5-6 Visual error identification on roofbolstallations (from van der Merwe &
Madden, 2002)
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Figure 5-7 Correctly installed bolts (from van derre & Madden, 2002)
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5.6.4 Breaker lines

The purpose of breaker line supports in pillar @stion is to prevent the roof collapsing
from the goaf side into roadways. The ideal bredier forms a sharp edge across the
roadway, causing the roof to break off on the gidé, hence the name. To perform this
function, a breaker line must be stiff and stronguegh, and the individual elements, be it
mine poles or bolts, must be spaced close enouggtiter. “There are three basic types of
breaker lines: mine poles, roof bolts and mobildrhylic prop systems” (Van der Merwe
& Madden, 2002).

Mine pole breaker lines

“A common type of arrangement for a mine pole besdlne is shown in Figure 5.8. It
usually consists of a double line of mine polescsgalm apart supplemented by a finger
line running diagonally across the roadway. Bredkers and finger lines have to be cut
the right length and must be firmly wedged agathstroof. It is customary for breaker
lines to be installed a short distance from thiap#dges, to prevent the mine poles being
knocked over by rocks sliding out of the goaf. Tisadvantages of mine pole breaker
lines are that they are labour intensive to trartspod install, cumbersome to install
properly (especially at high mining heights) anduiee people to work at the goaf edge

during their installation.

Table 5-2 Support element characteristics (from Van der Merwdatlden, 2002)
System Active Stiff/ Corrosion Ease Pull Use Avoid Relative
/Pas Soft Resist of Instal out Cost
resist
Mechanic Active Soft Medium Good Medium Short Term Longterm Cheap
al Anchor Unlaminated  Laminated
roof roof

Medium to Burnt coal
light load Ribside

Resin Active Soft Medium Medium, Very Short Term  Longterm Cheap
Point requires  good Unlaminated  Laminated
Anchor training roof roof

Medium to  Burnt coal

heavy load Ribside

Full Passive  Stiff Good Medium, Very Long term Burnt coal Expen-
Column requires good Laminated  Ribside sive
Resin training roof

(Single Heavy load
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System

Stiff/
Soft

Active Corrosion

/Pas Resist

Ease Pull
of Instal out

resist

Relative
Cost

Use Avoid

Type)

Full
Column
Resin
(Slow/Fa
st
Combo)

Split set

Trusses

W straps

Wooden

dowels

Fibre
glass
dowels
Wire
mesh &

shotcrete

Active Stiff Good

Passive  Stiffish  Poor

Stiffish  Good

(cable

Active

trusses
soft)
Stiff Medium

Stiff
but

Passive Excellent
weak

Passive  Stiff

Stiff

well

Passive if Good

installe

Excellent

Medium, Very

requires  good

training

Good Poor

Cumbers Very

ome good

Cumbers

ome

Easy Poor

Good

Easy

Cumbers

ome

Thick weak

roof

Close to

face

Burnt coal
Ribside

Long term Expen-

Laminated sive
roof
Heavy load
Beam
building
Thick weak
roof
High
horizontal
stress
Burnt | codong term Expen-
ribsides Heavy load  sive
Wire mesh Thick layers
fill in
Thin
laminated
layers
Short term
Light load
Jointed Very
areas expen-
Major joints sive
& faults
Jointed Expen-
areas sive
Friable roof
Beam
building
High
horizontal
stress
L/W faces Roof Cheap
Ribsides in
stooping
L/W faces

Ribsides in

Expen-
sive
stooping

Burnt coal

Jointed

Expen-
sive

areas
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System Active  Stiff/ Corrosion Ease Pull Use Avoid Relative
/Pas Soft Resist of Instal out Cost

resist

d Friable roof
Long term
densely
populated
areas
Chemical Passive  Stiff Excellent Cumbers L/W Very
injection ome facebreak expen-
Presupport sive
in very
weak
jointed

conditions

Minepole Breakerlines

Figure 5-8 Mine pole breaker lines (from van der Me& Madden, 2002)

Where mining heights are in excess of 3.5m, it dvecomes difficult to get mine poles
of the right length. On the positive side, they dndbeen shown to be effective over
several decades of mining and have the advantagraroing of impeding roof failure by
making cracking noises and showing obvious sigris@tased load. To the experienced
miner, ‘timber talks’, implying that it gives an @ible warning” (Van der Merwe &
Madden, 2002).

Roof bolt breaker lines

“Roof bolt breaker lines perform the same functantimber breaker lines. They usually

consist of a double line of full column resin greditbolts across the roadway, spaced at
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1m. Roof bolt breaker lines come into their own ralatively strong strata, being
particularly successful in areas where a strongdsane beam overlies laminated
material. They are often the most economical safetien at high mining heights. It is
important for the roof bolts to be long enough émgirate into the sandstone beam. They
must be full column resin bonded for stiffness, amduld ideally be installed during
development, before the stooping- induced movemst#d taking place. The major
disadvantage of roof bolt breaker lines is thatytlygve less warning of changing
conditions. This problem is usually overcome bytaiisg a single timber prop in the
centre of the roadway, the so-called ‘policemarkstiThe advantages of roof bolt
breaker lines (shown in plan in Figure 5.9) aret thay are easier to install, can be
installed during development (which is safer thaorking at the goaf edge), are not
affected by mining height and require less labdfupre-installed, their installation does

not hamper the process of pillar extraction” (Van Merwe & Madden, 2002).

oofbolt
Breaker line

Roofbolt Breakerlines

Figure 5-9 Roof bolt breaker lines (after van dearive & Madden, 2002)

Mobile breaker lines

“A mobile breaker line consists of a set of foudtgulic props in a frame. It resembles a
longwall shield with a flat steel roof, mounted oat tracks. The units are remote
controlled, and are used in pairs, parked sidaedsyia the roadway.

Being mobile, they are moved forward after each icwd a pillar, following the
continuous miner. The advantages of mobile brelikes are that the loads they generate
can be adjusted to suit specific roof conditiom&yt are always close to the continuous
miner, safe to operate and low on labour requirdmerhe disadvantages are that they

require a relatively obstruction-free floor, higapital outlay and that their use increases
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the number of units in a section which require nemance and they may break down.
The varying load cycles they impart on the roof besn seen to cause, especially jointed
roof, to fall and in instances where they are noved forward on time, may themselves
be covered by goaf collapse. Although they wereeltged in South Africa for the
Middelbult Colliery, they are not used locally, migi due to the high capital cost.” (Van
der Merwe & Madden, 2002). Figure 5.10 gives a suite of the positions of

mechanised mobile breaker lines.

Mobile Mechanised Breakerlines

Figure 5-10 Mobile breaker lines (after van der Me& Madden, 2002)

5.7 Pillar Design

Initial work by Salamon (Salamon and Munro inclugi®@alamon and Canubulat) set the
process. Van der Merwe and Madden (2002) stipulad¢ “Coal pillar design is of
primary importance for the safe, economic extractiba valuable national resource. It is
often determined by the strategy of the mining canypor the philosophy of the mine
manager. The basic choice is whether to opt forimam extraction on the advance,
thereby leaving permanent coal pillars, or maximowerall extraction of the coal
reserves, where larger pillars are deliberatelynfad with the intention of extracting them
at a later date. As a mine nears the end of stfiére are economic and social pressures
to extend the life of the mine for as long as ishtecally and economically feasible.

Consequently, areas only designed for primary etitia and showing no signs of stress
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or deterioration are often re-appraised to detegnifinhey are suitable for some form of

secondary extraction” (Van der Merwe & Madden, 2002

For a bankable feasibility study, a pillar desigasédd on numerical modelling is the

recommended way to get away from ‘design rulest thare developed before cheap

computing power became available. These rules Is@reed the industry well, but

changed two elements of design at the same tinmeelggoroduction and barrier pillars,

and the relationship between the two introducesematism into the design. Hence a

new technique raises its head in numerical modg(lDougall et al, 2009).

The well used formulae sourced from work by Salamod subsequent work by Van der

Merwe & Madden (2002) give solutions for:

1) Load for squat pillar in terms of: depth to flodf)( pillar centre (C); pillar width (w).

2) Strength for a squat pillar (S).

3) The load on a pillar if a dolerite sill is preseantterms of. depth to floor (H);
thickness of sill (T); pillar centre (C); pillar dih (w).

4) The load on a rectangular pillar (L).

5) The pillar strength in terms of pillar width (w)@pillar height (h).

6) The effective width of a rectangular pillar in teymf: pillar area (A); pillar centre.

7) The safety factor in terms of: pillar width (w); mtl to floor (H); pillar centre (C);
pillar height (h).

8) The equivalent width for a parallelogram pillar.

9) The pillar load for parallelogram pillars.

5.8 Rock Mechanics of Pillar Extraction

We need to have an understanding of the cavingemsity of our strata. When sills are
present they act as beams and influence the stegise significantly. The design
engineer will be challenged with the question dfirpl panel width to enable effective

caving where this is required and control of abuthstresses.

It is necessary to determine critical panel widthsompetent and incompetent strata. It is
also necessary to consider the orientation or tiineevhen extracting pillars. The advice

offered by van der Merwe (2002) is effective ankbfes.
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5.8.1 Critical panel width

“Critical span is the width at which goafing caiitiete. The formula for the calculation

of critical panel span is:

Incompetent strata:

Equation 5-3 Critical mining span incompetent strata

L.= 2Htan

Where
L= critical mining span (m)
H= depth to floor (m)

= goaf angle which in absence of site specifiadain be taken as 15°.

Very strong strata:

Equation 5-4 Critical mining span strong strata

L= 2T (ks + /D) +2(H-D)tan

Where
K= horizontal to vertical virgin stress (kPa)
H= mining depth (m)
D= depth of dolerite base (m)
T= thickness of dolerite (m)

= goaf angle (measured off vertical)”
(Van der Merwe & Madden, 2002)

5.8.2 Extraction safety factor (ESF)

When creating fenders during extraction the deshlysuld account for the specific safety
factors of the remnants. The formula for calculptine extraction safety factors is (Van
der Merwe and Madden, 2002): Pillar Strength /aPilload
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5.8.3 Important points relative to pillar extraction

To quote van der Merwe, the important points retato pillar extraction are:

1) “When a pillar is split, the stress on the fendergeases because the load bearing
area is smaller.

2) Also, the stiffness of the fenders is less than tiahe pillar prior to being split,
because the w/h ratio is less.

3) Therefore, the probability of the fender failingthre first place, and failing violently
in the second place, is higher.

4) The system stiffness depends on the number ofrpilla a panel—the wider the
panel, the softer the system and the greater thsilplity of violent failure. System
stiffness is reduced by non-continuity of the oweden—faults and dykes. Reduce
the system stiffness and increase the probabifityiaent failure” (Van der Merwe
& Madden, 2002).

Figure 5.11 shows that the next panel should bepst in a direction which

places the goafs together and mining directiomiayafrom the goaf.
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Correct Stooping Direction Away From
Old Goaf

Figure 5-11 Stooping direction away from old goéfi¢ der Merwe & Madden, 2002)
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Remnant Safety Factors

Figure 5-12 Approximate safety factor of snooks dyipimases of pillar extraction (Van der
Merwe & Madden, 2002)

Figure 5.12 highlights the safety factors of thmmant snooks and fenders. The miner

should always be cognitively aware of these andtmsequent risks.

Ideal Goaf Position up to Last Line of
Snooks

Figure 5-13 Ideal goaf position with only one lioesnooks (Van der Merwe & Madden,
2002)

Figure 5.13 displays the relative position of gaafl the last line of snooks all others
having crushed in the ideal situation.
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Pillars must be Split at Right Angles to
the Goaf

Figure 5-14 Pillars should always be split at righgles to the goaf (Van der Merwe &
Madden, 2002)
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Checkerboard Stooping

Figure 5-15 Checkerboard stooping (Van der Merwd&lden, 2002)
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Correct Stooping Direction at Right
Angles to Long Axis of Pillar

Figure 5-16 Pillar splitting orientation (Van deekve & Madden, 2002)

Figure 5.14 shows the correct splitting directionaopillar, Figure 5.15 depicts the
process of splitting with the chequerboard miniagout and Figure 5.16 illustrates that
the pillar should be split uniformly in one diremti normally at right angles to the long
axis. Figure 5.15 depicts chequerboard stoopingGand in adjacent pillar is only taken
if conditions permit (Van Der Merwe & Madden, 2002)

5.9 Rock Mechanics of Wall Mining

The term ‘Longwalling’ means mechanical mining untkee protection of shields. It thus
includes shortwalling, which is done with the saeggiipment but shorter face lengths.
Where a normal longwall face length is of the orafe200m, shortwall face lengths are in
the region of 50 to 100m. The rock mechanics ohartsvall is similar to that of a
longwall under the conditions of an overburden tre not failed through to surface

Van der Merwe wrote “Longwalling in South Africaanet with mixed fortunes. Few
would doubt its benefits as a mining method undemtéirable conditions, less would
dispute its problems under unfavourable conditi@wnditions in this context refer more
to the macro geology than to micro ground condgioBDykes are fairly common
occurrences in the South African coalfields andlevttiere are a number of methods of
dealing with dykes in a longwall, they are expeasand they slow mining down. The

occasional dyke does not present a serious protidahwhere the frequency increases, a
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more flexible mining method is called for. As wipillar extraction, the rock mechanics
of longwalling in South Africa is dominated by tlséatus (i.e. failed or intact) of the
dolerite sill or another strong layer where it iegent. The sill is an igneous intrusion in
an otherwise sedimentary environment. The dolenégerial is significantly stronger and
stiffer than the surrounding rock types. It ofteas the capability to bridge over panels of
common mining dimensions. Where this happens, fatgmitly higher vertical loads
result than in cases where it has failed or where absent. These increased loads are
borne on the face, and inter-panel pillars, withuanber of advantages and disadvantages
to mining. However, it is important to note thaé tloads do not result from the sill, but
from the fact that the sill prevents failure of tneerburden. Therefore, the same effects
will result from any other geological or mining abtion that prevents overburden
failure. Areas where at least one and often mor¢hefoverburden layers is a thick,
massive sandstone that can also bridge a panelheneby cause the same high stress
levels that are associated with an intact dolesille Failure of the sill has been studied
and there are methods whereby its status can lokcigeé. The same cannot be said for
the massive sandstone situation. The reason ferighihat it is virtually impossible to
judge the condition (massive or jointed) of sandstfrom vertical exploration boreholes,
while the presence of dolerite in a borehole i @aldent. More often than not, one only
becomes aware of the presence of massive sandafteremining has started in a
particular geotechnical area.” (Van der Merwe & Med, 2002).

It should also be noted that the discussion tmvells restricted to the common South
African situation, where the depth of mining is 200r less and face lengths are up to
300m.

5.9.1 Stress history of a longwall panel

Quoting van der Merwe whom analysed the stresoryistf a longwall panel, “as a

longwall face mines away from the start-up positidinis characterised by increasing

vertical stress. The stress continues to increasksither one of two things happens; the
overburden goafs completely, or, the face advagoals about 1.5 times the panel width.
When the overburden fails completely, there is @sn decrease in stress—however, if
the overburden hangs up and the face advance asegrthan the panel width, the stress
merely stabilises at the high level. At the inis&hges of mining, falls occur in the back
area. These are minor falls, often referred tchasstmall goaf, extending some distance

into the roof depending on the roof geology. Thiklmfi the roof initially hangs up, and it
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is this weight that is transferred to the face #rainter-panel pillars. It is only when the
overburden fails completely (when the major goafuws) that its weight is transferred to

the goaf, relieving the loads on the face andteripanel pillars.

Stress Transfer into Abutments

Figure 5-17 Stress transfer into abutments (afterdearMerwe and Madden, 2002)

Overburden Failing Causes Stress
Transfer into Goaf

Figure 5-18 Overburden fails causing stress transfeugfh the goaf (after van der Merwe
and Madden, 2002)

Complete failure of the overburden may be prevebiednvo mechanisms: firstly, there

could be an intact dolerite sill (or other stroagdr), or secondly, the mining span may
be too narrow for the mining depth to result inatdfailure. The goaf edges are not
vertical, but inclined over the goaf. Thus, theh@gthe goaf, the narrower it's top. It is
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possible for the span at the top of the goaf tmbextoo narrow to allow failure of the
overburden layer immediately above it. This mecs@anis the larger scale equivalent of a
roof fall that has ‘wedged out'. In South Africajs common for the major goaf to occur
at a face advance of approximately 150m to 200mrevkieere is no dolerite, although
there are no hard and fast rules in this regardin(der Merwe & Madden, 2002). Figure
5.17 depicts stress transfer into pillars and Fdgal8 displays the final transfer of the

stress through the goaf once caving has completed.

5.9.2 Inter-panel pillar design and longwall development

The view point of the reputable rock engineer van Merwe is “In retreat longwalling,
inter-panel pillars are primarily provided to prat¢he gate roads while they also serve as
gas and water barriers. Inter-panel pillars arégtesl according to their function and the
loads expected to be imposed on them. There amraebasic options, ranging from
solid pillars to chain pillars, to bearing pillassth crush pillars, to crush pillars only. If
pillars are to serve as gas and water barriersedisas to stabilize the gate roads, solid
pillars have been used, but they require doubletheunt of development as one panel’'s
main gate cannot become the next panel’s tail dfaseccessive panels are to progress up
dip so that water runs back into the old panelsgasgldoes not present a problem, chain
pillars are usually used. The sizes of the piltas be determined using two dimensional
numerical models for situations where the sill @& axpected to fail. Once the load has
been calculated, the width can be determined taltrés a safety factor of not less than
1.4 using an appropriate pillar strength formular Fnal design, the load should be
determined by suitable pseudo three-dimensionalenigal modelling. If the overburden
fails completely, the load situation is different.

The pillars then bear the load of the overburdeaadly above them plus the overhang,
which has been determined from subsidence studidsetapproximately 15° off the
vertical, inclined over the goaf. There are a nundfenumerical codes that can be used
for this purpose. Even in cases where the overloufaiés, the pillars at the beginning of
the panel will be subjected to high loads. It isnocoon for those pillars to be longer than
the ones beyond the position where failure is etqubdhere has to be a balance between
reserve utilisation in the development phase aiel shadvance” (Van der Merwe and
Madden, 2002). Figure 5.19 displays the use ofelapillars at the extraction road end

(installation road) of the wall panel.
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Panel
Figure 5-19 Sketch of installation end of Longwadinel with longer inter-panel pillars at

start (after van der Merwe and Madden, 2002)

Van der Merwe and Madden (2002) writes “the mosteasful longwall mines tend to
be the ones where utilisation is sacrificed for sh&e of speedy advance. If the aim is,
maximising the rate of advance, then roadways vélas narrow as possible, which will
improve (or at least not compromise) the stabibfythe roadways during longwall
production. Ventilation requirements and regulaiaiiffer from country to country and

area to area and this often overrides other coraidas in longwall development design.

Yielding pillar Load bearing pillar

Yield Pillar to Control Break of Weak
Roof

Figure 5-20 Yield pillar to control break (from vder Merwe and Madden 2002)
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In South Africa, three road development is commitinoagh there have been instances
of two-road development. For situations that areratterised by weak roof, yield pillars
have been designed in conjunction with larger Imgampillars (Figure 5.20). The
mechanism then is that the yield pillars allow raeflection to take place, preventing
shear failure of the roof against the pillar edglss is common practice in areas with
weak roof in the USA, although there seems to bendency for yielding pillars to be
implemented in areas with good roof as well” (Vam Merwe and Madden, 2002).

Where a number of adjacent longwall panels are dhiités not uncommon for gate road
conditions to deteriorate progressively. This pleaoon is more evident in cases where
the overburden does not fail totally, as it is @by the progressive load increase as the
mined area increases. This is similar to the mashaof load increase in bord-and-pillar
mining, on a larger scale.

The first panel in a series is usually mined withondue problems. In the second panel,
tailgate problems begin to appear and by the timeethird panel is mined, serious falls
are not uncommon in the tailgate. It is therefooersl practice to either increase the
inter-panel pillar widths for successive panelsoamprove the roof support.

“It is counterproductive to save money on roof suppn longwall development. In
longwalling, the tonnes (metric tons) produced Ipat installed is at least ten times that
of bord-and-pillar mining, and to jeopardise praiitut from a R200M investment for the
sake of a R50 roof bolt (1,5m X 20mm with full coin, spin to stall resin, Minerva
2007/12) is not sound practice” (Van der Merwe &ddan, 2002).

5.9.3 Secondary mining of inter-panel pillars

In order to improve coal reserve utilisation, théer-panel pillars are sometimes either
partially or completely mined during the longwatjiroperation. Total removal is not
always a good option, as it usually requires aitifisupport to have been installed on the
main gate side of the previous panel to preventgbaf flushing onto the face and
removal is also detrimental for ventilation. Pdrtiaining of the inter-panel pillar has
often been carried out. One of the two chain liarmined completely and the other one
left intact. The splits are developed at 60° tovprd the entire length of the split being
exposed by the longwall at once. On fewer occasitims one pillar in three-road
development has been mined completely, with theomajrtion of the remaining pillar.
In the latter example, blind cutting on the tailgatide required modification of the

equipment. The remaining pillar was designed toslerout for reasons of surface
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subsidence control. The size of the pillar remmeas critical in this case, as it had to be
stable on the face, yet crush a short distancenbettie face, before it could be
strengthened by the confining effect of the goafeithier side. Numerical modelling
coupled with observations in stooping sectionshensame mine were extensively used in
the design procedure. In the end, a 6m wide crildr gvas left. The depth of mining
was 120m, the panel was 212m wide, the mining heigis 3m and there was no dolerite
in the overburden.

Figure 5.21 shows the possible layout for extractimain pillars between panels. A
photograph of a face break depicts the problensatiéronment obstructing production in
Figure 5.22.

Ash fill has been used between inter panel pilldrat was partially mined. Ash is placed
to stabilise inter-panel pillars. Polyurethane dtign has been used to stabilise a standing

face to prevent a face break (Van der Merwe & Mad@€02).
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Complete & Partial Extraction of Chain
Pillars in Gateroad of Wall Panel

Figure 5-21 Complete extraction of 1 pillar & partextraction of the other (after van der
Merwe and Madden, 2002)
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Facebreak on Wall Face

Figure 5-22 Facebreak problem (from van der Memgtadden, 2002)

Franklin (Franklin and Dusseault, 1989) offers anpeehensive and balanced approach
to the fundamentals of applied geology and rockabiur. This work takes a critical
view of rocks and their environments of ground waied stress and how these are
explored by drilling, geophysics, mapping, sampliagd testing. Franklin provides
techniques available for geotechnical design. Thekvdisplays complete details of the
technology of rock excavation, blasting, drillingdacutting, reinforcement, drainage,
grouting for surface and underground.

Jager in (Jager and Ryder, 2001) along with thekwegrBudavari (Budavari, 1985) have
been guiding rock engineers for the past two dexdldey reinforce the fundamentals

discussed by van der Merwe but have a strong rifetallis orientation.

5.10 Causes of Falls of Roof in South African Collieries

SIMRAC, the safety in mines research advisory catemihas initiated research into fall
of ground in South African collieries. This wasaled by Dr N van der Merwe and is
quoted “Not surprisingly, it was found that the ovéty of all roof falls occurred at
intersections, which were responsible for 66% oé tiotal. Bearing in mind that
intersections account for approximately 30% oftibtal exposed roof, it means, that one
is more than four times as vulnerable to a rodfifgury, in an intersection, than in a
roadway. The roof fall rate in the USA is eightéo times greater in intersections than in
roadways (van der Merwe et al, 2001).
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The research team classified roof falls accordinthé thickness of the fall:

1) Skin falls — less than 0.3 m thick.

2) Large falls — 0.31 to 1.0 m thick.

3) Major falls — thicker than 1.01 m.

It is seen that 71% of the skin falls occurredniteisections. If this is normalised for the
relative area of intersections as opposed to rogsiwia means that on an equal length
basis, Skin Falls are four times more likely tourcat intersections than in roadways. For
large falls the intersection has a 61% frequenty eend major falls 54% occur in the

intersection” (van der Merwe et al, 2001).

5.11 A Case Study of Rock Engineering Principles used ia
Coal Mine Design

In April 2009, the contract relating to Morupule @y Limited (MCL) Underground
Mining Bankable Feasibility Study (Geology and Migisection) was awarded to SRK
Consulting (South Africa) (Pty) Ltd (SRK).

The SRK submission did not include any specialigethnical activities associated with
the feasibility study and it was stated in the #andocument that separate proposals

would be submitted by the relevant technical digogs.

5.11.1 Structural environment

Typically, major structures associated with Karge @oal seams are restricted to faults
and dykes. Different magnitudes of structure inicetl can be expected to create
different levels of disruption to coal mining opioas in general. Large scale faulting is
rare. Dykes, usually associated with faults, amaron and may vary in width from a
few centimetres to several metres. Displacememsiscated with dykes cause changes in
elevation of coal seams. An increased intensitynafor faulting (slips), groundwater
seepage and weakening of adjacent strata due togtade thermal metamorphism,
particularly within coal, also can occur.

Minor structural discontinuities are restrictedoitcasional joints which may give rise to
wedge shaped unstable blocks that commonly aresexipat the corners of pillars. These
can be controlled by spot rock bolting and possthly use of strapping. No significant
structures have been identified within the currentking area on Morupule with the

exception of weak ground conditions and seepageappear to be associated with a
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structural trend in West Main and southern RAW taisathe portal in shallow areas of
mining.
North-west to south-east trending structures haenbdentified by geophysical survey.
Nothing has been intersected by mining faces. megd, these features lie outside the
planned expansion area and may form north-eastednsauth-western boundaries to
mining.
It was recommended that further vertical and hariabexploration drilling together with
a more detailed geophysical programme is implendente provide geological and
geotechnical information on which to base miningplats once production mining faces
approach intrusives such as the Dyke in the Sdottkb
Swarms of small scale slips which are induced bydepositional slumping and
differential compaction during consolidation oc¢hroughout the mine. These features
were observed in mining section 2 South 17 by SRKng the site inspection. In
general, displacements lie in range of 1m or les$ lBave no significant impact on
mining. The stability of the proximal roof is coolled successfully with standard roof
bolting patterns and the occasional use of straps.

Two airborne surveys flown in 1989 and 1998 coterdurrent mining area and the area

considered for expansion. Designed perpendiculéolythe direction of the known

regional structures (post Karoo dykes and assatitaelts) the surveys focused on the
acquisition of magnetic and radiometric data primgdyeophysical mapping of the local
structures as well as the extent of the locatioth extent of the intrusive and volcanic

bodies. Geological interpretations of the airboda¢a were carried out by SRK (2003)

providing the main 2D structural framework and mogeently in 2009, (subsequent to

data reprocessing done by World Geoscience) by BeBeroviding geophysical
mapping together with the depth solutions to thes® of the magnetic anomalies. It has
been concluded that: -

1) Current airborne geophysical data, although rems®e and enhanced using modern
techniques, can offer only a generalized pictur¢hef structures present because of
the data density and survey orientation. (The suwas flown at a high altitude
(80m) and at 200m line spacing for the entire Reo8pg License).

2) Considering the survey limitations, no major geapbgl anomaly was mapped on
the area selected for mine expansion.

3) Geophysics has been instrumental in identifying riegor dykes bounding to the
north and south the area considered for expanExploration drilling subsequently

has confirmed the presence of dykes and alterdd coa
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4) Simultaneous use of radiometric and magnetic dat froven to be helpful in
differentiating and mapping the Lotsane Formatiooks and the basalt flows that
gave similar magnetic responses (Dougall et al9200

In general, specialised mining and support methar@srequired to establish roadways

through large dykes and surrounding burnt coal.idafly, requirements will include:

1) Reduction in the number of roadways developed.

2) Reduction in roadway width.

3) Reduction in the number of splits developed (t@teectangular pillars).

4) Increased roof bolting density with regular ingtfin of strapping and, possibly,
shotcrete.

5) Cable anchor and strapping in intersections.

6) Installation of steel sets and lagging.

Increased amounts of gas and water also are likkelgccur. The layout and support

strategy for Morupule could be determined once agiokl and geotechnical information

had been evaluated (Dougall et al, 2009).

5.11.2 Geotechnical environment

A geotechnical investigation was carried out for M@s part of the 2006 Coal
Exploration programme. The general objectives i ffrogramme were: -To gain an
appreciation of the quality of the siturock mass.

1) To quantify the quality of the immediate hangindlveéthe Morupule seam.
2) To quantify the quality of the immediate floor betMorupule seam.

3) A total of thirteen exploration holes containing508& of core were examined.
Representative samples were collected of key stnati&zons and submitted for
specific laboratory tests. A summary of key projesrtis presented in Table 5.3
(Dougall et al, 2009).

With reference to the values presented in Tabkksbd 5.5, SRK noted that:

1) The value used for elastic modulus is a straigititraetic mean of the maximum and
minimum values presented in the 1982 SRK reporpitkeshe mean value presented
there being 3.9Gpa. In SRK’s opinion, the use &f Walue leads to an overestimate
of the stiffness of Morupule coal;

2) The weighted average density is based on the steatigon obtained from borehole
SRK 008. To obtain the value of 2,080kg/m3, it éz@ssary to assume that all strata
recorded as coal or dull coal has a density ofZk§4n3. In SRK’s opinion, this is a
reasonable assumption and little error is introduisg not considering the range of
coal densities recorded. SRK has used the standdud of 2,488kg/m? to estimate
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pillar loads. This implies that pillar loads may beer-estimated by approximately
20% (Dougall et al, 2009).

Table 5-3 Rock mass properties for Morupule
Lithology No of tests Density (kg/ms3) UCS (MPa) RMR
Min
Calcrete 3 2,270 27 35
Siltstone 7 2,461 80 41
Carbonaceous 6 2,404 71 47
Shale
Coal 7 1,542 23 43
Mudstone 1 2,255 5 45
Sandstone 3 2,500 69 54
Dwyka 1 2,240 72 53
Table 5-4 Rock properties used in the ATS assessment
Properties Value
Elastic modulus 4.4 GPa
Poisson’s ratio 0.25
Rock density (weighted average) 2080 kg/m3
Table 5-5 Rock and soil properties derived from labmny testing
Rock properties Density Deformation Modulus Poisson'’s ratio
(kg/m®) (GPa)
Silty sand 2100 0.168 0.25
Sandy calcrete 2100 0.168 0.25
Mudstone 2255 1.257 0.20
Calcrete 2270 1.843 0.20
Siltstone 2461 4.482 0.20
Sandstone 2500 7.841 0.20
Carbonaceous shale 2405 5.631 0.20
Coal 1542 2.546 0.20
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5.11.3 Coal strength

Determination of the mass strength of coal at Makeyis a critical factor in determining
pillar sizes that are required to give a stableolay It is very difficult to combine
individual strength measurements obtained from @hmmogeneous and non-isotropic
material to generate a single strength value. iddal weak layers can deform
excessively and act to damage surrounding strdagers and thereby reduce the overall
mass strength. The mass value of 7.2MPa derivéidtgtally by Salamon is considered
to be representative for Witbank coals in RSA anextensively used for other coalfields
(Dougall et al, 2009).

Generally accepted estimates of coal strength

Previous analyses have assumed that the coal mrasgjth used with the Salamon
formula is applicable to Morupule and the desigs peoceeded accordingly. Salamon,
Canubulat and Ryder (2006) presented updated msear collapsed and uncollapsed
(stable) cases in the major RSA coalfields and leoled that seam specific strength
formula are needed for safe and cost effectivegdedivhile the formula appears to be
acceptable for the Witbank coal field, there isananty in other regions where time
dependent scaling and consequent pillar weakemntyibute to failure.

There have been several attempts to review them®aldormula including those by
Madden and Hardman (1992) and van der Merwe (19003c) in which alternative
strength factors and exponents have been propasddmcted in Table 5.6 (Dougall et
al, 2009).

Table 5-6 Summary of Pillar Strength formulae

Researcher Strength value Exponent Exponent
(MPa)

Salamon and Munro 7.20 0.46 0.66
Madden and 5.24 0.63 0.78
Hardman
van der Merwe 2.50 0.81 0.76
van der Merwe 2.8t03.5 1.0 1.0

5-36



Pillar conditions and coal strength at Morupule coliery

Anecdotal evidence from Morupule suggests thatuhi¢ production per pick on the
continuous miner is two to three times greater tiah obtained in RSA. This cannot be
considered as rigorous proof of a significantly éovstrength as the absence of more
abrasive bands and the presence of a coal roofflaod preferentially influence pick
performance. It was suggested that monitoring ttiray forces on the continuous miner
is carried out and compared with other mining aneaprovide comparison of specific
energy requirements and that these values aredlitdkeother mechanical properties of
coal.

Pillar scaling observed extensively in undergrowadkings provides evidence that pillar
sides are overstressed. This in itself is not mtilie of imminent pillar collapse as the
confined core may remain capable of carrying suibstialoads. Scaling does have the
double effect of reducing pillar width (and thereimgreasing average pillar load) and
also increasing roadway width (and increasing thguency of roof collapse which acts
to increase the effective pillar height) and therefincreases the risk of collapse.
Munsamy (2009) discusses the impact of pillar sgadind presents survey measurements
that suggest an average of 0.5m is lost from pilidewalls from a group of pillars 14m
to 15m wide located in the West Main beneath thlaf¥& to Serowe road. Borescope
observations carried out indicated that the coa$ Waghly cleated and that a blast
affected zone approximately 0.3m wide was evid@tiherwise no other fracturing was
observed. Reference is made by Munsamy to UDEC HmglgUniversal Distinct
Element Code, Numerical modelling code for advargeatechnical analysis of rock and
support in two dimensions) and it is concluded ttret 0.8m deep hourglass shape
determined by the model correlates extremely wdlh wnderground observations and
survey results (Dougall et al, 2009).

The extension strain criterion as an explanation fopillar scaling

The extension strain criterion developed by Staedso can be used to explain
development of scaling. This criterion suggests #@iay element in a rock mass is
subjected to an induced strain which arises froangbs in the stress state. Should the
value of induced strain exceed a critical valuasile failure within the element can be
expected.

The formula used to calculate the induced strain is
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Equation 5-5 Induced Strain

x=1E(x— (y+ 2)

where E = Young's Modulus (approximately 3GPadoal);

X, Y, z=stresses in the three orthogonal directiongevheis vertical;

= Poisson'’s ratio (often taken as 0.3 for coal).
For the Morupule expansion area at a depth of 166low surface before mining takes
place:

z = 2.4MPa

X = y = 4.8MPa (using an assumed Kk ratio = 2)
Following mining, it can be expected that the ageraertical stress will increase to
approximately 5MPa and the stresses acting at dhe ef the pillar can be twice this
value. Horizontal stresses acting on the coal i@l reduce essentially to zero. The
stresses induced in an element of coal in the inmtedidewall of the pillar will then be:

z = 8MPa

X = y=-5MPa
and the strain induced will be (from equation 5.3):

x = 3 x 10° or 0.003mm/m.
From published information, an extension strairugagéxceeding 0.001mm/m usually is
sufficient to generate cracking which propagatethendirection of the major stresszj
parallel to the pillar sidewall (they plane).
Cracking and scaling of the pillar sidewalls appdarbe inevitable for Morupule. There
does appear to be a delay between mining and trelagenent of tensile failure cracks.
Observations in a recent panel mined using theirmomts miner indicated that scaling
only becomes significant some time after mining besn completed.
It can be concluded therefore that there will bgelimpact on safety during mining of
the panel. Should scaling become more pronouncegeater depths or develop during
mining of the panel, the installation of sidewatlltls to stabilise slabs can be considered
(Dougall et al, 2009).
Empirical assessments of coal strength
Information presented in the 2007 SRK report hanhesed to calculate values for Rock
Mass Rating (RMR) which has been used to estimatela mass strength that can be
used for design (RMS). When the ranges of parameteat are shown on the
geotechnical logs are considered for coal, a lidngtatistical analysis generates a value
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for RMR of 56 with a standard deviation of 5.2. §lthen reduces to a Mining Rock
Mass Rating of 20 with a standard deviation of @t#=n probable ranges of modifying
factors (weathering, fracture orientation, strass mining effects) are applied. This value

can be used to calculate RMS (rock mass strength):

Equation 5-6 Rock Mass Strength

RMS = UCS — (MRMR — UCS rating)/100

RMS = 4.3 +/- 0.5 MPa .

Based on the SRK 2007 report, ATS (Anglo Techn8etlvices) recommend that a Rock

Mass Strength of 7.6MPa is acceptable, similahtoWitbank coalfield No 2 and No 4

seam values, and can be applied to the Morupula.sBaat many Morupule pillars have

remained in place for periods exceeding 30 yeargiges confirmation for ATS that the
design methodology using the Salamon pillar sttemgts proved acceptable (Dougall et

al, 2009).

Determination of the general system strength for Moupule

The stability of any mining layout depends not oaty the strength of individual pillars

but also on the inter-relationship between the pgeemetry, barrier pillar resistance and

the nature of the surrounding overburden.

MCL has been granted permission by the Botswanab®ent of Mines to mine panel 2

South 17 to a design safety factor of 1.6. In SRépnion, this level of monitoring is

insufficient to confirm adoption of a lower safefgctor for future mining. It is

recommended that the visual monitoring is suppléetenby an instrumentation

programme to gather unambiguous geotechnical @atadall et al, 2009).

General conclusions with regard to the coal strendtto be used in design: -

1) There is strong evidence to suggest that the stravfgthe Morupule seam is lower
than that used in the Salamon formula. Ideallyeans specific strength should be
used.

2) The strength factor for a specific seam should &sell on a statistical analysis of
failed and unfailed cases. There are no failedscaseMorupule and therefore this
method cannot be applied.

3) Due to the presence of cleats and rapid changesdrostratigraphy, the laboratory

measured strength of coal is dependent both orottegion within the seam from
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4)

5)

6)

7)

which the sample is taken and on the sample semps containing exceptionally
weak bands or adversely orientated discontinuitmsally either are too difficult to
collect, or are rejected as not being represematerversely, these features often
control the behaviour of a pillar. Only once a stergize exceeds about 1.5m does
the size effect reach equilibrium. It is not comesitl practical to obtain and test large
size samples for this feasibility study.

Rock mass classification methods are useful in ignog initial estimates of rock
mass strength. A strength value close to 7.2MPé&earbtained when average values
from a limited rock mass parameter information besapplied. When variability
within this information base is considered and dsgmce is taken of actual pillar
conditions, a rock mass strength value of 4.3MPabeaobtained. Although this does
reflect a reduction on the Salamon value, therassfficient confidence in the result
to recommend it for design.

Although no failures have been recorded at Morugiulee mining commenced, the
amount of scaling recorded suggests that somerdailare likely to occur in the
future. Neither the amount of scaling that musetakace nor the time required to
develop an unstable geometry have been establistieite eventual failures may not
effect underground mining operations, they may eagface disturbance. If lower
safety factors are to be considered, it is reconteérthat MCL management give
due consideration to the level of risk that they a&illing to accept.

SRK understands that trial mining is in progre€30@ to investigate the stability of
a panel that is mined to a safety factor of 1.6fodonately no technical motivation,
assessment criteria, monitoring programme or re$idve been supplied to SRK for
evaluation. It is recommended that a structureditnong programme is carried out.
For design purposes, SRK recommends that the Salémnmula is retained for this
study and that the uncertainty in its applicatisnaccommodated by retaining the
safety factor of 1.8. It is recognised that thisyrha a sub-economic design but it will
ensure that the risk profile is not significantligtier than has been experienced by
MCL in current workings and will provide a high Evof confidence for the
feasibility study (Dougall et al, 2009).
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5.11.4 Pillar loading

The “Tributary Area Theory” of pillar loading assamthat the total overburden load
acting on a pillared area is assumed to be dig&ibavenly over each pillar.

In reality, the nature of the overburden and thenggtric configuration defined by the
depth to span ratio influences the load carriecpasticular pillars. For a depth to span
ratio greater than 0.5, more of the overburden Isachrried by the surrounding barrier
pillars and the tributary area load on panel @llsr reduced. In addition, pillars located
towards the edges of a panel carry less load th@setsituated closer to the centre. Figure
5.23 (pg. 5-45) illustrates conceptually the chamg®verburden loading for different
depth to span ratios. Table 5.7 gives depth to sai@ws for 7 roadway production panels
that are applicable to Morupule. It can be seehahdy in the shallower areas does full
tributary area loading apply. Figure 5.24 illustsatonceptually the variation in loading
on pillars for different panel widths and it candeen that the pillars adjacent to barriers
carry only about 80% of the load carried by pillamsthe centre of the panel. This
variation in loading across the panel assists iplagming different intensities in pillar
scaling that are observed at Morupule. For the gaep of this design, the tributary area

theory is applied.

5.11.5 Mine design

Three main categories of development are identified

1) Primary Development is the West Main mined in atlsovesterly direction together
with North Main 4.

2) Secondary Development are the North and South Muained from the West Main.

3) Production Sections are developed east and westdezondary development.

4) The values used in the pre-feasibility design fordowidths, mining height, safety
factor are summarised in Table 5.8 (pg. 5-44).inkzges of the probability of failure
for the defined safety factors also are preseridedigall et al, 2009).
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Table 5-7 Depth to span ratios for 7 roadway produagbianels

Depth below surface Pillar width (m) Panel Span Depth/Span

(m) m)

50 8.7 102.6 0.49
60 9.9 109.8 0.55
70 11.2 117.6 0.60
80 12.5 125.4 0.64
90 13.9 133.8 0.67
100 15.3 142.2 0.70
110 16.6 150.0 0.73
120 18.0 153.4 0.76
130 19.5 167.4 0.78
140 211 177.0 0.79
150 22.6 186.0 0.81
160 24.3 196.2 0.82
170 25.9 205.8 0.83
180 275 2154 0.84

Methodology

In order to determine pillar dimensions and mingfiiciencies, the standard Salamon and
Munro approach has been adopted. In this formulatioe following relationships are
defined.

1) Salamon and Munro formulae. The equations usedvioll

Equation 5-7 Pillar Strength

$/%
$ %t

where pillar width (m) and  pillar height (m);

Equation 5-8 Squat Pillar Strength

-
mwa () * ++-. MPa
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where0 pillar volume and  width to height ratio.
This expression is used for a “squat” pillar when thdtlvto height ratio exceeds 5;

Equation 5-9 Pillar Load

K
N3O PPQIL —— UW

wherel depth to seam floor (m) ard  bord width (m);

Equation 5-10 Safety Factor
=> 763 QEErOH L ypa
Equation 5-11 Areal Extraction
; 78 6 3 g *< -~
Equation 5-12 Volumetric Extraction

0345 6 78 63 4 o -

Where economic seam width

Mining parameters for the different development probuction phases over the range of
mining depths expected have been calculated angrasented. When the width to

height ratio calculated using the Salamon formwxieeeds five, the squat pillar formula

has been used to calculate pillar widths.

Typical failure probabilities associated with spiecisafety factors that have been

indicated by Salamon are presented in Table 5.8.

With lower safety factors, the risk of failure ieaises: for example, at a safety factor of
1.6, a value of 1,532 failures in one million cam dxpected while at a safety factor of

1.4, this rises to 17,000 in one million. The MCxkpansion plan indicates that between
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40,000 and 50,000 pillars will be created. At tiér safety factors indicated, Salamon’s
analysis suggests that about 0.2% (70 to 80) opilteas created could fail when mined

at a safety factor of 1.6. This value rises to 1(ffbto 350 pillars or approximately one
panel) of the pillars created when the safety faistoeduced to 1.4. In RSA conditions, a
safety factor of 1.6 is used as a design standaitd & safety factor of 1.4 is acceptable
for multiple seam operations. If the mining aresubdivided into panels by adequate
barriers and secondary extraction is carried outetreat, an ultimate safety factor of 1.4
is considered reasonable. Opportunities for imprgwthe overall volumetric extraction

have also been explored. An average economic sedlth wf 8m has been used.

Variations involving a reduction in safety facttgttom coaling and roof cutting have

been considered. Mining parameters calculatednigraoved extraction opportunities are
presented. In shallow areas with less than 40mowércto the seam floor, particularly

when weathering is prevalent, bord failure rattantpillar collapse becomes the critical
stability factor.

General guidelines for design in shallow conditianss:

1) pillar width should not be less than 5m.

2) width to height ratio should exceed 2.

3) safety factor should be greater than 1.6.

4) areal extraction ratio should not exceed 75%.

For the purposes of the MCL feasibility design,sheules shall be applied at depths of

less than 60m and will affect panels developedhereast side of 2 South Main (Dougall
et al, 2009).

Main development

Primary main development The objective of desigrior this main is tocreate
infrastructure that will remain stable for the liéé the mine. A safety factor of two is
considered to be acceptable for critical infradtrte to give a minimal probability of
failure. The mining height is restricted to 4.2mdathe bord width to 6.5m.
Recommended mine design parameters for differepthdeof mining are presented in

Table 5.10 and parameters including an adjustnuergcfuat pillars in Table 5.9.
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Table 5-8 Design parameters used in the pre-feagibtlitdy

Development Bord Width (m)  Pillar Height Safety Factor Probability of
(m) Failure
Primary 6.5 4.2 2.0 6 in one
million
Secondary 7.0 4.2 2.0 6 in one
million
Production 7.2 4.2 1.8 106 in one
million

Secondary main developmentAs with the Primary Main, Secondary Mains maydis
required to remain stable for the life of miningséfety factor of two is considered to be
acceptable for this critical infrastructure to gi@eminimal probability of failure. The
mining height is restricted to 4.2m and the bordtvito 7.0m (Dougall et al, 2009).
Production panel development

The objective for a production panel is to genetlademaximum amount of coal available
at the required production rate.

The panel is required to remain stable for a redditi short working life (between 8 and
12 months); the requirement for ongoing stabiligpends on factors such as:

1) Any requirement for further extraction.

2) The effect of collapse on adjacent workings (Maind production panels).

3) The effect of collapse on potentially economic dyiag seams.

4) The effect of collapse on surface topography afrdstructure.

MCL and SRK have adopted a minimum risk approachHe purposes of this study and

have retained design parameters that have proveel éffective for mining to date. These
are:

1) Safety factor = 1.8.

2) Bord width =7.2m.

3) Mining height = 4.2m.

MCL have recognised that these are sub-optimalgdegsarameters and have initiated a
trial panel to investigate the effects of miningaasafety factor of 1.6. To date, the trial
mining panel is not sufficiently far advanced tovéagenerated any meaningful

information to allow a reduced safety factor tammorporated into the design. Aspects of
trial panel mining and a recommended data collacstrategy are discussed in this

report.
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Figure 5-23 lllustration of the variation in pilldoading (Depth to Span Ratios) from
Dougall et al (2009)
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(2009) courtesy SRK Consulting).

5-47



Recommended mine design parameters at SF1.8 in;paegresented in Table 5.11 and

parameters including an adjustment for squat gilliarTable 5.12 (Dougall et al, 2009).

Table 5-9 Design Parameters for Primary Main Developnieciuding a Squat Pillar
adjustment.
Depth  Pillar Pillar Pillar Safety Width/  Areal Volumetric
below  width Load Strength Factor height extraction extraction
surface  (m) (MPa) (MPa) ratio ratio .
(m) - ratio
(e,%)
140 22.2 5.85 11.61 1.99 5.3 40.2 211
150 24.0 6.06 12.14 2.00 5.7 38.1 20.0
160 25.4 6.31 12.60 2.00 6.0 36.6 19.2
170 26.8 6.56 13.10 2.00 6.4 35.2 18.5
180 28.2 6.81 13.65 2.00 6.7 34.0 17.8
Table 5-10 Design parameters for Primary Main Degwelent
Depth  Pillar Pillar Pillar Safety Width/ Areal Volumetric
below width  Load Strength Factor height extraction extraction
surface (m) (MPa) (MPa) ratio ratio ratio
(m) (ea%0) (&%)
50 8.8 3.78 7.59 201 21 66.9 35.1
60 10.1 4.05 8.09 2.00 2.4 63.0 33.1
70 115 4.29 8.59 2.00 2.7 59.2 31.1
80 12.9 4.52 9.05 2.00 31 55.8 29.3
90 14.4 4.74 9.52 2.01 3.4 52.5 27.6
100 15.8 4.98 9.94 2.00 3.8 49.8 26.1
110 17.3 5.20 10.36 1.99 4.1 47.2 24.8
120 19.0 5.40 10.82 2.00 45 44.5 23.4
130 20.6 5.62 11.23 2.00 4.9 42.2 22.2
140 22.2 5.85 11.62 1.99 5.3 40.2 21.1
150 24.0 6.06 12.05 1.99 5.7 38.1 20.0
160 25.9 6.26 12.48 1.99 6.2 36.1 19.0
170 27.9 6.46 12.91 2.00 6.6 34.2 18.0
180 29.9 6.67 13.33 2.00 7.1 32.5 171
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Table 5-11

Design Parameters for Production Panelsdimg a Squat Pillar adjustment

Depth  Pillar Pillar Pillar Safety Width/ Areal Volumetric

below width  Load Strength Factor height extraction extraction

surface (m) (MPa) (MPa) ratio ratio ratio

(m) (e:%0) (&%)

140 21.1 6.09 11.33 1.80 5.0 44.4 23.3

150 22.6 6.30 11.72 1.80 54 42.5 22.3

160 24.1 6.75 12.23 1.80 5.7 40.7 21.4

170 254 7.00 12.77 1.80 6.0 39.3 20.6

180 26.7 7.25 13.37 1.80 6.4 38.0 19.9

Table 5-12 Design parameters for Production PaBel®ty Factor 1.8

Depth  Pillar Pillar Pillar Safety  Width/ Areal Volumetric

below width  Load Strength Factor height extraction extraction

surface (m) (MPa) (MPa) ratio ratio ratio

(m) (e%) (e,%)
50 8.7 4.18 7.55 181 21 70.1 36.8
60 9.9 4.48 8.02 1.79 24 66.5 34.9
70 11.2 4.72 8.48 1.80 2.7 62,9 33.0
80 12.5 4.97 8.92 1.80 3.0 59.7 314
90 13.9 5.18 9.37 181 3.3 56.6 29.7
100 15.3 5.41 9.79 181 3.6 53.8 28.2
110 16.6 5.65 10.17 1.80 4.0 51.4 27.0
120 18.0 5.88 10.55 1.79 4.3 49.0 25.7
130 19.5 6.09 10.95 1.80 4.6 46.7 24.3
140 21.1 6.30 11.35 1.80 5.0 44.4 23.3
150 22.6 6.52 11.72 1.80 5.4 42.5 22.3
160 24.3 6.72 12.12 1.80 5.8 40.5 21.3
170 25.9 6.94 12.48 1.80 6.2 38.8 20.4
180 27.5 7.16 12.83 1.79 6.5 37.2 19.5
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5.11.6 Roof support and its optimisation

The horizon control strategy employed at MCL airhsnaintaining 1.5m of coal in the
floor. For an average seam thickness of 8m andrmalomining height of 4.2m, an
average thickness of 2.3m of coal can be expecteentain in the roof. This coal roof is
overlain by carbonaceous mudstone. Roof suppdviCit therefore currently is required
to maintain a stable roof beam in coal. Shoulddmttoaling be practiced, it is likely that
the initial cut will be taken at a higher level the seam to maximise bottom coaling
efficiency. The coal roof thickness will decreasel @onsideration will have to be given
to anchoring roofbolts in carbonaceous mudstones.

The support layout currently employed is four 1.lbmg full column resin grouted bolts
are installed 1.4m apart in each row. Rows areténtd.5m apart. This provides for an
average bolt density of 1bolt per 24rThe roofbolt density applied at MCL is higher
than would normally be required for a coal rooft id recommended that a study is
initiated to fully quantify support effectivenesqda to identify opportunities for
improving support efficiency.

Assuming that a beam 1m thick is to be supporteduspension from a roof bolt 1.2m in
length, the average load imposed on each bolt ISk (assuming a coal density of
1,650kg/m3; i.e. mean plus one standard deviatibypically an 18mm roofbolt will have
an ultimate strength of approximately 170kN. Theetsafactor for suspension therefore
is 3.8. This is not to be confused with the pilafety factor but the ratio of bolt strength
to bolt load.

This estimate presumes that the shear forces geddarathe remaining 200mm bonded
portion of the roofbolt do not exceed the sheagrgith of the bolt/resin interface, the
resin or the resin/rock interface. The shear fayererated at the bolt/resin interface is
approximately 3.9MPa and 3.2MPa at the resin/au@rface. These values are close to
the maximum values experienced in RSA collierids.isl recommended that short
encapsulation pull tests are carried out to quansifiear strength values that are
applicable to MCL. Short encapsulation pull test®wd also be carried out in the
overlying carbonaceous mudstones to provide desigmmation for support design for
possible future bottom coaling operations. Pulistiésmve been carried out in the past and
SRK found these results to be consistent and digpm@sent cause for concern.

The mine operations generally use only 1.2m baltsarmal risk ground and 1.8m bolts

in disturbed ground.
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For an average monthly consumption of 6,300 bdlts, unit bolting cost amounts to
BWP54.30/bolt. At an average monthly productiorB6f000t, the bolting cost amounts
to BWP4.02/t.

Three sonic probe extensometers were installeden/fest Main to heights between 7m
and 8m above the coal roof. Measurements were roaelea period of approximately
seven months and plotted as time displacement grayhS have interpreted the results
as indicating roof softening only over the initB00mm of roof related to weak partings
within the coal and have proposed the current deaagordingly. In SRK’s opinion, the
measurements are ambiguous and indicate unexpldispthcements much higher into
the roof. These may be a function of the erroth@measurement system or may be due
to natural displacements. Borescope examinatioms lagging of core from the roof
section measured are necessary to assist in igiegtifeasons for the general softening
and the occurrence of the displacement “spikeséoiesl.

It is recommended that an investigation is carreed to fully characterise roofbolt
performance and to gather information for the desijsupport systems at greater depths
of mining. The programme should use strain gaugeafbolts, roofbolt load cells,
extensometers and borescope observations to quaméifresponse of the roof strata to
different support systems. For example, it may dendl that a system using 1.2m long
bolts may prove capable of supporting the immediatd but may prove incapable of
creating a beam that is sufficiently stiff to praveed separation in overlying strata with
consequent roof loading and possible collapse,iamgdepth increases in coming years
(Dougall et al, 2009).

5.11.7 Inter-panel / barrier pillars

Currently there is no formalised barrier pillar id@sapproach in use on the Southern
African collieries. ATS has recommended that theibapillar width should be twice the
panel pillar width. This would ensure that a minfmwvidth to height ratio of 4:1 is
achieved at shallower depths rising to 10:1 or nabrgreater depths.

Computer modelling using MAP3D (a fully integratédtee dimensional layout (CAD),
visualisation (GIS) and stability analysis (BEM nemcal modelling stress analysis)
package) has been used to estimate stress actadparrier pillar at 100m depth for a
range of mining heights from 4.5m to 6.5m. The cated average pillar stress ranges
from 3.46MPa to 3.52MPa over these heights. Sdéetyprs fall from 3.2 to 2.4.
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The purpose of a barrier pillar in a shallow minlagout generally is not considered to
be that of a load carrying structure but ratheremms of separating and isolating adjacent
panels for the purposes of ventilation, gas, watet fire control. Barrier pillars also are
expected to constrain any pillar failure that maguw. At the envisaged mining depths at
MCL, the width of a seven road panel invariablylviié greater than the depth to the
seam and the tributary area theory, in which therlmwden load is capable of being
carried by the panel pillars, is applied. It isaeunended therefore that the barrier pillar
width applied to the feasibility design should bken as equal to the panel pillar width at
the comparable depth. It is further recommendetatiditional modelling of the range of
barrier pillar widths likely to be encountered isdertaken and that an instrumentation

programme is initiated to provide calibration fammerical models (Dougall et al, 2009).

5.11.8 Underground dams

A series of design charts for the design of baipiars to provide hydraulic stability in
coal mines has been prepared as part of SIMRAGergOL702.

RATE OF WATER LEAKAGE INTO ADJACENT ROADWAYS BARRIER PILLAR WIDTH AS A FUNCTION OF WATER HEAD
10wy 200/ Day
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HYDRAULIC DESIGN CHART FOR BARRIER PILLARS

Hydraulic Design Chart for a Coal
Bounded Barrier Pillar

Figure 5-25 Hydraulic design chart for a coal bathdarrier pillar (from Dougall et al,
2009)
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Use of the charts allows determination of the mimmbarrier pillar width to restrict
leakage to predetermined values for a given heachtsr.

Figure 5.25 illustrates a design chart applicablevorkings in which both roof and floor
consist of coal.An illustrative example indicatbatta flow of approximately 25MI per
month per km of pillar length can be expected fqilr 25m wide at a depth of 120m
below surface and subjected to an average hydraedid of 25m (Dougall et al, 2009).

5.11.9 Risk assessment of the design

General hazard overview

Hazards that are likely to be encountered in cdabmare summarised in Table 5.14. A
typical likelihood matrix is presented in Table 3.IThe hazards have been assessed
gualitatively for the MCL environment taking cogaige of the controls that are in place
to provide an indication of the baseline geotecliniisk profile of the mine. It is
concluded that the current risk profile is lowidtrecommended that a full baseline risk

assessment is conducted in conjunction with miat @ougall et al, 2009).

Table 5-13 Likelihood descriptions
Likelihood descriptor Frequency
Extremely low Unlikely to occur within the life ohé mine
Very low May occur at 1 to 5 year intervals
Low May occur annually
Moderate May occur monthly
High May occur weekly
Very high Likely to occur each shift

Quantitative risk assessment

Typical failure probabilities in terms of the numlwé likely pillar failures that have been

estimated for specific safety factors by Salame@npmesented in Table 5.15 (pg. 5-57). At
a design safety factor of 1.8, 106 failures coutdelpected in one million pillars. That

translates to potentially five pillar failures owbe expected life of the expansion project.
With lower safety factors, the risk of failure irases. At a safety factor of 1.6, 1,532
failures in one million can be expected while abfety factor of 1.4, this number rises to
17,000 in one million. The MCL expansion plan irates that between 40,000 and
50,000 pillars will be created. At the lower safédgtors indicated, Salamon’s analysis
suggests that about 0.2% (70 to 80) of the piltaesated could fail when mined at a
safety factor of 1.6. This value rises to 1.7% (ap350 pillars or approximately one

panel) of the pillars created when the safety faistoeduced to 1.4.
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In RSA conditions, a safety factor of 1.6 generadlyused as a design standard while a
safety factor of 1.4 is acceptable for multiple meaperations. If the mining area is
subdivided into panels by adequate barriers andnsleay extraction is carried out on
retreat, an ultimate safety factor of 1.4 is coessd reasonable.

SRK has developed a fault event tree approach tabe to assess the level of risk

associated with any design. This method has bepledpwidely to the design of large

slopes (slope stability engineering) in hard rd8tarting with the probability of a fault
event, in this case a pillar failure, the treedolt a series of routes through tests and
control systems to which probabilities of effectiess are applied and the overall
probabilities of specific outcomes are assessed.tlis design the tests and controls
considered are:

1) Given that a pillar system fails, the failure talptsce within the operating life of the
panel. The probability of this happening is taken0a25 based on time to failure
information presented in the ATS report. In SRKBnMon, this is severe as reference
to original work by Salamon, Ozbay and Madden (}988icates that less than 10%
of pillars with a design safety factor of 1.4 oegter failed within the first year. The
value is retained however to provide additionalsesmatism to the methodology;

2) Given that monitoring systems are installed, thabpbility of a monitoring system
detecting the onset of failure is assumed to be @D9). This is a conservative value
as any pillar failure would provide indicationsdi$tress in such as rapid scaling and
bumping which would be detectable visually and blydior some considerable time
before collapse occurred;

3) Given that evacuation systems are in place, thégmbty of the system leaving
personnel exposed to the failure is assumed to0b& (D.1). This is a conservative
value as the symptoms of the onset of failure wdedd to precautions being taken
such as the barricading off of specific areas agstriction of access to all but
essential personnel.

lllustrative fault event trees for design casea aéifety factor of 1.8 and 1.4 are shown in

Figures 5.26 and 5.27 respectively with calculgtesbabilities based on the assumed

probabilities listed above. It is emphasised thasé values are based on assumptions of

effectiveness that could be experienced by MCL. drerdetailed analysis is required to
improve confidence in the result. In SRK’s opinidhe values chosen are sufficiently
realistic to provide an indication of the inhereisk for feasibility level purposes.

Guidelines on risk acceptance prepared by the dniKengdom Health and Safety

Executive are presented in Figure 5.28. Table SutBmarises the outcomes of the fault
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Table 5-14

Generalised baseline geotechnical risk sreses

Hazard/risk Existing Likelihoo Comments
controls d with
existing
controls

Falls of scaled Inspection. Moderate A time related response, not likely to occur in
materials from Spot bolting.  to low mining sections. A significant hazard where
pillar sidewalls Barring rehabilitation is taking place

practice
Falls of wedge Inspection. Moderate  Observed in panel 2 South 17. Well supported
shaped blocks Spot bolting.  to low
defined by slips Barring

practice
Widespread pillar Conservative  Extremely A probabilistic assessment of this scenario is
collapse pillar design low developed in section 5.7.2 of the Geotechnical

Report

Falls from the Horizon Low May occur if horizon control is not maintained.
carbonaceous shale control to Possible in areas showing deterioration in the
roof create a thick West Main and RAW,s

coal roof
Falls of coal roof Systematic Low The dense support pattern provides suspension a

support beam building functions (section 5.40f the

pattern geotechnical report)
Falls of roof due to  Inspection. Low A special support rule requires that slips are
slips Systematic supported within 0.5m on either side with bolts

and special 1.0m apart (MCL 124)

support rules
Falls of brows Inspection. Moderate  As far as SRK is aware, no special supptet

Systematic has been generated.

support
Collapse of Special Moderate Limited to shallow areas and parts of the West
weathered roof support to low Main and RAW's. Examination indicated that
strata installation. support systems installed were effective.
Support Standard Moderate  SRK did not review the standard operating
incorrectly procedures to low procedure. Resin management appeared to be
installed effective.
Off-line mining Standard Moderate  Observed in the West Main where rehabilitation
creates wide bords operating to low and removal of scaled material has changed initial
and intersections. procedure for geometries. Additional support may be necessary
Increased risk of maintaining
falls of roof line and grade.

Operator

training
Personnel do not Training. Moderate  Critically dependent on successful implementation
recognise adverse  Supervision. to low of the controls
conditions and fall  Coaching.
of ground
precursors
Uncontrolled Effective Low to An incident has been reported in the shallower
surface subsidence design and very low portion of the mine. Not possible to inspect sealed

support off sections so other cases could occur. Periodic

surface inspection is required.
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event process. The probability of incurring an ipjulue to pillar failure for a design

safety factor of 1.8 is estimated to be 2.65 X fhich can be considered to be of no

concern. At a design safety factor of 1.4, the pbility of incurring an injury due to

pillar failure increases to 4.25 x 10According to Figure 5.26, this level of risk mbg

considered as justifiable for a situation in whidhto 20 people are exposed (Dougall et

al, 2009).
Table 5-15 Summary of probabilities for different nmioring and evacuation system
effectiveness.
Scenario Safety Factor = Safety Factor =
1.8 1.4
No pillar failure. No injury 7.95 x 10° 1.28 x 107
Pillar failure occurs. Monitoring and evacuation 2.1x10° 3.44 x 10°
systems are effective. No injury.
Pillar failure occurs. Monitoring is effective but the 2.39 x 10/ 3.83 x 10
evacuation system fails and people are exposed.
Possible injury to personnel.
Pillar failure occurs. The monitoring system failsbut 2.39 x 10/ 3.83 x 10
evacuation is effective. No injury.
Pillar failure occurs. Both monitoring and evacuatbn 2.65 x 10 4.25x 10°
systems fail. Possible injury to personnel
\gox/ i aow/ \eox/ | \aoe/
Pl i rm;uuzhclﬁuﬂ:.,ns‘ L N
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EVENT CONSEQUENCE TREE FOR A PILLAR SYSTEM DESIGNED AT A SAFETY FACTOR = 1.8
Event Consequence Tree Pillar System
Safety Factor 1.8

Figure 5-26
Dougall et al, 2009)

Event-consequence tree for a pillaresystiesigned at safety factor 1.8 (from
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5.11.1 Opportunities for improved extraction

This may be achieved through reduction of safettofain panel to 1.4 or through
secondary mining through bottom coaling and evdiytpdlar extraction once resistance

by the Mines Department is overcome.

Mining height

Top coaling and maximisation of cutting height MCL have made a decision to leave at
least 1m of coal in the roof of the bords to mirgenthe risk of cutting into the overlying
carbonaceous mudstones and creating poor roof timmsli This is a widely accepted
practice in RSA coal mines, particularly in the Rlseam. In many instances, the beam of
coal is sufficiently competent to span a roadwdy t6. 7.5m in width. Installation of a
support system such as that described, enhancestability.

Unfortunately, if a steel tendon based roof suppggtem has been installed, further
cutting of the roof in a top-coaling operation bees difficult and the risk of cutter head
damage or belt tears caused by sharp steel fragneicreased. MCL therefore have
made the decision not to pursue a conventionabnekpass, top-coaling option.
Currently, the mining height developed using thg J@HM31 continuous miner is
restricted to 4.2m. This machine has the potetdigut to 4.5m. Table 5.16 indicates the
potential increase in volumetric extraction thah dee achieved by increasing the cut
height while maintaining a safety factor of 1.8€Tord width is maintained at 7.2m.
Bottom coaling. Bottom coaling has begwracticed in several sections at Morupule and
the mine has gained experience and confidence thvittmethod. Mining heights of 6m
have been achieved. ATS recommend a maximum hefght85m for bottom coaling.
This restriction has been based on an analysissatgde depth, 100m, and using the
criteria that the safety factor must not fall bel@®8 and the width to height ratio should
not be less than 2 after a predetermined amouypitlaf scaling have occurred.

Design parameters for a standard bottom coalinglpamed with a bord width of 7.2m
to a final height of 6m to give a safety factorld® are shown in Table 5.17.

For this case, only mining at depths less than 69mscaling likely to reduce the width to
height ratio to less than 2.

This could influence some production panels to #ast of South Main 2. Should
significant sidewall scaling be found to occur imagtice, sidewall bolting can be

employed to effect short term safety and improveyér term stability.
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Safety factor reduction

Currently, South 2 panel 17 has been designatea @igl panel to assess conditions
arising when mining takes place with a safety faofdl.6 (Dougall et al, 2009).
Maximisation of extraction

Areal and volumetric extraction ratios have beelcwated for each of the production
mining scenarios considered and presented. Thatiariin volumetric extraction ratio
with depth for each of the production mining scémars shown in Table 5.16 and Table

5.17 to illustrate the effectiveness of differeppeaches with respect to the base case.

Table 5-16 Design parameters for maximisation of théeight.

Depth  Pillar Pillar Pillar Safety Width/ Areal Volumetric

below width  Load Strength Factor height extraction extraction

surface (m) (MPa) (MPa) ratio ratio ratio

(m) (e:%0) (&%)
50 9.0 4.05 7.33 181 2.0 69.1 38.9
60 10.3 4.33 7.80 1.80 2.3 65.4 36.8
70 11.6 4.60 8.24 1.79 2.6 61.9 34.8
80 13.0 4.83 8.68 1.80 2.9 58.6 33.0
90 14.4 5.06 9.10 1.80 3.2 55.6 31.3
100 15.8 5.30 9.50 1.79 35 52.8 29.7
110 17.3 5.52 9.90 1.80 3.8 50.1 28.2
120 18.9 5.72 10.31 1.80 4.2 47.6 26.8
130 20.5 5.93 10.71 1.80 4.6 45.2 25.4
140 22.1 6.15 11.08 1.80 4.9 43.1 24.2
150 23.7 6.37 11.44 1.80 53 41.2 23.2
160 255 6.58 11.84 1.80 5.7 39.2 22.0
170 27.3 6.79 12.21 1.80 6.1 374 21.0
180 29.2 6.99 12.60 1.80 6.5 35.6 20.1

It is evident that bottom coaling must be practigédany significant increase in

volumetric extraction is to be achieved. MCL muatget achieving a 6m high cut to
create pillars with a final safety factor after mip of 1.4. It should be noted that a
bottom coaling cut between 1.5m and 1.8m high remnbassumed in this analysis to
restrict a final pillar height to 6m. This would@k for an average of 1m of coal to be
left to protect each of the roof and floor. A gexatvidth of bottom coaling cut could be

taken if this proves to be feasible from practiwaing and sidewall stability aspects.
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It is noted that the width of a pillar that is desd by cutting with a continuous miner can
be reduced compared with that created by drillind blasting for a given set of mining
conditions. This “continuous miner adjustment” mag been applied in this analysis as
SRK considers that the additional refinement is na@rranted given the level of

uncertainty in design parameters (Dougall et 8020

Table 5-17 Design parameters for standard bottoningpalafety factor 1.8

Depth  Pillar Pillar Pillar Safety  Width/ Areal Volumetric

below width  Load Strength Factor height extraction extraction

surface (m) (MPa) (MPa) ratio ratio ratio

(m) (e:%) (&%)
50 10.3 3.61 6.45 1.79 1.7 65.4 49.0
60 12.0 3.84 6.92 1.80 2.0 60.9 45.7
70 13.6 4.09 7.33 1.79 2.3 57.2 42.9
80 15.3 4.33 7.74 1.79 2.6 53.8 40.3
90 171 4.54 8.15 1.79 2.9 50.5 37.9
100 19.0 4.75 8.55 1.80 3.2 47.4 35.6
110 20.9 4.97 8.93 1.80 35 44.7 33.5
120 23.0 5.17 9.34 1.80 3.8 42.0 31.5
130 25.0 5.39 9.70 1.80 4.2 39.7 29.8
140 27.0 5.62 10.05 1.79 45 37.7 28.3
150 29.3 5.82 10.44 1.79 4.9 35.6 26.7
160 31.7 6.02 10.82 1.80 5.3 33.6 25.2
170 33.9 6.25 11.16 1.79 5.7 32.0 24.0
180 36.5 6.45 11.85 1.79 6.1 30.2 22.7

5.12 Conclusions

1) The mining engineer will normally utilise the spaiged skills of a rock
engineering team on the design team.

2) To enable increased extraction knowledge of rodperties is required.

3) The rock engineer makes a strong contribution ttimgi method and orientation.

4) Secondary mining requires strategies to enhanceepege extraction and the
initial design must accommodate the final actionhwéonsideration of safety

factors.
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5) Salamon formulae are very effective although certaock engineering
practitioners are advocating the use of numericadietling techniques for pillar
design.

6) Panels and developments need to be designed iifispietail.

7) Hydrological barriers or pillars left to ensure Goement will require special
consideration.

8) Bord widths and pillar sizes and mining height renwitical to stability.

9) Roof falls are more prevalent in intersections.

10) Surface protection and avoidance of subsidencaldaoflict serious constraint on
the mining operation.

11) The attitudes of governmental agencies also inflaethe effectiveness of the
design as to the allowance of secondary methodstledictation of safety
factors.

12) The mining engineer that has a strong appreciaifailock engineering is better

suited to perform the design.
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6 CHOICE CONSIDERATIONS

6.1 Introduction

The purpose of this section is to establish a coueé framework within which the
various options, open to the mining engineer fasgd a choice of methods for a given
deposit, may be discussed. It will outline the dastthat influence the choice the mining
engineer may have in finally selecting a miningteysand method of winning the coal
for the given ore deposit.

There are numerous factors that may be grouped ihtee broad parameters,
technological, economic and geological (Buchar,et381).

It is of the utmost importance that a conscious sygtematic analysis of each of these
factors be made before finally selecting a miniggtem and/or a coal winning method,
as ad hoc decisions in this regard could affectirdentally the final percentage
extraction achieved, thus detracting from the ogtimtilisation of available reserves.
Making the correct choice leads to best practictesys.

6.2 Opencast versus Underground Mining.

Before one can consider the increased extracti@oaifby underground mining methods,
some reference should be made to the cut-off pasmsndetween underground and
opencast mining.

The first large opencast coal mining operationh@ Republic was commenced in 1971
(Optimum colliery). Until that time coal reservestiwan overburden of less than 25m
were not always mineable. When opencast operatiens started in the country, a depth
of overburden of some 30 to 35m was considereckasg ihe cut-off point for opencast
mining operations. Coal seams at depths of up tm 8@e being mined currently by
opencast methods, and large walking draglines bageeme an integral part of the scene
in the coalfields. A stripping ratio of 6:1 is geakly considered feasible. Stripping ratio
is defined as the ratio of bench cubic metres tmage of coain situ hence is six BCM
(bench or insitu M overburden to one tonne cadalsitu The above forms leave units
and therefore are not true ratios. Phillips argieesunits to cancel in the dimensional
analysis “stripping ratio must be in linear equerdl units i.e. metres overburden to
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metres coal (linear thicknesses) or volumes to mekl’ (Phillips, Personal
communication, 2010).

It is also important to understand the impact ofistuwe content in the coal and the
difference between air-dried uncontaminated anteesived. The difference lies in the
moisture concentration in the coal.

This researcher is of the opinion that colliertest tshould have originally been developed
using surface mining techniques were instead deeelausing conventional bord and
pillar equipment as this was readily available te time of establishment. A typical
example is Morupule Colliery Limited. This mine Wile used as a case study in many of

the subsequent chapters.

6.3 Geological Parameters

Coal reserves in South Africa are found in sedimeft Permian age which overlie a
large area of the country. They generally occufaidy thick, flat, shallow-lying coal
seams (Fauconier & Kersten, 1982), affirmed by &@l¢1986) and Anderson, J. &
Anderson, H. (1985).

Of the geological parameters, the composition &imekbess of strata overlying the coal
seams, the parting between seams and the thickhesal seam, are considered to be the
most important factors.

The composition and thickness of the strata oveglythe coal seams is the single most
important parameter affecting the choice of minsygtem. In the case of open-cast
mining methods, it determines the overburden-td-cato, (stripping ratio) which, in
turn, is of paramount importance as far as the @wics of opencast mining are
concerned (Fauconier & Kersten, 1982).

Fauconier states, “The strata composition and itiquéar, the strength properties of the
different layers have a significant effect on thestcof the overburden removal as the
drilling of the blast holes, the burden betweencsssive blast holes and the specific
explosive consumption are affected by these prigsrtFauconier & Kersten, 1982).

Coal hardness and abrasiveness or the presenderasfivee bands is significant when
cutting systems are employed. These (hardness hrakigeness) impacts on pick
consumption, one of the factors that influencesasttre and continuous miner
performance significantly (Dougall et al, 2009).wlill also impact the specific energy

needed to cut the coal as it is directly propodidn coal hardness.
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All geological factors have a significant potentiafl influencing mining conditions.

Dolerite or other igneous intrusions and the preseof isolated blocks create problems
with continuity and will influence the equipmentasen as well as the methodology
applied. Regular blocks of undisturbed coal is lgaskploited using wall methods or
pillar extraction processes but this is also relate the caving characteristics or
propensity to cave of the strata. Competent bedmnisiak Sandstone and Igneous rocks

may impede caving and hence force reconsideration.

6.4 Technological Parameters

Fauconier (1982) commented on technology as arfattbining technology on its own
places the least constraint on the choice of angisystem. In the case of open-cast coal
mining the technology is available to extract cgeams under most conditions of
overburden to depths well in excess of 50m. Wheanmgéming the technology, due
consideration should be given to the tonnage of ttmdée produced and the ability to
remove overburden at a rate comparable to the nefjuonnage, in other words, the
dragline must be able to uncover sufficient coahiet the production demand. . Success
could well ride on, the correct choice, having beede” (Fauconier & Kersten, 1982).

In the opinion of this researcher the case of wmend mining technology in certain
capital intensive systems, such as Wall Mining inslystems using Continuous Haulage,
technology becomes more critical.

The choice currently resides in the differenceamglication of Wall systems relative to
Bord and Pillar systems and the application of lbditgulage systems against continuous

haulage systems.

6.5 Economic Parameters

This researcher knows that in the case of Morupalkery the cost of capital becomes a
major factor in the decision and where capital istee processes would have been
preferred the challenge of raising the necessangifig for the capital is not always

possible. Wall systems are far more capital denmgndr expensive than batch systems
when acquisition takes place but often provide ceduperating costs due to economies
of scale and in being less labour intensive. A lsimirade off study is required when

draglines are considered in Surface mining. Oftersé are to capital intensive for the

current financial gearing structure of the companyg often a suitable truck and shovel

6-3



operation is implemented to move the overburdemmsed to the casting device or
bucket wheel excavating system.

Fauconier and Kersten identified that “Economic siderations ultimately are the most
important factors affecting the choice of miningthwls. In the case of open-cast mining,
the coal-to-waste ratio is generally seen as thst ingportant parameter. These ratios, in
turn, will depend on factors such as the qualite@dl, the price of coal, the availability
of capital, etc. Taking the coal-to-waste raticaagitical parameter for the application of
opencast methods, it follows that this method ofing is confined to comparatively
thick seams at relatively shallow depths” (Fauco&id&ersten, 1982).

This research will be confined to underground ngnimethods and, as a general rule, will
be confined to the mining of reserves where thetmwelen thickness is in excess of 25 to
30m (a dimension needed to ensure roof integyide variety of methods exist from
which a choice must be made when contemplating niireing of coal reserves by
underground methods. With all these possible mettanghilable, there are many factors
that will have an influence on the method or coration of methods that may be chosen
(Buchan et al, 1981).

Many factors have been identified on authority aEBan et al (1981), Jeffery (2002) and
others were identified as important by an expeednieam of consultants, Prinsloo et al

(2008) during an actual pre-feasibility conducted.

6.6 Geometrical Factors

Buchan et al (1981) identified that, “Geometricactbrs basically deal with
measurements or 'shape’ factors that influenceftbe of mining methods” (Buchan et

al, 1981). Geometrical factors are discussed itigex6.6.1 to 6.6.3:

6.6.1  Thickness of overburden

“The thickness (and composition) of the super-inbant strata can have an overriding
influence on mine design for all mining methodsphrticular, it can influence the panel
width, size of inter-panel pillars and roadway smppamongst others. In the case of
conventional bord and pillar mining the thickne$ghe rock strata above the coal seam
determines the weight of strata that has to be@tgg by pillars and therefore is a major
determinant in design calculations. The compositiérthe immediate roof strata will

influence the choice of bord width and local rogpgort.



Buchan et al stated, “The thickness and composiiotie upper roof strata determines
the manner in which mining-induced stresses aristrédzlted. For example, in the case
of caving methods, the factor of prime importansethe thickness of dolerite that
sometimes forms massive sills above the coal sdms. dolerite usually has a great
bearing on the caving characteristics of the ouwellr and, thus, on the magnitude and

distribution of abutment stresses” (Buchan et @81).

6.6.2  Multiple seams

Fauconier (1982) reproduced Buchan’'s commentssretiitorial and argues with respect
to multiple seams, “In most coal mining areas a§ ttountry the coal resources are
contained in more than one mineable seam. Thereforémprove the extraction of
available reserves it is imperative that considenabe given to the mining of multiple
seams. The composition and thickness of partinggsemn seams is a critical geological
as well as geometrical parameter affecting the giesind layout of underground
workings. The presence of more than one coal sdtn onposes severe constraints on
the choice of underground mining methods, mine ddyand mining sequence. In the
case of bord and pillar mining, the interactionvi@dn pillars in different seams has to be
taken into account when designing pillars and ni@ysuts” (Buchan et al 1981). Four
basic situations have been distinguished, namely:

1) “The seams are of the order of two to three pilEmtee distances apart and so do
not interact at all.

2) The seams are of the order of one to two pillarreedistances apart and, as a
result, some interaction between pillars may ockuthis case barrier pillars in
different seams may need to be superimposed.

3) The thickness of parting between seams is of tberaf the pillar centre
distance. In this case both panel and barrierrgighould be superimposed and
the safety factor of the pillars in each seam shoeldt least 1.7.

4) The parting between seams is less than 1.5 tineesdfd width. In this instance,
failure of the parting between seams cannot beueed. Therefore, a safety factor
of at least 1.4, based on a combined working hafttie two seams must be
observed. In addition, the safety factor of thevidiial seam workings should
exceed 1.8” (Fauconier & Kersten, 1982).

The sequence of mining is non-critical except i@aarwhere the parting is very thin. In

these cases it is usual to extract the top seam Where this possibly is not adequate, or

is not possible, support should be installed inltdveer seam to ensure that the parting
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between the two seams, which is the working flaortfie upper seam, remains intact. To
guote Buchan et al (1981), “In the case of panelimgi (pillar extraction, longwall, etc)
the uppermost seam, as a general rule, should tbected first. It should be noted that
this general rule does not necessarily apply inctee of very steep dipping coal seams
or when stowing is incorporated into the mining hoet Inter-panel pillars should be
superimposed and the development in the lower stamld be located beneath already
mined-out areas, wherever this is practical. A®masequence of this rule, the width of
pillars between total extraction panels tends twrdase in the second or third seam”
(Buchan et al, 1981).

On existing collieries, situations arise where @neseveral seams have been extracted
using conventional bord and pillar methods and parieing is contemplated in one of
the yet unmined seams. Careful consideration hasetgiven in these hybrid mining
situations to the effect of abutment stresses (wiidevelop at the edges of the total
extraction panel) on the stability of bord andaillvorking in the neighbouring seams.
Abutment stresses in excess of 1.5 times the pviengtresses frequently occur in the
vicinity of total extraction panels, these stressis sufficient to induce pillar failures in
neighbouring seams, particularly if the design tyafactor of these workings is low.
Apart from the potential dangers associated wittoutrolled pillar collapses, the effects
of these failures on the total extraction paneldneebe considered as well. In the case of
undermining a bord and pillar area, these effentbgbly are small. In the case of over
mining a bord and pillar panel with a longwall fagecollapse of pillars in the lower
seam could have serious effects on the extracteorelpand the access roads to these
panels. Note the conclusion by Van der Merwe & Mad@2002), “As a general rule,
over mining bord and pillar workings with a longWwslould be avoided except possibly
in cases where the pillars were designed to a tegl safety factor and the parting
between the two seams is very large, or where alaerl seam workings have been

adequately stowed (e.g. by means of ash fillinggr( der Merwe & Madden, 2002).

6.6.3 Seam thickness

As far as underground mining technology is conagrfi@uchan et al, 1981), “The seam
thickness is one of the most important parametetsetconsidered. Well developed and
tried underground mining technology exists for akirtg height range from about 1.2 to

4.5m” (Buchan et al, 1981).

Mechanisation of coal-mining operations outsides thange still is a problem, but

currently wall systems above 6m are being lookettititally and have been deployed. In
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the case of very narrow seams, no universally Isigiteoal mining systems are available,
but field trials with low-seam continuous minersvéarought the mining of low seam
heights down to 0.75m, forward as a practical tgali

In the case of wide seams, the support of the wgekand, to a lesser extent, the winning
of coal causes technological problems. Fully medeahlongwall mining systems for
seams of heights up to about 5m have been emplsyeckssfully in a few isolated
instances, but it is doubtful whether this techgglaould be applied successfully under
local conditions at present however a choice hanbeade for a 6m face at Matla
Colliery and is operational but has experiencediant face break problems.
Development work has been done to mechanise uralerdrsystems in coal seams
having a thickness range of 4.5 to 6m. This rasg# particular significance, considering
that about 40% of known reserves occur in seamhbistheight range. Most mines still
cater for the 4.5m cut-off as management apparegrtiyers the 12HM31 CM for its
versatility. Voest ABM 30 units have also found dav in South Africa and restrict

around 4.5 to 5m height although taller mining sigi&n be procured and manufactured.

6.7 Geological Factors

Fauconier and Kersten (1982) concluded, “Some efitbst important geological factors

that may influence the choice of a mining methdtbf in sections 6.7.1 to 6.7.8:

6.7.1  Primary geological structure

“This is the structure of the original floor of tlsedimentary basin in which the organic
material was deposited.

Where the overall structure is such that the segenerally are steeply inclined, such a
deposit can be mined only by using the longwaltesys while hydraulic mining and sub-

level caving may have peripheral application in eanstances.

Where the general orientation of the overall stitgetis flat, most methods could be
employed depending on other determining factorghsas depth below surface”

(Fauconier & Kersten, 1982).

Buchan et al state “Local steep gradients of kherfcan be expected in any part of the
basin. Floor rolls represent compaction phenomebaexjuent to deposition and the coal
seam usually is continuous across the rolls. Thie usually are not wide but they can
cause steep local gradients in the floor. Thesdigmés cause difficult conditions for

machines and generally have to be blasted out wdmreentional flat-seam equipment is
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being used” (Buchan et al, 1981). Buchan et al [)98so states, “Major mining
problems are often encountered towards the flarikhe coal basin where the floor
climbs steeply. The steep gradients generally sseaated with sharp decreases in coal
thickness. Slip planes, caused by differential cactipn, also are common in these areas.
These conditions invariably cause a loss of resengar sub-outcrops as the mining of

these areas usually cannot be justified economiic@luchan et al, 1981).

6.7.2 Secondary geological structure

Buchan and Fauconier agreed “The effect of faultd dolerite intrusions (dykes and
sills) on a coal reserve is that the reserve ikdmaup into distinct small reserve blocks of
irregular shape” Fauconier (1982).

Buchan states “The underground lay out of the miseally is seriously affected and
mining losses occur because of coal that has tlefbén numerous unmineable areas.
Furthermore, the occurrence of an excessive numbsecondary geological structures
may render some mining methods, such as longwallimgpractical, while seriously
impairing the productivity of others, such as contius miner applications. To quote Van
der Merwe & Madden (2002), “Along dolerite sillscadykes, devolatilised or burnt coal
normally is encountered. Large areas of slightlyodisilised coal with qualities still
acceptable to the market are often found, espgdrathe vicinity of moderately dipping
dolerite sills, but, owing to the metamorphic effetthe dolerite, the strength of the roof
strata and the coal, more often than not, has beguced to such an extent that mining
extraction has to be reduced considerably in therests of safety” (Van der Merwe &
Madden, 2002).

Buchan argued, “Displacement caused by faults avidrite sills may isolate certain
reserve blocks from the main reserve and factorh s the magnitude of displacement
and the depth of the coal may cause it to becoreeanomical to extract coal from these
isolated reserve blocks” (Buchan et al, 1981).

The excessive groundwater associated with fauldsdarerite intrusions, as well as gas
associated with dolerite intrusions, also influenttee optimal extraction of coal
(Fauconier & Kersten, 1982).

Devolatilised coal or burnt coal is normally a direconsequence of the secondary
activity. This type of area may present mining peots in the coal is weakened and
becomes more friable. Support and strata stalplibblems are accordingly developed

and could impact on lost time incident frequendgsancluding fatalities.
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6.7.3  Strata composition above the coal seam

In the experience of this researcher the presefhepazific strata such as carbonaceous
shales or mudstones in one instance and the pees#nihick dolerite sills in another
instance are examples of rock types that impedec&fe mining when found in the
overlying strata. The mudstones and shales often fmor roof conditions and can only
be supported by resin materials as expansion shygfiort systems loose integrity.
Dolerite sills displace abutment pressures andterpeoblem with longwalls and pillar
extraction layouts. Both these examples were egpeeid at Sigma Colliery which led to
a significant need to develop problem solving cotapeies (an exit level outcome for all
mining engineers).

Jeffery (2002) has considered this parameter toftraajor significance as has Beukes

(1989c) and also Lind (2003) in the way the ovedear composition impacts on

secondary extraction potential. Fauconier statéhe composition of the super-

incumbent roof strata determines the way inducesksés are redistributed and thus may
influence the overall mine design and layout. Iditdn, the strata occurring within 2 to
5m above the seam, i.e., the immediate roof s{rather roof), significantly influences
the choice of bord width and local roof support. &ihthe roof is not caved, a strong,
solid roof is required immediately above the ext@aveand in this respect it is interesting
to note that the following rock-types cause poaf onditions and affect the extraction
of coal:

1) Poorly cemented sandstone and grit. These rockgagioels and carry large
amounts of water and if the water is drained tloksdend to crumble,

2) Laminated and cross-laminated sandstone and séadly. Mica flakes usually are
concentrated along the bedding planes and theisdoklined to peel off from the
roof and fall down in slabs. Under these conditiorechanical roof bolts usually
do not serve their purpose and resin bolts havetosed,

3) Shale also forms a bad roof because of its lamiha&ture and the concentration
of mica along the bedding planes. As in (2) abogsin-type bolts are often the
only feasible method of local support,

4) Mudstone forms an extremely bad roof because aéitdency to expand on
exposure to air and water, resulting in cracks deaelop in all directions within
the rock. In general, at least 0.3m of coal hasettefi in the roof to prevent the
mudstone from being exposed to air and water, pnesgenting its rapid

deterioration and subsequent collapse” (Fauconi&e&sten, 1982).
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6.7.4  In-seam partings

To quote Fauconier and Kersten (1982), “Whetheormaoal parting in a coal seam can
be mined together with the seam, or whether ordyctial above or below the parting can
be mined, depends on the following factors:

1) The thickness of the parting.

2) The composition of the parting.

3) The mining method.

4) The availability or non-availability of a benefitian plant.

5) The difference in quality of coal above and belbe parting.

6) The thickness of the coal above and below theruarti

The contaminating effect of the parting on the apadlity always is a critical factor when
raw coal is marketed, but it also affects the waglmlant yield seriously where a washed
product is to be marketed, thus affecting the obshe final product and, therefore, the
economics of the overall operation. The existerfaa-seam partings present a practical
problem where coal is won by machine cutting meshosdas much as such partings
usually have an extremely detrimental effect ork{ife, and therefore on the total cost
per ton mined” (Fauconier & Kersten, 1982).

The quality parameter often required by powertigsiis the reduction of abrasiveness of
the injected material. Many systems have beenldped for example the CAVITY
control process in the surface mining applicatibMadelburg Mines. The intent of this
management process is to control contamination Waild increase the presence of
abrasive materials such as Silica in the pulverisedl. The major source of these
contaminants lies in the in seam partings and rtateinstances the lenses of inorganic

rocks that are present in the seam horizon.

6.7.5 Vertical and lateral quality variations

Buchan wrote “In general, the best coal qualitjoisnd in the lower part of a coal seam
with contamination by dirt bands increasing towatttks top. At the bottom of the seam,
however, a band of coal with interbedded shale samdistone bands also may occur. It
happens often that the best horizon within a ceahshas to be selected in the mining
process in order to meet the quality parametershefspecific customer, and in the
process, coal, which could be utilised for otherppses', is left behind, thus affecting the
overall utilisation of the available reserves. Sabtal lateral quality variations of a coal

seam often occur within a mining property and itynhappen that certain reserve areas
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will remain intact because the quality does not tntke specifications of the customer”
(Buchan et al, 1981).

6.7.6  Variations in seam thickness

Fauconier and Kersten (1982) noted that “A fludhgathickness must by nature be very
disruptive to the mining method especially if theght of equipment to seam thickness
ratio is approaching one. “Coal losses may occuar@as where large variations in seam
thickness occur while the available equipment gagrate only within a specific designed
height range. In some instances coal may be ldfterroof or floor because of excessive
seam height, ranging beyond the maximum heighthibifies of the existing equipment,
while in other instance reserves may remain ssedlibecause seams thin out to a point
where existing equipment cannot enter the excavatio

Some types of equipment, for example longwall eanaipt, are more vulnerable to seam
height variations than other types of equipmend, @xcessive seam height variations in a
particular field may preclude the application otlsuypes of equipment, and therefore

the application of such mining methods” (Faucogidfersten, 1982).

6.7.7 Floor conditions

Fauconier argued “In highly mechanised mines tleehenechanised equipment may tend to
pulverise soft, brittle rocks, causing the formataf dust and an uneven floor. In the case
of longwall mining such weak floor strata couldeadf adversely the functioning of the
advancing powered supports. Certain sedimentsratméd to pulverisation especially
mudstones and shales.

Micaceous rocks, as well as certain types of saatemudstone containing clay minerals,
tend to be slippery, thus impairing the effectivadtioning of mechanised equipment.

Dull coal often forms a better floor than the abmeationed rocks, in which case one
may, from practical considerations, be forced trifiee somecoal in the floor in order
to improve the mining conditions. This practicecemgain, adversely affects the overall

percentage extraction of the available reserves’déidar & Kersten, 1982).

6.7.8  Water-bearing strata

Buchan reported, “Where the roof strata in the imliaie vicinity of the underground

excavations contain water-bearing layers, such medeld lead to local cracks in the
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roof, local collapses of the roof, and nuisanceewan the workings. Where caving
methods are applied, the influx of water from swater bearing strata may become a
major problem and great expense may have to beregtuo handle the water without

impairing the mining operations” (Buchan et al, 198

6.8 Geotechnical Factors Associated with the Choice of
Mining Method

Recent research (Jeffery, 2002) suggests that Wiidbank coalfield collieries will close
during the 2020’s unless the pillar coal is exgdit Successful re-mining of these pillars
will heavily depend on understanding the roles gelmical factors play in the
developing strategies to ameliorate their effects.

It must be noted that, Jeffery finds, that the céde of a secondary extraction method is
therefore most strongly affected by stratigraphy d@ne primary mining parameters.
Jeffery ranked and identified the factors, whichpatt on underground secondary
extraction, in major, moderate and minor categoesanking of 1 is the most important
or highest ranked. The work by Jeffery (2002) hasrbsystematically discussed in
Chapter 2. Jeffery identified numerous geotechrfaetiors that impact on secondary coal

extraction to varying degrees.

6.9 Explosion Hazards

Cook (1999) has shown that goaf methane conditemesnot as they are commonly
believed to be. Cook has been discussed in Chapter

Phillips in Cook, 1999 has concluded that the pafofauses is very difficult to identify
precisely.

This researcher has had experience with the tubdl®uelemetric system during mine
fire applications and the subsequent data use fah&n'’s ratio analysis and Coward’s
triangle ‘propensity to explode’ determination. Tdguipment appears reliable.

Landman (1992) studied the South African coal n@rplosion statistics and concluded
that the explosion hazard had increased. This wak also discussed in Chapter 2 and
will not be repeated here.

This researcher considers the understanding ofanethehaviour in goafs and the effect
of coal dust in the general mining working placeewhhybrid mixed with methane to be
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critically important to the safety of high extramti operations. Explosions are immense
killers and in the spirit of zero harm need to bmimated or at least mitigated and must

be of paramount importance on the operators list.

6.10 Spontaneous Combustion

Fauconier and Kersten (1982) reports that, “Two imginareas in South Africa are
particularly liable to occurrences of spontaneauslzustion, namely, the Vaal Basin and
the Klip River coalfield in Natal. In selecting aimimg method for these areas, it is
important that full cognisance be taken at all snw the possibility of spontaneous
combustion. This phenomenon may preclude the agiit of certain mining methods or
it may necessitate the introduction of special mess to detect and control the
spontaneous combustion. Unfortunately this phenamerften precludes or hampers the
application of higher extraction methods, basedraof caving principles (e.g. pillar
extraction, etc.) especially in thick seam areasnettoal has been left in the roof, thus
forming part of the goaf” (Fauconier & Kersten, 298

It is fortunate in South Africa that flammable gamissivity levels are not has high as
certain Australian incidents as this aggravatessiientaneous combustion risk in that

explosions may accompany the situation.

6.11 Surface Protection

As a general principle it can be accepted that whigher extraction rates of coal are
pursued and when caving methods are applied asudt,réhe surface overlying such
workings will be disturbed or damaged to some exten

In current practice, the formula of D/2.7 (D = d8ps used to calculate the size of a solid
pillar that must be left for the protection of ;aoé structures. The blanket application of
this formula under certain circumstances could hevainnecessarily detrimental effect
on the mineable reserves in the country, and @dgocated that some refinement be
introduced into the statutory protection of surfatr@ictures in order to minimize the loss
of mineable reserves. Already D/2.7 is a concesathe regulations require a horizontal
distance of 100m between workings and the unietprotected.

Fauconier commented, “Ideally, from a reserve sdtion point of view, the mineral
rights owner should weigh up the cost of lockingagptain reserves against the cost of

repairing damage to land or surface structuresechiny mining operations. This is,
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unfortunately, a one-sided view of the problem asmynstructures warrant protection and
large coal reserves often are overlain by valuablécultural land of strategic importance
to the country. Despite the fact that it is settiedaw that the mineral rights holder is
obliged to provide support for the soil of the lameher and lateral support for the soil of
adjacent landowners so as to avoid damage to tti@csy and despite the fact that the
landowner is obliged to allow the mineral rightddes to do all that is necessary for the
reasonable exercise of his rights, grey areasdgilelop that defy easy solutions or easy
settlements. Although our courts have adopted tppromch that, in the case of
irreconcilable conflict, the rights of the landowmeust be subordinate to the rights of the
mineral rights holder, the problem of surface prote remains complex from a legal,
moral, economic, and strategic point of view. Indiidn to the abovementioned
complexities, the mineral rights holder often istheut any choice as regards the
improved extraction of his available reserves owimghe fact that the application of the
Mine Health and Safety Act and regulations (MHSAjten precludes the efficient
mining of reserves under certain surface strucfurbgch enjoy statutory protection from
damage by mining” (Fauconier & Kersten, 1982). Nibte applicable legislation at the
time of Fauconier’s findings was the Mines and Véofct and has since been replaced
by the MHSA.

The desire to protect the surface may be takextreraes in certain circumstances. An
example is the attitude of the Botswana Chief Eeginwhen there is a risk of any
subsidence occurring. Hence restrictions such asllowing secondary pillar extraction
processes or the desire not to allow any road wmdérg even at significant safety
factors has resulted. The lowest safety factor thay be tolerated in pillar mining is
often 1.8 and with reluctance do they allow traahpls to prove the effectiveness and

safety of lower safety factors such as 1.6 or 1.4.

6.12 Technology Factors

Technology has progressed through an enormous tevwolduring the past two to three
decades with machine development and computer atimm integrated. Available
technology currently may impose restrictions on teserves that may be regarded as
mineable in future, particularly in the case ofw#hiick seams or in the case of reserves
that are very disturbed geologically (e.g. fautid dykes).

“Technology, as applied to mining, has improvednttically over the past two decades

and can be expected to improve even further infaiiere. The detrimental effect of
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inadequate technology on the extractable resetiiesefore, will be mitigated to some
extent by technological developments in the futufFbere always will be room for
improvement and technological research and devedopmill have to continue unabated
in the future in the interest of improved extrantiby underground mining methods”
(Buchan et al, 1981).

6.13 Economic Factors

One of the mining engineer's most significant oladles is forecasting the correct
technical economic model for the design applicatibhe following parameters have a
major influence on this model. Buchan and the stppp team identified in sections
6.13.110 6.13.8:

6.13.1 Market considerations

“Several factors in the coal market, both expord amand, may have profound influence
on the percentage of reserves ultimately extraftted a given reserve field. All of these
factors tend to impose restrictions on the codl thay be regarded as saleable and hence

on the ultimate extraction of the reserves” (Buchtal, 1981).

6.13.2 Price of coal

Concerning the price of coal Buchan reported, Hé bverall price structure of coal is
relatively low, it is obvious that one of two thgvill happen: only the 'easiest' coal will
be mined (e.g. shallow deposits, thick seam angradisturbed blocks, etc.), leaving the
'difficult’ coal behind, or selective mining wikike place to mine the high-grade coal for
which a reasonable price may be obtainable, thaxdrlg the low-grade reserves behind.
Current export prices are such that marginal expassof existing operations have
become attractive and that certain green fieldsshascome viable propositions. The
price structure of inland coal, on the other haturently is such that even marginal
expansion of existing operations has become usttteaand the development of new
mines has become impossible.

As the economic viability of any coal mining verdudepends on the price obtainable for
the saleable product, this factor may lead to atjm® where the eyes of the reserves are
picked', resulting in a significant loss of poteiiti saleable reserves in the interest of

economic viability of the overall operation. Funtmore, the price of coal, as a major
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determinant of economic viability, may preclude tapplication of certain types of
equipment and, therefore, certain high-extractioimimy methods, thus affecting the
optimal extraction of available reserves” (Buchan at 1981). Currently (2009)
metallurgical grade coking coal fetches $250/t anthnd power station thermal
ZAR120/t.

6.13.3 Quality requirements

“Quality requirements laid down by customers vefiem dictate which coal in a field
may be mined and which coal may have to be lefhénground. Fauconier stated, “As a
general proposition on commercial mines, the higherquality requirements of the final
product, the lower the overall plant yield thatlveié obtainable from a given run-of-mine
product or the more selective the mining has totdemeet the necessary quality
requirements. In other words, reserve losses dncome of two ways: part of the reserve
is discarded as a washing plant waste product mropahe reserve may be left unmined
owing to poor quality. Both these problems couldsbésed to some extent if markets
could be developed for low quality coal, for exaepbower generation by means of
fluidised bed combustion. Alternatively joint deepiment of reserve fields for
commercial and power generation purposes also rffay ®ome solution as much as a
high-grade product could be creamed off for comméroarkets while the discards or a
middling product could be used for power generattbns optimising the utilisation of
the total reserves” (Fauconier et al, 1982).

“The need for strict quality control often will prlede the application of certain mining
methods such as longwalling, leading to a furtleeluction in the extraction of available
reserves” (Buchan et al, 1981).

Blending opportunities are enhanced when multiphel anore flexible sections or
production faces and localities are employed. Ty not be possible with a single wall

unit.

6.13.4 Size grading

Buchan et al (1981) states, “The size grading effthal product required in the market
does not have a direct bearing on the total respieiire but may have an indirect
bearing in as much as it may impose a restrictiorih@ type of mining equipment that

may be used for the extraction of coal.
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Where the market requires a fairly large produus tequirement may preclude the use
of continuous miners, which usually generate adgrgrcentage of fines in the mined
product. This restriction on the type of equipmatiimately may manifest itself in a
reduced percentage extraction, although it is ehlikhat this will be so under normal

circumstances” (Buchan et al, 1981).

6.13.5 Size of reserve

“Where a reserve block of limited dimensions idased from any other major reserve,
economic considerations may render such reserveingaile. Economics, therefore,
may exclude such reserves from the potentially aife reserves in this country”
(Buchan et al, 1981). The MPRDA (The Mineral antréleum Resources Development
Act) has empowered junior miners and historicalligadvantaged South Africans
(HDSA's) through the attainment of new order righie these blocks of limited
dimensions. This was effective from 2007.

6.13.6 Capital

“The availability and the cost of capital probaldye the two most important non-
technical determinants of the mining method that & used ultimately in a given
reserve field, inasmuch as these considerationk deilermine whether low-capital,
labour-intensive systems or capital-intensive systeare chosen. This has a direct
bearing on the mining method employed and, theeedorindirect bearing on the ultimate
extraction of reserves as high extraction methodsermften than not depend on capital-
intensive technological systems.

Although, under the present tax structure, cagtqlenditure may be written off for tax
purposes in the year in which it is incurred, andedeemed capital expenditure may be
carried forward to successive years until compyetaitten off, this often does not assist
the small operator if he cannot reflect this in theo company already making a profit
and therefore he may have to go to a less capitahsive and possibly less viable
system.

This problem may be circumvented to a certain aéxpgnstarting off with a less capital-
intensive system and utilising the cash flow geteetdy the operation to progress to a
more capital-intensive system and a higher exwactate. The basic premise, however,

still remains: the availability and cost of capitahly preclude the application of certain
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methods, be it in the short term or over the lifettee reserve field, and thus have a
bearing on the final percentage extraction of tiedd” (Buchan et al, 1981).
A problematic situation for southern African colles is the differential in exchange rates

and the burden it places on imported equipment.

6.13.7 Labour

Buchan et al (1981) stated, “In South Africa thesasts the seemingly irreconcilable
dichotomous situation where a shortage of skilidablr is occurring simultaneously with
unemployment in the lower skilled echelons.

Under these circumstances, it may be well to keepnind that mechanisation and
automation may be technically desirable in certainumstances, but it may adversely
affect unemployment, while at the same time it rhayunproductive owing to the non-
availability of workers skilled enough to maintdire intricate equipment. Socio-political
considerations may well dictate the ultimate minmgthod and, therefore, the ultimate
extraction of available reserves. Under certaindd@ms, such as at great depths and in
very narrow seams, mechanisation may be the oaljyleviway of extracting the coal at all
and sociological considerations may have to be itefabeyance, or, at the most, be
reduced to a lower priority rating” (Buchan et#381).

It is interesting to note that the labour probleas la geographical connotation in as much
as skilled employees usually are more readily abéél near industrial areas while
unskilled labour usually is more readily availabblerural areas. This would imply that
mechanisation may be more difficult to introduceémote areas as the installation and
maintenance of sophisticated equipment may becanedifficult owing to the shortage
of skilled labour. Training facilities then woul&etome of more importance and would
have to be more elaborate and more sophisticatedgéll et al, 2009).

6.13.8 Availability of equipment

“The availability of equipment for certain miningethods, to a certain extent, may assist
or preclude the introduction of these methodsglfiement is available ‘off the shelf this
factor becomes irrelevant, but if the equipmendifficult to come by, such difficulties
may preclude the introduction of those mining md&h¢Buchan et al, 1981). Some lead
times to acquire this equipment are as long asol24t months. This could have a
peripheral effect on the ultimate extraction oferegs if such equipment is synonymous

with higher extraction methods (Dougall et al, 2008his report was the FS report
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developed in conjunction with SRK’s Naismith (RoE&chnical Engineer), van Vuuren
(Mining Engineer & Modeller), van Heerden (Geoldpiand Millenovic (Hydrologist),
with this researcher as Lead Mining Engineer amjelet Manager.

The process defined by Fauconier which was orifyirddveloped by Buchan and others
and presented in the 1981 Vacation School is widebepted as a due diligent approach
to method selection but in practice a process whielghts certain factors or elements is

often used as is displayed in the following caseyst

6.14 A Case Study Dealing with a Methodology Developeat
Make a Choice for a Pre-Feasibility Study

6.14.1 Introduction

A key consideration for the pre-feasibility study the Morupule coal deposit is
evaluating alternative methods appropriate to theing of the Morupule deposit.
Although the physical dimensions indicate an extensresource (+8m wide),
geotechnical constraints limit the use of ‘full sBaextraction techniques. Botswana
legislation currently poses restrictions on theesafactor that can be applied in a bord
and pillar mining environment which further restsithe extraction methodology.

This report discusses the approach the Project Tadopted in determining which
mining methods to consider for the Morupule cogdait. The approach, methodology,
weighting factors and selection process are doctederhe report concludes with a
recommendation for alternative methods to be ceneilin more detail during as part of
the pre-feasibility study (Prinsloo et al, 2008This researcher was the Lead Mining
Engineer during the PFS conducted by DRA with HEriksloo as Project Manager. The
PFS report is Prinsloo et al (2008). The selecti@thod does not exclude the factors
mention and developed by Buchan et al (1981). Wewer displays a matrix which
assists the decision making process. When the gga@od the economic conditions are
considered within a time frame that allows the mapion of a specific technology then
the decision is directed to a trade off of methediams that are reduced in number.
Historic and available skill levels in that areaynt@ecome an important factor in the

decision mix. The Buchan process is included inDR&A or Prinsloo et al, (2008) mix.
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6.14.2 Approach

DRA developed an approach which was adopted duxincision making or mining

method selection session. Refer to Figure 6.1.

6.14.3 Mining methods considered

The mining methods considered were:

Drill and Blast with secondary bottom coaling, CMSoops, CM & Shuttle Cars, CM &
Continuous haulage (CH), Shortwall, Magatar MinBystem, Longwall, Longwall with
rear Armoured Face/Flexible Conveyor (AFC) and @psh

Although all of the methods listed can be appliedhe Morupule coal deposit, there are

mitigating factors which eliminates some of the noels.

6.14.4 Decision criteria

To select an appropriate mining method, considamatias given to:

1) Factors influenced by the mining method (such astivironment), and

2) Factors influencing the mining method (such adssldvailability, etc).

The description is a ‘definition’ that has been laggh when assessing the impact on a

particular method. The weighting is based on tlitecality of success of the method. It is

a subjective value of 1, 2 or 3 assigned to therai:

1) 1 implies not critical.

2) 2 implies influential.

3) 3 implies critical.

For example:

1) Selectivity (1) i.e. how selective the method isl@nge in mining horizon, variation
in mining height and coal quality, is deemed ledscal than the Flexibility.

2) Flexibility (2) of the method i.e. the ability ohé method to adapt to changing
conditions such as geology, method of extractioimection of mining etc. In
comparison,

3) Production rate (3) i.e. the ability of the methodproduce the desired tonnage on a
sustainable basis is deemed more critical thaeegthother two criteria mentioned.

The assessment required each mining be assessatstagdteria outlined. For this

purpose, a scoring system of 1, 3 and 5 was useticHar criteria such as development,
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skills, impact of change and lead time to impleragah have a different scoring system

due to the nature of the criteria (Prinsloo eR@N8). Table 6.5 summarises this.

e

b

D =velop
Helection Sriberis

2

Bt " L
vwe phtinD Factor

-

Evalusis criteris

Belect Methhoo
Ykn highest vealue

DRA Approach to Method Selection

Figure 6-1 Approach to method selection (after Prmsk®08)

Table 6-1 defines decision criteria and Table &@rigg criteria. Table 6-3 summarises

methods eliminated and 6-4 displays the selectiatrir

6.14.5 Assessment
As mentioned in section 6.14.3, there are mitigafactors which led to the elimination
of some of the methods prior to the selection mec&able 6.6 summarises the methods

eliminated with supporting comments (Prinsloo ¢2a08).

6.14.6 Results
The mining methods subjected to the evaluation were

1) Conventional drilling and blasting (DB in Table 5.4
2) Continuous miner with shuttle cars (CM &SC).

3) Continuous miners with scoops (CM & SCOOP).
4) Mechanised Short wall (S/Wall).
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5) Continuous miners with continuous haulage (CM &CH).

Table 6-1 Decision criteria used during the evaluefaiter Prinsloo, 2008).
Criteria Description Weight
Production rate Ability to produce desired tonnagea sustainable basis 3
o Ability of the method to adapt to changing condigo(geology, method,
Flexibility o
direction etc)
Extraction Influence of method on extraction rafjpsmary & secondary) 3

Influence of geology

Influence of geological conditions (dip, faults, kég, seam thickness) on

production
Influence of floor Influence of floor conditionsaf$ness, contamination) on production 3
Operating costs General operating cost ratings
Capital Costs General capital cost ratings
Safety The method is inherently safe. What othetdfrs influence safety 3
Environmental Impact The influence of the methodt@environment 2
o How selective is the method (changing of miningidwm, variation in mining
Selectivity . . 1
height coal quality)
o . How is production influenced if any of the non- tgetting equipment stops
Continuity of production 2
(excl conveyors)
Ventilation required Are there any significant tikation requirements
Proven technology Has method been proved ( inf@ontAfrican conditions) 3
. . Is a significant amount of auxiliary equipment riggd (LHD's, chock carriers,
Ancillary equipment . 1
special spares, etc)
Development Does the method need other methocksrty out development (1=Yes, 5=No) 1
Skills personnel General skills of the productaomd planning (5=Low skills, 1= High skills) 3
Impact of change (0 High; 5 Low) 3
Lead time to .
Lead times (+12 m=0;12m=3;<12m=5) 3

implementation

The scoring was obtained by consensus decision filoen project team members

participating in the discussion. Table 6.7 sumnearithe results. The results of the

evaluation rank the methods as:

1) Conventional drilling and blasting 153
2) Continuous miners with shuttle cars 151
3) Continuous miners with LHD’s 145
4) Shortwall mining 101
5) Continuous miners with continuous haulage. 95

This was the methodology employed in actual depigject in which the researcher was
part of the DRA / SRK Consulting project team dgr2008.
It should be noted that the significant parametérgeology, technology and economics

are not excluded but may be implicit in some of¢bacepts.
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Table 6-2 Scoring criteria (after Prinsloo, 2008)

Criteria Scoring System Comments

Does the method need There is no alternative score as it the answer can
other methods to carry only be yes or no

Development
out development
(1=Yes, 5=No)
General skills of the A negative scoring approach is required. Methods
production and with low skills will score more than methods with

Skills personnel ) ) ) ) ] o
planning(5=Low skills, high skills which will influence the overall

1= High skills) method accordingly.
This is the same for the above. A score of 0 is
Impact of ) ) B )
h (0 High; 5 Low) introduced to mitigate the challenges associated

change

g change management applicable to a new method.

) ) The lead times play a significant role especially in

Lead time to Lead times (+12

] ] consideration of the economic development
implementation m=0;12m=3;<12m=5) L .
within the coal mining industry worldwide.

Table 6-3 Methods eliminated (after Prinsloo, 2008)

Mining Method Mitigating Factors

CM & Magatar There is only one known operation employing the méttand it can
therefore not be regarded as proven methodology. CEpétal costs are

System & CM excessive. Floor conditions may not be able to suppethodology. Skills
& Magatar shortage

Equipment

Longwall Lead times. Capital costs. Does not meet enmiemtal considerations

(surface subsidence). Complicated system for curreltd Ekiels
Longwall with Limited world wide application (Eastern Block). Imtsically unsafe (people

rear AEC working in back area). Low production. Will requiextensive external
training as no mines in South Africa using this.
(Armoured

Face/Flexible

Conveyor)

Opencast Excluded from this exercise
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Table 6-4 Selection matrix (after Prinsloo, 2008)

Criteria Weight DB CM CM& S/W CM &
Production Rate 3 3 5 5 5 5
Flexibility 2 5 5 5 1 3
Extraction 3 1 5 5 5 1
Influence of Geology 3 5 3 3 1 1
Influence of Floor 3 5 3 3 1 1
Operating Costs 2 1 3 3 5 1
Capital Costs 2 3 3 3 1 1
Safety 3 1 3 3 5 3
Selectivity 1 5 5 5 1 5
Continuity of Production 2 5 3 3 5 5
Ventilation Requirement 1 1 3 3 3 3
Proved Method 3 5 5 5 5 5
Ancillary Equipment 1 3 1 1 1 1
Developmentl=yes; 5=no) 1 5 5 5 1 5
Skills (5 low; 1 high) 3 5 1 1 1 1
Impact of Change high; 5 low) 3 5 5 3 0 0
Lead Timeg+12months=0; 12=3; <12=5) 3 5 3 3 0 0
Environment 2 3 5 5 1 5

No single correct answer exists and only a camefulriage of technological, sociological,
and economic considerations ultimately can leadntweased extraction of coal by

underground methods (Prinsloo et al, 2008).

6.15 Conclusions

1) Factors specifically considered as endorsed byingadonsultants include:
Production rate; Flexibility; Extraction; Influencé geology; Influence of floor;
Operating costs; Capital costs; Safety; Environmilentpact; Selectivity;
Continuity of production; Ventilation required; Ren technology; Ancillary
equipment; Development; Skills of personnel; Impaicthange; Lead time to
implementation.

2) As was seen in this chapter, a multitude of systemethods, and equipment
exist from which endless combinations and permanatimay be selected. In
making a choice of methods and/or equipment, choefasideration should be
given to all the factors influencing such a chait®rder to arrive at an optimal

combination of methods and equipment, which wilume the best utilisation of

resources
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7 CLASSIFICATION OF METHODS AND THE
IMPACT OF MINING HEIGHT

So far this research has addressed the objectimdsresearch design, it has built
awareness of relevant literature and studied thelogg, hydrogeology and rock
engineering that would have influence on the besttre systems. It has considered the
case study implementation of the process at Mormugtilliery. It has identified the
factors that influence the selection or choice pssdn determining which mining method
to use or apply. It can now take a closer lookhatktand thin seam mining respectively
(the mining profile) before identifying some besagtice methods. The mining height is
generally not a controllable but in certain cases/ rhe, mostly the mine is forced to
exploit the available resource. It is evident wlaralysing production results that the
higher production rates come from the thicker seanwsvever the challenge lies in

percentage extraction. The percentage tends tindenlthick seams.

7.1 System of Classifying Mining Methods

Most systems of classifying mining methods are dasemethods of supporting the roof
strata. These methods take into account three fofregpport — natural (pillars), artificial
(fill) and none (caving). The essential featurebeoconsidered are the relations between
the method of working, the key orebody (seam) prige defining the applicability of
that method and the country rock mass propertigisdte essential to sustain the method
Brady & Brown (1983) in (Beukes, 1989a).

Figure 7.1 shows one version of a common approactinterground mining method
classification which has been modified to inclubdek seam coal mining methods. Not
all methods of mining currently employed throughdbie world are shown on this
diagram but they could be added if required. Theupported or caving methods seek to
induce failure of, and large displacements in, ¢hantry rock. At the other end of the
spectrum, the supported methods seek to maintaimtigrity of the country rock and to

strictly limit its displacement.
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Classification of UG Mining Methods

Figure 7-1 Classification of underground mining haets (after Galvin 1981)

As shown in Table 7.1, the unsupported or cavingho@s include sublevel caving and
drawing, pillar extraction and longwall. In the tpmall method, the coal is extracted
mechanically and the overlying strata cave under thfluence of gravity and
redistributed stresses. In the sublevel caving dmaaving method, a slot is developed
through the total seam thickness and slices of amakequentially blasted into this slot,
the coal is then drawn from draw points in the ¥eadt. In the Pillar Extraction methods
pillars are reduced to fenders and snooks or casipleemoved.

Thick seam mining methods are classified under ainéhe following three types of
mining systems: full face; slicing; and caving afrdwing. This system of classification
is still very broad so an additional criterion, relyp roof strata control has to be
introduced. Mining methods may: preserve the intggof the roof strata; result in
limited subsidence of the roof strata; or cavertha strata. Roof strata control is a very
relevant criterion since it often determines whethemining method is suited to a
particular set of conditions. By combining the #htgpes of mining systems and the three
types of roof strata control, nine classes of tsiekm mining methods can be identified.
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Table 7-1 Classification of thick seam mining (afBalvin, 1981)

Seam % - Seam . . Seam %
Full face thickness Slicing thickness %  Caving and Drawing Thickness.
Bord and Pillar 4-45 44 Bord and Pillar >6 30
ot el in a number of slices
g ° 2 -with top/bottom coaling 4-6 40
ne 2 with top/bottom coaling followed by 4-8 40
S 3 s stowing
o o -with repeated cycles of stowing and top  4-12 40
coaling
8 Longwall mining 4-5 75 Non-simultaneous multi-slice longwall in :
3 &  with stowing Descending slices with stowing >4 60
‘g‘ % Ascending slices with stowing >4 60
5 8 Simultaneous multi-slice longwall in : >4 60
v Ascending slices with stowing
Bord and Pillar with 4-4.5 70 Multi-slice bord and pillar with pillar 6-10 50 Integrated longwall with 4-10 60
Pillar extraction extraction caving
Longwall mining 4-6 75 Bord and pillar with pillar extraction and  4-6
top/bottom coaling. 50 Hydraulic mining
Non-simultaneous multi-slice longwall in: >4
% Descending slices 4-8 Metalliferous based >8 60
O Ascending slices methods
Simultaneous multi-slice longwall in : 60 Open stoping
Descending slices >4 50 Sub level caving and >10 50
Non-integrated longwall with caving 6-10 drawing
80 >10 50
60 >10 60
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The total mining height is extracted in each staigghe mining operation. Methods such
as single pass longwall mining are single stageatipeis, while bord and pillar mining
with pillar extraction is a multiple stage operatio

These systems have technical, equipment and opeailimits at a height of 6m. They
are generally confined to countries with a highelesf mining technology (Galvin et al,
1981).

Wall faces of mining height up to 8m are currerf2909) under development by OEMs
(original equipment manufacturers). To preventtatreontrol problems they need to
ensure rapid face advance.

7.1.1  Slicing

The total mining height is extracted sequentiatlyslices, either starting from the bottom
or from the top. If the slices are mined conculserthe term simultaneous is used to
describe the operation. There may be a time lapseeen the mining of each slice, in
which case the operation is referred to as nonitsimeious (Galvin, 1981). ‘Bottom

coaling’ and ‘top coaling’ may be considered deliwes of slicing.

7.1.2  Caving and drawing

The total mining height is extracted by undercygftithe seam and then caving the
overlying coal into this development, from wherdsitdrawn off (Galvin, 1981). Wall
Mining (LW or SW), Pillar Extraction (PE) and RibllBr Extraction (RPE) are forms of

caving after the supporting seam has been exploited

7.2 Major Underground Mining Systems

Seam thickness considerations need to followed tmcias on method (Bord & Pillar or
Wall) and the support strategy (Pillar, Yield Rilta Caving).
When considering underground mining methods, ibbees clear that these methods can
be classified broadly into three systems, each igtbwn distinctive features:
1) A system where the roof is supported and wheretingce is lefvirtually intact

and undisturbed,
2) A system where the roof and its overlying stramaeaved in a controlled fashion

to fill the void caused by mining operations,
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3) A system in which the roof is supported temporaaitgd in which thesupports
may be allowed to fail in a stable, non-destructaghion after mining operations
have ceased.
Bord and pillar mining is ideal for relatively skal deposits where overlying rock
pressure is low. Seams are mined leaving in sifll pdlars, which are big enough to
support the roof indefinitely, and a chequer-bopattern of mined-out 'rooms'. This
method currently permits around 65% of the avadlaimal to be extracted at depth less
than 100m below surface.
The adoption by several collieries of the 'squiiapi method developed by the now
defunct Chamber of Mines Research Organisation (ROM and approved by the
Government Mining Engineer (now Chief Inspector]|l iwncrease extraction rates -
especially at depth - through the employment irdksord-pillar mining of smaller pillars
than were previously thought necessary.
When the overlying strata impose no restrictiotmal-extraction' mining can take place
(though, in reality, somewhat less than 90% is veped on average). There were two
major underground total extraction systems employe&outh Africa namely, pillar
extraction and wall mining.
Pillar extraction requires the forming of a borddapillar layout and the consequent
removal of all or partial amounts of the pillarsthe retreat.
In rib pillar extraction, not really used currentlg continuous miner machine cuts a
roadway up to 1.5km in length through the coal &mdin from the edge of the area to be
mined. This leaves a 5m wide band of coal in thenfof a long, isolated rib pillar along
one side of the tunnel.
With the aid of timber or hydraulic props to holg tihe now unstable roof, the continuous
miner cuts away the rib pillar in a series of caheitting sweeps. The machine repeats
the cycle by mining into the remaining coal areggia cutting a tunnel and leaving a rib
pillar.
The other total extraction method employed is wahing. Longwalls and shortwalls are
usually several hundred meters long and essentialhgist of a corridor in which one
wall and the roof are formed by steel supports bpaf resisting hundreds of tonnes of
pressure from the subsiding mine roof above. Tkers® side of the corridor is formed of
coal and is the actual face from which coal is éutmechanical coal cutter, bearing two
large revolving shearing drums with steel picksisrthe whole length of the coal face on

rafts. This device is known as a shearer. This mib the coal and widens the corridor
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during each sweep, thus advancing the coal face nélw coal falls on to a conveyor and
is drawn out of the longwall face (Fauconier & Kers 1982).

Hydraulic rams linked to the line of props push tieaveyor and coal cutter forward into
the newly-mined-out space in the face. In turnhelagdraulic support is then released
from its position and hauls itself forward afteethdvancing face, reinstalling its steel
canopy against the recently exposed area of facé rarhe increase exposed and
unsupported span behind and located in the goafthen succumbs to gravitational back

break and caves.

7.2.1  Roof supporting methods

The roof and its super incumbent strata in any eaiban can be prevented from caving

or collapsing in one of the following ways:

1) By leaving coal pillars in sufficient numbers andaslequate size in sitiie., bord
and pillar mining.

2) By introducing additional, artificial means of supp in the excavated areas to
support the roof and the roof strata immediatetgrahining has taken place or while

mining is still in progress, e.g., ashfilling, magks, coalcrete, etc.

Pillar support

Bord and pillar mining has been, and still is, best known and most widely practised
method of underground coal mining, in South Afrmaing to its inherent safety, low
capital investment, and low operating cost.

Bord and pillar mining, involving several stagese@her bottom or top coaling, has been
employed successfully in thin, medium, and thicknss, but results in a rapid decrease in
percentage extraction as seam thickness and/oh d€pimining increase. It can be
concluded that, as deeper deposits are mined ifuthes, bord and pillar mining will
become progressively more wasteful in terms oflaklé reserves.

The design of bord and pillar workings usually fisaccordance with the well-known
Salomon graphs. The safety factor used usuallyrdépen the ultimate plan of mining,
i.e., whether top or bottom coaling is contemplgtetich will reduce the safety factor),
or whether pillar extraction will be carried out asmethod of secondary extraction

(which will require a substantial safety factortbe primary extraction phase).

Artificial support
Artificial support usually is introduced where & desirable to prevent the roof from

collapsing, but where the coal has been excavatéket extent that the remaining pillars
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are insufficient to act as a permanent means gba@tpThis usually occurs where the
safety factor is less than one.

Artificial support can be seen as a method of imjorg the percentage extraction of bord
and pillar mining. Where the seam is relativelyroar, matpacks may be employed to
supplement the support offered by small coal @lldhis method has been successfully
employed in Natal, particularly in handgot areabere the rates of advance of some
faces permit the introduction, of matpacks as armmed systematic support. In thicker
seam areas, however, and in areas with rapid fdeanae, the logistic problems and
costs involved in the systematic installation oftpa&ks could become prohibitive, thus
excluding this method of support.

Fauconier reports, “An interesting project undestalky the University of Kentucky in
the United States is a study on the use of coabesas a concrete aggregate with mining-
orientated applications. The mixture of raw refaggregate, Portland cement, and sand
is termed 'coalcrete’ and it is envisaged thattadcrete could be placed underground in
bord and pillar mines at a reasonable cost sodlsatbstantial portion of the remaining
coal pillars could be extracted. One possible meahsmproving the percentage
extraction of bord and pillar mining in thick searea is to fill the bords with fly ash
after completion of the primary cut. Fly ash resite lateral expansion of the pillar and
provides confinement to the pillar sides, therebergthening the pillar. Apart from
increasing the strength of pillars and the stabdit bord and pillar workings, ashfill also
can provide a suitable working platform during tbp-coaling operation” (Fauconier &
Kersten, 1982).

7.2.2  Caving methods

It is accepted that methods that allow caving &f thof generally tend to give higher
extraction rates than methods that rely on pathefore reserve as a means of support.
Owing to this notion these methods, quite incofyetihrough the years also have become
known as 'total extraction methods'. This is a miger as the extraction is very seldom,
if ever, total, even when viewed on an in-paneihakhese methods, with the exception
of sub-level caving, have been termed 'panel mimreghods. These roof caving methods
can be classified into four categories (Fauconidtetsten, 1982):

1) Pillar extraction methods,

2) Longwall methods / shortwall methods,

3) Rib pillar extraction methods,

4) Sub-level caving methods
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Pillar Extraction Methods. Pillar extraction methods have been practised ontts
Africa with a large measure of success, especiallgandgot mines. Mechanised pillar
extraction have not been extremely successful @ ¢buntry until 1980 when the
introduction of continuous miners to bord and pillining systems brought a new
dimension to the safety and efficiency of pillatrextion by mechanised methods.
Where pillar extraction is to be practised the pteg system is to leave large pillars
(with a safety factor of at least 1.8) during themary development phase while
advancing. Once the panel development has beenlemdpthe pillars are extracted
during the secondary phase of mining on the retidaa pillar extraction line usually is
carried at an angle of 45° to the centreline ofptheel.

In conventional mechanised pillar extraction, dltlee pillars on the diagonal retreating
line are mined simultaneously, while in pillar edtion with continuous miners, the
pillars are extracted one pillar at a time. Arpamel extraction of about 85% to 95% is
usually obtainable via pillar extraction methodaiEonier & Kersten, 1982).

The principles of pillar extraction, together wighme examples of its application, will be
discussed in Chapter 8.

Longwall / Shortwall Methods. With longwall / shortwall mining methods the pripls

is to extract all of the coal over the width of thanel face in successive slices or cuts,
with the roof being allowed to cave or goaf behine supports.

The difference between longwall and shortwall miniies in the equipment used, the
capital outlay required per panel, and the lengttace.

Longwall mining can be practised as an advancing mtreating system (although only
the latter currently is being used in South Afried)ile shortwall mining is usually only
practised on the retreat.

As regards the equipment, longwall mining usualBkes use of some type of shearer in
conjunction with an armoured face conveyor, whiterswvall mining usually employs a
continuous miner with shuttle cars or with a comtins haulage system. (In South Africa
we refer to a short longwall as a shortwall, thésnot the same as the traditional
shortwall). Both systems usually employ self-adwagchydraulic-powered supports.

Rib pillar Extraction Methods. Rib pillar extraction refers to a series of methtiukst
can be regarded as a combination of pillar exwacéind shortwall mining methods. The
term 'rib pillar' was coined in South Africa to debe a series of methods that are based
on the extraction of a rib of coal between develeptiroads and the goaf, with a solid
block of coal (the unmined balance of the panadyjaling the major means of support in

the workings. The origin of these methods, howengty be traced back to Australia.
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Legislation in Australia up to the early 1950's yaneted the mechanical extraction of
pillars, resulting in extensive areas of bord aiidipmining. When the law was changed,
extraction of pillars left in the initial mining epation, was carried out, using hand
mining systems and conventional mechanised equipmen

During the mid-50's, continuous miners were intictl to the Australian coal mining
industry. The need for multiple working places taintain output was eliminated to a
large extent. Some new panel layouts emerged, Hmutattual extraction methods of
pillars still closely followed that of handgot opépns.

In the early 60's, newly formed pillars were exteacby the 'open end lift' or 'split and
liftt method. The extraction rate remained low, lewer, because of operators leaving
'snooks' or failing to complete a lift, which adsely affected the operations and resulted
in high losses of coal, with large numbers of pilaeing lost.

The Wongawilli method of extraction was then depeld in an attempt to attain the
following objectives:

1) To provide a single working place.

2) To extract coal in a stress relieved area.

3) To utilize the coal seam as a major means of stglwing extraction operations.

4) To achieve 90 % in-panel extraction of working area

5) To provide a simple and easily understood system.

Many difficulties arose with the roof support iretkiariations of the Wongawilli system
and the Munmorah system of extraction was a furtterelopment of the Wongawilli
system in an attempt to overcome some of theseulifes.

In South Africa two experiments were conducted,ngsimodified Wongawilli /
Munmorah methods. These experiments, one at Sigolhel@, the other at Kriel
Colliery, proved the methods to be both feasible satfe.

Sub-level Caving Methods.Sub-level caving in coal mining usually is applieadly in
coal seams where the nature of the coal seam exlind practical application of other
coal mining methods, for example, steeply inclicedl seams.

The method basically consists of driving a seriesub-levels commencing at the top of
the ore body. A starting vertical slot is cut ahdn a series of ring patterns are drilled and
blasted, the broken coal being drawn off after ebletst. As there currently are very
limited deposits of coal in South Africa that woudd suitable for the application of sub-
level caving methods, however some application ie Waterberg is a possibility
(Fauconier & Kersten, 1982).
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7.2.3  Yielding pillar methods
A novel method of designing bord and pillar worldngvhich has the theoretical potential
of improving percentage extraction, was proposedShajamon (1970). This method,
which is known as the yielding pillar method, iséd on the observation that the failure
of a coal pillar either can be stable or unstaldepending on the post-failure
characteristics of the pillar and the stiffnessh&f mining layout.

In terms of Salamon’s conditions, a pillar layaiperfectly stable if:

Equation 7-1 Stable Pillar layout as a function dfretss of layout

fm= ¢

where f is a suitably selected safety factiis the minimum slope of a force-displacement curve
of the pillar, and . is the local stiffness of the mining layout.

It should be noted that the local stiffness,is a function of the mining layout and the
super incumbent strata. In the case of an extegamimed out area supported by more or
less uniformly sized pillars. = 0 and the only possible stable layout is oneretibe
strength of the pillars exceeds the load actinthem.

By sub-dividing the mining area into panels segatdty indestructible barrier pillars, the
local stiffness is increased by decreasing theadist between barrier pillars. The local
stiffness also increases with depth.

Apart from increasing the local stiffness of thening layout, the main function of barrier
pillars is to isolate the various parts of the mamel to ensure that any pillar collapse that
may occur is contained within one panel. The bestean play this role effectively only if
their width to height ratio is large. It is mor&dily that these wide barriers will be
sufficiently strong to support the weight of thedenmined overburden, even without the
assistance of small pillars within the panel. Tole 1of the latter primarily is to maintain
the integrity of the roof between the barriers.

The most efficient use is made of panel pillathédy are designed in such a way that they
exert the maximum supporting action on the roofisTheans that when the panels are
fully developed, the load on the panel pillars dtidae equal to their strength. Because of
the uncertainties concerning the strength of @liand local variations in the strength of
coal seams, it is possible that the panel pillaib be in a failing state. Such an
eventuality can be tolerated only if the overallnmg system is designed in such a

manner that the possibility of an uncontrolled apfle is excluded. It will be appreciated
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that the improved percentage extraction within aing panel is negated partially by the
coal remaining in the barrier pillars. The bordithiis normally of the order of 6m to
7m. The most notable result of this design studynas the introduction of barrier pillars

would result in a reduction in extraction at shalldepths.

Change In Extraction %
1
-

Reduced Extraction Rate at Increased
Depth When Using Pillars

Figure 7-2 Reduced extraction rate with increasegpttd when using pillars (after
Fauconier, 1982)

At the same time, considerable improvements inekgoitation of reserves could be

achieved at moderate and great depths with thefadbstantial barrier pillars.

7.24  Coal winning methods

Once a mining method has been chosen, considerdiem should be given to the
breaking or winning of the coal. Here several ampi@xist, namely, blasting methods,
machine cutting methods, and hydraulic mining meéshoOf these three options the
former two are practised extensively in this coyrind elsewhere in the world, while the
third has only limited application under specifanditions (Fauconier & Kersten, 1982).
Blasting Methods

Blasting methods are older than coal mining itselfSouth Africa and are very well
known. To employ blasting methods, holes areadtiihto the coal seam and the coal is
broken up by a blast that may be best describex\asy rapid release of energy within
the drilled hole.

Generally explosives are used as a blasting admnitwhere fragmentation is to be

controlled, air blasting has been used with somasme of success, but only on a limited
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scale in this country (e.g. at Greenside CollieWhere hard, abrasive interstitial layers

occur within coal seams and where numerous magrimdticsions occur throughout the

reserve area this method remains the more suctessfinod of winning coal.

As a rule blasting methods will not be employedlamgwall or shortwall faces these

days, owing to the availability of suitable cuttiequipment and because of the need for

an uninterrupted operation with a steady rate of fadvance.

Fauconier stipulates that blasting methods, “diéesdrom several disadvantages that

may render them unsuitable under certain circuncsrfor example:

1) Shock-waves from the blast cause fragmentatioh@irmmediate roof, sides, and
floor surrounding the excavation; this could leaditalesirable mining conditions
where the surrounding strata deteriorate easily @sult of the shock-waves,

2) The operations are not concentrated, leading to easad supervision
requirements and to decreased productivity of labou

3) A large number of working faces are required to mainpaoductivity as blasting
methods rely on a series of discrete sequential tpesa this is not always
possible, e.g. bord and pillar workings at greatlig@are limited in the number of
roads that may be employed in any panel,

4) Security risk. Where explosives are used as a htastgent there is always the
security risk involved with explosives, safety.

5) Blasting operations are always associated with aseceataount of danger, which
requires stringent measures to ensure the safetiieofvorkers involved in the
blasting operation itself, and in the concomitantrapens in that mining area”
(Fauconier & Kersten, 1982)

Machine Cutting Methods

Machine cutting methods invariably are more promecthan blasting operations. For

certain mining methods such as longwall and shdrtmaing, machines have become

the accepted way of winning coal, while for pillxtraction this method in the 1980's

has proved to be an unqualified success in SoutitaAfe.g. at Usutu Collieries where

pillar extraction by means of continuous miners wtmdard practice as a method of
secondary extraction).

For other methods, such as bord and pillar devedopthe choice between machine

cutting methods and blasting methods is not vesgrchlways, and in some instances size

distribution requirements of the final mined protomay dictate the choice.
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Fauconier states, “machine cutting methods alsiestrbom some inherent disadvantages
that may be ascribed to inadequate or insufficienhnological development. Some of
these disadvantages are:

1) Height restrictions. Machines usually are limitedat certain height that can be
mined; for example, longwall mining is how movingta a phase where the
mining of 6m thick seams in one single lift is betog technologically feasible,
while continuous miners generally are diithited to a maximum working height
of approximately 5m, taller mining machines to iattheights of 6m are developed
but not broadly implemented.

2) Geological disturbances. Faults and dykes presesgtriaus problem with longwall
mining, but various approaches are being considergdently to overcome this
problem, e.g., by premining the dykes and refillithg cavity with a suitable material
before panel extraction commences. These ideadneasayet, relatively untried and
unproved but have great potential. Magma tic indms also present a big problem
with continuous mining but the latter type of migits not as vulnerable in this
regard as longwall mining, bad roof conditions.

3) Although bad roof conditions affect all types ofninig, the effect is more noticeable
where roof supporting methods, such as bord atat pilining, are employed. This is
especially true where blasting methods are employbdre shock waves from
blasting may augment the bad roof conditions, thampounding the problem”
(Fauconier & Kersten, 1982).

Hydraulic Mining Methods

In European countries the winning of coal by meafngulsating high-pressure water jets

has gone beyond the experimental stage and todayractical reality. Two of the most

well-known of these operations are the German Hawisee (now closed), which was
changed to a hydraulic mining and transportatiostesy in 1977, and the Kaizer

Hydraulic Mine in Canada. The application of hydi@amining seems to be favoured in

steeply bedded seams where it is impractical toentire coal economically by other

methods. Its advantages seem to centre on increasety for the operators and higher
production and productivity under the previouslymiened conditions. Furthermore, it is
eminently suitable to be combined with the hyd@aatansportation of coal, which has
been shown to provide benefits in safety, efficierand cost, even where coal is won by
conventional mechanized methods. The hydraulicsprartation of coal to the preparation
plant is an established and reasonably well-undedsttechnique and is becoming

increasingly more popular for certain applications.
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Fauconier reports “The coal deposits generally doum South Africa do not lend
themselves to this type of mining. This method piadb will not find wide application, if

any, in this country” (Fauconier & Kersten, 1982).

7.3 Thick Seam Mining

7.3.1  Statistical background

Coal is South Africa’s primary source of energyislTtoal comes from collieries ranging
in output from 100,000tpa to more than 10Mtpa. Thenber of operating collieries was
64 in 2004 and 73 in 2009. This is currently (208Bywing significant potential growth
due to the current coal price which ranges from @lfbr power station steam coal to
$250/t for metallurgical grade reductants. Southic&f ranks as the fifth largest coal
producer (8) in the world and the fourth largest exportéf)( 2009.

According to the Statistical Review of World Enerdhiere are approximately 28.6Bt
recoverable hard coal reserves in South Africaeggnt. This puts South Africa eighth in
the world in terms of recoverable coal reservé$ (BP Amoco , 2005).

About 51% of South African coal mining is undergnduand the rest is opencast. Of the
coal mined underground, some 90% is produced bg bod pillar (B&P), 5% by pillar
recovery (PE or RPE), and 5% by longwall mining (I0WSW) and other methods.

On the basis of reserve estimates of the Commigsfidnquiry into the Coal Resources
of the Republic of South Africa (Petrick et al, 597thick seam reserves constitute over
50% of the country’s mineable coal reserves. Funtioee, these estimates indicated that
85% of these reserves can be extracted only byrgraend mining methods. Coal seams
between 4 and 6m thick represent just over 70%@ftotal thick seam reserves (DME ,
2006).

Although these estimates were conducted long ag@s logical to assume that the
proportion of thick seam reserves to total resewilssemain the same provided that no
new reserves are discovered. Hence they are abldicaithin the context of this
research.

A resource of 37Bt has been inferred in Botswaniniigly, Personal communication,
2009).

Projects and associated developments are underwdypknned in Mozambique’s
Zambezi coal basin and will ultimately turn it inbme of the world’s major suppliers of
seaborne coking coal and in addition this basih vélp to alleviate electricity generation

shortage in southern Africa (Mining Review, 2008).
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7.3.2 Defining thick seams

Any discussion concerning thick seam mining halseigin by defining a thick seam. The
simplest way of defining a thick seam is to idgnéfcritical seam thickness above which
a seam is said to be thick. Since volumetric efitvacis influenced by the macro-
environment within which a colliery operates, thitical seam thickness varies from
country to country. A popular definition which isded on productivity considerations
states that “a thick seam is a seam which fallobdya seam range in which maximum
face productivity can be achieved using existingning systems” Cochrane (1972) in
Galvin (1981). From this definition, it becomesasi¢hat the critical seam thickness also
depends on local economic and technological canditi This thickness may vary from
5m in India, down to 2.5m in Germany.

A South African thick coal seam is defined as ‘aogpl seam that is more than 4m thick’.
However there are situations where a number of seains occur in close proximity to
each other. If the parting between these seammadl,sand the seams are moderately
thick, such a multi-seam situation may be regardsdconstituting thick seams that
contain stone bands. A good example of such at®ituas the No.2 seam of the
Vereeniging-Sasolburg coalfield which can reackkhéesses of up to 10m. This seam is
divided into two seams (2A and 2B) by a small peytf a mudstone band, up to 1.5m in
thickness. By means of a process of deductive réagoit becomes possible to conclude
that moderate seam thickness and small partingrtegs approximate to a single thick

seam.

7.3.3 Classification of South African thick seam coal

reserves

Based on this definition, South Africa’s thick seamserves extractable by underground
mining methods can be divided into three classameaty Classes A, B and C. Class D
reserves are those reserves which are mineableutfgce mining methods (Galvin,
1981).

Class A reserves
“Reserves are contained within a single thick setat; is, reserves that is contained in a
coal seam which is more than 4m thick and whictsdus occur within 4 m of any seam

that is thicker than 2m”.
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Class B reserves

“Reserves are contained within a group of coal sgame of which is thicker than 4m.
That is seams where at least one seam is thicler #m and all other seams are
considered as reserves are thicker than 2m witpartng between such seams being
greater than 4m”.

Class C reserves

“Reserves are contained within a group of coal sgarmne of which are thicker than 4m.
That is reserves that are contained in a group aal sceams where each seam is
considered as reserve is between 2 and 4m thidk, ma parting between seams being
greater than 4m”.

Class D reserves

“Reserves are contained within a group of coal sgame of which is thicker than 4m
and less than 60m below surface, and which hadppisiy ratio by volume of less than
10:1” (Galvin, 1981).

7.3.4  The effect of past practices on the current situatin

Due to the low coal price, technological limitatiortheap supply of labour as well as the
belief that South Africa’s coal reserves were uitkah, these thick seam reserves have
not been extracted optimally in the past. Thesaltes in bord and pillar mining being
the preferred mining method because of its econanability. This method currently
permits around 65% percentage extraction. As depth/ or seam thickness increases,
this method results in a rapid decrease in pergergatraction.

Fauconier reported that “The coal price has in@eaapidly in the past thirty years; this
trend has resulted in the need to increase pegenéatraction. The cost of doing
business in South Africa has also increased duhirggperiod. Consequently, large scale
high extraction methods, which result in low woikinosts, are becoming more viable
economically. Therefore a need exists for the ohimtion of overseas thick seam mining
methods which have a significant potential for agilon in South African reserves that

provide the right geological and geotechnical emvinent” (Fauconier & Kersten, 1982).
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7.4 An Outline of Established Thick Seam Mining Methods

Galvin states, “Any thick seam mining method ismgpio be viable in South Africa in the
short to medium term if the mining process is mefficient and cheaper, i.e. yielding
higher productivity and lower overall cost per témy savings associated with greater
resource recovery (hence lower overall infrastmecttost per ton of recoverable coal) are

essentially a bonus” (Galvin, 1981).

7.4.1  Bord and pillar mining

In 2005, 94% of the coal mined underground in Sd\iftica was extracted by bord and
pillar mining. This method was the most widely useethod of underground coal mining
in the past due to its inherent safety, low capitaéstment, and low operating cost.

Bord and pillar mining, involving several stageseither bottom or top coaling, has been
employed in thick seams, but results in a rapidebse in percentage extraction as seam
thickness and/ or depth of mining increase. Theecfas deeper deposits are mined, bord
and pillar mining becomes progressively more wasiefterms of available reserves.
Primary development consists of driving tunnelstiyh the coal seam in such a manner
that the seam is divided into pillars. These pillare usually square or rectangular in
shape.

Secondary mining and top or bottom coaling

Secondary mining operations consist of either topbattom-coaling with or without
stowing, or pillar extraction. In thick seam sitioas, the seam is extracted in slices and a
2 to 5m coal parting is left between slices. Boéimgd (intrapanel) and interpanel pillars

are superimposed.
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Figure 7-3

Typical Bord & Pillar layout (from the @&@mber of Mines Handbook for

Colliery Ventilation)

7.4.2

Longwall mining

There are three potential variations of longwalhimg which are applicable to thick

seams, namely; extended height single pass longmalti-slice longwall and longwall

with top coal caving (Clarkson et al, 1981).

Extended height single pass longwall

[

S B
& 3

»

Extended Height Single Pass Wall
Operation

Figure 7-4
Colliery)

Extended height single pass longwall afpmr (courtesy West Wallsand
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Clarkson concluded, “An evaluation of this methadicates that although it is the same

as current longwall practice, it has technical,ipopent and operational limits at a height

of approximately 6m. This leaves over 30% of ScAififica’s thick seam reserves in need

of alternative mining methods, if maximum coal reexy is to be achieved. This is a

method in which all parts must operate as an iategrsystem. A failure of one part can

disrupt the entire operation, and the impact ortreaits for coal sales can be substantial.

Large amounts of dust and methane are producedgigtch operations, thus a well

maintained ventilation system is a prerequisitdaison et al, 1981).

Clarkson further states, “Advantages of single pasgwall:

1) Mining with a single pass;

2) Single roadways;

3) Atthe discharge there is clean coal without rock;

4) Requires few workers and allowing a high rate aidoiction;

5) Safety improves with better roof conditions an@duction in the use of moving
equipment;

6) This method involves no blasting and its conseqdangers;

7) Ventilation is better controlled and the subsideofcthe surface is more predictable”
(Clarkson et al, 1981).

“Disadvantages of single pass longwall:

1) Good geological conditions are necessary;

2) There are high investment costs;

3) High size and weight of equipment;

4) Large initial capital outlay is required with nonmediate return from coal production;

5) Small coal companies inexperienced in single pasgwall may not be able to
provide time for specialised training needed fas thining method” (Clarkson et al,
1981).

Multi-slice longwall mining

There are three variations of this method, namelgystem with backfill, a system with

roof fall and a mixed system with backfill and rd@adl. In this method, conventional

height longwalls are operated sequentially, in tbp part of the seam and then

immediately below (using some form of artificiabdir/roof between the two slices). This

is a technically viable method under South Africamditions. The hazards associated

with this method may ultimately restrict its applion on either economic or safety

grounds. Further investigation is necessary adilthmgy and stowing is time consuming

and costly (Myszkowski, 2004).
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Myszkowski concludes on the advantages and disaages, “Advantages of multi-slice

longwall mining:

1)
2)
3)

Clean mining (apart from left coal layer);
Low surface subsidence (with backfill);

Clean discharge- coal without rock” (Myszkowski Q2.

“Disadvantages of multi-slice longwall mining:

1)
2)
3)
4)

5)
6)
7

High operational costs of backfill or of the axtiéil roof;

High capital costs;

Relatively low output;

Losses of resources and dangers of spontaneousustorbby mining with left coal
layer;

Low stability of equipment on sand;

Operational difficulties like roof falls or low beag capacity of sand;

Extensive development works” (Myszkowski, 2004).

2nd slice

Multi-slice LW with Sandfill

Figure 7-5 Multi-slice longwall with sand backfillftar Myszkowski, 2004)
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2nd slice

3rd slice

Multi-slice LW with Goaf

Figure 7-6

Multi-slice longwall with roof fall {eer Myszkowski, 2004)

2nd slice l
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Multi-slice LW with Artificial Roof

Figure 7-7

Multi-slice longwall with artificial roof (after Myszkowski, 2004)
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3rd slice

Multi-slice LW with Goaf Cavity Filling

Figure 7-8

Multi-slice longwall with goaf cavity fiihg (after Myszkowski, 2004)
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2nd slice

Multi-Slice LW with Backfill & Goaf

Figure 7-9

Multi-slice longwall with backfill and o fall (after Myszkowski, 2004)

7-22




Longwall with top coal caving

This method is based on the ‘Soutirage’ longwallimg method originally developed in
the French coal mining industry. The main featuéshe Soutirage method are that a
conventional height longwall face operates at theelof a thick coal seam.

The top coal is mined by allowing it to cave abam immediately behind the rear
support canopy. The supports are specially dedigvith various types of hatches or
draw points, through which the caved coal can pass.

Different systems either pass the coal directhoasecond conveyor located behind the
supports, or via a chute between the legs throaghe front AFC. By this method, only
one set of panel development roadways and infretsitrel is required, with a conventional
height set of face equipment, to extract seam$ab®m in thickness. Longwall top coal
caving offers immediate cost savings, primarilydavelopment.

Clarkson commented, “There have been improvementd area of equipment design,
operation and production performance. A good exargpthe Chinese system which is
far more efficient than the Soutirage method” (€$an et al, 1981).

The Chinese equipment has a pivoting supplemertitkycanopy behind the support.
Beneath this is a retractable second AFC. Withrdze AFC extended and by lowering
the tail canopy, caved coal can be loaded ontoARE. In the retracted rear AFC
position. With the tail canopy elevated, the suppan function conventionally.

The Chinese have reported 17,000tpd (tonne per, dieyn one of these longwall top
coal caving faces claiming up to 75% extractiosedms exceeding 8m in thickness from
a 3m operating run.

“Advantages of longwall with top coal caving:

1) Possibility of mining seams up to 12m thickness$wite face;
2) Low face height;

3) High resource recovery of 75% to 85% in comparigosingle pass method;
4) Low investment costs;

5) Relative low operating costs.”

Disadvantages of longwall with top coal caving:

1) Special shield necessary;

2) Losses of resources and danger of spontaneous stiorfju
3) Difficulty of caving hard coal ( at high UCS);

4) Possibility of premature roof breaking by cavingakeoal,

5) Mixed discharge-coal and rock” (Hebblewnhite, 2004)
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LW Top Coaling With Chutes and
Normal AFC

Figure 7-10 Top coaling with single AFC (after Myswmigki, 2004)

tarl canopy

front AFC retractable rear AFC

LW Top Coaling with 2" AFC behind
Shields

Figure 7-11 Top coaling with double AFC (after Myswmiski, 2004)

7.5 Thin Seam Mining

It is becoming necessary to look at the feasibteaekion of thin seams which are thinner
than those South African mining companies haveaitqa to date. Reserves in the No.3
Seam and No.5 Seam are attractive to enhance gxtrgercentage.

Recovery of coal from thin seams must be an econal®cision. Mechanised methods

are common. Safety is a major consideration andgaabpect in thin seam mining
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operations. Mining operations are influenced byrttaehinery profiles we intend using in
thin seams, height restrictions and technologyttars important in the choice.

The three main parameters that influence choice@aomics, geology and technology.
Due to an increase in demand for coal in recerg,tewlditional sources of coal need to be
extracted to feed these increasing demands. Appadely 64% of the coal extracted in
South Africa (250Mtpa saleable) is used domestic@l60Mtpa), the remainder of the
coal is destined for export (90Mtpa or 36%). Mawynpanies like Eskom, Mittal (Iscor)
and Highveld Steel are reliant on coal to createdpcts such as energy and steel for
society and have been put under great pressuredigty to fulfil the growing demand
for these products. These companies in turn puspre on coal mining companies to
produce more coal than ever before.

When looking at Eskom, one can see the long terpaainon coal mining. Eskom needs
to build at least eight new power stations withia hext 20 years or it will not be able to
provide enough electricity for South Africa. Cranstates, “The challenge now lies with
the coal mining companies in South Africa to extramre coal, it is estimated that at
least one to three new coal mines need to be edtall within the next 10 years to
address the problem. This is where thin coal seemnse into the scenario, these thin
seams lie largely untouched throughout the coalyeimg regions of South Africa. These
seams have mainly been neglected because of tladiility to produce high tonnages of
coal in a short period of time and a lack of neshte®logy. New areas containing thick
beds of high rank and high quality coal are becgnintreasingly difficult to locate. In
fact the 2010 projects ‘Madupi’ and ‘Kuselo’ areetlast major reserves for large power
generation utilities. Therefore, in future one mimtus attention on extracting thinner
seams, in the range of 35cm (0.35m) to 130cm (liBrojder to maintain the fulfilment
of the needs of the consumer. Many mines alreaslg hacess to these seams, they just
need to be exploited, and this will greatly redtte pressure on coal mining companies”
(Cramer, 2006).

7.5.1  Definition of thin seam mining

The coal seam that is thinner than the norm of thgion and requires low profile
equipment to be effectively exploited is deemedbéothin. We generally consider a
critical seam thickness below which, we consider ieam to be thin. This critical
thickness is 2m as this is often the limit with algstems. Productivity considerations

may also be taken into account to make this ciassion.
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7.5.2  Classification of coal reserves

Class E reserves
Class A to D are reserves in Galvin's classificatithat are outside the thin seam
reserves. Thin seams are in the range less than ar@l greater than 0.60m. This

researcher proposes the term Class E reservebam@nthe Galvin classification.

7.5.3 Equipment variation

Continuous miners are capable of mining down tob®.7 Most seams were only
considered mineable if above 1.2m thick.

Wall systems with shield supports from 1m to 6mingnheights are available and have
been used. Chinese top coaling derivatives ate 8m in height.

Pillar extraction is now feasible at a height dm.using techniques such as the NEVID
system (refer to Chapter 8 of this dissertatioR)llar extraction above 3m was always
considered to be risky with conventional systemfufetion of fender or snook stability
when reduced to the slender profiles). Pillar estteea may be conducted with mining
heights less than 1.2m using Scraper, or Fairci@lohventional Handgot mining was

also widely practiced in thin seam applications.

7.5.4 Reserve utilisation

Metallurgical grade coking coals, blend coking soahd anthracites often occur in thin
seams. Considerable reserves exist in the thiskd€dm to 0.8m. It is considered
necessary to evaluate the feasibility of thin seaethods.

Mining methods depend on the strata, the avaitghif technology and equipment, and

the reserves (Fauconier & Kersten, 1982).

7.6 Thin Seam Mining Methods

Holman states (Holman et al, 1999), “Traditionalyvide variety of methods have been
applied and some of the best known are listed:

1) “Mechanical Tractor and Trailer;

2) Mechanical LHD;

7-26



3) Continuous Miner;

4) Longwall Mining;

5) Scraper Method;

6) Handgot Mining Method;

7) Opencast Mining Method(Holman et al, 1999).
Other systems used (Section 7.5.1 to 7.5.9) include

7.6.1 Ram- plough mining with a pneumatic conveying

system

Used for pillar extraction where seam height is rapjmately 0.6m. The method
eliminates unnecessary parting or stone mining whi@s necessary with traditional
methods. The plough is moved back and forth alewglly a 100m, but can be a shorter
face, making cut depths of 25mm at a plough ratd@iph. The coal is scraped or
ploughed off the face and trapped in a scrapentdtieh moves the ploughed coal to the
travelling way chute (face transportation by sanggiox).

Transport of coal over 200m is possible with a pnatic 250mm diameter pipe to the
section conveyor. A production rate of 2,500 td0DRtpm has been achieved.

RAM —PLOUGH MINING
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Ram Plough System

Figure 7-12 Ram Plough system (after Holman et al, 1999
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7.6.2 Double stall low seam scraper mining

Holman reports that “Double stall low seam scrapéting can operate in heights from
0.5m to 1.1m. Scraper methods enable low seanpsedid be mined economically. Cost
per sales ton is lower than that incurred usingebatoperated LHD's in sections with

similar seam heights and conditions. Large resesfesal have not been mined owing to
the low seam height. Bord widths of 6m and cenwé20m are required. Pillar

extraction has been done with this equipment. Adpection rate of 4,100tpm has been
obtained” (Holman et al, 1999).

7.6.3  Fairchild Wilcox continuous miner

Holman (1999) clarifies mechanised miner applaraj “A production rate of 7,400tpm

has been obtained. It has been applied in a wprkéight of 0.6 to 1.3m. The method
has been extensively used in the United Statesnodriea and is recognised worldwide.
The major constraint is the limited space availahlehin seams. Cutting and loading
rates are lower than the higher seam counterptats({0) low seam sections may be
needed to supplement the production from one mediuthick seam CM section which

can produce 80,000tpm). Continuous haulage syséeensore effective than scoops and
shuttle cars are where the height is less than(Hualman et al, 1999).

FAIRCHILD WILCOX
CONTINUOUS MINER

Lo Riameter
SUpport

| FEmporary
Eaund Tirmbes
SUppeED

il Roofbclts.

Figure 7-13 Fairchild Wilcox system (after Holman letl899)
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7.6.4 Low seam auger mining

Holman (1999), “This unit has the ability to extramal from outcropping coal seams.
The unit drills holes 0.5 - 0.7m in diameter and #openetration length of 70m. The
reported extraction percentage is 40%. The systeduces 1,000tpm on a single shift
basis” (Holman et al, 1999).

7.6.5 The Collin’s miner

The Collin’s miner was the first major attempt ténenthin coal seams. It was designed
and created in the United Kingdom, and it was desigwith the idea in mind to extract
thin coal seams, which would otherwise be diffictdt mine. The machine produced
promising results, but the fact that thicker seamese still available, natural gas grew
increasingly available as an alternative fuel seumod other economic factors brought
new research to a halt (Landsdown & Dawson, 1963).

Landsdown reports, “The Collins miner was useduiblcOm wide entries (height 0.65 to
0.8m), 270m long into the coal face, from the nd@relopment with dimensions of 3.6m
wide and 2.25m high. It cut numerous parallel estinto the working face to obtain the
production desired from the machine. The widthhef tib pillars were only dependant on

the height if the overburden above the seam.
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Figure 7-14 Collin’s miner system plan view (aftenbdadown, 1963)
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Figure 7-15 Collin’s miner section view (after Landaaig 1963)

The system was designed for seams with a thickoie88m, but was able to operate in
seams as thin as 0.65m” (Landsdown and Dawson,)1863ures 7.14 and 7.15 give
sketches of the Collin’s obtained from Landsdowd&wson (1963).

“The machine used three basic auger cutting headsittthe coal. These cutting heads
were driven by a water-cooled gearbox, which wasvgred by a single 90kW,
flameproof electric motor. The machine was alsoggoed with cutting blades, to square
off the roof and floor between the overlapping leiscof the cutting heads, by cutting the
lines of coal left behind between the auger holes.

The miner was mounted on skid plates that were ected to the mainframe with hinges
at the front and jacks at the back. These jackbeaback were used to steer the miner.
The entire system was based on a launching platfetiich was mounted on rails. This
launching platform transported the miner from omdehto the next. The platform was
equipped with the jacks to position the miner, tiechanism to steer the miner and the
thrust cylinder to push the miner deeper into tbie’h(Landsdown & Dawson, 1963).

Prof. H Phillips reports in a personal communiaati¢?010) and whom had practical
experience with the system in the UK, that, “Thegdeaist problem was the entries which
were not supported and breakdowns or roof fallsewery difficult to deal with as the
machines could not be withdrawn” (Personal commatioa, 2010). This may be

prophetic for future intended linear mining layouts
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7.6.6 Full-face miners

Landsdown (1963), comments on full face miners, €S¢h mining machines span the
whole width of the panel that was mined and thé&embachine is advanced or retreated
along the entire machine width at once. The adggntd these machines were that they
were able to mine seams as thin as 40cm (0.4m),bboause of the size of these
machines, these machines utilise a huge amourduipment and people had to work in
the working face for the purpose of maintaining thechines.

One example of a Full-face miner is the In-seamemirll types of Full-face miners
worked on the same principle, coal is removed fitvn face with sideways moving,

cutting devices” (Landsdown and Dawson, 1963).

SECTION VIEWW
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PLAN VIEW

a) Cutters @) Thrust rams

b) Conveyor scoops I Main frame

=) Discharge conveaysr @) Controle pasition

d) Power units h) Chain teension
{Electric or Hydraulie) unit

In-seam Miner

Figure 7-16 In-seam miner (after Landsdown, 1963)

7.6.7  Scraper box installations

This system is one of the older and simpler fornfslangwall-type operations.

Landsdown recalled, “Originally scraper boxes wené/ used as haulage units in hand-
worked longwall panels, in thinner seams. A scrdqmeris made up of a box, open at the
bottom, front and top, with a scraper blade hinged the back of the box. When the
scraper box is drawn forward the scraper bladelligg open, allowing the scraper box to

gather coal and move the coal to the conveyor, wherscraper box is drawn backward,
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the scraper is forced shut and the scraper bollésta move unhindered in the panel. To
increase productivity, in many cases, more thansmmaper box is used in tandem with
the other scraper(s) in the longwall panel (theewysis not unlike the Witwatersrand

scrapers used to clean stopes).

The premier scraper box method was known as thenkéaa With this method a heavy

skid board is used to press the scraper box aghimsace, to cut thin coal slices from the
face with each pass of the scraper box.

Another scraper box method, namely the chain tenstmaper method is also used. With
this system, the skid board is removed and is ceplavith a heavy duty chain, which

runs along the length of the panel, where the efidee longwall face are kept slightly

ahead of the middle of the face, to facilitate ohanovement along the face”

(Landsdown & Dawson, 1963).

TAIL GATE HEAD GATE TAIL GATE

-drz I

PACK AREA

PACK. AREA
AEF. NO. DESCRIPTEON RAEF NO. DESCRIPTION
1 Girder B Pull Lik
7 Baams 8 Doutds Drum Holat
3 Main Rops Wheel Frame 10 Scraper Comveyor
4 Tail Aope Whee! Frafme 11 Gate Conveyor
% Serapar Box 12 Main Rope
6 Soaper Box Opposite Hand ¥3 Tad Rope
7

Return Rope Wheel Frame T4 Tension Chain
18 Dynamométer

Chain Tension Scraper Layout

Figure 7-17 Chain tension scraper layout (after Ldods, 1963)

“The system still requires people to work on therkireg face, to install support. Because
of this, the system could only be applied on seuiitls a thickness of 40cm and more.
Large winches are required to move the scraper @oss the face. Skid boards
prevent easy access the face” Landsdown (1963).
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7.6.8  Highwall mining

Highwall mining is a process of extracting coaleme® that is exposed in the highwall
created during surface mining. The immediate adhgendf highwall mining is that coal
reserves can be extracted that would otherwiseneeanomic to mine by conventional
surface mining techniques due to high strippingrdt can also be utilised to extract coal
left as support or as waste during undergroundngiliperations. Since mining of high
wall entries is achieved by leaving overburden stuiibed, the economics of the system
are independent of strip ratio.

Treuhaft (1981), “The system uses augers or cootiauminers to extract the seam in the
highwall. Standard augers, available on the mavketate as blind boring and extraction
systems. They remove coal from a relatively horiabrseam which is exposed by
removing overburden to form a bench or highwallgéumining techniques are primarily
used to recover coal from the surface where stigppiperation or underground methods
are not suitable. Though productivity is good unideal conditions, only 30% to 40% of
coal is recovered by this method. Large amountsoaf are left above and below the

auger hole and in webs between each hole.

Dragline
IOverburdan 38m _ : g Blasthole drill

Coal seam
0.6m thick

Layout of HW Mining Operations

Figure 7-18 Layout of highwall mining operationétéa Treuhaft, 1981)
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Primarily there are two highwall systems being useténsively worldwide, namely the
older Auger mining system and the newer Addcar ngjrdystem” (Treuhaft, 1981).

The Dual Auger Mining System

Treuhaft reported that, “the highwall auger minsygtem, at extended depth provides an
excellent approach for extracting coal from thirares. This method is amenable to
relatively level working ground or foot wall and aloseams. In practice, a series of
parallel trenches would be progressively excavatgdss the mining property. The coal
between the trenches will be augered as the exXoavatoceeds. This method of
extracting coal is especially economical as lesn th0% of the mining area would
require overburden removal and reclamation. Thisatibn is both environmentally and
economically suitable and hence has potential @ dpplicability. Coal handling
requirements for the Highwall Mining System is rooitical, as the trenches are wide
enough to allow free movement of vehicles and i€essary, for coal to be easily
stockpiled in the pit. Alternatively, coal could basily elevated from the pit via elevating
conveyors so as to reduce pit congestion.

The Highwall Mining System is based on the dual esugonfiguration to maximize
recovery and control without compromising flightldéing and storage capabilities. The
Highwall Mining System differs from the conventidmaachines due to the presence of
895kW multi-speed auger drive trains and vertitatagye facility of augers. Such a high
power multi-speed engine is required to achievedéngred production rate when boring
at extended depths. To accommodate the systermartow benches and increase the
mobility, the whole unit is composed of three ®ailinits, two auger bays and one main
carriage. The augers are made of alloy tubes,rfalsng it considerably lighter than the
conventional auger flights. This reduces the deajlt to be carried and saves on power
due to reduction in frictional losses. More powan thus be utilised for productive work
like cutting and conveying of coal.

A conveyor belt system is used for transporting edsch is discharged from the auger
borehole. Coal is first loaded into a small belbneeyor which discharges its load into a
small face conveyor which moves the coal to theeioedge of the Highwall Mining
System structure. After leaving the face conveywmal is discharged onto a loading
conveyor which elevates it into haul trucks or ktgiles. The elevating conveyor is
pinned to the Highwall Mining System, but can beilgaremoved and driven to the

opposite side to maintain compatibility with theedition of advance.
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The production capabilities of the advanced Highwéihing System is dependent on
time required for boring, flight handling, flighetrieval to and from the bays, and
tramming of the machine from one hole to the nékteuhaft, 1981).

The Addcar Mining System

“This current system is only able to extract seavitk a thickness of 0.9m or more, thus
it is still able to extract thin seams. Althougle thystem is unable to extract seams as thin
as the Dual Auger system, it is able to extract eba much larger tempo than the Dual
Auger system and is able to penetrate the highfaaltleeper and more accurately than
the previously mentioned system. The system is tibleecover up to 60% of reserves
using 12.5m individually powered addcars. The statidystem depth extends to 365m,
but newer upgraded models have an extended ranggtof500m.

The system uses a continuous miner and addcarshwise chain conveyors to remove
coal from the entry, to extract the seam from tighWwall. As the continuous miner
extends deeper into the highwall, additional adsleeie added to the string, to enable the
continuous miner to reach the desired depth. Whindepth is reached and the coal on
the conveyor is removed to the dump trucks or giibek the individually powered
addcars added on to the string, are then, one bydetoupled from the string, until the
continuous miner is extracted from the hole. Thecpss can then restart on a new hole

and the whole process is then repeated” (Treub88l).

%

-

¥ Add Cars S o
e

Addcar Mining System

Figure 7-19 The Addcar Highwall system (after Treyte081)
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It is apparent to this researcher that the Highwdiliing System is promising in its
applicability. This system can be successfully egpin extracting very thin seams which
are otherwise uneconomic to mine by open pit oreogibund techniques. Since mining
by highwall entries require considerably less ouedbn removal, the system has high
economic potential. This system also demands vemy manpower compared to

conventional mining techniques.

7.6.9  The Longwall Mining System

Thin seam application of wall mining is discussedhis section. “Longwalling is used to
mine coal seams with a significant lateral exteritere roof control is difficult and seam
thickness is sufficient. There are two differenpdag of longwalling, namely advance
longwalling and retreat longwalling. Retreat minisgused much more often the advance
longwalling. With advance longwalling, the develogmh entries are developed slightly in
front of the advancing face, away from the mairrieatto the panel. In contrast, With
Retreat Longwalling, the entire section is devethpprior to the commencement of
production from the longwall face, at the very exidhe development, the face is then
mined back in the direction of the main entrieg] #re face is thus retreating”. Advance
has a single entry at each end of the face runpamgllel to each other for the length of
the panel often developed simultaneously with tiaace extraction of the face. Retreat
longwalls usually have multiple entries (two ore®y and are completed before the retreat
mining of the panel commences.

Landsdown (1963) reported, “Development in a lontysaction that is carried out for
the longwall pillars is done using a continuous eniand the room and pillar method. The
entries accessing the longwall panel are calledthimgate and tailgate entries, typically
the ventilation intake is at the maingate and thetilation return is at the tailgate. When
one panel is mined out, the maingate of the mingdpanel becomes the tailgate of the
next panel, thus just extending the intake of thetilation.

A longwall system was developed for thin seamss #ystem uses a coal plough in
basically the same way conventional longwallingsuaeshearer. The coal plough is able
to mine coal as thin as 0.45m, but hydraulic suppoits are unable to support a panel
lower than 0.75m in height, greatly reducing thedurctivity of the system. This whole
system uses all the same equipment as a convelnfigsi@m. The plough moves back
and forth along the face, peeling coal from thefanto the armoured face conveyor. The

armoured face conveyor has two main functions, matoeguide the coal plough unit on
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the face during mining and to transport the broéeal out of the working face. There are
various problems with the coal plough such as ithiatprone to cut into softer floors, it
has difficulties in seams where the coal hardngs®t constant across the face and the
feasibility of the systems is questionable in selower than 0.60m.

Longwalling offers enhanced safety due to the systéface support units that cover the
entire working face. The system also allows forhleig extraction ratios, conserving
valuable coal reserves. The system allows grekeibility when dealing with problems
such as mining at depth, multiple seams and af&ignt reduction in roof bolting.

High capital cost is associated with the equipnrequired for the system. Due to high
cost of the equipment, stoppages in productioneaegor financial losses.

There are a lot of problems associated with geamnsthickness and with soft floor and
roof conditions. In areas where the roof conditiahsve the seam are thick and strong, it
is difficult to ensure controlled caving. It is yedifficult to practice this system in areas
with many geological features” (Landsdown & Dawsb863).

1
|

LEGEND:

a) Plough @) Switch gear

b) Plough drives f) Hydraulic pump
c) Conveyor drives g) Stage loader

d) Hydraulic support units h) Face conveyor

LW Coalplough System

Figure 7-20 The Longwall coal plough system (aftendlsdown, 1963)
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7.6.10 Modern systems as at 2008

New proposed mining systems to be used are aiméldeaincreased productivity and
profitability of thin seam coal mining in South Afa. The two systems are
conceptualised by taking into account past expeegn

The first mining system to be discussed is calladdétground Auger Mining. The second
system is the Continuous Miner System, which offers alternatives of a Drum Shearer
Continuous Miner System and an Auger ContinuouseMBystem. In all of the systems
to be discussed backfilling will be the primaryrfoof support.

Underground Auger Mining

This system is based on surface auger mining dpagtwhich have been proven to be
very successful in mining thin coal seams in th&t pad is still used to this day with ever
increasing success. The surface auger mining e@uipnihas been adapted for
underground use and has been tested to some @xteoal mines in the U.S.A. where
success was achieved at the mines where the equipvas tested.

Underground auger mining was successfully impleexrity Balkan Auger in Derby
seam in the state of Kentucky in the U.S. The Destsgm is 72.5cm (0.725m) in height
and is sandwiched between sandstone. The averagkigtion of this machine was
450t/shift and the best was 585t/shift (Holmanl £1999).

The layout of the system is loosely based on comweal underground development of
an underground coal mine. The main entries andihgsadh the panels are developed in a
similar pattern to a typical longwall coal mine.eBkthroughs or crosscuts (splits)
connect the two parallel main headings. The pamélies and the headings have a
rectangular cross section of 6m in width and 2.Brh@ight to accommodate the mining
machines in the section. The development of théisecan be done with continuous
mining machines or with conventional drilling anddiing.

From the main heading 1,200m long panel entrie lvéildriven perpendicularly every
400m. Panel entries will be connected to ventifatieturn airways.

Double headed augers will be used to do the irlpamning and they will advance
approximately 180m at an angle of 90° into the gmm from the panel entries, the
augers are able to steer horizontally and verjicdiwo augers will mine into the panel
simultaneously, 12m apart on the same side of ttey.eEach auger will mine a strip
1.2m wide and 180m long, every 4.5m apart. Steesinipe cutterhead inside the auger
hole is of great importance if the system is toi@ah its production targets and success.
All of the holes created by the mining will be bfiltésd and sealed immediately after the

auger is removed from the auger hole.
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Figure 7-21 Face layout for the Underground Augerimgj layout (from Holman, 1999)

After one side of the entry has been completedathgers will move to the other side of
the entry and mine the panel out in the same makivieen the mining on the second side
has been completed and the backfilling in the Bide of the entry has been allowed to
cure, the augers can return to mine the webs batiteepreviously mined holes, leaving
a 0.6m rib pillar on each side. This process i®atgd until the whole panel is mined out.
The coal mined out during the operation is trangubto the conveyor belts in the main
heading. The backfilling of the completed holed wikintain the integrity of the ground
conditions. During augering nitrogen can be injddtgo the holes to reduce the risk of
methane explosions. Ventilation in the panel esatvidl flow from the ventilation intake
in the main heading to the return airway on theep#ide of the panel.

The system uses a pressure system to steer tleehaattl. Hydraulic jacks located right
behind the cutterhead barrels are extend outwagdmst the walls of the auger hole to
initiate the steering of the auger. When the jaalispare forced against the walls of the
auger hole, force is exerted on the cutterheadchvifiorce the cutterhead to change
direction (Holman et al, 1999).

The Continuous Miner

The continuous miner was designed and createddressl the problems associated with

older thin seam miners. The older thin seam mim@d problems such as the lack of
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control the operator had over the steering of thie seam miner, the inadequate coal
transportation systems, inability to meet produtiimtential and the lack of an accurate
coal and rock interface sensing equipment.

There are two types of continuous miners availailethe market at present (2008)
namely the drum shearer continuous miner and tgerauead continuous miner (Holman
et al, 1999).

Drum Shearer Continuous Miner. Initially this type of continuous miner was designe
and built to mine middle to thick coal seams. Qnlyecent years have they been adapted
to operate in thin coal seams. The unit is displapd-igure 7.22.

Joy Technologies declare that, “These continuousersiare able to mine coal seams as
thin as 80cm. Drum Shearer Continuous miners atekwewn for their high production
rates and reliability. The continuous miner system fully integrated system, comprising
of the self propelled Continuous miner and the ilex self propelled conveyor train
system” (Http://www.joy.com.html, 2006).

Joy 14CM with 750mm Cutting Drum

Figure 7-22 JOY 14 CM cutting system with a 750mmiegttirum (after joy.com, 2006)

The continuous miner uses the same panel entrigseakin any coal mine, but it cuts the
coal at an angle of between 30° and 40° from thie penel entries. This layout enables
the continuous miner and the conveyor train tolile to handle turns without needing a
large clearance. The panel layout is based on agwalh panel layout
(Http://www.joy.com.html, 2006).

The size of the shearer drum on the continuous migngoverned by the thickness of the

seam to be mined. The continuous miner rides on daterpillar tracks, which are
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powered by a flameproof electric motor and the sdredrum is powered by its own

flameproof electric motor. The caterpillar tracks which the continuous miner rides

provide the necessary forward thrust for the shredmeanm to cut the coal.

Convevoer
2 Filling in progress
Vennlaton Ducts
Main Mine Entry

CM & Backfilling Linear Layout

Figure 7-23

Continuous miner and backfilling opera(after joy.com, 2006)

Continuous Miner

Inby Mobile Bridge Conveyor

First Piggyback Bri_dge Conveyor

Second Piggyback Bridge Cenveyor

Intermadiate Mobile Bridge Conveyor

Thin Seam CM &CH

Figure 7-24

The Continuous Miner and the conveyainttafter joy.com, 2006)

The continuous miner has two gathering wheelssafrdant, which act as arms to gather

the broken coal onto its chain conveyor, which umntdischarges its load onto the

conveyor train. A schematic of the backfilling iepented in Figure 7.23.
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The backfilling allows the creation of small ribsidaresults in higher extraction
percentage. The Continuous haulage is display&igure 7.24. The chain conveyors out
of which the conveyor train is made up are compage®i7m long units, attached back to
back, to form a conveyor train. Each of these cgaveinits are powered by their own
small flameproof electric motor. The stall in whittte Continuous miner is cutting must
be ventilated to prevent methane explosions thatdcoccur due to sparks generated by
the cutting process or faulty electrical equipmétdan ducts are fixed to the conveyor
train and are pulled into the stall as the stadigpesses. A normal uniaxial flow fan can
be used to generate the necessary air pressurairmqdantity. An acceptable layout is
depicted in Figure 7.25.

The continuous miner is equipped with and guidedbbit in coal and rock interface

Linear Mining & Ventilation Layout
Thin Seam CM Panel

Figure 7-25 Mining and ventilation layout for a Gomous Miner section (after joy.com,
2006)

The vertical positioning of the cutter drum will lw®ntrolled by two hydraulic rams

which will raise or lower the cutter drum above delow the horizon

(http://lwww.fairchildtechnologies.com, 2006).
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The Auger Head Continuous Miner.This mining method is used to extract coal seams
to a minimum of 0.6m and has been used to greatesacworldwide. The system
originated in the U.S.A and was soon brought tot®@drica. In the Appalachian region

in the U.S. auger head continuous miners are exwpsused. This system was
successfully introduced in South Africa in the Gagam at Hlobane colliery some 27
years ago and achieved considerable tonnage frer@tis seam’s high grade coal. Seam
heights varied from 0.6m to 1.3m. Figure 7.26 digplthe Fairchild dual auger CM with
Figure 7.27 displaying a potential layout (httpuw.fairchildtechnologies.com, 2006).

The dual auger continuous miner uses the same tlag®wsed for the drum shearer
continuous miner. The only difference is that thealdauger continuous miner is able to
take out broader slices of coal but does not advahthe same pace as the shearer drum

continuous miner (http://www.fairchildtechnologiesm, 2006).

Auger Cutting Heads

Fairchild Dual Auger CM

Figure 7-26 Fairchild Dual Auger continuous mirfeor fairchildtechnologies.com, 2006)
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Figure 7-27 Dual Head Auger operation and stull Neign (from airchildtechnologies.com,
2006)

7.7 Conclusion

1)

2)

3)

4)

5)

If the South African coal mining industry is to raim one of the world’s largest coal
exporters, it needs to maintain a steady produafaroal, which it will only be able
to do if it starts to exploit the untouched thinatseams and existing resources
wisely.

It can be seen that that the methods of thick seémmg and thin seam mining are
numerous and it becomes a daunting task for thénmiengineer to effectively
decide on which system to use.

In South Africa, very effective research work haei done by a number of mining
engineers and this has led to the understandimgitafal factors in selecting specific
mining systems.

It is the objective of this researcher to conceatan mechanised mining that proves
to be regarded as best practice, be it thick or eiam mining, and either bord and
pillar or wall systems using either or both primarnd secondary strategies.

It should be noted that the most productive watkfan the world at Xstrata's Bulga
Beltana Highwall Mine, NSW, Australia produces ktess of 5.5Mtpa from a single
longwall operation at a 3m height profile, congige beating Anglocoal’s,
Moranbah North in Queensland which has been idedtihs the next best, and

operates at slightly over 4m height.
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6)

7

It is very possible that in future non - entry migi methods may become more
pronounced. These are methods in which man is teemwfothe working face and
applies automated or telemetric techniques. Ano#tsgrect of non — entry process
may include in-seam gasification to get to the cleahrand calorific potential of the
fossil fuel. However, these processes are currel@@med to be inefficient. Coal-bed
Methane is a reality however and operators areiderisg this at increased resource
depth.

There is a critical height of approximately 2.5mydwed which no difference in
productivities in the thicker seam ranges are disatde. A 3m face should compete
with a 4 or 5m face in delivery. The critical facti®s in the access of people in many

instances: Is it possible to walk upright? (PhdliPersonal communication, 2010).
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8 WALL MINING METHODS

8.1 Introduction

The parameters of choice, including the factorgludice were evaluated in Chapter 6,
factors were identified which could assist the aegr in choosing a mining method. In
Chapter 7 systems applicable to thick seam andstim profiles were reviewed.

In this Chapter the emphasis is on method. Mefbodses on strata control (caving or
support etc.) layout and equipment permutationse Thsearch looks at specific
applications that are likely to deliver best preetiesults.

In this chapter, wall mining is treated as the genterm for longwall, shortwall and
midwall mining. A shortwall in South African ternology in reality is a short longwall.
Authors still prefer the name longwalling or londiMar either derivative but the term
shortwall in its modern context is widely used. should be understood that
internationally a shortwall originated as a metleagloiting a retreat panel as in longwall
mining but combining the shield or chock mechanisegport units with a CM and
shuttle cars.

Partial extraction implies pillar mining (bord apiflar) where pillars are left as support.
Pillar extraction implies the secondary extractadrthe developed pillar. This may take
the form of full extraction (removal of the pillavgthin the panel, completely) or partial
pillar extraction (leaving of pillars, fenders asiooks in the increased extraction panel).
Partial extraction is not partial pillar extractibaot rather bord and pillar mining.

The research will now consider those methods implged at collieries that may form
part of the benchmarking exercise and identify lpeattice methods, from which can be
learnt and consequently permit the developmenualaiines which will allow operators
to implement best practice systems thus ensurithgsiiny effectiveness and efficiency.
The focus is on specific methods that do well ieitlegions due to some comparative
advantage either physical or managerial. It mustnoted that the soft systems
(managerial) have an enormous potential of encéaugagpntinuous improvement.

The process of mining engineering often involves dieclaration of reserves. Resources
are accordingly declared by the geologist while iiring engineer must determine the
reserve after applying his/her choice criteria.

From the SAMREC code it is seen that, “Resourcesiarmally defined by:
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GTIS (Gross Tonnes in Situ) which qualifies all lscabove a minimum seam thickness
and cut-off grade.

TTIS (Total Tonnes in Situ) has geological and nilotiglosses applied.

MTISthmn (Mineable Tonnes in Situ, theoretical mining hejgk the coal in the area
defined by seam thickness and depth or strip retioff, including geological and
modelling losses applied.

From this the Mining Engineer will determine Regenas MTI$, vy (Mineable Tonnes
in Situ, practical or preferred mining height, atin an area defined by minimum and
maximum mining heights less layout losses timesage mining height thickness times
average RD including geological losses and modgltisses. including dilution.

RoM (Run of Mine) Reserve is the (MTd®n times mining Extraction factor/ 1-
percentage contamination, times mining recoveryofadimes 1+ percentage moisture
correction factor).

Saleable Coal Reserves, Sales, is the sum totall gfroducts after coal processing
operations. It is the (RoM times percentage yieties (1+ percentage). Sales moisture
correction factor (moisture added by preparaticompheeds to be eliminated we have
moisture as received and air dried. Air dried diste extraneous moisture. This is often
taken as 3% and influences the true volume and ehénnnage of coal mined)”
(SAMREC Code, 2007).

8.2 Wall Mining

The report will now take a look at longwall, midiahd shortwall mining. The definitions
are a function of face length or the distance betvtke maingate and tailgate.

The thin seam section in the Chapter 7 introdulsedriethod but here it is explained from a
world class perspective in thick seam applicatiéigure 8.1 displays a Wall face with and

exaggerated view superimposed.
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Orthographic View of LW Panel

Figure 8-1 Orthographic view of longwall panebth Joy)

Fauconier et al (1982) and other authors have suisedathe technical aspects to
exhaustion. Reference to wall mining may be stulteti by either longwall or shortwall in
the explanation that follows.

In wall mining, large rectangular blocks of coat aefined during the development stage of
the mine and are then extracted in a single contiswoperation. Generally each defined
block of coal, known as a panel, is created byimgiva set of headings from main or trunk
roadways in the mine, some distance into the pahelse roadways are then joined to form
the starting face for wall mining. Coal is extratteechanically from the longwall faces. As
the coal is being cut the longwall face is supmbrtéth hydraulic supports. The function of
these supports is to provide a safe working enwikamt by supporting the roof as coal is
extracted as well as advancing the longwall equipin#s the face advances the immediate
roof above the coal is allowed to collapse behimdine of supports forming the goaf.
Currently there are two types of longwall cuttingahines:

1) The shearer, which is normally used in South Afriead Australian mines.

2) The plough, used mainly in Europe and to a lessenéin the USA.

The coal shearer is a more complex machine in cosgpato the plough which is nothing
more than a solid block fitted with picks. The mbus pulled across the face with chains
powered by motors mounted at one end of the faibeatihg varieties were produced. Units
that have drums cutting perpendicular to the dida & drum continuous miner) are referred

to as trepaners but these are thought to haveeat Wwithdrawn from service.
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8.2.1  History

The coal plough was used in Germany during the Wégchanised versions of wall mining

commenced in the UK soon after WWII in the late@84nd early 1950's.

International best practice has however been fiileshtin Australia which has an efficient

coal industry in the states of Queensland and NewttSNales (NSW).

The mechanised method of longwall mining was filsbduced to Australia in 1963 and in

2005 there were 27 longwall faces operating in valist (NSW Dept. of Primary Industries,

2008). Production from Australia's longwall facepresented 18% of Australia's raw black

coal production of 398Mt in 2005. This percentageoants to 89% of Australia's total

underground black coal production of 80Mt.

A detailed account of the development of mechabisas depicted by the work of former

General Manager of Maderly Wood Company, Mr D Eagateceased member of the

Institute of Mining Engineers in his work on wailttng machinery (Eagar, 1920). “Eager

wrote, “There are two methods of longwall miningttare used throughout the world:

1) Longwall retreat mining

2) Longwall advance mining

There are two methods used to cut a web of coal fre longwall face:

1) The "Bi-Directional" (bi-di) method. The shearang a fresh web of coal each time
it traverses up and down the coal face.

2) The "Uni-Directional" (uni-di) method. The shearerts a web of coal from one side
of the face to the other and then returns back diwerface to clean up the original
web without further advancement of the powered stpp

The individual contributions to productivity are defined at this stage. Different

operators have different preferences” (Beukes,dP@tommunication, 2009).
8.2.2  Advance wall mining

Fauconier stated, “In longwall advancing, the loaiiace is set up a short distance from
the main development headings. The gate entrideedbngwall face are formed as the coal
is mined. The gate roadways are thus formed adjaodhe goaf. Normally the gate roads
are protected from the goaf by a line of packscivtare built to provide protection to the
gate roads and minimise excessive circulation obeiween the gate entries through the
goaf. The gate entries are known as main gate ahdate. The gate roads servicing an
advancing longwall panel are single entries anti eaal panel is separate from the adjacent
workings with a solid barrier pillar, whose widthdependent upon the depth of the working.
Generally the main gate contains the belt convaporthe pantechnicon or power train for

facilitating power and logistics to the longwaltéd (Fauconier & Kersten, 1982).
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Cross-sectional wview of
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Figure 8-2 Advance longwall mining (After Fauconi€x82)

In Figure 8.2 the pillar between the panels is mapeof two gate roads one for each
panel and an interpanel pillar as depicted in tEoeled view of the pillar as identified

by the arrow.
8.2.3  Retreat wall mining

In retreat longwall mining, two sets of entries am@ven between 100 to 250m apart,
however Australia (Beltana) is planning faces dd 40600m in length (panel width). When
the entries have been driven a predetermined lesgth 2km, they are connected and a
rectangular longwall block is outlined. The longWalce is then installed and as mining
continues into the panel, back to the original dgyment, the entries are allowed to collapse
behind the face line to form part of the goaf. Ghee entries are known as main gate and tail
gate. Generally the main gate contains the belteywr and the pantechnicon for facilitating

power and logistics to the longwall face.

8-5



Retreating Panel Layout
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Figure 8-3 Retreat longwall mining (After Fauconi®82)

The advantages of retreat mining are now well éstedul, but nevertheless worth restating:

1)

2)

3)

4)

5)

6)

7)

8)

Developing round the area to be extracted redubesrisk of encountering

unknown geological hazards, and this can be reiefbrfurther by long-hole

horizontal drilling.

The road making processes are separated from tuigiion processes, leading
to a simpler face organisation.

Elimination of stables (a stable is the advancei@orof the gate road which

accommodates the coal winning mechanism for devedop of the gate road)

leads to simplification of gate-end techniques.

Road-way maintenance can be reduced.

Risk of spontaneous combustion is greatly reduaed, control and sealing off
are simplified.

Dykes and other geological obstacles can be mingdloring the development
stage, thus reducing delays during production.

Salvage of the face is more rapid and completéhadace finishes close to the
main transport system with minimum lengths of dised roadways to be

negotiated.

The above advantages can lead to greater consistéiocitput and faster rates of

advance.
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The listing of the obvious advantages of retreatimgi leads to the inevitable question as to
why it is not more widely practiced in Europe, wdéne system originated (Clarkson et al,
1981):

1) “Since the 1960’s and 1970’s has the system speddpths of over 500m. The fear
that roadways would not stand at depth was thetggeanhibitor, but there was
evidence that depth is not the critical factor, amdrect disposition and size of
roadways are more important.

2) The introduction of equipment capable of sustaitégh-speed advance in the
development stage has been the main reason wheatetining has become more
accepted. This imposed a discipline on managemant| in retreat mining
development became the priority.

A new emphasis is placed on design, as follows:

1) A good supply system, as rates of advance in dpusdot work will be much higher
than in normal production sections.

2) With consistent face performance available, therenphasis on bunkers, which may
be required for higher outputs of development @uad stone. The coal clearance
system of the whole mine must be re-examined, arayé bunkers considered to
even out the high surges characteristic of longswvall

3) The discipline of establishing an integrated faesigh many months before the face
is set up, and adhering to it without deviation tzabe accepted.

4) Equipment training and organisation are necesgsangbtain the high development
rates required” (Clarkson et al, 1981).

8.2.4  Types of layout

A variety of layouts are available, but they fatbadly into three categories:

1) New roads are driven in the solid for each face.

2) One or more roads already exist from previous faces

3) One roadway is the repaired or remaining road feaiously retreated panel and the
other is a new roadway driven in to the solid.

In South Africa development is normally carried bytboard and pillar mining, and often

with two road sections leaving long chain pilldf$is configuration leads to low machine

productivity during development (Buchan et al, 1981
8.2.5  Factors impacting on the design of wall layouts

These factors have been well defined by Buchan €981) and Fauconier & Kersten
(1982), and have been repeated here for completefibgere is no standard design of

mine layout capable of meeting the widely differiomnditions met with in coal mining.
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However, examination of the relevant factors haktte the identification of common

ground, which can lead to some degree of desigtagcie.

The factors involved can be: fixed; variable.

Fixed factors

Fixed factors, which influence the design of a Mali mining system, include the

following: depth; full thickness of seam; proximateology; general geology; water; gas;

surface restrictions; old workings; spontaneoustuastion.

Depth. This influences the major dimensions of the paire South Africa where

massive competent dolerite exists, rock mecharocsiderations play a critical role in

determining panel dimensions.

Full thickness of the seamThis includes dirt bands and coal left for supmrquality

reasons, and it influences the choice of developregaipment, method of working, and

the panel width.

Proximate geology The geology likely to affect the face can be édered in terms of:

1) “Relative strength of rock and coal strata above laelow the seam and their lateral
variability. This influences the thickness of extian, the width of the panel, choice
of face machinery, and type of face and roadwayasiip,

2) Natural and induced fracture patterns, zones ohlhigtressed strata from past
workings, and minor faulting. These influence thasifon of developments, and
hence the width of panel and direction of workimgyich can seriously affect the
results from the face,

Gradient (full dip) of the seam influences the gahéace layout and general pattern of

extraction for all faces in the area to be work@€tuconier & Kersten, 1982).

General geology Geology in its primary and secondary structuctuding:

1) “The extent to which the measures as a whole haen hlisturbed (compressed
and/or hardened) by folding, faulting, burial, asubsequent elevation to the surface,
or invasion or baking by nearby igneous rocks.

2) The overall proportion of innately harder to softeecks in the measures.

3) Any non-coal measures of different stiffness or gitgn which might overlay the
sequence, either conformably or non-conformablgu@onier & Kersten, 1982).

Water. Whether emerging onto the face or roadways,l@ther by its presence in strata

above the working area, water influences face dedig the former instance, it may

restrict the planned rate of advance or it may caffgeological and environmental
conditions. In the latter case, it can influence tiethod of face support, rate of advance,
and width of panel.
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Gas Where present in large quantities, gas influeticesvidth of the panel and rate of

advance and can inhibit seriously the wide scaj#iegtion of retreat mining. However,

methane is generally more easily drained from lamtpathan board and pillar workings

because the main ventilation flow is concentratedgthe single working face.

Surface restrictions. In the form of property or services requiring suppdhese

restrictions influence the pattern of extractionenhsupport pillars are required.

Old workings. Old workings that exist at the time of plannimghether above, below, or

in the seam, influence the main lines of developmdisposition, width, and length of

panels. Pillars left between panel seams abovebalmv the seam to be worked induce

fracture patterns and create zones of highly sttestrata, which can affect performance

seriously.

Spontaneous combustionSpontaneous combustion is possible under certaidions,

especially in thick seams. It may involve leavinllgps in order to isolate working areas

(closed panel system). Often the heating need tcontrolled by applying suffocation

techniques which are only possible if the panellxasealed.

Variable factors

Variable factors that the mine designer can afteluide:

Other planned workings Such workings in the same seam or in other seamsa

variable factor in respect of disposition and sctied of panels.

Width and length of panels These factors, coupled with thickness of extoectind the

planned rate of advance, determine the face oulpusome circumstances may be

predetermined by some or all of the fixed factorsvipusly referred to, but in most

circumstances a wide range of choice is available.

These are critical factors and require seriousstigation to provide the most economic

return from the face. Fauconier recorded, “The eawn length of longwall can be

calculated from the following basic information:

1) Depreciation and maintenance costs of face supmortsconveyor, which are
proportional to the length of the face.

2) Depreciation and maintenance costs of the sheamryeyor, and roadway
development costs. These costs are inversely giopal to the face length,

3) Cost of installation and removal of face equipmemhjch are independent of
face length.

The optimum length that can be calculated from ghesnsiderable values is often

overridden by:

1) Geological problems such as presence of a maseleeitd.
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2) Availability of reserves.

3) Other workings” (Fauconier & Kersten, 1982).

Thickness of extraction Except in the case of thick seams, the choickmiged to
thickness of the coal seam, less that thicknessinestito support the roof or floor of the
seam.

Induced fracture pattern and zones of high stressThese result from present as well as
past workings, bi disposition of the panels in tiela to adjacent, subjacent, or
superjacent workings can allay their effects comsitlly reduce the effect that panels will
have on future workings.

Width and number of pillars between panels These play an important part in strata
stability affecting the face and particularly thevadways. Where multi-entry
developments are used, the distance between eatrteshe panel width can be critical.
The pillar left between adjoining panels must bmdaenough to contain both flank
abutments. The design of development sectionsofugviall retreat is a balance between
productivity during development and overall extraictof reserves.

Method of working. The method of working is the key factor in theside field. The
consequences of the choice, for example a heawla@went program required to block
out an area for retreat mining, must form an iraegart of the mining plan.

Un-worked seams above or belowSuch seams can influence decisively the design,
particularly if their future working is considerddroblems of gas emission, the choice of
working two thinly separated seams as one, or amgking one of them, the choice of
working better quality seams out of sequence, thesequent effect upon conditions in
upper and lower seams that are to be worked lewest be considered.

System of support.The support system for the full length of the fhes become a less
critical factor with the almost universal use ofwmmed supports. There are many
instances of improperly designed or inadequate aipjin use, however, which give rise
to strata control problems and lower productivitgn expected.

Rate of face advanceThis is the single factor, which, once the faesign is completed,
determines the output from the face. The effecfack advance strata conditions, gas
emission, and other factors also has to be evaluate

Number and sequence of seams to be workedhese factors are related closely to
subsidence. The inter-relation of mine layouts uecgssive seams must be examined.
The great number of seams, the more complex tee-iatations become.

Direction of extraction. This is important in relation to the method ofrking and to

water and gas emission problems. Retreating torifee preferred in wet conditions,
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poses a development problem, as entries must kendto the dip. The opposite set of

conditions can arise if gas emission is thouglig@ problem.

Method of development for wall mining

The equipment used in developing must be adeqoatihé purpose. In retreat mining it

is vital that face and development heading desggmbch more closely integrated than is

normally the case in advancing mining. Face andihgadesign requires:

1) “Major exploratory development, to explore and depereserves from the shaft
complex. Board and pillar mining by continuous nmighand shulttle cars,

2) Subsidiary development, to block out reserves fadpction sections. Board and
pillar mining by continuous miners and shuttle ¢cars

3) Longwall development to prove and develop individoagwall panels. Board and
pillar mining by continuous miners and shuttle ¢cars

4) Longwall retreat of pre-developed panels” (Buchaalg1981),

Modified pillar extraction methods may be necesgargonsider in areas not suitable for

longwalling and the required development desigmidthan et al, 1981).

Extraction of reserves

The typical extraction rates comparatively aresiitated in the Table 8.1. Steps need to

be taken to ensure maximum reserve utilisation.

Mining methods employed for development

Continuous miners and shuttle cars are the norhwite but continuous haulages may be

effectively applied.

The extraction of part or all of the developmertaps between the longwalls is under

active consideration in several operations in Sdftica, and if successful would have

the following advantages:

1) Increased overall extraction of the reserves.

2) A smoother surface subsidence effect. Improvedastrantrol by a smoother transfer
of load from one face to the next.

3) This may avoid the gradual build-up of load on sssive longwalls that is common

when development pillars remain stable (Clarksoal,€1981).
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Table 8-1 Extraction rates (After Fauconier, 1982)

Conventional B&P Depth to floor Percentage extraction
achieved

6m bords 2.0 SF; 7% haulage 50 63.4

& barrier loss (layout); 10%

geological loss

“ 100 56.8

“ 150 42.8

“ 200 35.9

“ 50 74.2

60m Shortwall

Retreating between 3 road 100 68.2

development; 7% haulage &

barrier loss (layout); 10%

geological loss

“ 150 67.2

“ 200 56.4

“ 50 74.1

100m Shortwall

Retreating between 3 road 100 70.3

development; 7% haulage &

barrier loss (layout); 12%

geological loss

“ 150 66.4

“ 200 62.6

“ 50 73.1

200m Longwall

Retreating between 3 road 100 71.2

development; 7% haulage &

barrier loss (layout); 15%

geological loss

“ 150 68.6

“ 200 66.2

“ 50 70.0
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Strata behaviour

In order to combine practical experience and ragdngth measurements into a workable

explanation of strata behaviour during mining opiera understanding of the mechanics

of strata movement is necessary. This section togglate some relevant facts of rock

mechanics and practical experiences of strata@omock mechanics considers rock as a

coherent mass, roughly obeying the laws of eldgtiantil the yield or failure strength is

exceeded. Sometimes violent failure can occur,ost coal measure strata fail non-

violently, except dolerite in certain circumstances

The characteristics of rock that mainly concerningrengineers are:

1) Strength,

2) Competence,

3) Thickness of bed.

Basis of caving mechanism

Buchan reports, “In theory, the ideal load on &fean be obtained by gradually reducing

the support thrust until roof instability occurshi§ approach is not practicable. In the

early days of powered supports this condition wagr@ached adventitiously on a few

occasions and the idea of a minimum mean load gewsis established. However, this

gave no indication as to load distribution on thpport, or how the loads could be varied

for extreme conditions.

Consideration is restricted to a longwall face, ahhiis regularly being advanced.

Generally the roof can be divided into two zones:

1) Lower roof which caves in the waste,

2) Upper roof, which, although fractured, remains oamus and gradually lowers,
compressing the caved material below it.

Factors increasing the severity of the collapse are

1) A small deflection of the dolerite bed,

2) Anincrease in depth,

3) Decrease in strength of the rock that is to cave,

4) Incomplete caving of the roof immediately above sbam,

5) The thickness of the parting between the dolentbéthe seam having less cushioning
effect than was thought at first,

6) The height of extraction affects the stress comaéint, but only indirectly,

7) Where caving of the immediate roof is not complie severity of the collapse is
greater in low seams.

There are two cases of loading on a longwall faet have to be considered:
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1) When the thickness of the caved material is equtie depth belowusface.

2) When the thickness of the caved material is less tthe depth below
surface” (Buchan et al, 1981).

Caving mechanism in the presence of competent doler

The process of subsidence is interfered with selyoby the presence of a strong stiff bed

somewhere in the roof strata. The gradual extensfdhe area of extraction eventually

will lead to the failure of the dolerite bed. Ifigshfailure is sudden, which is likely with

brittle rock, the following process can be expected

1) “Rocks above the base of the dolerite will starfaib

2) Upper rocks will bring the strata below them intotian,

3) The motion of the rocks will be retarded and stabpg the resistance of the caved
material,

4) Owing to the inertia of the rock mass, the maximesistance of the caved material
will exceed the pressure caused by the weight efftmwden”(Buchan et al, 1981).

Ventilation of a longwall face

The adequacy of the ventilation is determined framthane measurements at the

coalface, particularly at the shearer, at the reend of the face and in the tailgate. In

respect of dust, ventilation will be determinedtbg amount of dust to which workers are

exposed.

The minimum quantities of air are prescribed by tbgulations (The Mine Health and

Safety Act 1991), which require that, throughowt B4hours, the face should be provided

with 0,001m3/s of air per 25 times the mass of aralock mined per shift in tons, and

further that the velocity of air over the workingight shall be not less than 0.25m/s.

Some relief has been obtained from methane emissiothe face by drainage through

boreholes drilled into the coal or into the stratzove or below the coal seam. The

ventilation required on a longwall face is deteredrby:

1) Methane emission from the face,

2) The dust produced by mining operations

Methane emission will be affected by:

1) The methane content of the coal seam,

2) The methane content of the adjacent strata, whiphinclude coal seams,

3) The rate of mining and hence the exposure of feesih

The amount of dust created will depend on:

1) The type and moisture content of the coal. Somésdead to form more dust than
others and while this feature cannot be controlién, moisture content can be
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improved by sprays on the machines. Water infusinder pressure into the coal
seam also has been used,

2) The height of the seam and the rate of production,

3) The design of machinery. For example, the numbgiaks and the speed of rotation
of the cutting drum have a considerable influencest formation,

4) The velocity of the air current. This conflicts Wwithe necessity of removing methane,
but should not exceed 2.0m/s, so as to preverggreading of dust,

5) An important factor in the ventilation of the faisethe cross-sectional area open to
the air current. This area will be determined bg type of support used and by the
method of working the face.

The basic methods of ventilating longwall faces are

1) Intake and return through the entries,

2) Intake through the entries and return through esitaind bleeder roads adjacent to or
through the goaf. While this method has the adgmts clearing methane from the
face, it favours spontaneous combustion if coalaiemin the goaf.

Spontaneous combustion

Longwall mining can be prone to spontaneous connustwing to air leakage through

coal remaining in the goaf.
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Figure 8-4 Ventilation flow top seam longwall (DN@fter Fauconier 1982
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Figure 8-5 General arrangement of ventilation (Bamadke) (Fauconier & Kersten, 1982)

It has been found that the following factors have effect on the probability of

spontaneous combustion:

1) “The rate of advance should be as rapid as possiblepid and constant rate of
advance produces early consolidation of the wastk iacreased resistance to the
leakage of air through the waste,

2) The adoption of a ventilation system that producésw but constant pressure across
the waste. This is difficult in thinner seams, the risk here is reduced because less
coal is normally left in the waste,

3) Salvage and seal off worked-out faces and wastqgiakly as possible,

4) Returns from longwalls should be regularly monitbfer changes in gas content and
inspected for physical indications of spontaneamlzustion” (Fauconier & Kersten,
1982).

Planning a longwall face

The recommended procedure in the design of a negwlall face is as follows:

1) Establish the approximate objective in terms of:

a) Output,
b) Product quality

2) Accumulate all possible information with particulamphasis on the following
features:

a) General geology,
b) Depth of cover and nature of strata,
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c) Presence of competent beds,

d) Surface restrictions,

e) Old workings,

f) Proximate geology,

g) Water,

h) Gas,

i) Risk of spontaneous combustion,

j) Total number and thickness of seams,

3) Decide on the thickness of the seam to be extraoted for production faces and
development sections,

4) Establish the workable reserves in the area, anethgh any other seam is to be
worked.

5) Make decisions on the following:

a) The size and output per face, and whether an advanetreat system is to be
followed,

b) How many faces are required at any one time andhehehey will all be in
one seam, or whether multi-seam working will beuresg?

c) The method of development,

d) The protection necessary for developments,

e) Whether rib-side protection will be required foadways.

6) The design should be checked to identify:

a) Each alternate layout for effects of old workings,

b) The capacity of the coal clearance system and whethy extra bunkers is
required,

c) The present man riding and materials haulage system

d) The calculation of ventilation requirements andeffect on overall ventilation
of mine,

e) Whether the geology is uncertain and likely to haveajor effect on results,
the layout should be tested for at least threeipl@sgeological environments
and where practicable, one alternative layout.

7) Prepare a detailed estimate of:

a) Output,

b) Labour,

¢) Productivity,

d) Working costs,
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e) Replacement cost and capital charges.
f) Compare the estimate withe objective for one complete representative year.
g) If results are satisfactory, assess the total drpebenefits of the chosen
layout and phasing by obtaining its present vato&al annual proceeds less
total annual costs discounted for each year overpériod for which the
layout is applicable).
h) When the life is short, the output and/or extratttben can be adjusted to
maximize the present value. This has a particiddegvance to multi-seam
layouts (Clarkson et al, 1981).
The selection of longwall equipment
The emphasis in this section is on the theoretizal functional criteria necessary to
enable the selection of longwall mining equipmenbé made. The ultimate capital and
operational costs of the equipment also will influe the selection decision. Operating
costs invariably will be determined by the skill tife equipment operators and the
availability of trained maintenance personnel.
In the South African mining situation, the most wnjant design criteria should be those
of simplicity and reliability. These, together witlease of maintenance' and the
‘availability of spare parts' should form the basigineering criteria for the selection of
all equipment and it is assumed that further refegeto them in the following notes will
not be necessary.
The Shearer It is necessary to consider the particular apfibiois of shearers:
1) Thin seams
2) Medium seams
3) Thick seams
Cutting drum design influences:
1) Speed of machine,
2) Size of product,
3) Horizon control,
4) Advance of AFC (by cleaning action of drum),
5) Production of dust.
It has been proved theoretically and in practicat @ high cutting efficiency will be
achieved when the following criteria are incorpethin the design:
1) “Using a minimum of picks with deep pick penetratiand the spacing so

arranged to optimize the ‘breakout’ between alterhiaes of picks,
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2) Arranging the pick array so that the main breakeubwards a free-face. Ideally
‘breakout’ should be in the same direction as e 8ow across the drum,

3) Arranging the pick array to take successive cutgtds the corner to relieve load
on successive picks in that area,

4) Using picks with a positive rake-angle and a cleeeaangle of approximately
10°,

5) Using picks that are as large as possible commatesuwith maximum

anticipated cutting forces” (Fauconier & Kerste@382).
Armoured flexible conveyors The most important criteria affecting the choafeface

conveyors are the following:

1) “Carrying capacity,

2) Ability to carry the coal-getting machine and acenodate the haulage system,

3) Ability to simultaneously flex and advance with elfscleaning action on the
floor horizon,

4) Ability to act as an anchor for moving face suppport

5) Compatibility with other equipment and roadway dirsiens.

Half Face Cutting Shearer on Return
Run

Figure 8-6 Shearer cutting return run half facing
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Shearer Prior to Sumping In

Figure 8-7 Shearer prior to sump in cycle

6) In addition to the design of the inclined slot attaent of the clevis bracket, the
clevis bracket plus all the bolt fixtures attachthg spillplate and furnishings to
the face conveyor must be designed to withstangtitieng force developed by
the support advance ram.

7) The feet of the support must approach to withieva millimetres of the spillplate
when in the fully ‘forward’ position, the feet sHdunever make contact with the
nuts and bolts attaching the spillplate, etc. hi pans, otherwise loosening may
occur of the spillplate.

8) The presence of chain tensionersVith modern conveyor design the correct
tehsioning of the chains with high-powered convey@ essential for efficient
operation.

9) Compatibility with other equipment and roadway dimsi®ns

10) Obviously the production rate of coal-getting maehy, and hence the capacity
of the associated conveyors, is directly proposeldo the height of the seam, the
depth of cut, and the speed of the coal-gettinghimac

11) The method of discharge from the AFC to the stagdér” (Buchan et al, 1981)

When considering the method of discharge from ailC A a stage loader the decision

whether to attach the two conveyors together mastaken. In the mining of higher

seam sections, i.e. +2.0m, the spalling of largael ehead of, and behind, the shearer

presents a lump handling problem on the face cangesystem. Conveyors that carry
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coal around the 90° corner from the face-line aadsfer the coal ‘in-line’ onto the panel

conveyor system are available.

AFC With Dual Flight Chain

Figure 8-8 AFC dual flight chain  (Joy Industries)

] ' '!I

—

F TR AL ’i allgates

AFC & Push Over of Chocks

Figure 8-9 AFC and chock push over (DNC) (After €@nier, 1982)
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The line pans of the AFC are moved off line or sthinto the new web by means of
rams attached to the supports. The length of tlaéesnor the number of the pans so
moved, depends on the lateral flexibility of thenpaand linkages. To advance into the
new web, a distance of 0.75m requires a snakeHesfgt2m or 8 pans.

Stage loader The original function of a stage loader was tfolkeke To collect coal from
the AFC, Transfer the flow through 90° and to elevéhe coal flow to a height
suitable for efficient discharge onto the out-byadt lronveyors.The most common
configurations of the stage loader advance / retesyatems are as follows on the
discharge end:

1) Rail mounted,

2) Skid mounted,

3) Cat-track mounted.

And on the return end of stage loader:

1) Rigidly attached to the AFC and/or supports,

2) Flexibly attached to the AFC and/or supports,

3) Unattached to the AFC and/or supports

In-line Breaker

Figure 8-10 In-line breaker
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Photo Courtesy of Long Airdox Australia

Long Airdox Stageloader

Figure 8-11 Long - Airdox stageloader (After Longd®x website)

Chock shields The supports required for high seam operatiaes,greater than 3.0m,
would require the following basic features:

1) Structural strength

2) Easy maintenance

3) Stability, particularly if combined with gradierdsd/or soft floors

4) Goaf flushing protection, vital and must be 100ceet complete

Canopyh Side
i

c / Lemniscate

Ba;e Linkages

Chock Shield Section View

Figure 8-12 Section of a chock shield
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Shield Supports (Matla)

Figure 8-13 Shield supports (courtesy Matla)

The most important operational criteria governihg primary design characteristics of

supports are as follows:

1)
2)
3)
4)
5)
6)
7)
8)
9)

Support resistance,

Support geometry and kinematics,

Floor contact pressure,

Range of seam thickness capability,
Stability,

Travelling track,

Hydraulic control systems,
Compatibility with other face equipment,

Maintenance requirements.

The selection of values of support resistance lsisamade to fulfil one of the following

conditions:

1)

2)

To prevent excessive convergence of the roof dutfiregsupporting cycle, but
having a minimum value to induce caving at the esye of the support,

To prevent any bed separation over the face aredsobver.

Energy and services supply Longwall equipment requires the following enerand

services supply for normal operatiditectrical supply, hydraulic fluid supply, water

supply, compressed air and batteries.
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Longwall Remote
Power House

LW Power House

Figure 8-14 Remote power house

Pantechnikon

Figure 8-15 Pantechnikon applied on Matla (from lslatl
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8.2.6  Factors affecting the effectiveness of the longwall

operation

Face length

Face lengths for mechanised longwalls can be optdhiaccording to the formula

developed by Uasuo Tsuruoka and Masamiti Shikathis.formula should be considered

together with considerations of strata behaviounjctv will be discussed later in this

section.

The optimum face length will be defined as the tarthat results in the minimum cost

per ton produced. The costs associated with lorigmaling can be classified in the

following categories:

1) Variable cost directly proportional to face lendth); Depreciation cost and
maintenance cost of face supports and face conyeyor

2) Variable cost inversely proportional to the facegia (L); depreciation and
maintenance costs of the face-cutting machine, gaie conveyor development costs,
and power supply costs for face equipment,

3) Fixed cost; cost of longwall face move;

Equation 8-1 Optimising wall face length

f(L) = A*L +B*1/L +C ]

Optimizing face length with respect to cost assuthasthe proportional constants are A,
B, and C the cost f(L) at a face will be dependerthe following:

Development

When considering longwall development various cheiof the type of development exist.
This choice also affects production capacity anerdfore productivity of such
development. If such development is of single- aulde-entry type (with the advantage of
higher extraction) such development for the purpmissosts, should be considered as part of
the longwall system. If the development is similara normal conventional section in
terms of productivity and costs, it could be exeldidn an economical comparison of
longwall versugonventional mining.

Single or multiple entry development.Normally the double-entry method is employed
in South Africa for longwall development, althougie 3-entry system has been used
occasionally. Owing to retreat mining being praetian South Africa the single entry

system has not been used.
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As an example of the effect of the entry systenthenvolumetric percentage extraction
obtained by longwalling, consider a 3.8m seam \&itiminimum height of 2.9m in which
the pillars between entries are 30m X 100m.

The percentage extraction obtained would be tHevihg to quote Fauconier:

1) “Single-entry 76%

2) Double-entry 67%

3) Triple entry 60% (Fauconier & Kersten, 1982).

Production from a three entry system in some irtgarcould be increased by up to 25%

compared with a double-entry system. This highedpction could decrease the total

longwall mining cost by approximately 3%. Investigas currently are being undertaken
to remove or partially remove the barrier pillar.

Panel length

The breakeven point of a longwall face comparedtter mining methods is normally

calculated in unit production (t/month) includingngwall moves. Thus, the shorter the

panel length, the more pronounced will be the asibvesffect of a longwall move. The

longest panel that has been mined to date in Safriba was 2.3km (2.0 X 1%). A

panel length of 3km seems practical for the pregeneration of longwall equipment but

could stand further lengthening.

Equipment availability

When considering equipment availability, the usetlod available time, measured in

t/minute, must be considered.

Compatibility of equipment

It is essential that all the equipment in the loafivee compatible. Capacities of various

units should be balanced.

Operational efficiencies

A number of factors can influence the operatiorfitiency of the longwall system, for

example:

1) “The method of cutting (bi-directional, unidireatial, half face or full face) is
determined mostly by the face length, type of emdpt, and the compatibility,
which determines the ratio between cutting time #redtime spent on ancillary
operations. Dust and gas emission also affectm#tbod of cutting,

2) The rate of production is affected by the web wjdthtting speed, and the

method of cutting,
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3) The occurrence of large coal on the AFC often tesolexcessive face downtime
(up to 15%). The installation of a breaker on theaser in one case has cut the

downtime caused by large coal virtually zero” (Fenier & Kersten, 1982).

8.2.7  Wall mining in the Witbank and Highveld coalfields in
South Africa

Shortwall mining history is discussed by Faucomied Kersten (1982) and identifies the
evolution of the method from the use of poweredpsus and a continuous miner to the
current concept of using a shearer with the powstggborts, making a modern shortwall
a short longwall. The consequence of using a naotis miner resulted in face breaks as
the span from the support to the face was to large.

Longwall mining was extensively used at Sigma eojliand Coalbrooke colliery in the
Vereeniging - Sasolburg coalfield in the 1970’s d@80’'s and a thin seam derivative
was practiced at Durban Navigation colliery at dbtve same time. Secunda collieries
deployed as many as eight faces at one time sattimgerous world records for this
method of production. New Denmark and Matla caligersoon followed with modern
faces. New Denmark was the first colliery in SoAfinica to be designed as a longwall
mine. Arnot colliery in the Witbank and Middlebucgalfield also had a successful run
with a longwall unit.

Shortwall mining at Matla colliery

Matla colliery is situated at Kriel in the Highvetalfield of Mpumalanga. A modern
mega - colliery with three shaft complexes, Matda& three exploitable seams with No. 4
Seam and No. 2 Seam equipped with the wall op@stidhe other mineable seam is the
No. 5 Seam. Shortwall is the South African termdahort longwall.

Production ranges from 12 to 15Mt (metric) per anrusing two shortwall faces and 13
continuous miner sections. As a result of an objedb reduce the cost per ton of coal
delivered to power stations by 20% in 1997 termesrifine opted for wall systems. It
must also be noted that a scepticism with regattidcsuccess of wall mining existed in
South Africa at the time. The No. 2 Seam whicth&sdeepest of the three seams is only
at a depth of 116m at which satisfactory extractiates can be achieved with partial
extraction (pillar mining)(Matla Presentation, Nel2006).

Hard Cutting Conditions. Matla has some of the toughest cutting conditionshe
world. The coal has a UCS of between 20 to 35MRa(dge 25MPa). Random in-seam
floating stone of 70 to 140MPa strength is veneoffound. The 4 seam operation

requires a specific energy of cutting of 0.35 #@5&Wh per tonne (metric).
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The coal seam displays a low jointing and cleatsidgnaverage of 0.4cleats/m and
21cleats/m respectively. There is a low stressrenment with the pillars and face

displaying (Matla Presentation, Nel J, 2006):

1) No Spalling

2) High abrasivity ( 300 — 400mgFe)

It should be noted that the shearer displays mahvironment (Matla Presentation, Nel J,
2006):

1) Typical pick consumption (114t/pick)

2) Max Cutting Speed (Full Face Bi-Di) = 7m/min

Matla claims low development costs. The mine quatively designs the optimum face

length based on NPV and IRR criteria. The optimageflength is given as 127m.

The product homogenising objective requires blegdiio. 2 and No. 4 Seam coal. The
mine claims that this action restrains production.

Disadvantages of a short face (Matla Presentdieh,), 2006):

1) “High Development Rate Required

2) Increased Frequency of Face Moves

3) More Advance Cycles Per Tonne

4) More Arduous Shearer Duty Cycle” (Matla Presentgtiel J, 2006).

Advantages of a short face:

1) “Simpler Face Steering

2) Ease of Maintenance

3) High Face Advance

4) Less arduous loading on belt conveyors

5) Improved equipment repair process” (Matla PresemtalNel J, 2006)

The Matla 4 Seam face equipment consists of:

1) DBT Supports and AFC

2) JOY 06LS05 Shearer

3) Nepean Conveyor Drives
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Improved Equipment Repair

[ T e

3.5 -9m ' ' 2 SEAM

Matla Stratigraphy

Figure 8-16 Matla stratigraphy (from Matla)

Matla Face Length Economics
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Figure 8-17 Determination of optimum face length (ll&resentation, Nel J, 2006)
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The cut length of the face is 121m between gatds.oalhe maingate and tailgate are
designed to a width of 7.2m. Width of gate beltweyor = 1,350mm at 35° trough angle.
The shearer has the following specifications (MBtlasentation, Nel J, 2006):

1) “Total installed power = 1,500kW

2) Power to ranging arm = 610kwW

3) Nominal haulage pull = 690kN

4) Drum diameter = 2,286mm

5) Web depth = 1,000mm

6) Machine mass = 78t (86 UST)

7) Haulage type = Ultra Track (Matla Presentation, N&2006)”

Matla Wall Panel Layout

Figure 8-18 Matla panel layout (Matla Presentatidel, J, 2006)
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Matla Wall Face

Figure 8-19 Matla wall face (Matla Presentationl N&006)

DBT Shields

Figure 8-20 DBT shields (Matla Presentation, NelOD&)
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Joy Shearer

Figure 8-21 Joy shearer (Matla Presentation, Nel@G0

Production results. Monthly Production of 496,000t as best achievetmeas recorded.
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Figure 8-22 Production results for various panelsti@Rresentation, Nel J, 2006)
Vital statics of the Matla face (Matla PresentatiNiel J, 2006):

1) “Pick changing time 20 to 120minutes.
2) Engineering availability = £92%.
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3) System utilisation = +53%.
4) Face move duration (2 per annum) = 25 to 35daynsited by shearer overhaul time”
(Matla Presentation, Nel J, 2006).
Longwall mining at New Denmark colliery
New Denmark colliery is an Anglocoal operation lzhseStanderton, situated about 180
southeast of Johannesburg and was designed ad eniwadg operation. Modern best
practice systems were chosen and implemented.
New Denmark Colliery (NDC), broke a new South Adiclow seam longwall record of
464,095t (tonnes) using Joy machinery in August4200he mining height ranges from
1.5m to 2.1m with an average of 1.8m. Planned asta longwalling operation,
production at NDC commenced in 1982, and by thé/ €890’s the mine was running
two longwall and two shortwall districts at two $isa namely Central and North, the
latter of which was commissioned in 1986. Curenthe mine has consolidated
operations at Central shaft, with North shaft bedtmsed, and a new area serviced by
Okhozini shaft being developed. The one remainangWwall operating at Central shaft
has performed indifferently since installation i896, and was subjected to a joint
intensive care programme commencing in 2002. Ttestaf these records was 464,095t
achieved in August 2004. In addition, three daélgards and one weekly record, on two
10-hour shifts per day, were broken in achieving tasult. A mechanised 200m deep
underground coal mine, NDC is one of the deepeait mines in South Africa. Main and
secondary development is done using continuous raifide bulk of the production is
sourced from one total extraction unit, using loajwnining methods. With a No.4
Seam bituminous coal reserve in excess of 300Mtettpected life of the mine is more
than 40 years, depending on power demand fromdhbthern African region (Personal
communication, Marais W, 2009). A new face hasmégeeen installed (2010) but this
has as yet not improved on production deliveriesrg®nal communication, Marais W,
2010).

8.2.8  Longwall mining in China

Shendong Colliery

Equipment deployed The colliery uses the following equipment (Shemgl

presentation, Coaltech, 2004):

1) Miner: Joy 6LS5 equipped with a 610kw per cuttarmdrand cuts a 0.865m web to a
cutting height of 2.2 to 5.0m.
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2) AFC: 2,200tph and is 250m long by 1m wide usingKi@@rives for main and tail.
3) 143 Shields: 2 legs - 5m high x 1.75 centres, Vatéd.

4) Stage loader and impact crusher.

Production results. Various shafts at the colliery delivered the duling tonnages

(Shendong presentation, Coaltech, 2004):

MONGOLIA

Chinese Localities

Figure 8-23 Chinese localities (from Coaltech)
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Table 8-2 Production at Shendong Mine Complex. ibeg presentation, Coaltech,

2004)

Mine 2001 2002 2003
Mtpa Mtpa Mtpa

Daliuta Complex 15.12 16.25 20.20

(2 longwalls and 4 miners)

Daliuta Longwall 7.73 8.74 7.60

Huojitu Longwall 5.28 5.04 8.40

Yujialiang Mine 6.62 10.59 11.00

(1 longwall and 2 miners)

Yujialiang Longwall 5.62 8.65 8.40

Bulianta Mine 5.12 7.60 9.00

(1 longwall and 2 miners)

Bulianta Longwall 4.80 6.96 8.30

Kangjiatan (Sunjiagou) 1.08 2.80 8.00

Kangjiatan Longwall 1.30 6.80

8.2.9  Australian longwall productivity

Baird (2008) a consultant with McAlpine-B, reportiha@t Australian longwall mines have
increased productivity by 12% over the past fivarge The question is posed that while
longwall tonnes have increased by 13% from 73.4M2002 to 84.2Mt in 2007, what has
happened with all important longwall productivitg&cording to analysis of coal data
there was a 12% increase in productivity in Augralongwalls between 2002 and 2007
in line with increase in production.

Productivity is defined by expressing output asatiorto selected inputs. In previous
years, longwall productivity was expressed as #ti® rof longwall tonnes per employee
at the mine (tons/man). This however is not thetnmaportant productivity measure as
the variation of capital investment is not taketoimccount. “Instead productivity is
reviewed in terms of longwall operating hours aadteplate capacity” (Baird, 2008).
“Baird stated, “One of the difficulties in calculag productivity of Australian longwalls
is that there is significant variability in longwalperating time. Naturally increasing the
number of operating hours increases output. Ir2208re were more five day operations
in place, like Cumnock No.1 and Elouera, than i@72QBaird, 2008).

Overall there was a 13% increase in longwall ojfregatours in 2007 compared to 2002.

It would be necessary to look at metric longwatirtes per operating hour (t/hr) to assess
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productivity. Using this productivity increased g% between 2002 and 2007 (Baird,
2008).

A longwall system is a complex process. To assesseplate capability requires a
measure of how many tph a longwall is capable ofipcing. Phillips reported that it is
usually AFC capacity that is the limiting factor(Penal communication, Phillips, 2010).
The installed shearer power is used as a proxydoneplate capability. Based on this
calculation installed shearer power increased ¥ P&tween 2002 and 2007. Therefore,
an increase in output is expected simply becausecofased nameplate capacity. To take
into account the increased capacity of the systéma, metric longwall tonnes per
operating hour per kilowatt of installed shearewppis used as a measure of overall
longwall productivity (t/hr/kW).

Baird reported, “In total, longwall output has ieased by 13% between 2002 and 2007.
Part of the increase is due to longer operatingshand increased nameplate capacity, but
a significant proportion is due to increased praitg. This increased productivity is
likely to result from increased availability anatieased utilisation”.(Baird, 2008).

Wall mining in New South Wales

The Hon. lan Macdonald, MLC, Minister for MineraéBources states in the 2008 NSW
Coal Industry Profile, NSW Department of Primarguistries: “The unprecedented coal
mining boom in NSW has brought new investment amedited jobs in regional areas as
well as increased export income to the state wiihl the number one export in value
terms worth an estimated Aus$6.2billion in 2006-0The value of NSW coal production
is predicted to increase to around $9.4 billion2007-08 on the back of significantly
higher coal prices. Direct employment in NSW coadustry at June 2007 was 13,392
representing 66% of the states full time mining Eayment. The NSW coal industry
attracts significant international investment bessauhe state has: Major secured
recoverable coal reserves — over 12Bt, high quaitport thermal and coking coals,
stable regulatory environment and supportive gawemt, well established infrastructure
— rail, ports and power. NSW mines has one of thetranviable mine safety records in
the world. The mining industry meets contemporatgndards for environmental
management and continues to support sound envimameractices, including the
development of new clean coal technologies to gugenhouse emissions”(Macdonald,
2008).

The coalfields in NSW are:

1) Hunter coalfield

2) Newcastle coalfield
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3) Western coalfield
4) Southern coalfield

5) Gunnedah coalfield

The NSW mix by mining method of coal production amited to in the specific decades:

Table 8-3 Mining Method Mix NSW (Macdonald 2008).
Method 1987 1997 2007
Bord & Pillar % 33 9 4
Longwall % 25 35 30
Opencut % 42 56 66

Currently Pillar extraction is not widely practiceshd that the favoured underground
method is wall mining with the proportion from sacé methods expanding over the past
decades and currently making up two thirds of goatiuction.

Productivities during 2006-07 amounted to 9,00@aale t/employee for underground
and almost 18,000 saleable t/employee from oper@odl exports from NSW during
2006-07 amounted to 91.5Mt (20.4Mt, 22% metalluabicoal and 71.1Mt, 78% steam

coal).

Table 8-4 Summary of coal statistics for NSW (Macddn2008)
Production ‘000 t 2005-06 2006-07
Raw coal 161,140 170,324
Underground 52,232 57,241
Saleable coal 124,611 131,334
Underground 42,297 46,202
Number of mines 58 60
Underground 30 29
Employment 12658 13392
Underground 6,541 6,792

This researcher conducted a study tour of NSW ameke@sland. The Focus in NSW was
around the Singleton area in the Hunter coalfickibne the Bulga and Cook complexes
were visited. Xstrata’'s Bulga has the Beltana ati@n which has developed a reputation

for productivity. The Cook operation of CaledonsBerces was looking at ways of
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improving gate road development through the apfitinaof Continuous Haulage
systems. The specific system implemented is theadtéeid inear Mining Method.

Beltana Colliery

Gary Cambourn, Operations Manager for Beltana Hajhiining was interviewed and
responded to the research questionnaire. The ntoking characteristic is that the
longwall face lengths tend to 400m while the optimpanel length is set at about 3,000m
as this is optimised as a function of shearer diverarvals. The productivity advantage
is not achieved through mining height as the heiglt medium seam thickness at 3m. It
is apparent that profile is not as critical in thmeedium to high faces(Personal
communication, Camborne, 2008).

Table 8-5 Australian Production Statistics (Afterséralian Longwall Magazine)
Mine State Longwall Other Total
Angus Place NSW 3,016,900 191,600 3,208,500
Appin / Appin West NSW 1,613,400 334,200 1,947,600
Ashton NSW 2,569,700 335,100 2,904,800
Austar NSW 1,363,500 142,100 1,505,600
Baal Bone NSW 1,734,600 187,700 1,922,300
Beltana NSW 7,144,000 705,500 7,849,500
Broadmeadow Qld 3,410,700 148,900 3,559,600
Bundoora Qld 1,142,000 76,000 1,218,000
Crinum Qld 3,860,500 284,900 4,145,400
Dendrobium NSW 3,230,600 388,400 3,619,000
Grasstree Qld 3,408,000 435,000 3,843,000
Integra (Glennies Creek) NSW 2,732,100 223,800 [s4¢!1i9]
Kestrel Qld 4,461,500 298,600 4,760,100
Mandalong NSW 4,360,400 406,900 4,767,300
Metropolitan NSwW 1,124,000 360,000 1,484,000
Moranbah North Qld 4,052,000 496,000 4,548,000
Newlands Northern Qld 4,593,200 301,700 4,894,900
Newstan NSW 2,657,800 50,300 2,708,100
North Goonyela Qld 2,290,100 136,200 2,426,300
Oaky Creek No.1 Qld 5,917,000 339,500 6,256,500
Oaky North Qld 5,015,300 325,500 5,340,800
Ravensworth (Newpack) NSW 806,200 290,600 1,096,800
Springvale NSW 2,836,100 166,300 3,002,400
Tahmoor NSW 1,675,200 249,700 1,942,900
Ulan NSW 2,876,400 488,700 3,365,100
United NSW 3,102,000 301,100 3,403,100
Wambo North NSW 1,168,200 309,000 1,478,100
West Cliff NSW 3,049,900 322,800 3,372,700
West Wallsend NSW 1,663,900 443,000 2,106,900
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A series of 11 panels have been sequentially mirsétg one set of face equipment with

appropriate replacement and refurbishment. The gad@s and tailgates commence in the
box cut with trunk infrastructure outside in thisxocut perpendicular to which the panels
are developed. High standards of housekeepingvaderg. Labour and manpower is at a
minimum. Personnel are highly skilled, very literabnd multitasked (Personal

communication, Camborne, 2008).

Camborne reported, “Beltana produces between 5pa ldihd 7.5Mtpa with this one face.

They use a high powered 7LS6 Joy shearer” (Persmmaiunication, Camborne, 2008).
Queensland Operations

Capcoal

Capcoal operates three underground mines, andemay mine. Lake Lindsay is under
construction as part of the Capcoal Expansion Rmg(2008). Approximately 600
people are employed at Capcoal. Capcoal is lodat¢lde heart of the Bowen Basin in
Central Queensland, 25 kilometres south-west ofdMichount (population 3,000) and
200 kilometres south-west of Mackay. It also ishivita comfortable driving distance of
the major regional cities of Emerald and Rockhamgmhnson, 2008).

Capcoal mines 11.8Mt of coal annually to producesess of 8.5Mt of prime quality
hard coking coal and PCI coal. After processingl @transported 360 kilometres north-
east by rail to the Dalrymple Bay Coal Terminal éxport.

Mining leases controlled by Capcoal cover 27,34&dres and estimated coal resources
are in excess of 1 billion tonnes, with in-situ pable reserves of 125Mt. Capcoal
exports to steel manufacturing customers in EasiffSand West Asia, Europe and Latin
America.

Capcoal is owned by Anglo Coal Australia (ACA) (70% a joint venture with Mitsui
Coal Holdings Australia (30%). The mine is operaaed managed by ACA (Anglo Coal
Australia).

The majority of Capcoal employees reside in Middemt, which has good educational,
community and sporting facilities. Apart from miginthe main industries of the region
are cattle and grain crop farming.

Capcoal has continued to meet its commitment tsidebce rehabilitation to be half a
panel behind mining at any one time. The operatdso is involved in numerous
programs and studies relating to biodiversity andirenmental management initiatives
(Johnson, 2008).
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Ongoing interaction with the local community is mtained through a range of formal
and informal communications.

The Capcoal Mining Skills Development — Middlemo@wmmunity School initiative
established in 2004, along with other educationtamiding programs, has achieved good
results and received excellent community feedb@elpcoal also is a regular contributor
of direct financial and other aid to local commynitrganisations. A Cultural Heritage
Management Plan (CHMP) has been established bet@apcoal and traditional owners
(the Barada Barna Kabalbara and Yetimarla Peopt#)nson, 2008).

German Creek Mine is located 240 kilometres soudstwf Mackay in the Bowen Basin
coalfields of Central Queensland. The complex cdsegr three underground mines
Southern Colliery, Central Colliery and Grasstre@é/and the Oak Park Opencut Mine.
Capcoal also operates the adjoining Opencut mingofot venture owners Anglo Coal
Australia (86%) and Marubeni (14%).

The majority of coal is mined from the German Cré&akmation, noted for containing
hard coking coal of exceptionally high quality. TBerman Creek Sequence contains five
intervals known as the German Creek, Corvus, Ti@duila and Pleiades seams
(Johnson, 2008) .

Run-of-mine (ROM) coal is processed in a centrdibgated Coal Handling and
Preparation Plant prior to being transported blteathe Dalrymple Bay Coal Terminal
for export. The underground operations at GermaekMine comprise of Southern and
Central Collieries and Grasstree Mine. The undengdo mines utilise -efficient
technologically advanced longwall mining methodsdost effective coal extraction.
Each mine operates independently with its own degdion, infrastructure, services and
equipment. Continuous miners are used to develaengnound roadways and headings
in the coal seam to create panels of coal to beed by the longwall mining system.
Typically each panel is 250m across, between 2.8th3n high and is up to 3km long
(Johnson, 2008).

Grasstree Colliery. Grasstree is equipped for (Capcoal Presentatmmson E, 2009):

1) 2008 Production of 4Mt

2) Grasstree serviced via Shaft/Winder system

3) Personnel & Equipment shaft (main intake)

4) LW Blocks from 1.7km to 3.9km

5) Hole-through into Southern Colliery (Grasstree WWest

6) Heavy vehicle access via highwall portal

7) Established coal clearance system
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8) Gassy environment >t outburst risk. Managed by inseam / MRD drilling.

9) Longwall specific emission 14-16¥h

10) Current depth of operations 200-450m

It operates as one of the Capcoal undergroundecielti focusing on longwall mining. one
of the areas visited by this researcher during?O@8 study tour. Figure 8-24 depicts the
portal structure developed from a highwall. Thidas access to a partial extraction or
bord and pillar operation Aquila colliery assoctteith Capcoal.

Bundoora Colliery. Mine Design incorporates two longwall panels Wwhare accessed
from the highwall of Pit C. Capcoal developed thitne to bridge the gap between
Central and Grasstree Mines (Johnson, 2008).

Reduced manning was being implemented due to redoffeake capacity from mine.
Operation limited to a longwall or development iegeence. Management were
proposing the extension of two additional panels.

It is here that the researcher observed a wall faaned with only 3 people.
Management commented that this was not ideal lmangequence of short term labour
absenteeism (Johnson, 2008).

Moranbah North Colliery

Livingstone-Blevins (2008) stated in an interviegport: “Moranbah has become a case
study in powerful face support application. At thime of the researchers visit in
November 2008, Moranbah had taken delivery of 33 §0tonne, 2m wide Joy Mining
Machinery roof supports as the first part of a tnsiini-build and compatibility testing
as it prepared to head underground for installafiorthe second quarter. The roof
supports, the biggest in the world, will be partMdranbah’s new 151 shield face which
it hopes will combat the yielding and roof fall idents it has suffered in the Goonyella
Middle seam. The installation will be carefully whed by the longwall industry
worldwide as Moranbah rises to the challenges sfailing, operating and moving the
massive supports. But most importantly, the inqustatches to see if the powerful
supports will combat the strata issues at the mimglo Coal Australia’s regional
engineering and maintenance manager Peter Van dehds been an integral part of the
extensive design and specification team for thegvw/ supports.

Strata issues in the Goonyella Middle seam areimgthew for the mine or other
adjacent mines operating in the seam. MoranbalthNarted extracting from the seam
in 1999. The depth of cover at the mine variesiBaantly as the seam dips down into
the 100 series panels. With the increase in degshcbme significant yield problems for

the roof supports with cavities forming on the faral resultant roof falls. The present
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face suffers from being in yield far too often ahevas getting progressively worse the
deeper the mine got. With the 980t rated suppbeddce was yielding 40 to 50% of the
time with support leaning issues, equipment danaagkrecovery operations. The slower
the face goes through the ground, the more loattrécts, the worse conditions become.
Moranbah in 2004 purchased 25 by 1200t-rated stppdrich were initially installed at
the mid-face. While a “localised” improvement wastioed compared to the previous
supports, the 1200t supports had limited overalpdot. Management estimated the
supports reduced yield time from 40 to 50% to 10%86. This is still an unacceptable
level.

Van de Ven told delegates at the Australian LongWahing Summit in June 2008 as
guoted by Livingstone- Blevins. “We then went astted how much bigger do we have
to go? And that's how we came up with a 1750torthenetre wide support.” Anglo
adopted a wide-ranging process to determine theeRmvRoof Support (PRS) or shield
capacity. They looked at historical databases ifmila conditions and equipment, and
spoke to original equipment manufacturers for thesipertise. The team used strata
interpretation and computer modelling techniquesking at ground reaction curves
(finite element analysis, FE analysis) and dispiaeet modelling and the Citect and
Optimate Faceguard interpretation. Underground feeéty mapping was also used,
together with other expert’s opinions. During tleeiew process consultants — Australian
Mining Consultants and Mining Consultancy Servieewere used to do the modelling
work and the PRS review. Interpretation work wasalone to attempt to predict how
the roof and supports would behave in future panatal the Citect data with 3D
modelling to confirm the requirements and assestn@ptimate’s Faceguard software
was used to validate the modelling. According torédah North general manager Tim
Hobson, members of the workforce were also involwéth the design of the supports.
The final specifications for the Joy supports weetermined at 1,750t yield rated,
2,050mm centres with 480mm leg cylinders. The mgdports each weigh 61t, with the
gate end supports coming in at 64t. The suppone haheight range of 2.4m to 5m and
are controlled by Joy’s RS20s control system. Sypkages on the shields were also
specified. Van de Ven said consultants WBM wereught in to carry out a full finite
analysis review of Joy’s design. The supports vpertethrough a 90,000 cycle testing and
while there were some initial issues at testingestahe final design of the supports
passed the test program. The new face has been Mames Department standard
instruction (MDG41) compliant with hydraulic hosaeeved, individually tagged and the
high-pressure hoses restrained. Other enhancenmefitsle RS20’s control system for
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the supports and the use of JOY's FACEBOSS systaitlee LASC automation system
(Longwall AFC and Shearer Control).

Along with the 151 roof supports (expected in Japnu2009) for the 308m Moranbah
North face, Anglo has also placed orders for twy J&S6 shearers with LASC
automation capability; two matching Joy 2.05m wiieCs rated at 4500tph with 50mm
Broadband chain. The AFC will be powered by thr@®Q kilowatt maingate and tailgate
drives. The new equipment will be mated with relyepurchased Joy mining crushers
and a pair of Longwall hydraulic pump stations™\inigstone-Blevins, 2008).

Moranbah North Powered Roof Support project mandgkan Laubscher said “the mini-
build started onsite mid-year when 34 supports weesl with the new maingate, tailgate
and pan line. The final assembly of the drive congmis are currently in progress and
connecting the supports to the AFC is the next.t@Bkce the shearer arrives in
September it will be assembled and put on the ip&n |

The next step after this is to obtain the pumpiagtatand more that is currently being
used underground in LW201 after the longwall m@sedmpleted and assemble this with
the new equipment to complete the longwall syst@ompatibility testing will then
commence with completion scheduled by end of Deezn®08. The training of the
crews will start in December and be completed bprékgy 2009 on the mini-build
equipment” (Laubscher, Personal communication, 2008

Livingstone-Blevins added, “Once the new face isand working, its performance will
be monitored through CITECT (displacement mode)liagplication software, plus the
mine will look at the availability and utilisatioof the equipment” (Livingstone-Blevins,
2008).

“The only additional purchase the mine is currentiyestigating is for a monorail. To
move the massive supports, Moranbah was requirbdyt@ special longwall move fleet,
capable of hauling the 64t supports. Currently ldrgest shield haulers on the market
handle up to about 50t. Industrea Mining Equipm{émtmerly Boart-Longyear) secured
the contract to supply the dedicated fleet, whicbludes five purpose-built 70t roof
support carriers, two 70t mine dozers and two ¥itec retrievers. Laubscher said, “the
manufacturing of the transport equipment was prexjng well with the first of the five
carriers on wheels late in August and undergoitiglrtesting. All five carriers will be
delivered to site in January 2009 and fitted withaalditional lifting plate arrangement.
The first dozer is expected at the end of Janu@fp2and the second to arrive in April.
The two retrievers have a scheduled delivery oERB09”. On an operational level with

the new longwall the biggest challenges will betatiation and retrieval of the supports
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and catering the roadways, intersections and tsimllrand take-off roads for the bigger
supports.

Maintaining the big supports will be the issue witatomes to change out of components
like the legs, which weigh almost 4t each. Traingagkages are put together which will
include videos to show how these special tasks medok performed. There are also
provisions made on the shearer to have a spedial amangement, and specific lifting
points were designed into the support’s canopyaterdor the heavy lifts.

The existing 980 to 1,200t longwall supports at Mdrah North are currently operating
in the relatively shallow 200 panels instead ofdeep 100 panels.

They are extracting four short panels in the 200esge while they wait for the new
longwall to arrive. When the new equipment is ilisthit will operate in the deeper 108
panel and then alternate North-South with the dée@ panels. The old longwall
equipment will continue operating in the shallow0Z&ries panels. With the two faces,
the mine plans to operate a walk-on, walk-off schedwhere the new and old faces
alternate operation with the crew simply switchipgnels once completed. Moranbah
planned to commission the new face ahead of fingsttie previous face but they will not
generally run at the same time as the belt systemitvallow two faces together. They
will go from multi-week changeovers to walk-on, Walff. This process will continue for
the next three to four years until the 200 seriasefs are completed and the old face
equipment is retired” (Livingstone-Blevins, 2008)ables 8.4 and 8-5 give Australian

wall statistics.

Aquila Highwall Mine

Figure 8-24 Aquila highwall entry (Capcoal PresdotgtJohnson E, 2009)
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Capcoal German Creek Operations

Figure 8-25 Capcoal German Creek Operations (Joha608)
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8.3 Wall Mining Capital and Operating Costs for an Energy
Project

A Financial Model for a project dealing with mediugnade 21MJ/kg CV Coal and
Uranium bearing carboniferous shales presenteébtloeving cost structure (Macdonald,
2010).

The uranium mineralisation in the Springbok Flatsws almost exclusively within the
Warmbad Formation (or Upper Ecca) of the Karoo $gnoeip, associated with
carbonaceous shale and bright coal in the LowerdMictoal seam at the top of the
sequence, referred to as the “Coal Zone”. Uranmesources are calculated over a
constant 1m thickness located at the top of thel Cmae, consisting mainly of
carbonaceous shale with subordinate interbeddddeods.

A geological model was built by Gemecs (Pty) Ltihgsthe historical and twin borehole
data. This model was reviewed by SRK and an lateMineral Resource estimate was
declared according to the SAMREC Code. Conceptoigle plans using longwalls
(“LWs") and continuous miners (“CMs”) were designiegd MRM Mining Services (Pty)
Ltd (“MRM") for the uranium in the Uranium and Pow®roject. The conceptual
underground mine design assumed conventional lohgwraduction with development
by two CMs supporting one LW. The development wlasiped on a constant 3m horizon
for ease of access and ventilation purposes. Tomfigurations for the LW equipment
were considered: a single 3m cut of the carbonacshale and underlying coal, or a 1m
top cut of the carbonaceous shale, followed by altiom cut on retreat of the
underlying coal.

Access to the underground mine considered a dowh aanveyor decline with road
access next to it from surface down to the “reaffseintersection. A raise bore hole
drilled in close proximity to this intersection ppiwould act as an up-cast shaft with fans
on surface. A blind-sink down cast vertical shafhls approximately 4km to the west
along the main development would provide for qupeksonnel access.

The Uranium and Power Project entails a mine, patagion and uranium recovery plant
designed to treat 1.3Mtpa of carbonaceous shaleldidtpa of coal, at an average CV
of 17.7MJ/kg.
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Table 8-6:

Mining Capital Costs (from Macdonald, @D1

- . Scource of capital estimate Capital Cost
Mining Capital (Rmillion)
Vertical shaft 1 (350m deep) Eﬁg:; (ngtéeznmgl)mte from  Shaft 62.5
Vertical shaft 2 (400m deep) gﬁ]iee?; written quote from  Shaft 715
Conveyor decline gﬁii?; written quote from Shaft 75.6
LW equipment (per LW) Eglcg)nt written quote from Joy (Sept 479.0
U/G equipment (per CM section) Recent written qudaien Joy 49.6
Sundry equipment S;Tg:; written quote from Shaft 35
Materials handling (per unit) gﬁﬁe’:; written quote from  Shatt 8.8
Shaft infrastructure (per shaft) gﬁﬁg:; written quote from  Shatt 50.0
Ventilation — raise bore hole/fans Recent written quote from Shaft 18.1

Sinkers

The Joy low profile 7LS1A shearer was considerege TLS6C is a medium to high
profile Shearer and has application where coal @arbdoniferous shales are considered

being mined together (Macdonald, 2010).

Table 8-7: Mining Operating Costs (from Macdonaldil @)
Source of operating cost  Operating Cost (R/t
Item X
estimate RoM)
. Typical cost in 2008,
LW mining escalated to 2010 terms 72:39
CM section development Typical  cost in 2008, 87.39

escalated to 2010 terms

Tables 8-7 and 8-7 estimated mining capital andaijg costs respectively and Tables

4-10 and 4-11 the processing costs for this unustiation.

Table 8-8: Processing Capital Costs (from Macdon&@d0}p

ProcessingCapital Source of capital estimat

Typical cost in 2008, escalated to

Capital Cost Rmillion

Steam Coal crushing plant 2010 term 294
Budget price in 2008, escalated to

Uranium Processing plant 2010 terms, adjusted for reduced ash 635.6
treatment capacity
Bateman quote in 2008, escalated to

Power Generation 2010 terms, adjusted for increased 8494.5

generating capacity of 664MW

Bateman quote in 2008, escalated to

2010 terms, adjusted for increased 618.2
generating capacity of 664MW

CFB boiler plant

8-48



Table 8-9: Processing Operating Costs (from Macdo24liQ)

Item

Source of operating Units

cost estimate Operating Cost

Coal crushing

Coal crushing plant cost —Typical cost in 2008,

variable escalated to 2010 terms (Rt RoM) 290
Coal crushing plant cost —Typical cost in 2008, -
fixed escalated to 2010 terms (Rmillion p.a.) 14.1
CFB & IPP

. Bateman quote in 2008,
CFB operating cost escalated 1o 2010 terms (R/MWh) 26.27

. Bateman quote in 2008.
Power generation cost Escalated to 2010 teri (R/IMWh) 61.30
Uranium recovery
. US$65/t at

Acid cost ZAR7.50=US$1.00 (RIt) 487.50
Acid consumption
(controlled by CFB Formula driven (t/t ash) 0.3664
temperature)
Uranium recovery plant Typical cost in 2008,
Cost — variable escalated to 2010 terms (Ritash) 48.87
Uranium recovery plant Typical cost in 2008, -
Cost — fixed escalated to 2010 terms (Rmillion p.a.) 106.6

8.4 Conclusion

1)

2)

3)

4)

This chapter has identified the application of wakthods that enable productivity
improvements. The research has identified prefertagouts and systems
internationally with direct focus on Australian Lgwmall Mining which is their
preferred method.

The research also considered Matla and New DenméBkuth Africa who delivered
at world class standard.

The Sendong operation in China is an interestirgg cgtudy of the scale of large
Chinese operations which also delivered at woddxlevels.

The modular Australian mines with highwall entreasd the accent on portability is

finding favour with many mine developers.
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9 PARTIAL EXTRACTION, PILLAR
EXTRACTION AND PARTIAL PILLAR
EXTRACTION METHODS

9.1 Bord & Pillar Mining Using Continuous Miners

9.1.1  Overview of current mining operations in the Witbanrk
and Highveld coalfields

Lind (2004) reports that, “In general coal miningnditions in South Africa are
favourable and the seams currently mined are tlsic&llow lying and undisturbed over
considerable areas. Approximately 80% of producttomes from the Witbank and

Highveld coalfields. Virtually the whole of the Wank and Highveld coalfields have

been disturbed by high strength dolerite dykesgctviiave also resulted in the formation

of overlying sills of the same material. The spgobf the dykes is large enough to allow
sensible planning of production panels, considerédninages of coal have been degraded
due to devolatilisation and burning at the timéntfusion. This is confirmed by Coetzee,

(1985).

These mining conditions allow large areas to beaektd by surface mining techniques,

while the deeper portions are amenable to miningabyide variety of underground

techniques. The 1990's production split betweerfase and underground mining
resulted in almost equal portions being mined bghemethod, (Willis & Hardman,

1997).

A unique feature in the development of the SoutticAh coal mining industry has been

the concept of ‘captive’ or ‘tied’ collieries, wherpower utilities and coal to oil

conversion plants have been constructed on ordesdicated coal reserves. This has led
to very large individual coal mines.

Underground coal production in South Africa comesinty from bord and pillar mining.

While other mining methods, involving a greater m@gof mechanisation, have been

tried, two factors have ensured the pre-eminendkeobord and pillar method:

1) The ratio of cost of equipment to cost of labous traditionally been higher in South
Africa than in countries such as the USA or Ausralvhile that may have changed
in recent years.

2) Nearly all the major coal deposits are intersebietiigh strength dolerite dykes. Not

only does this severely limit the number of locaiowhere longwalls could be
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deployed but the associated sills also createdaondition difficulties for the earlier

types of longwall supports.
Lind (2004) argues that underground mining is siilininated by room and pillar mining,
which is conducted by both drilling and blastingor{eentional) and by the use of
continuous miners (mechanised or cutting).
Continuous miners were first introduced into theutBoAfrican industry in the mid
1970’s and were not immediately successful becatiske hard coal, with compressive
strengths in the range 20 to 40MPa. Through loeskarch and the development by
machine manufacturers of heavier more powerful inoptus miners, these machines
have been made to work successfully, and the pergerof bord and pillar mining now
fully mechanised is well over 80%. All pillar eattion which accounts for about
30Mtpa of production (2004), is undertaken by ammbius miners (Lind, 2004). In 2009
this figure is reduced to approximately 10Mtpa &ygowing to risk (Joubert, Personal
communication, 2010).
The overview of the South African coal mining inttyshas shown that bord and pillar
mining remains the dominant mining method in thetbafik and Highveld coalfields.
Relatively, little in the way of removing the piliacreated by this mining method is
conducted, indicating that a substantial amourgiltdrs remain in these coalfields. One
way of maximising the percentage extraction of tleserves is to conduct pillar
extraction.
Lind (2004) further showed that only eight opemsiavere conducting pillar extraction
of which six were in the Witbank and two in the hNgld coalfield. Some of the
operations have ceased pillar extraction.
The operations conducting pillar extraction in tHeghveld coalfield were Twistdraai
colliery and Brandspruit colliery. We will focusmahe recent techniques which have
evolved from those originally used.
Pillar Extraction at Twistdraai colliery
Twistdraai colliery situated in Secunda, operatethe 4 Seam at a depth below surface
of approximately 160m. The pillars were partialktracted and taken at a time when they
were approximately one year old. The first worlsingere designed to a safety factor of
1.8 and the panel consisted of seven roadways.s@hare pillars were at centres of 18m
and at a height of 3.5m with the bord widths o, 5vhich translates to a pillar width to
height ratio of 3.3.
Lind reports, “The mine employed a partial extractiechnique of mechanised split and
guartering referred to in certain literature as Kevcand Fender, with a Joy 12HM31
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continuous miner (from which the dust scrubber hadn removed) and three modified
16t shuttle cars. The panel operated in good tiondi with a competent sandstone roof
on a 90° extraction line (normal to the main pameat). There was little evidence of
surface subsidence. The sizing of the coal obdawas reported to be similar to the size
obtained during primary operations (development).

A two shift operation, utilising a manpower compkarhof 11 people per shift produced
a consistent 3 month average production of 50,000tBpecialised training and a code
of practice ensured there was no loss of life.Theration was reported to have a lower
operating cost than development bord and pillaratmns as a result of savings incurred
from less roof support and lower pick consumptidio’nd, 2004). The information was

validated by Joubert in an interview (Joubert, Beas communication, 2010).

Twistdraai PE

Figure 9-1 Pillar extraction sequence Twistdradii€y (after Lind, 2004)

Pillar extraction at Brandspruit colliery

Lind (2004) reports that during the late 1990’'s Rfspruit colliery piloted the NEVID
partial mining method developed by Sasol Coal. Mrés inaccurate. The method was
actually originated by David Postma and Neels Jdub#ubert was a production
manager at Bossjespruit Colliery, the mine at which pilot was conducted. This is
supported by Joubert during an interview (Joulb&gtsonal communication, 2010).

A typical panel of the NEVID method of pillar exttéon requires a seven road layout
with centre distances between 24m and 28m (averiige width to height ratio of 7 and

average safety factor of 2.1).
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The method uses roofbolt breaker lines and alss aggoliceman’ timber prop.

At the start of a NEVID panel the top middle pilaare split in order to increase overall
extraction of the coal. They are not fully extextso as to prevent the goaf from running
into the ventilation bleeder road which surrourtus panel adjacent to the barrier pillars.
Two doubile lifts are cut through the pillar in ttog right corner of the panel (next to the
right barrier pillar). These partially extracteitlgrs are then also left to establish the rest
of the bleeder road around the panel.

Cutting then follows the sequence numbered in tlagrdm, starting from the left and
working to the right. All cuts are taken at a 4B%gle to the centre of the original
development (panel development). The cutting secgief each individual pillar as well
as the extraction sequence of subsequent pilldmdaf maximum protection to the
continuous miner at all times. The continuous miakvays has a solid pillar or the
strongest possible remaining snook adjacent tdlite 45° cutting angle also provides for
the quickest possible retreat of the continuousemghould goaf conditions require such
action.

The cutting (sumping in) position and cutting dtren lines are marked prior to any
extraction taking place. The 45° cutting anglewad for easier cutting and direction
control. Strict adherence to this layout ensute snooks of consistent size are left
behind. This in turn will ensure a consistent aretdictable goaf pattern.

Goaf generally follows the extraction of pillars bype row of pillars. Should the goaf
however hang up for more than two rows of pillasstopper pillar is left on the third
row. This is done to counter the eventuality ofi@ent goaf and thus also reduces the
risk associated with the potential of an airblaste general ventilation layout is such that
most intake air is coursed directly over and oriteéthe continuous miner straight into
the mined out zone and then directly into the reairway which is also the bleeder road.
This ensures that both methane and coal dust atenaously removed from the working
face directly into the return airway as well askiep the goaf free of methane. The
continuous miner operator is also positioned oniniteke side of the continuous miner so
as not to be exposed to dust.

The NEVID method can be conducted using readilylabi® equipment in South Africa
(continuous miner, shuttle cars and roofbolters).

The manpower requirements are similar to othergygeillar extraction.

Average production outputs of approximately 80,p80thave been achieved using this

method, with an overall extraction of 60 — 64% awkd.

9-4



During Lind’s research there were six operatiortsvadn the Witbank field. Currently
(2009) two operations had panels from which theyewming secondary extraction.
Joubert confirmed that NEVID has been applied aeight of 4.5m (Joubert, Personal

communication, 2010).

Nevid PPE

Figure 9-2 Nevid layout at Secunda (after Lind)£20

Pillar extraction at Arthur Taylor Colliery

Lind reports, “The full extraction (as opposed tart@al extraction) mechanised
operations on the 4 Seam utilise a Joy 12HM31 nantis miner (with dust scrubber
removed and the height reduced) with three 16tebatoperated Un-A-Haulers,
averaging a three monthly production rate of 49%@®0with 19 personnel on a two shift
per day basis.

The pillars were extracted on a retreat basis dfteir development on a 13 road per
panel basis. The pillars at the time of secondatyaction were on average 6 months
old. The pillars extracted were 10.5m square witteight of 3.2m (pillar width to height
ratio of 3.3) at an average depth below surfacé3mh and were designed to a safety
factor of 2.0.

The friability of coal and hence product sizing waported not to differ from that of the
guality of the development coal. It may be expeédteat fracturing due to increased
induced stress on the pillar and subsequent fend#ireesult in compressive failure and
hence cracking or fracturing resulting in smalleaginents during cutting. From a
geotechnical perspective pillar fracturing was régab when the goaf hung up. Sidewall

spalling was also reported. This is believed byhagement to be a consequence of soft
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layers in the coal seam”. This information was dated in an interview with Elliot a

general manager in the group(Elliott, Personal comoation, 2009).

Surface subsidence of 1.5m across the whole paaglrecorded which is a function of
the depth below surface and the width of the ekttacpanel (Lind, 2004). Work

conducted in Australia reports that surface sulsideoccurs where the width of the
panel to its depth below surface ratio is great@ntor equal to two (Hebbelwhite &
Scheppard, 2000).

No adverse effects on safety were reported as altre$§ a code of practice and
specialised training of the personnel, althoughabwf the remote controlled continuous
miner was reported on more than one occasion (26084).

Lind reported, “The extraction sequence followsghatrangle mining direction away from
the goaf (90° to the primary axis of the panelhe Pillar was extracted using three lifts.
A series of snooks was created with a large fefalened between lifts two and three.

This resulted in an extraction of approximately 768the pillar.

PE Arthur Taylor

Figure 9-3 Pillar extraction layout, Arthur Tayl@fter Lind, 2004)

The section was under systematic roof support ftbm primary development. In

addition two roofbolt breaker lines were installea the two adjacent sides of the goaf.
Timber props used as ‘policeman’ (give an earlynivay of closure due to deformation
of the timber).
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The report does not give an indication of costedéhces between the primary and
secondary processes. This may be expected dusvér [uck wear and reduced support
requirements” (Lind, 2004). Elliot is in concursthvithis information (Elliott, Personal
communication, 2009).

Pillar Extraction at Boschmans Colliery

Dr Gavin Lind’'s work on pillar extraction (Lind, P@) reports, “The process uses a Joy
12HM31B continuous miner (with the dust scrubbenasged) with three 10t shuttle cars.
The system produces an average of 47,310tpm defioed a three monthly average.
They operate on a two shift per day basis, witlpd&sonnel per shift.

The two year old panel consists of 10.5m squaidarpjl 3.8m high at a average depth
below surface of 60m. The bord widths 6.5m anddinelopment safety factor 1.8.
Sizing of coal product varied, resulting in largeal sizes than during development and
could be a consequence of pillar crushing duringaeiion. The picks therefore do not
break to their burden (pick spacing) as the coadks out of the face prematurely.

As this was an older panel at the time of secon@atyaction, panel rehabilitation was
carried out before secondary extraction. This cating cost with the cost of secondary
extraction resulted in higher costs than duringnariy (development) mining. The mine
reported an increase of approximately 50% to thesld@ment cost. This information is
validated by Van Rooyen a production manager atglwmu(Van Rooyen, Personal
communication, 2008). Kenny the assistant genematager in his interview concurred
(Kenny, Personal communication, 2008). The Bosclarsayuence is the same as that
used for Arthur Taylor.

It is important to realise that this may be a dl@éamethod for the extraction of small
pillars. Small pillars are found in areas that waod originally planned for secondary

extraction. Engineers need to develop means odetxtg this reserve.
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PE Boschmans

Figure 9-4 Extraction sequence at Boschmans Collagtgr(Lind, 2004)

Pillar extraction at Gloria colliery

Lind reports, “Partial extraction using the cheddagard method (extracting every second
pillar, analogous to the red square on a red aadkbthecker board) was used at the
colliery in two panels on the No.2 Seam that wed@ 4+ 150m below surface.

The pillars that had stood for between 5 - 10 yesese 17 - 21m square with a height of
4.75m and were designed to a safety factor of 1178-A pillar width to height ratio of
2.2 - 3.1, is acquired at a bord width of 6.5m.

Use of various types of continuous miners (Joy 124Mloy 12HM17 or Joy 12HM9)
were made with either three 9 or 18t shuttle daas$ produced an average of 50,000tpm
with 12 persons on a two shift per day basis.

The continuous miners were modified to use shatitecables (to aid speedy traming and
cable handling).

Coal sizes were reported to be approximately 5%ekathan with the sizes in a
development panel.

Costs were reportedly less than development asessrial was required for secondary
extraction.

A code of practice and specialised training of penel ensured that safety was not

compromised.
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Geotechnical problems such as slips in the pilleasising weaknesses and pillar
fracturing at slips and dykes were encountered. sitface subsidence was noted which
is an indication of a value of below 2 for the vhidtf the panel to the depth ratio.

The pillars were extracted on a 90° line on retr@gand, 2004). This was substantiated in

separate interviews by Kenny (Kenny, Personal conication, 2008) and Van Rooyen

(Van Rooyen, Personal communication, 2008).

PE Gloria

Figure 9-5 Pillar lifting sequence Gloria Colliesfter Lind, 2004)

Pillar extraction at Blinkpan colliery

Lind (2004) confirms that Blinkpan practiced a 2aBepartial extraction operation of
checkerboard mining on 3.5 year old pillars usingpg 12HM9 unmodified continuous

miner with three 10t shuttle cars.

They produced an average of 44,500tpm on a twa phif day basis with 14 personnel
per shift. The pillars were at centres of 12.2rd aha height of 4.2m. The bord widths
were 6.8m and the depth below surface was 80m [whaguates to a pillar width to

height ratio of 2.9). The pillars were designe@mooriginal safety factor of 1.8 in a panel
consisting of 7 roads.

Slips and stringers present in the pillars nevatyeaffected the operation. There were

no other geotechnical problems.
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The pillars were extracted on retreat using a 3®%etion line in a similar fashion as
described for Boschmans colliery.

There was no surface subsidence noted.

A code of practice and specialised training ensuteat no safety incidences were
reported.

The costs of the secondary operations were rapatebeing less than the development
costs (Lind, 2004). Information validated by comowy report (Kenny, Personal
communication, 2008).

Pillar extraction at Greenside colliery

Research, Lind (2004), verifies that Greensideiegil has a long history of pillar
extraction in the No.2, No.4 and No.5 Seams, usiogventional, mechanised and
checkerboard methods to extract pillars. The mastnt on the No.5 Seam is discussed
here.

Lind states, “The 13 year old pillars, 45m belowface, were extracted using a Joy
12CM6 continuous miner (modified to fit an autorodtiam switch) and three 8t shuttle
cars.

The full extraction, single shift operation, usid® personnel, produced an average
tonnage of 19,000tpm.

The bord widths were 7.5m and the original safeistdr was 1.8. there is no report of
centres or pillar widths but it is back calculateyd the researcher that the pillars were
approximately 8m wide hence 15-16m centres. Nouay@s reported.

The operation caused surface subsidence of appateiynlm (indicating that the panel
width to its depth below surface was greater thaegoial to two).

The coal sizes produced were reportedly larger thdavelopment panel attributed to the
aging of the pillars.

Specialised training and a code of practice waglace. There were no adverse safety
problems.

Lower overall costs of the operation were the fiestilower pick consumption” (Lind,
2004).

Information validated by Bob Smith general managetired,(Smith, Personal
communication, 2008).

Pillar extraction at New Clydesdale colliery

Lind stated “This full extraction, mechanised opera on the No.2 Seam extracted
pillars that were over 20 years old and approxitga®®m below surface. The pillars
extracted were 8.5m square and had a height of §élar width to height ratio of 2.4)
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designed to a safety factor of 1.8 with bord widtkgng 7.5m. No layout was reported by
the mine.

A Joy 12HM9 continuous miner (modified to fit antamatic tram reverse switch) with
three 8 ton shuttle cars produced an average 608&m on a two shift basis with 14
personnel per shift.

Spalling of the sidewalls during extraction, togativith high densities of slips and bands
of sandstone and floating stone, were reportechdugktraction. Surface subsidence of
approximately 1.2m was noted (again a function ddirge ratio, 2 or greater of panel
width to depth below surface).

Larger coal sizes than with development panels weperted. Costs were lower than for
development panels as a result of lower pick comgiom. A code of practice and
specialised training resulted in no significantuehce on overall safety being reported
(Lind, 2004).

9.1.2  Application of full pillar extraction after 2004

The pillar extraction processes discussed highlaghtelopments prior to the research
conducted by Lind (2004). The research focuse®oant techniques in the Witbank and
Highveld fields. It must be remembered that sigaift rib-pillar extraction and its
derivatives was practiced prior to 2000. The dped@pplication of developing and
extracting ribs has lost favour with the mines.eThsearch by Beukes (1992) critically
discusses this method and was widely practicetiénSasol group. Reasons for loss of
popularity included lower outputs during developinghases. The tendency was to go
for smaller ribs (more pillar like) during developnt. We note remnants of the rib-pillar
process in the evolved Twistdraai system discupsexdously.

The general concern that most mining companies hegarding pillar extraction relates
to the safety aspect of the mining technique (L2@04). Of the cases presented here,
only two are still conducting pillar extraction.

The partial pillar extraction techniques are coesd to be a lower safety risk than the
full pillar extraction method which owners stopgatyely because of risk (Lind, 2004).
Lind (2004) reports, “In four cases the mechaniséing method was used. The choice
of mining equipment appeared to be company depératahdetermined largely by the
height of the seam being mined (with general modifons to the continuous miner, by
either lowering it or removing the dust scrubber).

The physical dimensions varied but none of thetgdéetors were less than 1.8. This is

not surprising as these pillars are recent and wer@ed using the pillar design formulae.
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A safety factor of 1.8 — 2.0 is recommended wheltampiextraction is rapid and
mechanised.

The depths of the operations also varied accorthintpe seam being mined (which had
an influence of whether there was surface subsejeric all cases barrier pillars which
were the same width as the panel pillars, sepathgeganels.

Except for Arthur Taylor colliery it is unclear witeer these pillars were designed with
the intention of being extracted although the aggil@rs before extraction at Boschmans
colliery imply that a decision to extract the piflahere was done before the effects of
ageing became a problem.

Apart from local geotechnical issues (such as shipd dykes in some circumstances)
creating localised problems, the effects of agewege (20 year old pillars in the case of
New Clydesdale colliery) noted by three of the apiens in that coal sizes produced
were larger than the sizes produced with primargdbend pillar development. This
factor also contributed to the pick consumptionneliower, resulting in overall lower
operating cost. The pillar slabbing present, did adversely affect the safety of the
operation” (Lind, 2004).

For Arthur Taylor colliery where extraction immetdily followed the development no
significant changes in coal sizing or operatingseogs reported.

Boschmans reported a cost increase of 50% to thelajament costs. This was due to
panel preparation before secondary extraction coodmence.

Surface subsidence was encountered with each ofpti@tions ranging from 1.0 to 3.0m
which is a function of the depth of the panel bekwface and the width of the panel (Mc
Kennsey, 1992).

Lind states, “Each of the operations conductediafised training of the personnel and
had a code of practice in place.

Production associated with pillar extraction wasagelly lower when compared to
development bord and pillar panels.

The number of personnel was dependant on the conraiocol, but was generally less
than bord and pillar development panels.

The panel extraction layouts were all on a 90°ation line extracting one pillar at a
time in a sequence starting from the goaf edgés danly with the NEVID method where
they interact with the second pillar due to conbimsi miner ergonomics before
completing the first pillar” (Lind, 2004).

In all cases use of roofbolt breaker mines was madgrevent the goaf from entering the
workings. This is considered to be normal practiteSouth Africa when continuous
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miners are used (Galvin, 1993). He further notet burial of the continuous miner in
South Africa was associated with taking the last ontwo lifts of a fender. In terms of
controlled goafing snooks are deliberately lefatd as a temporary support. A practice
(leaving of snooks) not favoured by the old minet® believed that it was bad practice
in that it would transfer stress to unsuitable libies. This practice differs from
operation to operation but generally leads to axprately 85 to 90% of the pillar being
extracted.

Burial of the continuous miners was reported ahiértTaylor and Boschmans Collieries.
No indication as to the repercussions in terms afdpction losses and extent of

equipment damage was given (Lind, 2004).

9.1.3 Application of partial pillar extraction, after 200 4.

The partial pillar extraction techniques discusseg Lind (2004) were either
checkerboard, split and quartering (referred topasket and fender by Fauconier &
Kersten (1982)) or the NEVID method. Lind (2004 ewthat, the NEVID method can
also be used as a full extraction method. “Thiging technique intends to increase
extraction from the area without causing goafirapfrthe area. The major consideration
with this technique being the overall safety fadtsufficient to prevent collapse while
engaged in pillar extraction” (Lind, 2004).

The factors of safety of these operations wereeeith7 or 1.8 when the development
phase was complete, with the pillars ranging ie $ibm 12.2m to 21m (square pillars).
The split and quarter operations had 18m squalargil The NEVID method however
requires a minimum size of 24m square. Generalffjnal safety factor of 1.2 was
considered adequate for these partial pillar etitra®perations.

The age of pillars ranged from between one andrsgears, with the operation that was
mining with the operation that was mining the seyear old pillars reporting an increase
in the size of coal cut as compared to those hyamy bord and pillar developments.

All the operations showed very little in the waystfuctured planning (Lind, 2004) and
subsequent design procedures and methodologiesat Wés used extensively was the
now aged methodologies and the design considesatpmposed by (Livingstone-
Blevins & Watson, 1982). It should not be ruled that the pillar extraction designs
were conducted by experienced rock engineering epsidnals (Madden, 1989b)
and(Oldroyd & Van Rooyen, 1992). Lind (2004) id&et the need for a standardised
approach similar to that used in New South Walestralia (Mc Kennsey, 1992).

9-13



Lind (2004) developed such a standardised apprimcBouth African application to be
used by all current and future underground pillatraction operations to limit the
possible impacts associated with this mining method

One of the most experienced pillar extraction ofpesain South Africa who gained was
accountable for sections at Ermelo Mines, UsutiguBea Collieries and now (2010)
Khutala Colliery is Mr Neels Joubert a developertloé NEVID method. He reports
valuable experience with respect to the strategilesn pillar extraction sections are in
proximity and challenges some of the accepted jgectHe highlights the importance of
left hand and right hand scrubber positioned CMtsroreferred to as left-hand and right-
hand machines and the impact they have on the seguef pillar extraction an
orientation of the split. He reported that the niaehby rule should keep the operator
against the solid. This has been mitigated by renuaintrol units (Joubert, Personal
communication, 2010). His focus is shifting to theoblem of extracting pillars on
multiple horizons or multiple seams.

9.1.4  New pillar extraction developments in South Africa.
SIMRAC Col613 method

Van der Merwe et al (2001) developed the methodarteeliorate the propensity of

intersections to be the source of roof falls. Nopsisingly, it was found that the majority
of all roof falls occurred at intersections, whialere responsible for 66% of the total.
Bearing in mind that intersections account for agpnately 30% of the total exposed
roof, it means that one is more vulnerable to 4 falbinjury in an intersection than in a

roadway (probability four times greater). AccordittgMolinda et al (1998) in (van der
Merwe et al, 2001) the roof fall rate in the US4 éight to ten times greater in
intersections than in roadways. The amelioratiocréated through the principal that this
SIMRAC method has half the amount of intersecticospared to NEVID for the same
linear distance.

Rectangular pillars are developed at 69.2 x 26.2entres. Areal extraction on

development calculates to 38% (NEVID 47%).

Total extraction after secondary extraction is 7@¥&VID: 78%), hence comparing well

with that of NEVID, but offering fewer intersectisrand technically fewer potential roof
falls outside the caving area. The caving may btricted by using ashfill after secondary
extraction.

Use is made of a double sided lifting cycle dumxgraction.
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Staggered Intersections Col613 Method

Figure 9-6 Extraction cycle (after van der Merw@(Q2)

Proposed Panel Layout Col613 Method

Figure 9-7 Proposed high extraction panel layoue(afan der Merwe, 2001)

The layout increases percentage extraction if theidr pillar between the panels is
designed as a crush pillar. The linear layouts Hmen considered with mining systems
such as Magatar. The need to look at low safetiofagmall pillar partial extraction is

reiterated here. It should be noted that lineaoldy are not a strategy by which pillar

extraction is directly applied but by which exttaatis increased through the creation of
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more slender or not so wide ribs in parallel. laiso suitable for thinner seams(Venter,

Personal communication, 2009) also (Dougall, 2009).

9.1.5 Pillar extraction in Australia.

Pillar extraction was practiced widely in New SouMeles, Australia (few collieries
currently apply this method) and in the Appalackiam the United States of America
(USA). The average height of the operations ofdb& seams mined by means of pillar
extraction in the USA are less than 1.5m, while dperations in New South Wales are
more similar in terms of thickness and depths efghams mined to those encountered in
the Witbank and Highveld coalfields. Lind in hisG20research conducted a review of
seven underground coal pillar extraction sites @wNsouth Wales (Lind, 2004).

History of pillar extraction in Australia

Lind (2004), reported that Australia has a longdms of pillar extraction dating back
more than 60 years, with its associated developwfemiajor technologies.

Current pillar extraction in New South Wales

Lind (2004) reported the existence of five fulllail extraction operations in New South
Wales (NSW) at the time of his research (early 2008e favoured method at the time of
this researcher’s visit (late 2008) was wall minargl only scattered remnants were taken
by partial extraction.

Pillar extraction at Bellambi West colliery

Lind (2004) reported “The high grade Bulli seanmigied which yields a hard coking
coal with a low ash, low to medium volatile mattemtent, low sulphur and high rank
suitable for both domestic and export market. Thal produced at this colliery is all
exported through the Port Kembla loading facility’ollongong.

The mine does not usually practice pillar extratts its major production source comes
from longwalling.

It was decided to extract a series of chain pillarsvo separate areas of the mine. These
panels served as travelling ways for the previousiped longwall panels and were
therefore not specifically designed to be extract€de panel layouts thus were generally
irregular and also situated between two goafs.

A modified Wongawilli split and lift method of dolé sided extraction with mobile
breaker line supports (MBLS) was used in both sesti The extraction panels had
barrier pillars separating them on either sidehefgoafs.

Snooks were left although these were sometimes tgpkncourage goafing to closely

follow the extraction line. The splits were drivém a maximum of 15m before being
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supported by a Fletcher roofbolter which places fbdm point anchored pre-tensioned
bolts with straps per row with rows spaced a distaof 1.2m apart. The bord widths in
all instances were an average of 5.5m. Once stggbwith roofbolts, the split was holed
and supported before lifting of the newly creat&tinlwide fenders took place. The
panels were operated with remote controlled coptisuminers (a Joy 12CM11) and two
shuttle cars (Joy 15SC) each with an approximat€riétric) capacity.

Three Eimco mobile breaker line supports (MBLSEemgped by remote control were
employed. Each of the MBLS units provided a maximsupport resistance of 480t and
was positioned with the middle unit required toldal the centre line of the roadway.
These units were not set to their maximum resigtame this may have resulted in
premature failure of the roof. They were set tgragimately one third of their
maximum load (160t). The MBLSs were moved forwamhaimum of 2m each at any
one time and only one at a time. They were sdigadof after each move forward before
being moved again. They were spaced a maximunmad2art from each other and kept
as close to the continuous miner and solid fendgrassible. In addition to the MBLSs,
timber breaker lines were also used as ancillappati.

The average production from these two extractiomefsawas approximately 60,000tpm,
whereas the longwall development panel producedoappately 35,000tpm.

There were eight personnel operating per shiftyatpe on a three shift per day basis,
five days per week. This was two persons less thanlongwall development panels

where there were two dedicated roofbolt operators”.

Table 9-1 Complement per shift (after Lind, 2004)

Labour Complement Description Amount

Continuous miner operator 1
Cable handler

Shuttle car drivers
Artisans (utility personnel)

Section miner
Shift boss
Total

olr P NN R
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Mobile Breaker Lines used in Australia

Figure 9-8 Mobile breaker line deployment (aftemd,i 2004)

PE Bellambi West

Figure 9-9 Pillar extraction Bellambi West Colligafter Lind, 2004)

One fatality occurred during the pillar extractioperation. It was associated with a roof
fall while attempting to reset the continuous miner

A code of practice is in place as well as peopbeirgng specialised training.
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No information pertaining to the costs of the ofieracould be made available due to
confidentiality of information (Lind, 2004).

This method (Figure 9.9) resembled the Rib Pillaydut discussed in (Beukes, 1989a).
Pillar extraction at Charbon colliery

Lind reported, “Carbon colliery is situated in tgestern coalfield. The Lithgow seam is
mined which has a medium to high volatile matteediam to high ash and low sulphur.
All production from Charbon colliery is exportedaviail to the Port Kembla loading
facility at Wollongong.

The Lithgow seam is generally 2.7m thick overlainadirt band, it is the only seam
mined and is situated 4.5m below the Lidsdale sedmch has a thickness of 100mm.
The overlying strata consists of bands of claystomedstone and sandstone (which are
considered to be weak) and the floor consists afeshand tuff which are generally
considered strong. The depth of the Lithgow seanes from 190m at the centre of the
mining lease to 30m at the extreme at the extrerogei end of the panel and outcrops on
the perimeter of the mountain which overlays theodd.

Two clay bands exist within the coal seam, whicpasd when wet, but does not affect
the mining operation.

A modified Wongawilli split and lift full pillar ektaction method is used which is limited
to a 30m cover line (restricted area) to prevemaize to the mountainside. Beyond the
30m cover line only partial extraction without dagican be allowed (bord and pillar
mining not partial pillar extraction).

For full extraction panels, a panel is developetl smme 650m with three headings at
40m centres with crosscuts driven at 50m centresréate three-way and four-way
intersections. The initial developments once comepleaves the secondary extraction
panel usually consisting of 14 splits. A barriditap of 40m width is left between the
extraction panels.

The 5.5m wide roadways are formed by either a BgM12 or a Joy 12CM11 (both
remote controlled). Two 15t capacity Joy 15SC tdhutars are used to produce
approximately 14,000tpm during development.

The roadways are supported with four 2.1m full owhuresin supported roofbolts
installed per row with a strap, spaced 1.8m betwenrows. The roofbolting is done

using the on board bolting system.
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Table 9-2 History of rib-pillar and pillar extracti@levelopments in Australia (Sheppard &
Chaturverdula, 1991)

History of Rib-pillar Pillar Extraction Developments in

Australia

Mining Method Changes Date
Open End Lift, using diamond shaped pillars, DB. mé2
Modified Old Ben System, DB, Bellbird Colliery, Cessk. 1949
Coal cutters permitted in Open End Lifting, DB. 1954
Joy CM's first introduced 1955
First Shuttle Cars introducéd 1957

Precursor to the Wongawilli System developed at Nedbitieries, Pocket & 1957-1961
Fender long pillars or ribs (unsatisfactory)

First successful Wongawilli System worked at Wongawitid Nebo 1961

Continued improvement of the Wongawilli System esphcisith regard to  Post 1961

split centre dimensions.

Modified Wongawilli driving splits on the left anéyht side of panel Late 1980’'s

headings (roadways) simultaneously.

Partial Pillar Extraction, successful use of pillargiing at Endeavour and Mid 1990’s

Cooranbong collieries.

Full and Partial Pillar Extraction, successful useithar stripping at Early 2000's
Clarence, Munmorah and Cooranbong; and Unitedulbahd partial pillar

extraction.

—Note 1 Scoops antubs were around in 19

The pillar extraction process begins with the pifiarthest inbye of the goaf side being
split and supported along its 25m centre to crgdtars that are normally 20m wide.

These splits are supported with four 1.8m full coturesin supported roofbolts, installed
per row with a strap and with the rows spaced lapawrt. The roofbolting operation is

again conducted using the on board bolting system.

Three remote controlled Voest Alpine mobile breakee support units are used

(MBLSS) in this left and right lifting of the fende The first lift is always taken in the

solid fender before the goaf side fender is liftdche MBLSs are advanced sequentially,

one at a time to a maximum of two metres at anytione before being set to the roof and
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are spaced a maximum of 2m apart. The middle MBL&quired to follow the centre
line of the roadway. The MBLSs are set to the rath a pressure of one third its
maximum loading capacity. The units are equippét w gauge that moves a reading
from the green zone when they are set to the yetlowe as the supports start taking load,
indicating that the roof is settling. In additiaa the MBLSs, timber breaker props
consisting of two rows of five props each are setach of the headings, with only one
row being set in the heading furthest from the goa@he roof bolting rigs are removed
from the continuous miner prior to lifting.

The maximum lift taken is approximately 9m into threvious goaf side and 10.5m into
the solid side. Only half the pillar is extractegk lift into the solid side. The lifts on the
goaf side will hole into the previous goaf. Thelanof lifting is between 60° and 70° and
the lifts are cut the width of the continuous minetter head (3.6m).

Snooks are left as shown, with snooks closest éostiid edge of the panel being 10m
wide to ensure that the roadway remains open farmeventilation.

The lifting operation on a per shift basis producese than the development operation,
as less roofbolting is required and this bottlenisc&liminated. The section is equipped
with eight personnel per extraction panel.

Thirteen panels to date have been extracted usiagrethod of mining.

Surface subsidence was noted and rib spalling W&sewident. The continuous miner
had been buried on two occasions with no lossfefdr injury. The MBLSs were buried
on one occasion, attributed to the hanging of tbaf dor a prolonged period of five
weeks, causing a violent goaf to over run them.

The operating costs were not indicated due to denfiality. The product has to be
transported some 400km to the Wollongong exporilitiac this indicates that the
operating costs are low to ensure the profitabditthe operation.

An interesting observation at this colliery was tise of a monorail system to suspend the
continuous miner’'s power cable and water hose fitoenroof. This system reduces the
risk of the cable handler being trapped betweernctminuous miner and the ribside. It
also minimises the risk of the cables being damdxyedbspall. It also reduces the risk
of back injury to the personnel” (Lind, 2004).
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Table 9-3 Labour complement per shift

Labour Complement Description Amount
Machine operators 5
Artisans 2
Section miner 1
Total 8

Figure 9.11 gives a locality map of the NSW coddise

Wongawilli RPE Charbon

Figure 9-10 Panel layout Charbon colliery (modifidbngawilli split & lift) (after Lind,
2004)

9.1.6  Partial extraction using continuous miners in primay
exploitation
This is the process of doing primary, secondangdrary development of main travelling
ways within the colliery. It is the creation of ard and pillar layout to a required safety
factor in which the primary mining is not immedigt®r never followed by secondary
mining or caving techniques.
Development using a continuous haulage
Uys states, “Justification of the investment iroatinuous haulage system:
1) The comparison between the continuous haulagemyestel the shuttle car operation
show that there is a definite point where the cardius haulage system is the better

choice.
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2) To ensure that the continuous haulage operatiochraggh production volumes the
system would have to be placed in conditions whaca favourable for a high
production rates.

3) Higher investment in a continuous haulage systemady be justified if we can
ensure that higher production volumes can be obdaiithis can only be obtained
where there is a high availability from the contiog miner and the infrastructure.

4) The only factor that could be assured was an iseréa production of at least 15%
mainly due to the fact that shuttle car changetiog / wait on shuttle car time would
be eliminated” (Uys, Syferfontein presentation, @00

Sasol implemented the system at their Bossjesspolliery with a double pass CM unit

(Figure 9.15). The continuous haulage (Figure P.dRI not deliver satisfactory

production and was accordingly transferred to Sgfeein underground.

Reasons for improving at Syferfontein:

1) “Better geological conditions.

2) High availability of infrastructure.

3) High availability of continuous miner and contingduaulage system.

4) Single pass continuous miner.

5) Minimum loss of production due to belt extensions.

6) Sixty degree angle splits” (Uys, Syferfontein pragation, 2006).

A continuous haulage system can be implementedessfidly in South African coal

mines with an increase in production rates and @edse in operating cost.  This

however can only be done if factors like geologicahditions, panel layout, cutting
sequence and the continuous miner in front of tweldge system are considered (Uys,

Syferfontein presentation, 2006).
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NSW Coalfields

Figure 9-11 New South Wales coalfields (after Ling042)
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Long Airdox CH

Figure 9-12 Long-Airdox Continuous Haulage (Uys, $igietein presentation, 2006)

ABM30

Figure 9-13 ABM 30 wide head continuous miner (Uyge8ontein presentation, 2006)
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ABM30 with Head in Elevated Position

Figure 9-14 ABM 30 Elevated head (Uys, Syferfong@iesentation, 2006)

ABM30 Section Layout

Figure 9-15 Section layout with diagonal pillarsy8,)Syferfontein presentation, 2006)
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Table 9-4 Labour complement per day

Labour Complement Description Amount
Miners 3
ABM 30 operators 12
Continuous Haulage operators 10
LHD operators 2
Electomechanics 6
Helpers 8
Belt Team 7
Total Note: 3 X 8 hr shifts & 2 x 12 hr shifts 48

ABM30 Section Layout

Figure 9-16 Peak production with ABM 30 & Continuotaulage (Uys, Syferfontein
presentation, 2006)
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Magatar
The method employed at Cook in Australia has begpleémented on trial at Secunda

Collieries in South Africa.

Magatar Pilot Project Production

Figure 9-17 Magatar comparative statistics in 1.8mmsekeight (Venter, Personal

communication, 2009)

# I $

Figure 9-18 Magatar development and panel layoah{st, Personal communication, 2009)
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The unit is attractive in the lower profile of 1.8nere it exceeds 70,000tpm. This has
been done in competition with other equipment peatiens such as CM and three batch
units (SC) or CM and four shuttle cars or Boltemisti (BM), four shuttle cars and a CM
in a super section configuration. A BM continuousulage was also compared. The
Magatar system delivered 73,400tpm as the besbieet.

ELBM-75 Vibrant Roadheader

Coaltech investigated the feasibility of testingisthproduct for South African
application.This unit is attractive for its roaddea properties which should be able to cut
more competent rock found in coal measures and attyattively because of its Chinese
origin is very competitively priced but will needorfifications and specification upgrade.
It is however lower in mass than units traditiopakmployed in South African

conditions.

ELBM-75 Chinese Roadheader

Figure 9-19 ELBM-75 Vibrant roadheader (after Ceett)

South African conditions are characterised by:

1) Hard coal cutability, intrusions of hard geologidaturbances are common place.
2) Production equipment damage, causing expensive,¢omsuming repairs.

3) Extraction by means of drill & blast techniques.

4) Expensive imported equipment innovated.

5) Low production volumes.

6) Damage to strata.
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7) This results in reserves left, the lost reservenede is between 20 to 30
%.Characteristic features of the Chinese manufedttmadheader:

8) The unitis 2.2m high when fitted with a canopy.

9) It has a vibrating cutting head fitted with intelgiast suppression.

Certain modifications were performed on the unfobetest conducted in South African

conditions:

2) Flameproof main enclosure.

3) Lights replaced.

4) Trolex system (methane detector) installed

5) Canopy installed to protect the operator

6) Some coal mining sector expectations are:

7) To cut through dykes with UCS of 190 to 200 MPa.

8) To cut sandstone with a UCS of 90 to 100 MPa ofeshdth a UCS of around 40
MPa.

9) Not considered a production machine (4000 tons/hjont

10) Compensate for lower production rates (cost)

11) To grow the local coal mining industry.

12) Speed up access through stone work developments.

13) Ensure free & fair competition between local supydli

14) Some observations reported:

15) Cuts coal effortlessly using a “central reamingdqess.

16) Vibrant action caused by eccentric mass action.

Challenges:

1) Loading spade is too far behind the cutting headltge in a cut coal muck pile.

2) Unplanned movement — underweight & overpowered.

3) Fixed loading boom — 1/3 of shuttle car capacitedi
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Rearview of ELBM-75

Figure 9-20 Rear view of Vibrant roadheader (aftealtech)

Productivity improvement with effective roofbolting technologies.

ARO Twin boom roofbolter. Douglas Colliery deployed new technology twinom

roofbolters to five U/G sections, they conductedaaalysis of performance relative to

Brandspruit with the aim, to improve safety of theperators, save time and achieve

higher levels of productivity on these machines.e Timine determined that some

interventions were necessary:

1) ARO Operators must be fully trained and competenoperating the machine, to
increase productivity.

2) W-Shape tungsten drill bits need to be looked aeselly, as they seem not to be able
to cope with the stone in the roof strata

3) Engineering: ARO daily inspection check sheet toimelemented to ensure the
maintenance team and artisans are conducting threctaver inspections on the
critical items. Order and ensure that all critisphres are in place and available.

4) Mining: additional training on some of the roofteslioperators is still required. Shift
bosses & Miner to drive an awareness campaign empleration of the machine, to

stop Operator neglect & damage to the machine.
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ARO Rockbolter

Figure 9-21 The ARO Twin boom bolter (Kenny, Dowggtaesentation, 2008)

Rockbolt Volumes

Figure 9-22 Roofbolts installed per day using AROtefaKenny, Douglas presentation,
2008)

The management considers the following approacticaiybe to the introduction of any
new system in the mining industry (Kenny, Persamoshmunication, 2008).
The Fletcher bolting system South African Coal Estates’ Greenside Colliergsuthe

Fletcher bolting system and report on the cospetsic bolt resin combinations.
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Table 9-5 and 9-6 identify the support cost elemeaviiich are major drivers of mining

costs these were current in 2009.

Table 9-5 Rock bolt costs (2009) (Franklin, Minova)
Bolt length Cost / bolt Resin type
0,9 m x 20 mm R17,45 Purple
1,5mx 20 mm R31,76 Red / Yellow

Using 1.5m bolts with two capsules of resin. Redimreneeds 30seconds to set and
Yellow resin 5-10min All cartridges are 23mm x 6Q@n{diameter x length) and are
applicable in all roof conditions including poor ajegical conditions. Figure 9-23
illustrates the buried CM mishap which is encousdesooner or later during pillar

extraction operations.

Table 9-6 Cost of resin (2009) (Franklin, Minova)
Resin Size Cost/ case
Purple 23 mm x 600 mm R208,46
Red 23 mm x 600 mm R180,23
Yellow 23 mm x 600 mm R173,72

Figure 9-24 is an acceptable 16m cutting cycle tvisiccommodates alternate cutting and
support of headings. Many standards do not allevunsupported span to exceed 12m
in the interests of risk mitigation. Figure 9-25splays the effective Fletcher Bolter
(Elliot, Fletcher Presentation , 2006).
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CM Buried in Goaf

Figure 9-23 A continuous miner buried in the go#&thwock bolts that could not suspend the
load (Elliot, Fletcher Presentation , 2006)

16m Cut-out Distance

Figure 9-24 The 16m productive option but code gahe requires 12m for enhanced
safety(Elliot, Fletcher Presentation , 2006)
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Fletcher Rockbolter

Figure 9-25 Fletcher bolter (Elliot, Fletcher Pregsgion , 2006)

9.1.7  Mining methods in the United States of America

Black Beauty Coal Company — Air Quality #1 Mine

Black Beauty Colliery has a collection of smallallieries of around 4Mtpa sizing. It
operates in thin seams of less 2m thickness andcossidered a suitable case study to
benchmark for this profile. The Air Quality #1 Minases four continuous miner
production sections and operates them on two ptamushifts of 9.5 hours per day.

The target seam has a seam height of 1.5m to Indnth@ mine delivers 4Mtpa from it.
A call of 1Mtpa per CM is considered acceptabléhim company.

The operation favours more permanent fixed shéfastructure which is different to the
portable infrastructure favoured by the Australiansheir Highwall operations (Hunter,
Personal communication, 2007). Figure 9-26 showesstmft complex for Air Quality

Number 1 Mine.
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Black Beauty Air Quality # 1 Mine USA

Figure 9-26 Black Beauty Air Quality # 1 Mine (Aftelunter, 2007)

Black Beauty Coal Company — Francisco Underground Nhe
Francisco is one of the satellite shaft complexyerated by Black Beauty. It is relatively

new and is still capitalising. It does provide tttempany with a quality blending option.

The mine has one production section and operatesOtwur shifts per day. The seam
height has a slight advantage over Air Quality #id hence delivers the required call
(productivity) in slightly shorter time. The traliag distance to the section is also less
than at Air Quality #1. Seam height is 1.7m to 2.Ifhe production from the one
continuous miner section is 1Mtpa (Hunter, Pers@moahmunication, 2007). Figure 9-

27shows the surface complex for Francisco Mine.
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Black Beauty Francisco Mine

Figure 9-27 Black Beauty Francisco Mine (after Hon2807)

Five Star Mining — Prosperity Mine

Five Star Mining Company is an independent prodticat may be classed as a small to
medium producer with five production sections alsalled at 1Mtpa per section
producing 5Mtpa cumulatively.The colliery uses fosections equipped with two
continuous miners each and one section with onérearus miner.

The production shifts of 9 hours per day on a thifts per day cycle are preferred. The
mine has a labour complement of 325 employees.

The seam is 1.5m to 2.4m in seam height which neagdmsidered as thin to medium in
profile. It should be noted that 1Mtpa per sectigrstill considered an acceptable call
(Hunter, Personal communication, 2007). Figure 9&bicts surface complex at

Prosperity Mine.
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Five Star Mining Prosperity Mine

Figure 9-28 Prosperity Mine (after Hunter, 2007)

Triad Mining — Freelandville Mine

Triad Mining’s Freelandville Mine is a typical paftentry operation with adits from the

surface mining highwall. It is a small colliery phacing 1Mtpa from one continuous

miner section.

The mine uses two production shifts of 9hours @er @nd employs 44 employees. The
seam height is thin and amounts to 1.4m to 1.7okit@ss. Figure 9-29 depicts the portal

entrance to Freelandville Mine.

Triad Mining Freelandville Mine

Figure 9-29 Freelandville Mine (after Hunter, 2007)
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Speed Mine

Speed Colliery ranks as a large colliery produclitpa. It maintains to be the’3
highest producing longwall in the USA. It has twentinuous miner sections and one
longwall. The CM sections are equipped with two Cpkr section (14CM15).Two
production shifts per day for CM sections and thieethe wall face are used in 1.5 to
1.8m seam height also classed as thin seam. F8g86eis a photograph of the approach
to the adit of Speed Mine.

Mining Equipment common to the above mines

1) “Two Joy 14CM15 Continuous Miners per Section (iostcases).
2) Four DBT battery haulers per section.

3) Two Fletcher twin boom roofbolters per section.

4) One DBT Battery Scoop per section.

5) Stamler Feeder Breaker.

6) Non Flameproof Diesel Fork lift / Utility vehiclegp section.

7 Stone dust applied by scoop (flinger attachmenbtaket).

8) Getman Non Flameproof Underground Transportaticstesy.

9) Getman Non Flameproof Road Builder/Grader.

10) Freelandville utilises a DBT Roofbolter (Twin Boom)

11) Prosperity and Speed Mines utilised 3 shulttle cars.

12) Speed Mine also utilises a DBT30M3 Continuous mitéunter, Personal

communication, 2007).
Figure 9-31 and 9-32 illustrate the undergroundlifts and graders respectively.

Speed Mine

Figure 9-30 Adit approach in hilly region for Spddihe (after Hunter, 2007)
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UG Forklift

Figure 9-31 Forklift (photo by Hunter)

Best Practices on these USA mines:

1) “Battery Scoops dedicated for each section. Usedsteeeping so that the CM can
cut coal, also for stonedusting, cleaning, beleagitons, stocking roofbolters.

2) Two Joy Continuous Miners per Section. Only ones @ita time while the other is

being trammed, and its area bolted, sweeped, shasted, and ventilation updated

Grader

Figure 9-32 Grader (photo by Hunter)
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Getman Scoop

Figure 9-33 Getman Scoop for service use (photounytét)

3) Four DBT Battery haulers per section.

4) Change out point is at the CM.

5) Two Fletcher twin boom Roofbolters per section dadicated to each CM.

6) Feeder Breaker has surge capacity compatible to distharge rate of haulers and
loading rate of conveyor. It is a self propelledcimae.

7) 1050mm Section conveyor can handle the loadingafateeder.

8) Non-flameproof diesel Forklift/ Utility vehicle pesection. Assists with material
handling and sub assembly change outs.

9) Conveyor structures are suspended from roof. Easwallation, easier to clean,
doesn't sag into floor and doesn't misalign onte se

10) All consumables batched and palletised. Suppliels/er mine specific packaged
goods.

11) Getman underground transportation system — Noneffaoof. No LHDs on the mine,
no tractor on the mine. Everything is handled gy @&etman tractor and trailer and in
the section by the Scoop.

12) Surface Material Handling is by rough terrain Fatkl

13) Scrubber System integrated into CM Design. Scrulshech more efficient than
South African units even at a lower volume. Worladbwer pressure 7 bar — no need
for on-board booster pump.

14) Tail end pulley fitted with screw thread scrolldischarge occasional runback coal.

15) “Rabbit trap” limit switch that stops conveyor whepillage occurs.

16) Electronic controls for sequencing and belt sligdFaulic belt take-up.

17) Coal centralising plates in chutes.
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18) Belt drives, jibs, tail-ends and take-ups are sifigdl in design. The suspended
structures make this possible
19) Office Block and Work Shop and Change House is @mtpbasic and fit for

purpose” (Hunter, Personal communication, 2007)

Figure 9-33 displays the versatile Getman scoophvis considered essential in the USA
mines to assist the CM with logistics and sweephhgie the ram cylinder and push plate
in the scoop bucket for low profile work. Figure38-shows the low profile trailer. Note
the low profile of roadway and w-strap support used

Lowbed Trailer

Figure 9-34 Low bed trailer (photo by Hunter)

9.2 Conclusion

1) In this chapter we have identified the applicat@inmethods and equipment
systems that may help productivity improvementdie Tesearch has identified
preferred layouts and systems internationally wdtfect focus on Australian
Wall Mining which is their preferred method, tolail extraction processes which
have been well developed by the South Africans.

2) The researcher noted that pillar extraction has dobt of favour in Australia.
They however believe that the Wongawilli type lay¢Rib Pillar Extraction)
provides enhanced safety. The method lost favou8duth Africa because of

reduced productivities during initial development.
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3)

4)

5)

6)

7

8)

9)

The United States delivered some effective equipmerifications which are of
use in mine development. The focus here is howewdower seam profiles.

The modular Australian mines with highwall entragsl the accent on portability
is finding favour with many mine developers.

The NEVID partial pillar extraction method is coteied the safest way of
controlling the caving process and horizontal sies associated with
underground mining and delivers an effective systémillar extraction above
3.5m mining height.

Pillar extraction is favoured were flexibility isequired and countries are
seriously constrained due to exchange rates anthktapsts of imported mining
systems. The capital costs are far lower than thbseill faces.

Innovative systems are considered in this chapteh s the Linear Mining
System. Systems using Continuous Haulages to eatsafety and productivity
are researched. The Magatar system is one suamsystd uses tyred traction to
eliminate the wear on weak floors in its continubasilage process.

Rock bolting equipment that eliminates productiasitlenecks are considered
along with smaller roadheaders that are less daptensive and could be of use
in section developments and the breaking of intessi

One of the greatest obstacles is the cost of CMSR@M). If cheaper and
smaller units become available such as some ofChieese options it will
influence our deployment of CMs radically. Coaltaelsearch organisation has
actively been pursuing this option.

10) The weight of certain larger CMs can also negajiuipact on floor conditions.
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10 INSTRUMENTS FOR MEASURING
PERFORMANCE

10.1 Introduction

Most managers and companies identify critical adnfreas, or key performance areas
which enable them when measured to ensure thagetiermance is achieving objectives
(collaborated by research findings from data cedlécuring 2006, 2007 and 2008). Due
to the abstract nature they are referred as safegsor systems. Soft issues were defined
earlier in this dissertation and is also recordethe index in the Appendices.

They may be expressed as standard operating pmese(fBOPSs) developed to achieve a
key performance standard or may take the form adadime steps or keys to ensure the
objective is reached.

Data collection and interpretation for identifyitlge SOPs and the conceptualisation of
the idea they embrace was complemented througlmersommunication and reports of
line managers in the Sasol Mining team namely Jord&cheepers, Steynberg, Leibrandt
and Streuders and mine managers, subordinate nranagd engineers of collieries
benchmarked, namely Khutala, Matla, Douglas, FataarGloria, Goodehoop, Bank,
Arnot, Phoenix, Brandspruit, Bossjesspruit, Middéip Twistdraai and Syferfontein
(Scheepers et al, 2000). This set of data and reaireepers et al (2000) was made
available to this researcher by a General Manafj&asol Mining, Secunda Collieries,
Mr Pierre Jordaan, and was complemented by interaied personal communication.

A Mine in Botswana was used as a case study bydhesarcher for many of the concepts
discussed in this research. But this is still axgng or learning organisation and some of
the concepts are not perfected in application leynttat the time of this research. They
were however used as a target subject, by thisareser, to implement ideas and over

time monitor results.

The Scheepers, Steynberg, Leibrandt and Streudersdport

A system identified by a world class achiever, e sample population, Sasol Mining,
controls Quality, Cost, Delivery, Safety and Morads measuring instruments for
performance (Scheepers et al, 2000). These aspeotsused as guidelines to evaluate the

performance of the identified mines.
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Treated as part of continuous improvement cultateSasol and Khutala (BHP Billiton)

it was noted that these operators had formalisedptiocess and had implemented it
culturally into the organisational behaviour.

The mines studied were selected because of thieiloadedged achievements and status
in the coal industry in South Africa. These minesrevconsidered by their peers as being
top performers.

Mines focus on getting things done right and onndothe right things. Most have
accepted a culture of ensuring that it gets dagigt the first time (Quality Management).
This requires that objectives are clearly set bthpthe supplier and the user, of the
service or product developed. They need to establjsconsensus what needs to be done
by whom and by when. It may involve a complicated aophisticated formal planning
process in certain instances such as the 7 stqgamiing and annual planning cycles for
the development of budgets and 12 month plans dirddumedium term or 5 year plans
often for the life of mine. Planning becomes arepmehdent chapter in its own right and
that is not the objective here (refer to Chaptgr Bnes need to ensure they meet market
demand at the correct product specification whistmally includes not only volumes or
masses to be delivered but also includes limitinguality criteria. In coal the proximates
and the ultimate elements or constituents of the wack (which is a fuel mineral, made
up of lithotypes for example vitrain and macerals éxample vitrainite) is placed under
the spot light. This often requires declaring ares from a resource. This may not be
achieved without laying a detailed capital and apieg plan to that resource and
determining or budgeting what the potential incost&ement and balance sheet for a
business cycle implies.

Volumes are often seen as the prime deliverabt&istomers and quality will involve the
type of coal, the rank of coal and often its gradepurity (Ash Content) or potential
chemical energy value (Calorific Value). Its apgtion or use is critical and the dilution
(such as moisture content) or problematic qualifE@sasiveness) need to be controlled.
Another such a problem creator is fine coal fomepke.

Out of the key performance indicators that someemifocus on, the following are

considered important (and an attempt has been magleantify the impact):

10.2 Reduction of Fine Coal Volumes

“One such threat to specification qualities othent the inherent proximate (CV, Ash,

Moisture, Total Sulphur and Fixed Carbon) and utien characteristics (Elemental
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Chemical composition H, N, O, C, S and P etc.) ire fcoal or coal outside the
specification size grading. Fines are generatethéncutting and transportation process
and often the amount of fines because of the canttian threat is strictly controlled,
even if the final user grinds the delivery to figeading for injection into boilers”
Scheepers et al (2000). It is in fines were greau@isture dilution has potential to reside
including impurities that contribute to abrasiveneand increases beneficiation costs
when effort is made to bring the fines to specifaa

Sasol Mining which supplies coal for conversion fiaduce hydrocarbons from the
macerals) is in a unigue situation in that fineldea major enemy, whilst other captive
collieries do not appear to have this problem. Reodxport collieries, this is however also
a threat. It is therefore essential to controésir{seen as a critical performance area or
indicator) for certain operations to be a succ&ssne mines controlled it indirectly by
evaluating pick spacing’s, this was done by Glof&heepers et al, 2000). It is
understood that one of the factors that contritiatéine coal is related to cutter pick
efficiencies. Blunt picks or inefficient picks wilequire more grinding of the cutter head
on the face to remove a required amount of coalianke process would generate more
fines. Eskom generally is adverse to fines owindpitgher than expected contamination
levels (of abrasive constituents and moisture) amedalso more expensive to beneficiate
to a suitable quality.

At Bank Colliery, an export mine, pick consumpti@ncost driver) was a greater concern
than the amount of fines created by the variousonptthey looked at to increase pick
life. It is this researcher’s opinion that owingtte relative hardness of the coal, Bank is
not prone to generating as many fines.

“Phoenix Colliery also focused on the fine fractidwcording to the mine manager, the
Duiker group has done a lot of work to ensure famg of their product for the various
markets. It was found that conventional (blastimg¢thods resulted in higher fines
percentages but delivered a better spread overatieus product sizes (Scheepers et al,
2000)". In the experience of this researcher theemmechanised the process the more
likely the propensity to generate fines. When dditesting the calculation of a suitable
powder factor input to create a suitable muckpileessential and may require some
modelling and blast design to enable this.

“Sweeping is an important activity in the contréifimes as coal lying on the roadways is
prone to trampling and accordingly crushed fine aedeived in this state when
eventually swept and delivered. A number of sestibad dedicated LHDs Scheepers et
al (2000) The LHDs should be deployed in the dlegmf loose coal in roadways thus
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preventing the trampling potential when the coalei$ to lie around as batch haulage
units and the LHD itself will have an impact ondfgeneration).

The measures implemented to reduce fines inclutesktigations into: pick spacing and
lacing; drum design; cutting operations; chute dmuhker design; conveyor design
(speeds and transfer mechanisms); rehandling doleidhandling of coal; trampling on
coal; and section housekeeping. Often these imgagfins provide some solution but
generally the problem perpetuates and coal witlidrproduce fines. The need to reduce
the formation of fines is essential and may be seea size specification and therefore
impacts on quality of the product if outside thietance level. Many users will accept a
fines concentration of up to 15% by mass but wihalise the supplier if this level is
exceeded. The astute producer, however, will bianfines which normally stockpiles
when screened out to ensure the level of dispatdhe customer is at 15%. The fines

stockpiles in total, in South Africa alone, are manillions of tonnes in mass.

Table 10-1 Mines with fine coal as threat and acttonsounteract it (from Scheepers et al
2000)
Mine Fine coal Deal with problem LHD per section
a threat
Sasol Yes Pick spacing / lacing / 0.5 LHD per section

drum design / cutting
operations / sweeping /
chute design / bunker

design
Khutala No 0.33 LHD per section. Battery
haulers can sweep at tip area
Goedehoop Yes None observed LHD per section
Forzando Yes None observed
Douglas Yes None observed LHD per section
Phoenix Yes Conventional mining  Conventional - loader:
Matla No Scoop per section
Bank Yes None observed LHD per section
Arnot No LHD per section
Gloria Yes Start - look at pick
spacing
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10.3  Coal Quality
The quality is pre-empted through prospect dgllof cored boreholes and sampling the

core for laboratory analysis. A preferred horizerdetermined if the whole seam is not
taken this is referred to as a selective horizon.

The controls apart from effective sampling of barlels are orientated around the horizon
control techniques applied by the operator. This addressed by most of the collieries
investigated.

Goedehoop Mines selectively mine up to 4.5m highying the poorer quality roof and
floor coal. This is a similar approach at Marupdelliery in Botswana (Anglo). Floor
strata may be to weak to carry the heavy CM andctte strength provides better
resistance. Marupule (MCL) leaves 1m of coal in flber to even out undulations and
hence avoid contamination from low strength flatrdtypes (rock layers). The CM will
cut a 4.2m channel to attain a selective qualityagxion that is optimum for the 8m seam
height. The 2 to 3m poorer quality coal is leftrasf, isolating the mudstones found
outside the coal channel in the roof, which displagor strength and quick weathering
characteristics. At Sigma Colliery in the Numbes&am this was essential as the roof
strata was composed of carbonaceous shale anddheele sealed by a layer of at least
0.5m of coal to enable support integrity to be raired. Only resin grouting could be
used on the rebar rockbolt as an expanding or nmézddashell would allow weathering
of the shale, the quick deterioration of roof cdiotis and the consequent roof falls that
resulted.

Drilling by means of hand drills into the roof dritie shale or sandstone is exposed and
similarly, into the floor helps the operator detarenat what horizon he is instantaneously
positioned in the coal seam. The operator can nhiterhow far he is from the coal roof
limit by measuring the depth of the drill hole. Bleould be able to determine the limit by
the change of duff or drillings colour when thekahanges from coal to other sediment
or type of rock.

“At Douglas a plan in section was used profiling ttoal seam. This gives a clear picture
of the thickness ofoal that is to be left in the roof for quality ¢ml. The thickness of
the roof coal iontrolled by drilling holes in the intersectiomsallow the measuring of
and determining horizon position. Gloria controlmhtamination by examination of the
floor cut. The section ganger measured the flobio€the previous shift and recorded it.
Quality may be controlled during data modellingtre scheduling phase allowing the
determination of the optimum selective horizon witthicker seams.” (Scheepers et al,
2000).
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On some mines use of the electronic assistancemguit such as the Joy's JNA (Joy
Network Analyser) were not applied to control horiz

“In general, the mines who were mining selectiveignaged to control the Quality by
staying within the range by either following markeby drilling and determining roof
coal thickness or by reduced cutting distancesllawabetter control by the operator”
Scheepers et al (2000).

Quality influences the price attained for the defix Generally a broad spectrum of
proximate parameters are controlled, generally on ar-dry (ad uc) (air-dry
uncontaminated) basis as opposed to as receiveathltife may be incorporated if
specifications are not met to specific tolerancagrg cost implications for the supplier.
The supplier’s reputation is also at stake.

Middelburg Mines use a system on their Surface MjnOperation known as CAVITY
focused around product specification on qualitied the relative acceptance or rejection
by the customer (Calorific value; Ash; Volatile reat Index of abrasivity; Total
moisture; and Yield). They also use the A to G #lple to ensure they mine the correct
quality and do not contaminate it afterwards (ArBayrels; Contaminating triangles;
Distance; Edge; Flow; and Geological factors). B&AVITY’ and the ‘A to G’ are “aid

to memory” acronyms to help reduce abrasiveness camiamination, hence control

quality.
Table 10-2 Quality control at mines (from Scheepéeed 2000)
Mine Export/ Quality How
Eskom Control
Sasol Sasol Yes Measurement /Cutting control/roaf.c
Douglas Export Yes Selective mining, specific satplans, drill,
intersection
Forzando Export Yes Hard floor and roof
Bank Export Yes Selective mining
Goedehoop Export Yes Selective mining
Phoenix Export Yes Drill and blast operations
Gloria Export Yes Miner measure contaminati
Arnot Escom Poor Poor machine utilisation for fleontrol e.g.
JNA light
Khutala Escom Yes Selective mining
Matla Escom Yes Selective mining
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10.4 Costs

This aspect was the most difficult to determinepasple are either reluctant to pass on
information pertaining to costs, or do not know wthee operational costs were. Further it
was difficult to determine which cost aspects wiaduded/ xcluded from the cost figures
presented.

If one evaluates the cost of Sasol Coal Mines,ait be divided into the following
categories: the cost of maintenance, labour, ope@t and sundries. The major
contributors are however maintenance and labour power and water costs.

Although costs are made available in the Scheap@at (Scheepers et al, 2000) made
available to this researcher by Sasol Mining maneeg# this section has been withheld

as the information is considered sensitive.

10.4.1 Pithead cost

It is important to appreciate that which makes hgp pithead cost and may be viewed as
having a cash cost component for which there i ¢lsv required, to non cash cost
component which are recorded against asset deplstioh as amortisation for example
(non cash costs).

Mining costs may be the costs of the mining depentnonly and on activity based
costing (ABC) structures the cost of exploiting tb@al and delivering it to the point
where another department such as the EngineeriMpifaitenance Department may take
over. Until they once again transfer it to the Imtogy or Stores Department if on a
neutral stockpile or blending yard the subsequeansfer to Metallurgical or Coal
Preparation Department. Each of the departmentsasie their own cost which must be
accounted for in the determination of the valueeaddtb the coal as it moves down the
line. Costs are often seen as variable or fixedraag be direct or overhead (indirect).
Cash costs are costs of purchasing equipment aetipy materials including labour
but exclude non cash costs such as depreciatione Miouth costs are cash costs for
RoM delivery and exclude beneficiation and selloogts. As exact costs are considered
sensitive they have not been published in real seonot are projected and are therefore
estimates.

Some of mines have closed or reverted to new andeership.

“Certain mines benefit from softer coal. This reglsiecnachine maintenance and increases

overhaul periods. Sasol maintain an interval okarg or 2Mt however Morupule plan to
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stretch this to 4 years or 4Mt. The differencesitighe relative hardness of the seams”
Scheepers et al (2000).

In the Morupule case study it is evident that tb#ies coal or the absence of abrasive
lenses (sandstone lenses), greatly enhances thelifgcand overhaul intervals of
equipment. This reduces mining consumable costshande benefits the production of
cheaper coal. Often the maintenance costs areedred as there is less fatigue on the

CM or coal winning machine.

Pithead Cash Costs Projected

Figure 10-1 Projected pithead cash costs for 2010 #0604 data

10.4.2 Maintenance cost

Maintenance costs are a major contributor to mirdngts. Costs will by their very
nature be the target and focus of managerial cbritadle 10.4 depicts some cost drivers
such as time, interval and agent.

“The Rand per tonne values were rarely mentiongthgwisits. Factors influencing the
maintenance cost had to be identified and comparalow comparisons.

Pick consumption is a means of gauging coal hasliespractice. Consumptions of
90t/pick (relatively soft coal) were mentioned. éirneported 19t/pick (relatively hard coal),
Bank 24t/pick and Gloria 35 to 45t/pick. Sasol amak also in this range. The 30mm shank
picks were commonly used. In the case of those sniméning softer coal, the machine

overhaul intervals were up to 3Mt, for example, ktal.
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Table 10-3

Maintenance cost drivers

Mine Machine Maintenance time Interval Overhaul (t) By:
Brandspruit HM31 Night /Day shift 2 Weekly 1.75Mt Joy
Middelbult HM31 Night shift 2 Weekly 1.5Mt Joy
Khutala 4 Seam: Day shift Monthly CM's —2.5- Own overhaul
ABM30 x 4 3.0Mt
HM17 x 6
2 Seam:
ABM30 x 2
HM17 x 6
Matla HM9 Night shift Monthly 1.1-1.2Mt Matla
Goedehoop HM21 2 Hours Daily 1.8Mt(HM 21 & Anglo Coal Central
2 seam HM31 HM 31) Workshop
Phoenix Conventional In shift Every 10 Used Duiker central
day workshop- now Joy for
s/ cars
Bosjesspruit HM31 Night Shift 2 Weekly 1.5Mt Joy
HM9 1.2Mt
Twistdraai HM31 Night/Day shift 2 Weekly  2.0Mt else earlier Joy
if machine was in
Twisdraai ABM30 Night shift 2 Weekly ABM 4Mt (mini -  Mini self Major by
Export ABM12 2Mt) OEM
HM31 HM31 -2Mt
(mini-0.8-1 Mt)
Arnot HM31 x 5 Day shift 2 Weekly 2 Mt/3 years Joy/ Anglo Coal
central
Bank 2 Voest AM80 x  In shift ABM30: mini- OEM ( Voest
seam 5 2.2Mt maintenance contract)
Voest ABM80 Major -3Mt
Forzando HM31 x 2 1 hour per day Daily Joy
Syferfontein HM21 Sundays 2 Weekly 2Mt OEM
ulg ABM20 4Mt
ABM30 4AMt
Gloria HM17 Night shift 2Mt Full Joy maintenance
HM31
Douglas ABM30 x 1 Saturday & Sundays Monthly 1.3-1.5Mt OEM
HM31 x 8
14CM15x 1
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The maintenance on the section equipment was alodmne once a month in mines
with softer coal compared to bi-monthly maintenanoethose with relatively hard coal.

It was evident that the softer coal contributeditpady to the cost of maintenance,

especially in the case of continuous miners.

Certain operators use the OEM (original equipmeanufiacturer) to do maintenance.
Matla do machine overhauls at the central workslmpghe mine. It has been perfected
to the stage that some of the other mines actoaltgider a machine overhaul with Matla
instead of the OEM” (Scheepers et al, 2000).

10.4.3 Labour cost

Owing to the difficulty of obtaining cost informati Spalding’s study (SA Coal Report)
was used as a moderator and baseline assessment.

Many mines opt for different organisational struesithe trend is to become flatter and
leaner. The drive is to ensure maximum output forimum input. Khutala and Matla are
most probably the leaders regarding labour prodifgti Both mines produce some
14Mtpa. Khutala employ 1,441 employees, and Matd@

“At Khutala a mine manager, for each seam, mandgesvo seams. The typical structure
for a seam will be a mine manager with two minerseers and an engineer reporting to
him. Some 700,000t is produced from a seam. Thiansig¢hat a mine overseer is
responsible for producing some 350,000tpm. The nowerseer is also responsible for
infrastructure in his area of responsibility whialgludes road building, conveyors, water
pumping. Six shift overseers, two of which are memible for the outbye area, are
allocated. A shift overseer is responsible for éhpeoduction sections on his shift. On the
engineering side, five foremen manage the seam; fming responsible for the
production sections and work shifts. There are al$orther three chief foremen. To be
able to look after such a wide area with such allsewm, delegation down to miner and
artisan level is vital.

At Matla the system is more or less similar. Thenenis divided into three mines,
operated individually by a mine manager each. Aeganmanager overlooks the
operations. A mine manager, production manager emgineer manage each mine.
Section superintendents look after two sectionsheadth two foremen and shift
overseers. The Engineer has a superintendent igpaid him, together with five
foremen, and they look after all the services draltoiler shop, transport, mechanical

and electrical departments. Inbye the section tee consist of the miner, electrician,
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fitter, aid, two CM operators, three shuttle caemgors, two roofbolt operators, four
multi skilled operators and 0.5 scoop drivers” (&mbers et al, 2000).

The Scheepers team reported that “Most colliersgehin-section structures of more or
less similar composition. The mines, not only heahlin section structures, but also lean
management structures. Use of a small number ofplpeon the services and
infrastructure was notable on the better performiiae of the mines had a manager
with an engineer looking after the services. In@dtmall cases the manager responsible
for the production in an area, would be respondilnigéhe services of that area. This was
achieved by delegating this duty to the mine ovarsesponsible for the production in
that area, or to another mine overseer reportirigggesponsible manager.

Geographic area would be a major variable in tlogarison. The mines that mined
multiple seams had an even greater advantage # itistance. Some mines were

geographically extensive (Scheepers et al, 2000).

Labour Complement

Figure 10-2 Labour complement per shift

Many mines made use of contractors for the builddfgvalls and moving of stonedust
barriers. In some cases contractors were alsotossal belt extensions.

A major opportunity exists for certain operatorsréaluce cost dramatically if they re-
structure and increase productivity levels to Isvebserved at Matla, Khutala and
Syferfontein (underground). The need is to redwrgd number of service labour to

essentials and increase multi-skilling productasti

10-11



Shifts per Week

Figure 10-3 Shifts per week

Table 10-4 Section labour on a shift basis (FrotmeSpers et al (2000)
Mine Wage Operators Miner Fitter Electrician EM
Sasol 14 (Incl. Maintenance 1 2
operator)
Douglas 10 (incl. leave relief) 1 1 1
Forzando 13 (Haulage) 1 0.66 0.66
Bank 8 1 1 1
Goedehoop 9 (incl. leave relief) Faceboss 1 1
Phoenix 25 1
Gloria 9 1 1 1
Arnot 9 (incl. leave relief) 1 1 1
Khutala 12 1 1 1
Matla 12.5 1 1 1

“A pool bonus system as used by all the minesadséncourage section workers to get
along with the bare minimum and rather share in libaus of someone that is not

necessary in the section” (Scheepers et al, 2000).
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Scheepers et al (2000) states, “Multi skilling bees essential as section labour numbers

are reduced as the people could perform any fumdtimined for in the absence of a

colleague. Without such a system it becomes neges$sabuild in excess to cater for

unforeseen circumstances” (Scheepers et al, 2000).

10.4.4 Operational cost

Operational costs will be the major determinanthef profitability of the mine in the long

run. Table 10-5 lists pick & bolt efficiencies.

Table 10-5 Pick and roofbolt efficiencies (from Sepers et al, 2000)
Mine Seam mined Tonnes / pick Bolts/m? (normal roof)  Bolt length (m)
Sasol 4 35 0.19 1.0/1.2
Khutala 2&4 80 0.14 15
Matla 284 80 0.214 1.2
Douglas 2&4 90 0.214
Forzando 4 Lower 75 Spot
Gloria 2 35-45 1.6/2.0
Goedehoop 2 & 4 seams 60-90 0.014 15
Bank 2&5 24 0.143 15
Arnot 2 &2A 19- 100 0.214 0.9
Phoenix 1 NA Spot

“Picks and roof support make up the major portidnoperational cost. Although

operational cost contributes to the total cost kesaer extent, it must not be overlooked.

Douglas, Khutala, Matla, Goedehoop, and Forzandoalirmines that get some 90t per

pick on a 30mm shank pick. Arnot gets around 20evBank and Gloria get 24 and 45t

per pick respectively. The higher tonnes per parkifie collieries that are in the 90 range

and result in much lower expenditure on this iterd ancreased production time. It was

also evident that these collieries had to do leagt@nance on their continuous miners

and was able to get a higher tonnage from machdeésre overhauls. Sasol Coal on

average achieved much less tonnage per pick. Bepsjgt, Twistdraai and the export

mines all exceed R1/t on pick costs” Scheeperk(2080).
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Scheepers et al (2000) concludes, “In general mb#te mines visited have good roof
conditions requiring normal support density. Theppmart installed under normal
conditions was in the range, four bolts per rowcspgaat 1.5m. A number of the mines
used mechanical anchoring bolts and in many ca@esnlbolts were used” (Scheepers et al,
2000).

Machine Overhaul Intervals in Tonnage
Produced

Figure 10-4 Machine overhauls

10.5 Delivery

Delivery is the ability to meet the required protio from the section. It is the volumes
or tonnages that need to be produced to contrioutee demand satisfaction.

The project team noted in Scheepers et al (20041 thlone of the mines visited are
doing any pillar extraction. Arnot and Matla eaddha shortwall operation. Goedehoop
is investigating the start of stooping operationith this researchers investigations this
fact was confirmed.

“At Khutala the production is around 1,806t/shifbr(nes per shift) for an ABM30 with
Stamler battery haulers. The best sections prodaoge 80,000tpm (tonnes per month)
on average. The shuttle car section produced 1gtofit This was for the No.4 Seam
operations” (Scheepers et al, 2000). The No.2 Saaenations resulted is a substantial
drop in production and increased costs as a restidigher mining conditions. The No.2
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Seam operation at Khutala had coal hardness arldgyemore in line with the reserves
at Sasol Coal in the opinion of this researcher.

It is noted that mines who attempt the Number 3rstiad the reduced mining height and
poor floor and roof conditions impact on the abitiv deliver.

Shift cycles and duration as is the number of stpiér week influence deliveries. It is
desirable to effectively utilise capital equipmenid a 24 hour, 7 day per week objective
is ideal but people are involved and need consideraMaintenance is required and
sections require relocations or belt extensions reeell to be stone dusted. Equipment
needs to be stopped to ensure maintenance. This teahe debate to the optimum shift
cycle and duration. A discussion on this issue w@nsidered in Chapter 12
(Benchmarking). It should be noted that best pcagbierformance is often attained by the
two shift and utilised “off shift” cycle as opposéal the three shift cycle. It is important
to note that a 5 day week, two-shift operationsediat Khutala. No overtime is worked.
Maintenance is done on the day shift. At Matla, seations produce 1.1Mtpa each and
one more than 1.2Mtpa. The monthly record producta a shuttle car section is some
141,000tpm. Average production per section is erégion of 80,000tpm. Maintenance
is done on the night shift. Strict overtime conifollowed. The ‘coal recovery system’
whereby money is paid into pool for tonnes minedirdu the weekend is used, and
people that produce that coal, share equally. Neayds paid if no production takes
place. Gloria worked a five day, two shift operati®roduction average is in the region
of 66,000tpm per section. Some sections producedou®0,000tpm but others only
35,000tpm. The seam is high, but a lot of dykes enakining difficult, much like
Syferfontein underground operations.

The target for a continuous miner section at Dasigi@as 55,000tpm, and that of the
ABM30 was 70,000tpm. A five day, two-shift operatis worked. This resulted in an
average of 1,300t/shift.

Production at Bank was in the region of 50,000tmmn section. The ABM30 on average
produced 72,000tpm, with a record of about 90,000t three shift system was worked.
At Goedehoop the average production is 65,000tpmQbdé. A three-shift system was
used and the mining height is 4.5m” (Scheeperg €080).

Forzando produces at around 80,000tpm from the Z8am with a HM 31 and a
continuous haulage. Their best is 100,000t overlald®/ period. A 5-day, 2 shift

operation was worked (Scheepers et al, 2000).
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Monthly Production for Mines that
Declared Averages

Figure 10-5 Monthly Production

Production per Shift

Figure 10-6 Production per shift
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Table 10-6

Production levels from Scheepers et &QqR0

Mine Seam Mining Pillar t/pick t/shift Rank  Work  Shifts/wk
height height Centre on late
night
Brandspruit 4 3.0- 28avg 35 1,488 4 Yes  10/10.5
3.5
Middelbult 4 3.5- 24 35 1,568- 3 Yes 10/10.5
4.0

896
Khutala 28&4 4.5 17 80 BH1,806 2 No 10

SC1,381
Matla 284 4.3 17 80 2,000 1 Yes 10
Goedehoo 2 4.5 16-24 60-90 857 5 3shift 17
2 seam
Phoenix 1 2.8 N/A 1,500 10

(conv.)
Bosjessprdi 4 2.5/3.3 28avg 25-30 1,206 0 Yes  10/10.5
Twistdraai 4 2.7/3.4 24-28 32 1,223 2 Yes 10/ 10.5
Twisdraai 4&3 East: 30avg East: 1,167 4 Yes  10/10.
Export 2-3.4 25-30 798
Arnot 2&2A 3 155 19- 900 6 3shift 17

100

Bank 2 2 18 24 631 7 3shift 17
sean

1 5
Forzando 4 2.4 12-18 75 2,000 1 No 10
Syferfontein 4 4.7 25-28 70-80 1,778 1 Yes 10.5
uG /10.5/

10/8

Gloria 2 4.3 20-25 35-45 1,600 2 Yes 10
Douglas 284 4 17.5X55 9gQ 1,300 3 Yes 10
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Pick Efficiencies

Figure 10-7 Pick efficiencies

“Production at Aot is lower. The coal is regar@decbeing hard and this may be a significant
contributor to lower productivity. Production is thie order of 900t/shift from the three
shift operation” (Scheepers et al, 2000).

“The mines were all shallow compared to the Secumaations. This meant smaller

pillar centres” (Scheepers et al, 2000).

10.6 Safety

Safety and the avoidance of harm is important t@alusThe study finds that “Safety is
extremely important to the Billiton group. It wasremunicated that the general manager
and mine manager must personally fly to Londonxq@an to the Directors when a fatal
accident occurs as they are held accountable.ignctise the entire group's mine and
general managers do the investigation into thedaotj on the mine where it occurred,
within two days after the accident. An attitude stéwardship by the whole group is
enforced” as noted by Scheepers et al (2000).

There is a strong cultural drive in many groupsasced by this researcher to adopt a
system of zero harm and is often coupled with éesyof extreme risk assessment which

is admirable.
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It is further recorded that “Most of the collieriashieved dust levels of below 5md/ma
standard set by the DME guidelines. Machines wdlrditeed with the latest spray
systems and scrubbers. Some mines used a colomgcegstem for the scrubber filters,
each team equipped with its own screen. It mustevewbe stated that the coal in most
mines visited generated little dust and this mayaldenction of relative coal hardness.

Generally the softer the coal the more dust isassd” (Scheepers et al, 2000).

10.7 Morale

The project team reports that “Probably the mditwlt aspect to measure and define is morale. It
was not the intention to measure the morale onnthrees visited, but rather to identify
practices as used by the various mines to keeertigoyees content.

Khutala claimed to have had a production increasennthe work week was reduced to a
five day, two shift operation. The shift hours wexlso changed in consultation with
employees to accommodate their needs. Their emgdoyavel about 50km to work from
Witbank. Another improvement is the fact that mestkers are settled in Witbank with
their families — and the mine claims this createbifity. They have only seven migrant
workers on the mine. The bonus system caters fpmpat into a pool from which all
those who contribute share equally - the miner amidans get the same amount as the
operators.

The "coal recovery system" at Matla is regarded aontributor to employee morale.
This system allows for production over weekendswiite mine contributing on a rand
per tonne basis. The people that produce the ¢eakxqually in the money that is paid
into the pool.

At Goedehoop the section crew is given a shoppogher of R150 when they produce
50m per shift twice per week. They are also rewdrdden they produce more than
70,000tpm. This is also the case when they achieie monthly target.

At Gloria containers were changed into "waitinggalsl' on surface where the team
gathers daily to discuss topical issues. The mwaseer and shift overseer is then also
close by to assist to resolve problems that maseari

In some cases there is not even a notice boardgmdmd to keep employees informed
on the progress against their target etc.

To summarise, very little is done to really keep #mployees content, over and above

the aspects mentioned, though no discontent wasnadxs or mentioned. If one looks at
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the performance of the mines and take into conatier that they were some of the best

performers in industry, the morale must have besisfactory. This is not necessarily
true” (Scheepers et al, 2000).

As people we need to feel that we contribute, Watmake a difference, and that we are

of value to those we are involved with or to oumpanies. We need to find dignity and

worth in our endeavours. If we do, this will motigais and boost our morale making us

feel good about our purpose and ourselves. Managienezds to tap and nurture this

emotion in people to the benefit of the people taredcompany.

10.8

1

2)
3)
4)
5)
6)
7

8)

Conclusion

A system identified by a world class achiever, colst Quality; Cost; Delivery;

Safety; and Morale, as measuring instruments fdiopeance.

Tonnes per pick range between 24 and 90.

Tonnes per shift range from 2,000 to 631.

Section complements per shift vary from 8 to 25.

Pithead costs vary from R98/t to R48/t.

Softer coals will generate more dust than hardafsco

More work needs to be done to promote understandimd) quantifying the

impact of these issues on production.

QCDSM is not the forté of one company or organisatbut a continuous
improvement strategy that has specific key perforweaindicators all very
important to the success of the coal production aediuct operation. In a way

the product is manufactured.
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11 CRITICAL ‘SOFT’ OBJECTIVES TO
ENHANCE PRODUCTIVITY

In Chapter 10 the research considered the perfarenstatistics that are evident at South
Africa’s best performing operations and analysedgomances in line with a continuous
improvement perspective termed QCDSM (quality, sodelivery, safety and morale)
(Scheepers et al, 2000).

Research is conducted from the perspective oftthenty keys’ to improve production
systems and is expanded on in Section 11.14. Buessare very much part of the ‘soft
systems’ domain. This researcher is convinced tthatevidence that soft issues have a
significant impact on better performers and wotliss producers. It makes the difference
when hard or physical systems competitive. Thasaes coupled with the choice of
effective mining and design criteria impact strgngh the ability to perform better.

“There are a number of reasons why certain opersittn better than others. To define
these is however very difficult and is sometimdsd@aanswered. In order to address this
issue in a more formal manner, the following cigewill be used to evaluate the
performance of the respective operations. Dataectdin and interpretation was
complemented through personal communication ancrtepf line managers in the Sasol
Mining team namely Jordaan, Scheepers, Steynbeiprdndt and Streuders and mine
managers of collieries benchmarked, namely Khutdkt|a, Douglas, Forzando, Gloria,
Goodehoop, Bank, Arnot, Phoenix, Brandspruit, Bessjruit, Middelbult, Twistdraai
and Syferfontein” (Scheepers et al, 2000). Thes®fa are seen as standard operation
procedures and will assist in the efficient opemf a production section and impact on
the delivery and safety of the operation. This egoently impacts on costs and on
morale. A description of each of these factorsofei, which would place into

perspective why these are important factors to awpoperations:

11.1  Get to the Working Place Quickly

The project team identified that “Most mines adlete this aspect by getting people to
the sections quickly. Initiatives observed includeging non-flameproof light delivery
vehicles, maintaining excellent road conditiondngssatellite shafts (reduce travelling
distance to each section). There were however maiits poor road conditions (Arnot

and Douglas) and mines still using tractor anderdo get the crew to the workplace.
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One of the mines studied did not make use of namdiproof vehicles” (NFPV)
(Scheepers et al, 2000).

Table 11-1 Transport options of better producing miffieom Scheepers et al, 2000)
Mine Road Transport used Satellite Shaft
Sasol Good NFP V Yes
Khutala Good NFPV No
Matla Good NFPV for 3 mines make up the
Supervisors Matla complex
Crew transport by man
carriel
Douglas Poor NFPV Yes
Forzando  Good NFPV No — close
Gloria Good MPV Yes
Goedehoop Very good NFPV Yes
Dyna busses
Bank Good Dyna busses Yes
Arnot Poor NFPV Yes
Phoenix Average Tractor / trailer Yes

11.2  Inspections Done Quickly

“Most of the mines claimed to start production sadter the beginning of the shift. Some
mines used telemetric systems. Others used tel@preporting” (Scheepers et al, 2000).
Scheepers et al (2000) found that “In most of thees the crew does not take part in the
initial examination. This task is still left to thminer and the safety representative to
perform, while the crew waits in the waiting place”

Mines that do not work during the off shift usece theginning of shift to lubricate
machines. In one case the section was on stomfboar at the beginning of every shift
to check and fill oil levels, etc. In the experienaf this researcher mines often display
better production levels when they operate a 2 siftem with effective utilisation of
the off shift as opposed to those on a 3 shiftaycl
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11.3 Leave Section in Good Condition at the End of a Shi

Scheepers et al (2000) reports “No real actionevebserved to leave the sections in a
state to reduce the start-up time for the followsfdft. The time for start-up after the

change of shift was however normal (long) - in maastes around lhour”.

11.4 Reduce Cable Handling Time

“Cable suspension in most sections visited wasnofeceptable standard. Continuous
miner cables were suspended up to the last throoegh from where it was lying on the
floor up to the continuous miner. No exceptionableawork was observed, except at
Matla where the cable-bridge is built before movthg continuous miner assisting the

quick tramming of the machine” Scheepers et al (200

11.5 Minimise Tramming and Manoeuvring

Scheepers et al (2000) found that “Cutting sequemee similar. Some mines only cut
12m lifts before bolting resulting in additionahinming. Owing to varying pillar centres
those that were shallower had smaller pillar centred hence mined shorter distances
before traming. This impacted on production if tilistance was sub-optimal. The battery
haulers at Khutala proved to be very successful thi¢ direction of travel of the cars one
way to form a loop as they are unrestricted byitigiicable routing. The time for backing
up behind the continuous miner was minimal withyvéittle time lost during this
operation. It is imperative that the coal winningtuemain in the face, cutting coal, for
as many minutes as is possible. When it moves ildvaeed to do so in the quickest
possible time to enable the continuation of coalniig. Layouts and cycles should be
designed to ensure that the traming is minimisdk fiestrictions are often due to CM

cable length and cut-out distance before suppost inel installed.

11.6 Maintain a Fast Cutting Cycle

Time studies showed the times for filling of sheittihrs were acceptable - in the region of
one minute per load (1lmin/car, 16 tonnes). Studiesnotion and activity sampling

processes indicated that it took approximately hutd per load of 16 tonne to fill a

11-3



shuttle car. Arnot recorded a statistic where inaie instances it took 90 seconds to fill a
shuttle car owing to hard and therefore slowerimgttonditions.

Scheepers et al report that “At Goedehoop the goatis miner operator sumped in at a
height that was just enough to fill the shuttle wdth one shear down. Whilst the cars
were changing, the operator would lift the head smehp in while waiting for the next

car. The coal left against the roof due to this watsoff after every 7m”.

11.7 Change Picks Quickly

While the picks are being changed the operationinhing coal is stopped it is therefore

important that picks are changed without delayiroetwastage.

11.8 Prevent Shuttle Car Cable Damages

This happens where other production units tramipéeshuttle car cable. This inevitably
causes shorting and the consequent breakdown.t lomyg disrupts production but is
costly as the cables need to be repaired or reghlace

Scheepers et al (2000) states “Some mines claihregdthis was also a major cause of
downtime. All the mines however adhered to goodciira for protecting shuttle car
cable damage. All shuttle car cables were anchatetle feeder breaker, at the sheave
wheel height. The mines used tyres to anchor thkesavith an eyebolt from the ribside.
Arnot and Gloria were very strict regarding the dage of cables. A full incident
investigation followed after a damaged cable inctdeith disciplinary action against the
driver in the case of negligence. Other mines weteas severe.

The smaller pillar centres allowed the cables t@abehored at the tip at all times while
the shuttle car would reach the furthest pointhia section. Belt extensions were done

after two pillars were fully developed and the tigh road (split) holed through”.

11.9 Decrease Shuttle Car Change-Out Times

Smaller pillar centres allowed cars to change clésethe continuous miner. It is also
known that Sections operated with three cars msenohithe time the continuous miner
would wait for a car known as change-out time. $enalentres normally imply shorter

change out distances and hence change-out time.
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The battery haulers at Khutala allowed for quickmie-out behind the CM. The haulers
would follow a circular route, which required ontyinimal reversing up to the CM.
The longer a CM waits for batch haulage units therencutting time is likely to be

reduced.

11.10 Support Roof Safely

All roof support was of good standard. Bolt lengilze and support pattern varied from
mine to mine as conditions change. The supportliest by most mines was similar.
Some mines used mechanical anchored bolts. Itsisnéial that safe roof conditions are
secured as an incident will cause major producttoppage. The result of a fatality

experienced to a roof fall has an immeasurabldeipffect on costs and morale.

11.11 Extend Infrastructure Every Two Pillars

Scheepers et al (2000) reports that “The minesedsill adhered to this practice. Some
mines did the belt extension in shift and still gwoed well during that shift. Belt
extension time of 1.5 hours was mentioned in soases.

Mines that had little methane (flammable gas,C&hd small pillar centres, did not use
auxiliary fans and had much less cable work toldadhese cases scoop brattices were
used to ventilate headings. The extensions were dgreither making use of contractors,

or by own employees”.

Table 11-2 Belt extension data (from Scheepers @080)
Mine Belt Time taken When Actions
Sasol 2 Various Off shift
Khutala 3 2 In shift No fans - little cable
Matla 2 15 In shift
Douglas
Forzando 1 1 In shift
Gloria
Goedehoop 2 2 In shift
Bank In shift
Arnot 2 3 In shift Use checklist for
Phoenix 2 2 In shift

11-5



11.12 Do as Much as Possible During the Off Shift

Some mines do belt extensions and maintenancegdtirenday shift. Some of the other
mines also followed this principle. In a few casles maintenance and belt extensions
were done during the off shift.

This is often the topic of considerable debate wligsign teams as to the relative merits
of two shift versus three shift systems. The highapital equipment utilisation is
favoured and requires a three shift system but emrently the maintenance and
infrastructure extension processes require shifetiOften mines on the two shift cycle
use the late shift which is not scheduled for ndrpraduction to enable maintenance,
infrastructure extensions and relocations and éooaly also use the time to make up

additional production when they have fallen shartleeir supply quota.

Table 11-3 Off-shift activity (from Scheepers et &0Q)
Mine Off Shift work Detalil
done
Sasol Yes Belt extensions / maintenance / prepefati next shift
Khutala No
Matla Yes Maintenance
Douglas
Forzando No
Gloria Yes Maintenance
Goedehoop No off-shift
Bank No off-shift
Arnot No off-shift
Phoenix

11.13 Apply Effective and Communicated Standard Operating
Procedures

The 12 SOP's identified in the forgoing sectionslitb 11.12 used by Sasol Coal
(Scheepers et al, 2000) is also evident on thesniisited. Taking into consideration that
these are the best performers in industry, we certlade that adherence to the SOPs
contribute positively to good performance. The neednforce these is thus an important

aspect. Note that some of the better performingemimad no activities performed during
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the off shift. It is essential to have well docurreghand communicated SOPs for efficient
and effective performance.

This research has considered the impact of Six &ignd Crosby Quality on the mining
environment however a soft regime that has a strpoggntial to improve mining

efficiencies (Kobayashi 20 Keys) is discussed anftiilowing section:

11.14 Apply the Kobayashi 20 Keys

As this researcher considers the significance oficoous improvement processes to the
mining production cycle, it is observed that maspects of this philosophy have been
attempted by various operations, one identifiedSloheepers et al (2000), includes the
Twenty Keys (20 Keys).

Iwao Kobayashi is the creator of the well knownkays. “It was found that companies
that lead the world in respective markets do sanigyroving more than one thing at a
time, and by doing it over the long term. These panies recognise the importance of
synergy between the different improvement efforid ¢he need for commitment at all
levels of the company to achieve total, system witggrovement” (Kobayashi, 1995).
“The 20 Keys approach is a way for companies td laothe health of operations and to
systematically upgrade it, through 20 different ierrelated aspects - all of which are
addressed at once. This may sound like an impessiblount of work. In reality,
however, it is much more important to improve imsemtally and simultaneously in all
areas that support a world class operation thampoove a single key area, only to fall
short, when realising that a critical supportingteyn is not in place” (Scheepers et al,
2000).

The 20 Keys are important factors that support @yalost and Delivery.

The scope of the Benchmark was not to evaluatevdéineus mines on performance in
each of the 20 Key areas to a five point scaleréthier to use the 20 Keys as a guideline
to identify those areas that will contribute susfelly to better performance. In most
cases the reference to the keys were modifieditaceal mining per say since the keys
were originally developed for manufacturing operasi.

The research endeavoured to identify and quantiéyapplication of these concepts in the

coal mining industry (Scheepers et al, 2000).
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11.14.1 Cleaning and organising

“This key is very important. It is an issue in ey@vorkplace. The implementation of this
aspect must be such that the mine or section vétl fgll scores during surprise
inspections” (Scheepers et al, 2000). Cleaning agdnising allow for problems to be
identified once dirt and unnecessary items are vexhoThe good housekeeping concept
is not a new concept but not always effectively lengented or discipline falls short
(Kobayashi, 1995).

Scheepers et al (2000) concludes “The mines visitext all very good at cleaning and
organising. Sections were neat and good housekggpictices were followed. Very
little effort was made to suspend continuous micedsles, these were left lying on the
floor but away from machines that could damagé&dctions were swept clean of duff.
All the mines had clean back areas and most miadseliher scoops in the sections or a
dedicated LHD.

The section at Matla was however the most impressinv this point. Housekeeping
standards were very high, and the assurance waa fiat it was a culture throughout the

mine without any formal procedure to ensure suahdsrds”.

11.14.2 Rationalising the system: Management by Objectives

This aspect refers to the convergence of top-dawhbettom-up management for a more
rational organisation. In the rapid changing envinent, we need to be able to adapt and
change direction quickly. This is normally achievsdusing a top down approach. It is
however not enough as people on the floor mayléebut and resist implementation of
new ideas and plans. Goals are more attainable e¥v®nyone owns them and helps each
other to reach them. Only through a co-operativevetgence of top-down and bottom-
up decision-making can an organisation become tadlgptive to change (Kobayashi,
1995).

“One would expect to find the good producing mitedave systems in place whereby
the production crews are informed fully about tésgand actual performance on a
continuous basis. One would also expect to findinkelvement of these workers in the
management and running of the operations. Thisheagver not experienced. In fact in
most of the cases the sections had a notice boéhdwery little or no information
conveyed to the crew about their performance. Tds Standard observed was in a Sasol
Coal waiting place” (Scheepers et al, 2000).
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There was also no evidence of close involvemerthefhigher management team with

the workers, like communication sessions and woirkeslvement.

11.14.3 Continuous improvement team activities

Kobayashi stated, “This aspect reflects the impaeaof workplace morale through team
activities which support company goals. Team aidisi are important in improving

manufacturing quality. The invigoration of workpéaenorale through team activities
creates a competitive strength quite different fribve strength gained through effective
management of objectives. Improvement teams condpoké&ontline workers use their

hands-on expertise to set appropriate targetsietwith the work environment, human
relation's issues, and other issues. Teams neewot& on issues that matter to
management as well as their own jobs” (Kobayast85).

Evidence of these activities was found in formafuctures and the Continuous
Improvement philosophy has been adopted by mostatgs.

11.14.4 Reducing inventory and shortening lead time

Kobayashi reported, “This is the most importantezsmf managing short-term orders
that contain a wide variety of product specificaioShortening the lead time at all stages
from processing orders to product development,gesproduction, and shipment is
certain to boost customer satisfaction. The fastegtto identify waste is to eliminate the
overproduction that gives rise to other types obtwaVarious factors can be evaluated
under this aspect” (Kobayashi, 1995).

“The time it takes to get spares and equipmertieécsections has a direct influence on the
production process and is far less for the minesimgi multiple seams like Matla and
Khutala (a function of geographic expansion raféle other mines visited were also not
mining such a wide geographic area as was notic8eéeunda (Sasol).

The policy on keeping spares on the mine and irséotions also varied. At Forzando not
even a cutter motor is kept on the mine. Big conepbs are ordered from Joy. Arnot
keep most but do not have a cutter gear case. édtws board the mines had the
minimum amount of spares in the sections. The macgsones were kept in compact
spares boxes underground. This was quite diffefrem the long line of boxes full of

spares that one finds in a section at Sasol” Sesegt al (2000).
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11.14.5 Quick changeover technology

“Quick changeover is an essential part of any pctidn system that wants to adapt
promptly to change. Companies must also carry batderical counterpart of quick
changeover - "single file" retrieval (where anyaran find any file within one minute)
electronically” (Kobayashi, 1995) as reference&aheepers et al, (2000).

“The "hot seat change" is a topic well known amarigese in the mining industry. Not
one of the operations visited did a proper hot shahge - changing on the machines. In
some instances the shift times were such thadihdt allow for it and the crews changed
at shaft bottom or top.

An aspect that is very time consuming is the trangyof the continuous miner to the
next face. This is due to the cable re-routing smsbension that has to be done, rather
than the speed at which the miner can tram. At Métke "cable bridge" across the
roadway is built before the machine is trammedsitliows for tramming the machine to
the next face in a very short time.

Change-out points of the shuttle cars also playmgortant role in the time not accounted
for during the production cycle. Khutala manageddduce this time considerably by
using the battery haulers and a unique circle thayel in, which require only backing up
against the miner once the first car leaves.

Time wasted on belt extensions was minimal on tiemthat did do it during the shift.
A duration of 1.5 hours per two pillar extensionsnaentioned. The section that used
scoop brattices and no auxiliary fans they theeefad less cable work to do. At Sasol
some belt extensions still take the whole nightt stithout allowing an early start on the
day shift” Scheepers et al (2000).

11.14.6 Manufacturing value analysis (methods improvement)

Kobayashi (1995) describes this as improvementedace motion, increase human and
mechanical efficiency, and establish better methods

Although individual improvement suggestions areoadjthing, a plant wide approach to
devising and implementing improvements in methogigelds even greater results.
Manufacturing value analysis (MVA) analyses thections of individual manufacturing
steps or motions and analyses whether they adc valthe product. Any motion that
does not add value to the product is consideredaste and should be eliminated. No

formal activity such as this could be found at ahyhe mines.
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11.14.7 Zero monitor manufacturing / production

Kobayashi argued, “The drive is for zero defectsl aero monitoring work is done
remotely through automation. Continuous unassisatbmation involves not only
processing work pieces but also feeding them ineiracting them. In a wide-variety,
small-lot production system, automation is furtkemplicated by the need for frequent
changeovers. However, it is relatively easy to matie a one-cycle process. In fact, one-
cycle automation is a prerequisite for establishingeliable system of multi process
handling (one operator handling several machineprocesses). When the operator
leaves one machine to start working at anotherpthehine left behind must be able to
operate without monitoring until the next cycle"dbayashi, 1995).

Applicable here is the capital expenditure on systéo reduce labour, but which does
not operate without someone monitoring it. Hereemefice is to belt drives and feeder
breakers.

Most of the mines visited performed-well on thipest. Sections feeder breakers were
automated and drive heads were without attend&atisie mines still use people to man

feeders and belt drives.

11.14.8 Coupled manufacturing / production

Tearing down organisational walls to allow goodsl anformation to flow laterally
through the company is likely to uncover problemd abstacles. Production lines should
set up "stores" between processes so that thetopéram the following process "goes
shopping" there for inventory items. Everyone nae# the next process as the customer.
Each process must provide quality products in #m&rdd amounts to their store so their
next-process customer can get exactly what is meedgt as described by Kobayashi
(1995).

“In this context considering the range of actist&s found on a colliery, each one being
the input into the next. Applicable here is for exde the condition that an earlier
production shift would leave the section in for thervices personnel to take over the
section. A typical example will be the cutting bétfloor by production personnel, which
in turn will become the input for the road buildiogerations. Poor floor cutting result in
excessive cost to build roads. On most mines thetsire was as such that incidents as
mentioned above were eliminated because the peesponsible for the cause of the
problem, was also responsible for the solution, thg mine overseer responsible for

production also had to build roads in a specifeaé(Scheepers et al 2000).
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11.14.9 Maintaining machines and equipment

To assist in eliminating the three evils, contartiorg inadequate lubrication, and miss
operation (misuse), all role players must be ingdlvthe objective to reduce breakdowns.
“The practice of preventative maintenance must heetstood to enable support to the
maintenance efforts in identifying and fixing mirnoblems in critical equipment before
breakdowns are caused” (Kobayashi, 1995).

Maintenance cost is one of the major expenditurearty mine. Good maintenance can
contribute positively to profit which offsets casts

“The maintenance done varied from mine to mine. &omines maintained their
equipment once a month, whilst others did it orwa tveekly basis. The mines with
softer cutting conditions were more likely to dedemaintenance, and they also managed
to get higher tonnages from their continuous mineefore it became necessary to
overhaul it.

The maintenance was done by either dedicated nmainte crews or by section artisans.
Maintenance was done during either the night shift a lot of cases the day shift.

Most mines used fitters and electricians compace&dsol who made use of electro-
mechanics.

The mines used preventative maintenance schedutis maintenance, but in some cases

without control of the schedules” (Scheepers €2@(00).

11.14.10 Time control and commitment

Kobayashi (1995) states, “No matter what policie®ampany establishes and implements
in pursuit of stronger manufacturing quality anghw@r productivity, the result will be
disappointing unless the company also has thorgugiplemented time control policies.
By the same token, policies that are establishedhbiuienforced will not be improved by
any amount of revision. Time policies should reflégee firm intentions of managers and
supervisors and should be positively supported roptfine workers. This key is the
hardest to implement, because it deals with agguds much as it does with policies”
(Kobayashi, 1995).

“Some mines used electronic time recording deviv@sually none used the time sheet
method. At Khutala every person, from the Generan&gier down, is issued with an
electronic card which is used for entry to the mithe lamp room etc. By this method, it

is possible to track the movement of every persothe mine” (Scheepers et al, 2000).
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11.14.11 Quality assurance system

Quality assurance (QA) improvements require pragimesnany areas, including reducing
equipment breakdowns, improving changeover speedreliability. Many companies
depend on inspection as the cornerstone of QA. é8an the best inspection won't
prevent the production of defective goods. On tbetrary, a strong inspection system
fosters complacency, leading to greater defectymtioh.

“Building an effective QA system brings up varidasues and shifts in emphasis, such as
the change from defect discovery to defect prewentor from work that is defect-free
even when the operator is not paying attention"#ashi, 1995).

“On this issue one must mention the successfulrobof coal quality by those mines
involved in the export market, or in cases wheedbam was mined selectively making
use of markers. These mines developed unique metiooginsure that only the coal they
required was mined with minimal contamination. Gohimeasures included drilling into
roof and floor to determine roof and floor coalctriess, to supply miners with plans
indicating detail of the coal seam so that they faty informed. The measuring of
contamination by miners was another method usecerisure good coal quality”
Scheepers et al (2000).

11.14.12 Developing suppliers

“There is a saying in Japan that the supplier iieflection of the purchaser - looking at
the supplier will reveal much about the companyngeiupplied. Co-operation between a
manufacturer and its suppliers has an importantaghpn the manufacturer’s quality,
cost, and delivery.

The idea that supplier relationships are not singaies transactions and recognise the
wisdom of providing technical assistance to helppdiers improve their technology and
manufacturing quality is fostered” stated by (Kohslyi, 1995).

“The relationship with major suppliers varied frgood to bad. Some mines involved the
major OEMs like Joy for all aspects. Others madeafshe OEM to the minimum.

At Matla most of the reconditioning work is donetheir own central workshops. The
work they do is of outstanding quality to the poittat some mines considered
conditioning continuous miners at Matla.

Anglo Coal's central workshops also do work simitathat as done by Matla, but for the

group as a whole.
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Gloria moved over onto a full maintenance contraith Joy, with great success. Mines
realise that there must be advantages to have @ gwoperation and working agreement
with major suppliers, and that some have considei@dg just that” (Scheepers et al,
2000).

11.14.13 Eliminating waste (treasure map)

Kobayashi maintained, “All operations that do ndtl aalue are waste. A "treasure map"
approach can make it enjoyable to hunt for wastely @vork that adds value to the
product is productive work. No matter how difficolt tiring an activity, if it does not add
value, it does not get paid for and is waste. Usirigeasure map" is an excellent way to
help everyone understand what waste is and leawn th identify operations that can be
improved and set up a map-style chart indicatingerit conditions around the plant and
improvement goals” (Kobayashi, 1995).

“Most mines visited made things seem so easy, adraplicated. Structures were flat,
paperwork seemed to be non-existent and meetingsome cases limited to the
minimum. In the section the miner could focus oming coal, and did not have lists of
reports that he had to complete. The impressiongmtevas that every man focused on
those aspects that added value and that the attebeviant issues were eliminated”
(Scheepers et al, 2000).

11.14.14 Empowering workers to make improvements

“It is a basic principle that all improvements shibbe devised and implemented by
employees themselves; improvements made by othertess likely to meet employee

needs. This means that workers must be empowerddvise and implement their own

custom made improvements” stated by Kobayashi (1995

“Judging the extent of empowerment down to flooreleis not easy. What was evident
however, was the level of empowerment that tookelasigher up the hierarchy.

It was evident on virtually all the mines that em@es did what was expected of them.
Reporting systems were such that the mine ovenseatd report directly to the mine

manager in most cases” (Scheepers et al 2000).
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11.14.15 Skill, versatility and cross-training

“In many operations the unexpected absence of @ren employee can cause line
stoppages and other serious problems. The orgemahtchanges required by the 20
Keys approach require operations to be flexiblexigllity is not possible without skill
versatility, this means learning the skills of war$ different job classifications. A skill-
training program is needed to enable this. Emplsysieould be rotated to different
assignments that use different skills. Employeestrhave a good grasp of the needed
skills before moving them into new positions” Kolaii (1995).

“Most of the mines visited made use of multi skdlieperators. The number of employees
involved in a production section was the minimum.

To keep mining operations uninterrupted during qmsi of absenteeism, it becomes
necessary to have multi skilled operators thatagerate any equipment. This allows for

budgeting for the minimum number of people in aiset Scheepers et al (2000).

11.14.16 Production scheduling

“This is a management method for ensuring that g@dl/or information are provided to

customers on time. For this to be possible, eadtgss should be responsible for
delivering on time to the next process. Each pmdeslso evaluated on how much it
contributes towards on-schedule delivery. This @ple applies to administrative and

staff processes as well” (Kobayashi, 1995).

Scheepers et al (2000) report “The mines whereriidelle management was responsible
for both the production and the services performvetl on this issue. The planning and
co-ordination of activities that affect the procésstotal could be done by the same
person without going through a long route of retgmieshis person also knew that his
failure to do one task would hamper his own operalater on. A typical example here is

the preparation of an area before moving a seobidfi.

11.14.17 Efficiency control

Kobayashi (1995) argues “No matter how many intergsideas are presented for
improving operation productivity, employees are hie¢ly to get behind any idea that
does not support and recognise their own contebsti (Kobayashi, 1995). Operations
need to develop efficiency control systems thatuar@erstood and supported by frontline
workers as well as managers. Graphs that dispfajesfcy changes will show everyone
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what the effect of their efficiency improvementg.aHigh-motivation efficiency control
must be carried out with careful consideration tgporting and rewarding each
employee’s effort. Frontline employees need to thet their supervisors are concerned
about making improvements.

“The standard of systems in place to improve edficy at Sasol is strong. This was not
noticeable everywhere. Notice boards that havesigaly improvement targets and actual
improvements were in some case non-existent onr atliees. This must result in
workers not really knowing the current situationwdrere to go in future.” (Scheepers et
al, 2000).

A high regard for this aspect and an exceptionalmgde was noticed at Debswana’s
Marupule Colliery in Botswana.

11.14.18 Using information systems

“The range of microprocessor applications continwewiden as new sensor and image-
processing technologies are applied in productiguipenent. Most manufacturing
companies are already using various types of eqeiprim office automation (OA) and
factory automation (FA) applications. More ambisazompanies use point of production
(POP) information management, computer integratadufacturing (CIM), and strategic
information system (SIS) technologies to co-ordinaand integrate information
processing and management throughout the operat@mpany, or regional group of
companies” (Kobayashi, 1995).

To make any manufacturing system work, you needontyt good computers but good
employees who can adapt to changes. This humaiorfaehds to be the biggest
bottleneck when developing a CIM system or sometkimilar.

“The mines visited performed at an average levettos aspect. Computer technology
was used to control mine infrastructure from cantomms, a very standard practice on
all mines.

At Khutala the ABM30 sections and machines were itooed in detail from surface.
One could see any action the machine performedhegeith data on machine status on
the surface computer. Information technology wasdus keep track of lamp issuing and
time control for every person on the mine.

Systems were however uncomplicated on most mingsstill effective. As one mine

overseer stated: “you can throw your section mingdter a lot of reports that he must
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complete, and he will just neglect doing somethingg may just be the production of

coal” Scheepers et al (2000).

11.14.19 Conserving energy and materials

This has become a major concern. Mines currentlggdee the need to save energy
Coaltech as a research association has also foausetis problem and encouraged
projects that focus on energy saving measures.anisgver often lies in power factor
correction and variable speed conveyors, coupléd mwhewable energy inputs such as
solar voltaic cells. The Eskom crises experienagihd 1998 in South Africa has made
operations realise that the power supply is fragile

The project team identified that “People often tailrecognise the many energy-saving
opportunities that surround them. Companies sheal&t company-wide employee co-
operation in making incremental improvements inrgpeand material conservation. A
first step is to quantify and report costs to engid® the importance of conservation”
Scheepers et al (2000).

Once the company has launched an energy/materialsservation campaign,
improvement teams can focus their activities os theme by making energy or material
saving improvements. Improvements made by the wmthen be expanded as concrete
conservation measures for the entire operation éi¢abhi, 1995).

“No evidence on this aspect was observed other tbparted power factor correction
installations. With the current Eskom crisis thssviery important and has impacted on
southern African mines and will continue to do sdditure.

Power costs are also set to inflate at rates @ B@&. in the intermediate term. Mines and
companies are forced in certain instances to genérair own power. This is common in
Australia where methane is routed to gas turbimestiis purpose” (Scheepers et al
2000).

11.14.20 Leading technology and site technology

Kobayashi (1995) “It is the set of skills, knowleggand devices that the people in the
company acquire as they develop their processés.ah intangible asset that does not
necessarily increase when new equipment is intedluRather, it is what enables a
company to function strategically and ensures cditiveness by making best use of new

equipment in a short time” (Kobayashi, 1995).
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Site technology rests with the people who develapetherefore it is also important to
have a system for transferring site technologyewer workers while encouraging each
new generation of workers to add its own improvetsien

“Technology observed was similar on most mineghls regard one thinks of the stable
workforce as found at most mines e.g. Khutala amatld/ These crews have been
working together for a long time and have developgstems and informal methods to
achieve results. This is the case for mines likelddlbult and Brandspruit too. The
results of these mines show that the culture thatlieen established over years play an
important role in entrenching those practices #metble superior performance” Scheepers
et al, 2000).

The 20 keys and the previously discussed SOPs antinaous improvement control
criteria of QCDSM are not exhaustive in criticaftsgsues but may need to be used in

conjunction with other issues which follow.

11.15 Systems Thinking

11.15.1 Value chain analysis

Michael Porter (Jackson, 2004) introduced a genetige chain model that comprises a
sequence of activities found to be common to a watge of firms. Porter identified
primary and support activities as shown in the diag(Figure 11-1). This is an approach
to analysis. It is a modern scientific approachppsed by Michael C Jackson in his work
on Systems Thinking. This applies systems appr@&atbemanagement problems and
classifies alternative holistic perspectives in bamtion (Jackson, 2004).

“The Systems approach should result in

1) Improving goal seeking and viability.

2) Exploring purposes.

3) Ensuring fairness.

4) Promoting diversity.

These approaches involve:

1) Hard systems thinking.

2) System dynamics (the 5th Discipline).

3) Organisational Cybernetics.

4) Complexity theory.

5) Strategic assumption surfacing and testing (kdesumptions).
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6)

Interactive planning.

7) Soft systems methodology.

8) Critical system heuristics.

9) Team Syntegrity.

10) Post-modern systems thinking” (Jackson, 2004).

Value Chain Analysis Model

Figure 11-1 Michael Porter's Value Chain System (afterkson, 2004)

11.16 Conclusion

1)

2)

3)
4)

5)

All mines will find the necessity to measure aviailidy and utilisation of mining
plant and systems. These controls will require dbeounting of minutes in the
production process e.g., targeting cutting time28d or 350 minutes per shift in the
8 hour or 9 hour shift time available. This willtriee achieved if the ‘soft issues’ of
Systems Thinking are not implemented.

SOPs dealing with QCDSM, quality, costs, delivasgfety and morale are paramount
in ensuring objectives are met.

The Kobayashi 20 Keys are important to ensure ingmreent in performance.

These are referred to as soft systems thinking@sdncepts are not always tangible
and are implemented cognitively.

More work needs to be done to promote understaratiagguantifying the impact of

these issues on production.
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12 BENCHMARK DATA

All mines will find the necessity to measure avhilidy and utilisation of mining plant
and systems. These controls will require the acogrof minutes in the production
process. Targeting cutting times of 280 or 350 rm&swer shift in the 8 hour or 9 hour
shift time available is essential if productivitiase to approach the 2Mtpa target. It is
apparent that the 1Mtpa level is still very elusilteis apparent to this researcher that
industry best practice (IBP) for cutting time ishonf the order of 220 minutes per shift
and 180 minutes per shift for different shift dizas. The best performing longwall face
recorded is situated in NSW Australia deliveringarcess of 5.5Mtpa and averages
460,000tpm it delivered 7.5Mt in the 2007 productigear. This is Beltana Colliery
which operates a highwall entry mine. The definpagameters are powerful equipment
applied in wide faces (300, and 400 to 500m) ofroak panel length (3,000m). The lean
and mobile or portable format of this operation viery effective. The manpower
complement is also kept very lean. Fewer minescareently applying pillar extraction
techniques and where wall mining conditions ardable; wall mining is the preferred
method although it remains capital intensive. Deptfloor and required high extraction
rates remain the main drivers.

Pillar extraction methods have followed from the\pously widely applied Rib-pillar
(RPE) or Wongawilli methods. Productivity levels dot show significant improvement
on partial extraction methods. Rib-pillar has l@stour in South Africa but the derivative
(Wongawilli) is preferred in Australia when secongdagillar extraction occurs.

The better performers found in South Africa involttee NEVID method of pillar
extraction (it is in reality a partial pillar extifon process) as this provides a means of
managing horizontal stress found in the mining emnent and allows pillar extraction
above 3.5m mining height with 4.5m actually perfednin South Africa. Horizontal
stress is however not fully understood in collisrad further research is needed in this
area. Modifications arise were smaller and oldbansi need to be extracted. The methods
do not fully recover all coal and partial pillarteaction has become the trend. Gerike has
proposed a sequence for extracting small pillaerig@, 2003) and is similar to the pillar
extraction method at Arthur Taylor colliery whichagvpublished in Lind (2004). Refer
Chapter 9.

Pillar extraction methods have evolved to derivegivwf pocket and fender mining with
the leaving of snooks (small remnants of reducedddes) as common practice.

Continuous miners are the preferred tool in thisreise.
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Partial extraction or bord and pillar mining islistavoured as it is believed to offer less
risk. It offers competitive productivity levels, thi reduced subsidence, if any. Wall
mines will still apply this method in remnants tl@nnot accommodate suitable wall
panels or where blocks are significantly disturbidrtial extraction or bord and pillar

mining is further necessary in primary and secondvelopments. Continuous miners
are preferred with conventional (blasting and meat® loading) systems few and far
between.

Linear panel layouts are finding increased favauidamonstrated in Magatar methods.
The advantage accrues by placing narrow roadwaydose proximity and parallel to

each other, with no use of support in the roadwHys,splits are generally cut forming

diagonal pillars in certain layouts. (Venter, Peacommunication, 2009)

Magatar Layout for CM &CH

Figurel2-1 Magatar layout with CM and CH in chadad (after Venter, 2009)

The coal moving system behind the continuous nmimepen to much debate. Continuous
haulages offer the greatest productivity levels their application is less flexible. The

best recorded performance is 160,000tpm at Syfagiiofout it is noted that this is a long

standing statistic. The average is of the regioB®QO00tpm. Sandvick, the Voest Alpine
agent in South Africa, maintain that the ABM30 ndelivers 110,000 to 130,000tpm

regularly. They maintain a control room in Delmagere production reports are

centralised via LAN (Sandvick, 2009).
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Shuttle cars (batch haulers) of the battery powerdtailing cable variety offer different
levels of flexibility in panel design but have cabiand operating cost constraints. Diesel
impacts significantly on the underground environtmamd air quality. Better producing
sections are equipped with large capacity units)(@0d generally a minimum of three
units are needed per CM. The free-flowing batmowered units appear more productive
than the cable reel equipped systems.

Operators generally apply 10 or 17shifts/week cyde two or three shift systems. Best
performers deliver of the order of 80,000 to 100tpéh from a CM section. The average

deliveries are lower at 65,000tpm.

12.1  The 1Mtpa Production Target From One CM

The desired production level of 2Mtpa for a prodgcsection is in many conditions a
significant if not an unattainable challenge. Répdrave come out of China that CM
faces have regularly produced at this rate. Thdiagijn of risk control measures and
the climate of regulation pose the questions agdality of such practice in Australia,
USA and southern Africa.

The target of 1Mtpa, in these risk constrained d¢mts, of operators, whom have as yet
not been able to attain zero harm environments|ss elusive to many under current
mining scenarios. Delivery of 1Mtpa consistentlyhs forté of only a few.

Anglo Coal has made available data they have m@ut@nd which is presented in
Figure 12.2. The seven sections whose bars areritact with the top (yellow) line, or
750,000t production for the nine month period, hthes potential of reaching the 1Mtpa
mark, after a further three months production. firtagority but not all of the sections will
reach the 0.5Mtpa plus level. This is a benchmagrkihAnglo Collieries with the other
top external competitors. It should be understdwd Anglo Coal has a strong sector in
Queensland, Australia. The names on the chart kieflyc sections of South African

collieries.
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South African CM Operations that could achieve 1Mt Production
Delivery

Figure 12-2 South African CM operations that havida potential (2009 Jan to Sep) (from Anglo Coal)

12-4



12.1.1 Productivities Benchmarked

The following discussion is data for two sectiohattsupplied Eskom during 2009 and
have been identified by Eskom as the benchmarklieupiote that these operators are in

the harder and less productive No.2 Seam.

Mine 1

1) “Machine used - 12HM31 B MKII 3.3KV JNAII VFD (AC maction).

2) Cutting conditions - floor breaking away, coal igdium hard, and they worked the
No.2 Seam.

3) Roof height is 4,6 meters and road width 6.5 meters

4) Average over first seven months of the year soMas 63,165tpm and the best was
114,847t (34.9t for every meter cut) Shifts tadll71shifts per month but they have
a four hour maintenance period every morning antl day maintenance every
second week (three shift per day 8 hours/shift).

Mine 2

1) Machine used - 12HM31 B JNAII 1000 V DC (DC Tractjo

2) Cutting conditions during the first seven monthsrevenixed with bad and good
conditions, coal was hard, No.2 Seam.

3) Roof height 4.2 meters and road width 7.2 meters.

4) Average over first seven months of this year wa2B&pm and the best was
109,593tpm (40t for every meter cut).

5) Shifts - total of 42 shifts per month. (two shifier day, 10 hours/shift)” (Eskom,
2009).

Recent data for CM production from Eskom tied eolés show the following:

1) “During the period 1997 to 2002, the annual avelagesase in production from 55
CM sections was around 8% per annum.

2) In 1999, the average production rate in metric &@nper machine per year was
around 47,000tpm (tonne per month) and varied faominimum of 13,000tpm to a
maximum of 88,000tpm over the 12 month period.

3) In 2001, the average production rate was up to CBBgin and varied from a
minimum of 12,500 to a maximum of 91,000tpm ové&Bamonth period.

4) A comparison of monthly performance figures in 1988w that production is
distributed about a mean of 40,000 to 60,000tpm geation with three sections
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showing performance in excess of 80,000tpm for year’ (Coaltech Report:
Moolman, 2003a).
The production levels for a 12HM31 under Morupuaditions which can be considered
favourable would enable 80,000tpm per CM. It woudd be prudent to expect more than
these levels until higher productivities have bemmsistently realised. Figure 12.3
includes the latest data from Eskom and compaisdahgitudinally with previously best

performances.

Eskom Suppliers

Figure 12-3 Production from Mine 1 (1); Mine 2 (85 Eskom Collieries 1999 Avg. (3); 55
Eskom Collieries 2001 Avg. (4)

12.1.2 ldentifying the indicators from the benchmark resuls

Mining Consultancy Services provided professionahdhmarking services and were
used to aid data collection for this research. fboeis was on pillar methods as opposed
to wall mining. Current 2009 and 2010 levels do dwiplay better performance. Data
was validated by telephonic interviews and eledtronorrespondence with mine
managers involved. The MCS Report (2006) was madaable to this researcher to use
relevant data by Mr Hentie Hoffmann whom was a MManager in the group at the

time of the study and was supported by intervied ersonal communication.
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Key Performance Indicators.

The existing key performance indicators (KPI's) lsu#s tonnes per unit shift (tpus) do

not accurately explain the variance in performawben different shift rosters are used.

There are activities such as planned maintenamfgstructure extensions and stone

dusting that can be conducted outside productioe tiut are done inside production time

elsewhere. To enable more accurate comparisonsKid\w are needed. Namely,

1) “Tonnes per paid production hour (tppph). This givan indication of labour
effectiveness and is derived from the average weptdduction by the number of
paid production hours per week. The Xstrata groast kpractice is 203tppph
achieved at ATC Inyathi section” (MCS Report, 2006)

2) “Machine available hours per week (mah). This giaesndication of how much time
a section has available to produce per week. Ags/i such as travelling,
infrastructure extensions, breakdowns and plannaihtanance were removed from
the paid production hours to calculate this KPlo@r best practice (Xstrata) is
74.7mah achieved at South Witbank’s (SWB) sectidn MCS Report (2006).
“Tonnes produced per machine available hour (tpngiy@s an indication of how
effectively a section uses the time it has atigpasal to produce coal. It is calculated
by dividing the average weekly production by thediper week available to produce.
Group best practice is 413.5tpmah achieved at S\WW&iton 1"

Best Practice evaluation required that the focas wn cutting rates, synchronisation of

cutting rates and loading cycles, away time (sbuttr/battery hauler efficiency), and

relocation efficiency” MCS Report (2006). The MCSepgort (2006) states

“Benchmarking of downtime on the CM’s and ABM indied that the Voest had the

better availability. The HM9 CM’s and the group’sMld1 JNA1 CM followed. The

highest ranking (and one of the newest HM31 JNA2’$Were in §' position — a trend
mirrored by other mining groups and may be relatethe JNA2's comparatively greater
complexity. The section with the highest cuttingeran the group is section Inyathi at

Arthur Taylor colliery (ATC) which uses the JNA1ver the benchmarking period its

cutting rate was 5% greater than the best perfagniMA2. (MCS Report, 2006). Data

was validated by (Hoffmann, Personal communicat&i)8) who was mine manager in
the group at the time (2006 to 2009). JNA is amiagm for Joy Network Architecture”.

This researcher concurs that the applied technolatjjnave an impact on performance.

What is noticed is that the simpler technology rbaythe better performer (in terms of

availability) in certain circumstances.
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Table 12-1 Group Best Practice (GBP) across a rahgeyofunctions (From MCS Report,
2006)

Function Group Best Performer GBP

Cutting Rate ATC Inyathi 785tph

Away Time ATC Ngala 45 seconds

Average Relocation Tin Boschmans Inga 1S minutes per relocatic
Relocation Efficiency Tavistock Section 3 0.78

CM/ABM Downtime Tavistock Section 3 Voest3.2%

SC/BH Downtime Tavistock Section 3 1.3%

Conveyor Downtime ATC 6.0%

Other Downtime SWB Section 1 3.9%

Travelling Time (in & out) ATC Ngala 60 minutes pahift

Production Potential

The unconstrained potential of the sections wowddup to 3,500 tonnes per shift. This
translates to a cutting time of over 260 minutasgbéft.

The calculated cutting time per paid production rhand cutting time per machine
available hour was used as a benchmark of GBP |fgvest practice) production with the
cutting rate of 785tph.

It was determined that the highest cutting time pechine available hour of 33.8
minutes per mah is achieved by section Indlovu ascBmans. The factor was then
multiplied by the available hours to set the prdsiucbenchmark. Table 12.2 outlines the
true GBP potential for each colliery. (MCS Rep@®06). Data was also validated by

Hoffmann, Personal communication (2008).

Table 12-2 GBP potential production for each colligMCS Report, 2006)
Mine Tonnes per annum  Cutting time per Cutting
per section shift (minutes) rate (tph)
ATC 1,497,735 227 785
Boschmans 1,497,735 227 785
SWB 1,657,716 150 785
Tavistock 1,724,872 180 785

This information is used by management to quariié/production improvement needed.
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Industry benchmark

“The industry benchmark confirms that the productates identified as Xstrata GBP are

achievable. A comparison was made of the best peifig section at each of Xstrata's

four collieries with two top performing sections wiines outside the Xstrata group. In
places the case study mine Morupule Colliery (MGlata is also included to show
production rates.

Xstrata’'s greatest challenge as is that of mangrajhoups would be to:

1) Improve tonnes per shift from current best levélamproximately 2,000t/shift to the
benchmark of 3,000t/shift through simultaneouslgrémasing available time for
production and increasing the tonnes per machiadadle hour.

2) Improving tonnes per paid production hour from terent approximate 200tppph
(tonnes per paid production hour) (GBP) to the sidu best practice (IBP) of
320tppph.

Benchmarking against top USA mines that have canditand equipment most similar

to the four Xstrata collieries indicates in 2003r#h were at least four mines that

consistently achieved between 2,800 and 3,000t/seifCM”. (MCS Report, 2006) Data

is validated by Hoffmann, Personal communicatid®0g).

Production statistics

The average RoM production per CM section per mamthges from 117,183 to

50,500tpm. The production statistics does not tadgnisance of the fact that the mines
operate different shift systems. The systems ctlyrém practice is summarised in Table
12.3. There is 12 hour 10 hour and 9 hour (paidthfurmats (MCS Report, 2006). The
number of shifts worked per week is shown in Figl@e7 and range from 16 to 10 hours

including travelling time.

Table 12-3 Shift systems
ATC Boschmans Tavistock SWB
Production Shifts per day 2 2 2 3
Day Shift 06 -16 06 -16 06-18 06-15
Afternoon Shift 15-01 15-01 14-23
Night Shift 18-06 22-07
Friday Night Special 22-08
Saturday Night Special 08-18
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Mining Conditions per Section for GBP
Determination

Figure 12-4 Mining conditions per section

It should be noted that SWB works 16 shifts perkvéd C and Boschmans 10 shifts per
week while Tavistock works 14 shifts per week. Téeternal benchmarks work
respectively 16 (YY3) and 10.66(XX2) shifts per we&he case study MCL also works
10.66 shifts per week on a two shift per day cycle.

The average tonnes produced per unit shift (tpask tbeen calculated from data. The
range is from 2,027 to 838tpus As mentioned eattienes per shift is not a meaningful
comparison as there are activities such as plam@gdtenance, infrastructure extensions
and stone dusting that is conducted during theymtiah time on some mines owing to
the non-availability of an ‘off shift’ or ‘dog shif To compare the effectiveness of each
colliery the KPI's, tonnes per paid production haad tonnes per machine available hour
has been suggested as the indicator. (MCS Rep6@6)2 Data also validated by
Hoffmann, Personal communication (2008).

The number of hours per week that employees ai tpaproduce is dependent on the
number of production shifts and individual shifidgh.
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Industry benchmark production delivery

A comparison is made with the top section of eaicfoor mines in this group with the

best identified section outside the group on aghift system (XX-2) and that outsider on
a three shift system (YY-3). The performance of,020tpm is the industry benchmark

and is depicted in Figure 12.5 below.

IBP Monthly Production Delivery per
Section

Figure 12-5 Industry Benchmark tonnes per month (lata Hoffman & MCS)

The industry benchmark for weekly production is@®Dt/week from and external mine
to this group having similar conditions and equipinand is shown in Figure 12.6. The

section is on a two shift system.
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IBP Weekly Production Delivery per
Section

Figure 12-6 Industry Benchmark tonnes per week (ata Hoffman & MCS)

Section XX has 10.66 shifts per week since eactiosegvorks on Saturday per three

week cycle. This data is shown below in Figure 12.7

Shifts per Week per Section

Figure 12-7 Shifts per week for the IBP performeeggdrom Hoffman & MCS)
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Using the shifts per week and the production pezkyéhe tonnes per shift is calculated
as shown in Figure 12.8. This industry benchmar®,@90t/shift. This is a considerable
achievement.

IBP Production Delivery per Shift per
Section

Figure 12-8 Benchmark production tonnes per shifia(fflam Hoffman & MCS)

The IBP section operates on 100 paid productiorrshper week (10 hour shifts). The
tonnes per paid production were calculated using peduction hours per week and the
average weekly production. (MCS Report, 2006). Dato validated by Hoffmann,

Personal communication (2008). Here the IBP istf3®th (tonnes per paid production

hour).

Machine available hours

“Unproductive time could include time spent on:
1) Planned maintenance.

2) Infrastructure extensions.

3) Stone dusting.

4) Downtime due to breakdowns.

5) Travel (total travel in and out time).”

Dividing the tonnes produced per week by the nundfemachine available hours per

week produces a KPI, tonnes per machine availablg ftpmah) to determine how
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effectively the section is using the time they haltas displayed in Figure 12.10 and
varies from 413.5 to 252.3tpmah (MCS Report, 2006).

IBP Machine Available Hours

Figure 12-9 IBP for machine available hours (datanfHoffman & MCS)

IBP Tonnes per Machine Available Hour

Figure 12-10 IBP for tonnes per machine availablerlidata from Hoffman & MCS)

Section 1 at South Witbank is IBP in this categatyl13.5tpmah (tonnes per machine
available hour). Figure 12.9 gives the weekly alaility.
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Cutting rate

A machine is deemed to be cutting when it is a&tyiyproducing coal by sumping in,
shearing down and trimming the roof and floor. Ta at which the coal is liberated is
called the cutting rate and is measured througtelaatronic monitoring system. The
cutting rate can be deduced by physical measurement

The best cutting rate of 785 tonnes per cutting keas achieved by ATC section Inyathi.
Inyathi has a Joy 12HM31 JNA1 CM. Poor cutting sateay be attributable to machine
setup according to the OEM. Cutting rate is showfrigure 12.11 varying from 825 to
650 tonnes per cutting hour. IBP is 825 tonnescpéing hour (MCS Report, 2006).

IBP Cutting Rate in tph

Figure 12-11 IBP for cutting rate (data from Hoffm&a MCS)

Away times

The time it takes for shuttle cars or battery bmito change out behind the CM or ABM
is the away time and the aim should be to use tipragductive time when the CM is
trimming the floor and tramming forward as partloé change out time. The CM’s spade
can hold approximately eight tonnes of broken cehlich means the machine can sump
in and shear down approximately 50cm (0.5m) withitbetconveyor chain having to run.

The combined time for these activities is 44 toeg@sds as calculated in Table 12.4.
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Table 12-4 Away time (from MCS)

Activity Best Average
Trim Floor 5seconds 8seconds
Raise head while traming 13seconds 15seconds
forward

Sump in 18seconds 24seconds
Shear down 8seconds 13seconds
Total 44seconds 60seconds

If the away time exceeds 60seconds the CM is waitimecessarily on the shuttle cars.
If the away time is less than 44seconds the CMabably not making optimal use of the
cutting cycle. Figure 12.12 ranks the Xstrata ‘aviayes’ and vary from 24seconds to
81lseconds.with the external mines.
“Highest away times can be attributed to:

1) Not following optimal routes.

2) Not having change out points in correct positions.

3) Constraints at feeder breaker.

4) Floor conditions and sweeping” (MCS Report, 2006).

IBP Away Times

Figure 12-12 IBP Away Time (data from Hoffman & MCS)

The target range should be within 44 — 60 secomd$ Bection XX-2 meets this

benchmark.
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Relocation time

This is the average time spent per relocation ithalhe time it takes to move the CM
from one cutting position to the next. Figure 12di@es the relocation benchmark and
values vary from 19 minutes to 23 minutes. Thisstsis of actual tramming time as well
as time spent on activities such as cable worle faeparation and pick changes (waiting
time). The IBP is shown in Figure 12.13 and haslaesof 14 but it should be noted that
factors such as pillar centres or linear layoutssignificantly influence this.

The ratio between the two (tram to wait ratio) dddwe equal to or greater than 0.5. Tram
to wait ratios are depicted in Figure 12.14 andyesnfrom 0.78 to 0.22. Note 0.5 means
for every one minute spent on tramming two are sparcable suspension, cable moving
or changes and pick changes. ‘Wait’ in this coniexto stop and not weight (mass x
gravitational acceleration). (MCS Report, 2006).tdDalso validated by Hoffmann,
Personal communication (2008).

IBP Relocation Time

Figure 12-13 IBP for average time per relocatiomtddrom Hoffman & MCS)

Relocation efficiency is an extremely important gwotivity optimisation area since the
number of relocations is directly proportional b@ tmetres cut per shift. A better tram to
weight ratio implies less waiting time. The CM shibbe moving (tramming) or cutting.
IBP for relocation efficiency is depicted in Figut2.14 at 0.3.
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IBP Relocation Efficiency
(Tram to Stop Ratio)

Figure 12-14 IBP for Relocation Efficiency (Tramwait ratio) (from MCS)

Equipment availability
Based on data provided by the Xstrata group, pdmaintenance database, an analysis
was carried out. Average downtime of the CM is shawFigure 12.15 and varies from

3.2% to 10.6%. Figure 12-16 gives hauler downtime B2-17 the conveyor downtime.

IBP CM Downtime

Figure 12-15 IBP for CM Downtime as percentage oft ¢tdata from Hoffman & MCS)
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IBP SC/BH Downtime

Figure 12-16 IBP for SC/BH Downtime (percentagsthuft) (data from Hoffman & MCS)

IBP Conveyor Downtime

Figure 12-17 IBP Conveyor Downtime (percentage df)stdata from Hoffman & MCS)

1) Minutes of CM downtime vary from 23 to 64 as shoimnFigure 12.15. Note 23
minutes per shift is the IBP recorded at TavistbgkSection 3. This section uses an
ABM30”. (MCS Report, 2006). Data validated by Ho#mm, Personal
communication (2008). The IBP for shuttle cars aattery haulers is 9 minutes per
shift. Section YY on a 3 shift cycle has set thedienark at 9 minutes per shift or
1.7% of shift time.

12-19



IBP Other Downtime

Figure 12-18 Other Downtime (percentage of shifedifdata from Hoffman & MCS)

“Remaining downtime grouped together as other doman{Figure 12-18) fall into:
1) Plant.

2) Electrical power and water distribution.

3) Blasting.

Operational — wait for support or ventilation” (MCS Report, 2006).

Travelling time

Total travel time combines travel in and travel dimte and the results are shown in
Figure 12.19. The target is to minimise total tthrg time, so that it is equal to or less
than the overlap time between the shifts. The IBRe is at 60 minutes. When the hour
total travel time is exceeded it becomes a tradebefween labour cost including lost
production to the cost of a closer access. (MCSoRgR2006). Data validated by

Hoffmann, Personal communication (2008).
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IBP Travelling Time (In & Out)

Figure 12-19 IBP for Total Travel Time (data fromffiean & MCS)

Cutting time

The average cutting time at each section per shifepicted in Figure 12.52. The targets
of 260 minutes per shift need to be maintaineddrspective (MCS Report, 2006). The

best achieved is at Boschmans’ Indlovo section wias 180 minutes and second best

Ingala section 175 minutes.

12.1.3 Production international review

A case study of 11 mines in the USA, where systensaitpport is installed at more or

less the same density as the Xstrata experiencecomducted. “Results indicate that
there are at least four mines in the USA that aresistently achieving between 2,800 and
3,200 tonnes per shift. This is very similar to 8ést practice”. (MCS Report, 2006)

“The best bord and pillar sections in Australia tanfound at Clarence Colliery which is

producing approximately 2.25Mtpa from three CM &ed at an average of 750,000tpa
per section”. (MCS Report, (2006).

Figures 12-20 and 12-21 display USA conditions genfances in mines with similar

conditions to the South African Mines. The Miningidgiht is given and the haulage type
be it SC, CH or BH as are the shift cycles 1PIM nseane production shift and one
maintenance shift per day, while 2Pmeans two priolushifts per day. Super sections
have 2CMs available in the section.

12-21



USA Benchmark Production Delivery per
Annum

Figure 12-20 Benchmarking USA tonnes per annum (data Hoffman & MCS)

USA Benchmark Production Delivery per
Shift

Figure 12-21 Benchmarking USA tonnes per shift (@@ Hoffman & MCS)

Note: There are wall faces that produce 650,00Gtpmely, Beltana Highwall section of

Bulga Opencast Colliery, NSW.
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Industry (IBP) and group best practice (GBP) summay
Records are not the focus but consistent averagerpence is. Today’s records do

become tomorrow’s standards if continuous improvarsapplied.

Table 12-5 IBP and GBP Summary (from MCS)

KPI IBP
Monthly Production (Tonnes per month)(tpm) 129,000
Weekly Production (Tonnes per week)(tpw) 32,000
Shift Production (Tonnes per shift)(tpshift) 3,000
Production per hour (Tonnes per paid production}ttapph) 320
Machine available hours per week (mahpw) 89
Tonnes per machine available hour (tpmah) 413
Cutting rate (tph) 825

Away time (seconds) 45
Average relocation time (minutes) 14

Tram to wait ratio (minutes) 0.7

CM downtime min per shift (minutes) 27

CM downtime % of shift (%) 4.5
Hauler (SC/BH) downtime min per shift (minutes) 9
Hauler (SC/BH) downtime % of shift (%) 1.7
Conveyor downtime min per shift (minutes) 9
Conveyor downtime % of shift (%) 1.7

Other downtime min per shift (minutes) 9
Other downtime % of shift (%) 1.7

Travel time per shift (minutes) 60

The group best practice is summarised in the Tablé. Production is mostly influenced

by:

1. Plunge depth (maximum allowed cut out depth from I&st through road owing to
ventilation requirements Stringent controls maydlda force exhaust ventilation
systems being imposed, this will in turn influeqeeduction.

2. No.4 Seam vs. No.2 or No.5 Seam in South AfricaniMj conditions are more
difficult in No.2 Seam and much more difficult irodd seam. The No. Seam coal is
generally harder and impacts on pick efficiencied therefore CM performance. The
No.5 seam has lower seam height and poor floorrantl conditions and will put
pressure on production rates. This may howeverfbseb by increasing yield for
maintenance of saleable tonnes. (MCS Report, 2006).
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12.2 Conclusion

1) Itis critical that managers have an appreciatibdedivery levels and it was a major
aim of this research to quantify this.

2) The Benchmark performances and the levels of dglitleat could reasonably be
expected from sections have been presented assvaligmed to key performance

indicators. Refer Table 12.9 for summary.
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13 GUIDELINES TO COLLIERY DESIGN AND
OPERATION

13.1 Have a Competent Appreciation of Mine Planning and
Design

This researcher is a member of the Mine Planning2esign Steering Committee of the

Mining Qualifications Authority (MQA). Industry haglentified the need to develop

these skills among certain echelons of industryiiredan aim of this research to identify

the elements of a guideline which will be the foofiplanned future and higher research.

Industry has previously considered the Mining Eprgits qualification to be the

overriding requirement to prove knowledge competendhe Mine Planning and Design

(MP&D) arena.

Industry now wants formal qualifications to ensuyglanners are developed with the

correct skills base and hence a need for qualifinatin MP&D from the mining

companies’ perspective is confirmed and desired.

Some of the reasons for this demand are due to:

1) A general lack of confidence in plans.

2) Plans based on volume rather than value and risk.

3) No formal qualifications exist at present (only sounit standards in the MQA mine
overseer and production supervisor qualificationd aome content in the B.Eng.,
B.Tech. and ND at Universities, and the CertificatieMRM presented at Wits
University.

4) There are certain ad hoc commercial programmes audkihittle and GMSI etc.

5) There is a perception of no identified career pathfor MP&D practitioners.

6) Mining companies need competent MP&D practitioriarterms of the Mine Health
and Safety Act No. 29 of 1996 (MHSA).

7) There is diversification of mining methods whictaggs demands on planners and
designers.

8) There is an identified skills shortage in the MP&factice area.

9) New reporting requirements, such as (SAMREC) regjirMineral Exploitation
Plans to comply with Materiality, Transparency &wmpetence requirements.

10) New skills and capabilities need to be brought M®&D competency requirements,

especially an economic and risk focus.
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11) Redefinition is required on planning structures eolds.

There are current developments which impact on M&Bds:

1)

2)

3)

4)

5)

6)

There is focus on the impact of Mine Planning areign competency and skills on
the creation of safe and healthy work places.

The need for competent plans that define the canwerof Mineral Resources into
Mineral Reserves through Codes such as SAMREC3MNIGL, JORC etc.

The need for plans that can be used for the valnaif Mineral Assets, for future
international accounting requirements, and the at@a of mineral assets in
accordance with Codes such as SAMVAL.

There has been a stated need for mine plans todoe reliable and to have more
continuity and may be audited.

The need for mine plans to better reflect and sripgpe sustainability of the mining
industry, given price volatility, financial unceittdy and increasingly complex
mining methods and coal deposits.

The need for the South African mining industry &dbobally competitive.

The MHSA sets specific responsibilities on the Mgaraand Owner to appoint

Competent Persons for:

1)
2)
3)
4)
5)

The mine planning processes and systems.

Safe mine planning layouts and designs.

Safe and healthy workplaces.

Due diligence in application of plans and designg.(safety factors).
To ensure compliance with codes of practice.
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Competent Person Uses a Reporting
Standard

Figure 13-1 Competent person and reporting standard
13.1.1 Definition of mine planning and design

Mine Planning and Design involves the process tdldishing optimal, economically

viable and safe strategies and objectives, to exivineral Resources from the Earth,
utilising all available geological, financial, seéw mining, metallurgical, market and
engineering data. This includes application of appate engineering designs, mining
and metallurgical methods and processes, equipsaettion and extraction schedules
and sequences that will accomplish these objectared lead to the safe, productive and
cost effective recovery of Mineral Reserves throtgthe final product.

Mine Planning and Design should result in compleaihz the planned objectives, from
the short term through to the Life of the Assetptiyh appropriate control and variance
analysis, taking into account changes in market ec@homic circumstances, business

objectives and technical input parameters.
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13.1.2 Integrated planning must be adopted

Short, medium and long term planning must be irtisgt. It is also necessary to ascribe a

measure of value (valuation) to each. The plannarst ensure that a clear purpose is

ascribed to each level of planning. It must havdl defined objectives. Compliance to

the Codes must be monitored and optimisation akdamalysis must be done.

Plans must be resourced requiring a budget, thergitanning and budgeting are not

separate processes. It is a dynamic process whimlisacontinuous improvement and

adaptation.

The Life of Mine plan must have a Net Present VANPV). Internal Rate of Return

(IRR) and Payback must be considered.

Table 13-1 Planning levels and outcomes
Level Outcomes
of
Planning
Scenario Defines long range markets and scenarios for strapggnning
Planning
Strategic Defines strategies to position company within defineshados
Planning
Strategic Defines optimal combinations and options for assets
Mine
Planning
LoM 11l Defines exploration and development requirementsitm bnferred Resources
Planning and Blue Sky forward and defines new capital prsjéat project evaluation.
May be Concept Study.
LoM 1l Defines exploration and development projects to hidicated Resources
Planning forward and incorporates capital projects for apptoMay be PFS.
LoM | Single definitive plan for Mineral Reserve declasatand Asset Valuation
Planning based on Measured Resources and Proven Reservemdlmbad sequence
for 5 year and 24 month plans. May be BFS.
5 Year Defines Ore Reserve development requirements to suippigrand 5 year
Planning exploitation and optimisation requirements.
24 month The Best Practice business plan that defines businéssoutput and costs and
Planning .
budgetary and resource requirements.
6 Month Defines logistical planning and requirements to ssathonthly production
Planning
targets.
Monthly Monthly production plans & reconciliation.
Planning &

Reconciliation
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The planning levels involve scenario planning amrapon that is taken seriously by
people such as Clem Sunter who through numeroukcptibns has encouraged people
to be ‘foxes’ and not ‘hedgehogs’ and maintaing thauth Africa is in the ‘premier
league’ but is required to monitor the ‘flags’ ohat could send us to the ‘relocation
zone'. These flags are ‘nationalisation’, ‘healtlaree (securing quality medical
practitioners)’, ‘freedom of press and media’, ‘edtion’, and ‘level of crime’. ‘Scenario
planning’ is followed by ‘strategic planning’, ‘sttegic mine planning’, and levels of ‘life
of mine planning’ (concept-, prefeasibility- anchkable feasibility- studies or LoM Il to
LoM 1), five year planning’, ‘twenty-four month phning’, and ‘six month planning’ in
detailed ‘twelve month plans’. This culminates iery specific ‘monthly planning’ and
‘reconciliation’. It should be added that strategianning determines Vision and Mission
and takes an in depth look at strengths, weakneeppsrtunities and threats (SWOT)
through an analysis process.

Coal mining companies deal with Mine Planning anesipn (MP&D) through using
planners with specialised knowledge of the industhey understand the planning levels
and outcomes of the planning process (displayediable 13-1 and Figure 13-2) the
competency requirements and Codes for the MP&D gases which is graphically
presented in Figure 13.1). These planners and mEsignust understand the drivers of
value. The plans need, in the current socio-paliticlimate, to have a strong
environmental focus. There must be a strong linKirtance including strong links to

markets and customers and ensure a quality assusgstem is implemented.

Integrated Mine Planning

Figure 13-2 Integrated Mine Planning
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13.2  Secure Prospecting and Mining Rights

A Prospecting Right will normally need to be secuesnd a formal application process
needs to be followed. This route has been clearbudhented in (Fourie & van Niekerk,
2001) also known as Col814. In this work the awtdepict the systematic planning and
design process for underground coal mining opanatfoom inception to closure during
which the process of attaining a prospecting peamit a mining authorisation is outlined
in detail. The Department of Mineral Resources wut8 Africa (DMR) or other
Authority in neighbouring states will require a Mig Work Programme (MWP), a
Social and Labour Plan (SLP), and the Environmei@hagement Plan Report (EMPR)
before they will grant a Mining Right (Mining Licen).

13.3 Proceed with Understanding the Role of the Mining
Engineer in the Mine Life Cycle

Col 814 gives thought to the ‘Investigative Stutiehsring which a ‘market analysis’ is
undertaken and the ‘geological target area’ istifled. A ‘literature survey’, ‘regional
mapping’, ‘remote surveys (geophysical)’ and ‘saefaurveys’ are concluded. The ‘legal
status of the target area (Tenure)' needs to betifilel and the ‘Environmental Impact
Assessment (EIA)’ conducted. A ‘conceptual econostiedy’ is undertaken before a
prospecting permit is secured. In this researchekperience, a full concept study
normally follows when some geological data, allogvithe construction of the initial
geological model, has been attained.

A ‘Prefeasibility Study (PFS)’ and the ‘Feasibili8tudy (BFS)' leads to the development
of an external report or bankable report (bankdbksibility study, (BFS)) and the
attainment of a mining authorisation. It has becaweepted that the FS is a BFS and the
bankable has become redundant, modern usage oeflgro FS as an external report. It
should be noted that there are strict requiremientsxternal reporting (public reports).
The ‘Mine Establishment and Construction Phasdb¥es and then the ‘Operational or
Production Phase’. The ‘Decommissioning and MinesGte Phase’, with the required
‘Mining Reports’ and ‘Mine Closure Planning Repomre mandatory. During the
preparation for the operational phase the miningireser may be involved in mine
planning as most of the design activities are cetepl earlier and also may be involved

in the training strategy of the personnel (develeptrof training materials for the method
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selected for example). The engineer would in soases be implementing new methods
and the skills to function with these methods neede developed and promoted.

Fourie and van Niekerk (2001) state “The plannind design process throughout the life
cycle of any mining project typically consists dfet following five unique and
identifiable phases:

1) Phase 1: Project data collection and investigations

2) Phase 2: Evaluation, planning and design.

3) Phase 3: Construction and mine establishment.

4) Phase 4: Mining operations.

5) Phase 5: Mine decommissioning and closure.

They further list the design process as:

“The planning and design process associated with @A these phases consists of the
following typical elements:

1) Identification of desired outcomes.

2) Statement of all planning and design assumptiodgpaemises.

3) Identification of planning and design risks.

4) Identification of planning and design restrictiars constraints.

5) Statement of planning and design criteria to beluse

6) Data collection.

7) System planning.

8) Hazard identification and risk assessment.

9) Evaluation of options.

Integrated Mine Planning

Figure 13-3 Planning and design process (from Foura&Niekerk, 2001)
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10) Identification of the best or preferred options.
11) System design” (Fourie and van Niekerk, 2001).

13.4  Accounting of Minutes in the Production Process antdhe
280 Minute Cutting Cycle Target.

The quantification of the process in minutes iseetial when dealing with the mining
operation and mining cycles and it is this evabratihat is carried through into the mine
planning and design exercise.

All mines will find the necessity to measure avhilidy and utilisation of mining plant
and systems. These controls will require the aciwogrof minutes in the production
process. Targeting cutting times of 280 or 350 na&sper shift in the 8 hour or 9 hour
shift times available is essential if productivitiare to approach the 2Mtpa target. It is
apparent that the 1Mtpa level is still very elusive

Minute management is essential if management isotttrol the production process
effectively. The current 180 minute benchmark widlt improve to 280 minutes if the

‘soft issues’ of ‘Systems Thinking’ are not implemted.

13.5 Adopt a System of Best Practice SOP’s to Control
Quality, Costs, Delivery, Safety and Morale.

SOPs dealing with QCDSM, quality, costs, delivesgfety and morale are paramount in
ensuring objectives are met.

The mine must produce procedures to enable:

13.6  Apply an Effective Continuous Improvement Culture-
the Twenty Keys Strategy.

Continuous improvement strategies help focus thekfece. The Kobayashi 20 Keys are

effective and have been discussed in the secti@oftrissues.
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13.7 Implement a Realistic Appreciation of Production
Delivery

Productivity levels have been well determined ara he used by planners to schedule
their production build-up. Driven by the need, tettbr utilise scarce resources, mine
operators understand the need to progress to higttierction methods.

Many of the remaining coal resources are in thirseams requiring a paradigm shift in
methods we were comfortable with in thicker sealinshould be realised that risks are
exacerbated in low seam (thin seam) environments.

The best performing longwall face recorded is sédan NSW Australia delivering in
excess of 5.5Mtpa and averages 460,000tpm it delivé.5Mt in the 2007 production
year. This is Beltana Colliery which operates ahhigll entry mine. The defining
parameters are powerful equipment applied in waee$ (300, and 400 — 500m) of
optimal panel length (3,000m). The lean and mobil@ortable format of this operation
is very effective. The manpower complement is &ksat very lean.

Fewer mines are currently applying pillar extrastiechniques and where wall mining
conditions are suitable, wall mining is the preédrmethod although it remains capital
intensive. Depth to floor and required high exti@ttrates remain the main drivers.

Pillar extraction methods have followed from thepously widely applied Rib-pillar or
Wongawilli methods. Productivity levels do not sheignificant improvement on partial
extraction methods. Rib-pillar (RPE) has lost favou South Africa but the derivative
(Wongawilli) is preferred in Australia when secondagillar extraction occurs.

The better performers found in South Africa involtlee ‘Nevid’ method of pillar
extraction as this provides a means of managinizdral stress found in the mining
environment and allows pillar extraction above 3raiming height.

(Horizontal stress is however not fully understandcollieries and further research is
needed in this area). Modifications arise were kmand older pillars need to be
extracted. The methods do not fully recover alllcaad partial pillar extraction has
become the trend. Gericke has proposed a sequenegtfacting small pillars.

Pillar extraction methods have evolved to derivegiof ‘pocket and fender mining’ with
the leaving of snooks as common practice. Contisuniners are the preferred tool in
this exercise.

Partial extraction or bord and pillar mining islisivoured as it is believed to offer less
risk. It offers competitive productivity levels, thi reduced subsidence, if any. Wall
mines will still apply this method in remnants thannot accommodate suitable wall

panels or where blocks are significantly disturb@drtial extraction or bord and pillar
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mining is further necessary in primary and secopdiavelopments. Continuous miners
are preferred with conventional (blasting and meats loading) systems few and far
between.

Linear panel layouts are finding increased favauidamonstrated in Magatar methods.
The advantage accrues by placing narrow roadwaydose proximity and parallel to
each other, with no use of support in the roadwthes,splits are generally cut forming
diagonal pillars in certain layouts.

The coal moving system behind the continuous nmimepen to much debate. Continuous
haulages offer the greatest productivity levels their application is less flexible. The
best recorded performance is 160,000tpm at Syfaiiotout it is noted that this is a long
standing statistic. The average is of the regioBGQ000tpm. Sandvick the Voest Alpine
agent in South Africa maintain that the ABM30 nowliders 110,000 to 130,000tpm
regularly. They maintain a control room in Delmagere production reports are
centralised via LAN.

Shuttle cars (batch haulers) of the battery powerddailing cable variety offer different
levels of flexibility in panel design but have dapiand operating cost constraints. Diesel
impacts significantly on the underground environtrnemd air quality. Better producing
sections are equipped with large capacity units)(26d generally a minimum of three
units are needed per CM. The free-flowing batmwered units appear more productive
than the cable reel equipped systems.

Operators generally apply 10 or 17 shifts/week &ydn two or three shift systems. Best
performers deliver of the order of 80,000 to 100tpén from a CM section. The average
deliveries are lower at 65,000tpm.

The 1Mtpa production target from one CM is stillwelusive as only seven CM sections
in South Africa where on target to attain this tage during 2009.

In the low seam (5 Seam) environment using Santvisloest ABM10 daily linear
advances reported amount to 80mpd (metres pemnvd#lyan average of about 53mpd by

Xstrata Coal at the ‘Southstock’ operation usirRjta Pillar Extraction derivative.

13.8 Have a Competent Appreciation of Thick Seam Methods

The Chapter on thick seam mining has addresseahdigern trends in thick seam mining.
Methods above 3.5m have finally evolved. Continumisers such as the 12HM31 have

cutting heights of 4.5m and generally the only ¢@ist is the roofbolter reach.
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Specialised units in the multi-head category canobwined for heights above 4.5m.
Units may be modified in collaboration with the OEM

Wall systems have evolved the technology to minémat Moranbah in Australia has
delivered a case study on the application of langeport units coupled with powerful
shearers and can competently deliver the requiredugtion tonnage. The research has
identified and quantified the elements that needdoconsidered when designing the
implementation of a wall system.

Beltana of Bulga delivers a best performance oMipa at an average of 625,000tpm to
rank as Australia’s top wall face and notched itiuisest practice (IBP).

Chinese methods and the aligned Soutirage methatdhiybrids with top coal caving
behind the support units may utilise second AFG'shutes to recover this coal. The
efficiency of these methods has been challengedrequires further development. But
can access coal beyond the normal channel widthiring height.

Previous work by Lind, Beukes and Galvin had pradothe understanding of thick
seam mining and are some the most valuable workitahle to the mining engineer who
needs to design thick seam methods and increasercesutilisation.

The NEVID system and its ability to mitigate theacgons to horizontal stresses made
this a suitable method for thick seam pillar exiiat

Secondary mining systems that utilises bottom ogaliechniques have still been
considered in numerous applications owing to enbdsafety relative to pillar extraction
methods.

The challenge remains the maximisation of percentegtraction and the use of

sophisticated technology in a risk rich environment

13.9 Have a Competent Appreciation of Thin Seam Methods.

The chapter on thin seam mining has researchedbtbad spectrum of methods
historically applied from heights below 1.5m to thificult 0.6m channel.

The modern low seam continuous miner applicatioitisfind greater impact as thicker
resources are depleted. The USA application of mi$hod in medium to thin mining
heights show exceptional production deliveries that super section concept using two
CM’s is well established.

Methods as varied in application as the ‘Augereayst the ‘Collins miner’, the ‘Addcar’,
the ‘Spanish plough’ and the ‘Wilcox systems’ amegented. Thin seam mining will

become more significant in the difficult No.5 Seapplications in the Witbank field and
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will probably use ‘Punch mining’ or ‘Augers. Risksssociated with the thin seam

environment include managing poor roof, the cordfinkannel and the poor floor.

Low seam miner ABM10

Figure 13-4 Thin seam CM

13.10 Have a Competent Appreciation of Mine Modelling
Applications.

The quality plots in figures seen in this guidelimeve been generated with Surfer after
the geological data was captured and ordered or5GBhe borehole data is transferred
to Micromine where the actual mining modelling atesign is developed.

It is essential that this be in the skills baseseéry operator. Many different packages
have been developed and many are capable of dativeffective solutions.

It is necessary to ensure that the geological ntindethe survey modelling and mining
modelling are compatible. ‘Surpac,” Micromine, Maite and ‘Microstation’ with

derivatives such as ‘Cadsmine’ and ‘Mine2-4D’ haeen used.

13.11 Understand what Charts and Data need to be Generate
to Delineate Pit Limits for the Design.

Those that were needed with the Morupule case satglpresented in Figure 13-5 to 13-

16 (some contained in other sections of this chiap@ther charts will be required with
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specific designs but some examples have been peesénthe guideline. Critical data
required during the design and that needs to bergesd by the engineer is displayed in

Tables 13-2 to 13-4 and are self explanatory.

Floor Elevation Contours

Figure 13-5 Plan floor elevation (mamsl) contours aakhgn-valley axis (from Dougall et
al, 2009)

Isopachs

Figure 13-6 Plan showing thickness contqgnsn Dougall et al, 2009)
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CV Contours

Figure 13-7 Plan Showintn-situ calorific value (air-dried uncontaminated) ad. uc.

contourg(from Dougall et al, 2009)

Ash Content Contours

Figure 13-8 Plan showintp Situ Ash Content contours (Full seam thickne§em
Dougall et al, 2009)
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Figure 13-9 Plan showintn Situ Volatile Content contours (Full seam thickness)
(from Dougall et al, 2009)

Aeromagnetic Image

Figure 13-10  Plan showing the aeromagnetic imagktla@ preliminary interpretation
(from Dougall et al, 2009)
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Table 13-2 Classified Coal Resource Estimates at 4.2Zmmgnheight within the Project
Area (RD 1.51) (from Dougall et al, 2009)

Mineable In SituTonnage (10%

Classification Mineable In Situ Tonnage

Area o ] Geo loss & 5% Model error )
Category (4.2m Mining Height) (4.2m Mining Height)

(Mm?) (Mt) (M1)
Measured 20.844 132.196 113.027
Indicated 8.48 53.78 45.98
Inferred 3.0 19.2 16.4
TOTAL 32.3 205.2 175.4

In South Africa we need to use the SAMREC Codetlfi@ reporting of resources and
reserves and these statements have to be signdy affcompetent person. The JORC
code was used for Morupule as the field was comstlencomplicated. The guidelines
require fewer boreholes per hectare. The eventassification is ‘Proved’ or ‘Probable’
reserves but the proved value is associated wethnbasured resource.

The proximate values range from inherent moistiiv@,(Volatiles (Vols), fixed carbon
(FC), Ash, calorific value (CV) to total sulphur $J and the average relative density
(RD) of the sampled coal. This may be needed ferfill thickness or specifically for a
channel (4.2m mining height).

Table 13-3 In Situ Coal Qualities (Full Seam Thickness) (Project Argarid Info)
(from Dougall et al, 2009)

RD IM Vols FC Ash CVv TS
aduc  t/m % % % % MJ/kg %
Min 1.45 3.56 17.17 36.84 15.82 17.94 0.18
Max 1.69 6.12 28.14 55.22 35.99 27.44 3.45
AVG 1.51 4.77 23.49 50.54 21.21 2341 1.09
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JORC Classification Measured, Indicated,
Inferred Resources, or Proved & Probable
Reserves

Figure 13-11 JORC Classification of Measured, Inditated Inferred Coal Resources (from
Dougall et al, 2009)

Exploration Boreholes

Figure 13-12 Exploration boreholes (from Dougakhle2009)
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Figure 13-13

Table 13-4

Feasibility Study Mine Layout (from Rl et al, 2009)

Conversion of In Situ Coal Resources tdMRooal Reserves (4.2m) (from
Dougall et al, 2009)

Resource Reserve

Mt  Utilisation Utilisation Remarks
Resources All coal that meets thickness and quality cut-
off parameters within an target area
GTIS (Full
Seam)
Project Area(32.5) x RD(1.51) x Surfer Model Seam
Area 425 Thick(8.7)
TTIS (Full
Seam) 382 90% 10% Geological loss
MTIS
Resource
(Full Seam; 362 85% 5% Model Erro
Reserves Needs a mine plan to calculate the volume
MTIS
Reserves
4.2) 205 48% Area(32.5) x RD(1.51) x h(4.2)
Practical Determined by Micromine model (layout
MTIS loss + adverse operation conditions loss +
Reserve surface restriction loss + pillars + barriers +
175 41% 85% mining efficiency + contamination) to RoM
RoM
Reserves 77 18% 38% LoM @ 3.6 Mtpa = 22yrs
Probable 27
Proved 50 Measured 65%
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13.12 Understand the Coal Qualities Raw and Beneficiated
and Beneficiation Processes and Potential Product
Qualities for the Target Resource.

It is necessary to define the qualities derivedmfrdhe borehole sample data
systematically. Table 13-4 depicts the type ofdaimmary required. Figure 13-14 is a
useful graphic lot of the qualities that may bewdakd over the life of the project and is

generally required in the report. The specific datmom the Morupule case study.

(

Figure 13-14 RoM coal 3.6Mtpa Qualities ad. umrfrDougall et al, 2009)

13.13 Have a Competent Appreciation of Previous Research

Generally these reports get trapped in Universityaties and in those of research
organisations. Valuable concepts are available hiesé documents. The realms of
knowledge management require that mining engineeitd a data base of these concepts.
We unfortunately often have very short memories.

This research has found numerous works that hawgnitiee contribution but
unfortunately many date back beyond a decade.iiffked that much of the knowledge
is due for updating. Many references date backhasetis nothing published more

recently.
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13.14 Consider Relevant Factors and be Systematic when
Deciding on the Implementation of Specific Mining
Systems.

Chapter 6 of this research a dealt with the inguatrailable knowledge in detail and
work done in the 1980's by Fauconier and Kirste®8¢) is still applicable to method
selection and cannot be ignored. This is done mieotd with the broad categories of
economic, technological, and geological perspestive

Factors specifically considered as endorsed byirgadonsultants include: Production
rate; Flexibility; Extraction; Influence of geologynfluence of floor; Operating costs;
Capital costs; Safety; Environmental impact; Sékdgt Continuity of production;
Ventilation required; Proven technology; Ancillaeguipment; Development; Skills of
personnel; Impact of change; Lead time to impletasm.

Again the independent works of Lind (2003) Beuk£89@) and Galvin (1983) must be
incorporated to enable effective decision makingrécess defined by the prefeasibility
study of Morupule colliery and used by consultaB®A and SRK is an effective

decision making tool (Selection matrix method).

13.15 Maximise and Optimise Resource and Reserve
Utilisation.

To enable this, the engineer has to provide arettfe sequence and schedule illustrated

Figure 13.15 and 13.16. The design also needs te nwosecondary extraction processes

to enable optimum reserve utilisation.
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Figure 13-15 Mining sequence (from Dougall et aQ20

#11

Figure 13-16 Individual CM mining areas and schedint@( Dougall et al, 2009)
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13.16 Follow the Recognised Mineral Reporting Code and
Guidelines to Describe the Resources and Reserves t
Achieve an Effective Geological Model.

The SAMREC code is the preferred code in SA.

Figure 13-17 Relationships between Exploration ResuMineral Resources and Ore

Reserves (from the Samrec Code, 2007)

13.17 Ensure a Comprehensive Understanding of Hydrologida
Factors that Impact the Target Area.

Chapter 4 on hydrology gives an in-depth discussiohydrological issues. It is essential
that the design engineer understands the impacthisfcategory. It will influence
delivery and mining conditions. Hydrological factocould leave a scar on product

gualities if not understood and mitigated against.

13.18 Ensure a Comprehensive Understanding of Geotechnita
Factors and Rock Engineering Criteria for the Desig.

Critical geotechnical parameters should be defiffidds may be started remotely with

geophysical data collection using remote surveysr gp a prospecting licence being
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awarded, however, drilling is the only secure wawgttaining enough geotechnical data

from the cores by analysis. This has been dedit wiChapter 5 of this research.

13.19 Ensure a Comprehensive Understanding of the
Environmental Impact and Develop an Effective
Strategy for Environmental Management.

Mines have to take cognisance of these requirem&his element has the potential of
cutting design objectives short when problems a&gma Colliery’s life was cut short
on its Northwest project due to environmental ojipws and court litigation. Carbon
budgets will play a significant role in future opgons. Technology may need to be
developed and used to control green house gasienss&SHG) as has been announced

in the USA, this is referred to as ventilationmiethane (VAM) management.

13.19.1 VAM

The VAM abatement equipment to be installed atritiee will capture and destroy the
methane released during the mining process thatldvotherwise escape to the
atmosphere through the mine's ventilation system.

Consol Energy's Enlow Fork mine is an active undmergd coal mine that produces
approximately 10 million tons of coal a year. Thieject is designed to reduce the mine's
VAM emissions by the equivalent of 190,000 tonneeetfic tons) of carbon dioxide
(tCOe) a year and is estimated to be operational is¢ioend half of 2010. Methane is a
greenhouse gas that is 21 times more effectivepping heat than COGlobally, VAM
emissions from coal mines amount to approximatély Rillion tCOe each year.

Steven Winberg, vice president of research andldpreent at Consol Energy, said: "If
the US intends to reduce greenhouse gas emisstowdl] have to be addressed on a
broad front dealing with many different sourcesGiGs. We already have a large coal
bed methane production business that removes neefham coal seams before mining,
producing a valuable fuel. With this agreementwiledeal with methane that is released
from a coal seam during the mining process."

This researcher is of the opinion that industry lddwave to focus on carbon capture and
sequestration. In addition to the capture of meghfaom coal seams (methane drainage)
and from mine ventilation air, including the cagtusf CQ from high pressure coal

combustion equipment, the evaluation of £&orage in unmineable coal seams or in
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other deep (>700m) geological formations which wmuthern Africa unfortunately
appears to be offshore in the exploited gasfields.

The project at Enlow Fork mine is said to be thetfof a number of VAM abatement
undertakings that Green Holdings expects to takienUS in anticipation of a growing
market for carbon offsets to be generated by tbgepts. Jerry Gureghian, CEO of Green
Holdings, said: "We are pleased to be working w@lonsol Energy, the largest
underground coal mine owner and operator in the aSthis important project." Green
Holdings will supply capital, operate the unit amill be responsible for selling the
emissions reduction credits. Consol will provide trentilation air fan, site and technical

support (South African Coal Roadmap correspondence)

13.20 Benchmark your Competitors and Other World Class
Achievers.

This dissertation has dealt with these conceptdejoth. By understanding world class
performance we may eventually emulate it. Benchingrlalso helps to create realistic

delivery expectations.

13.21 Consult and Use the Leading Engineering and Science
Consultancy Professionals to Provide a Neutral and
Impartially Independent Perspective for the Design.

When doing external reporting and fund generatios hecomes mandatory. The benefit
to management in efficiency enhancement is duevalie payback and enhanced skill
application. It ensures quality in the design. Thggnerate independent competent
person’s reports and are dexterous and experieincgtidies for concept, prefeasibility

and feasibility application.

13.22 Elements of an Effective Design or Plan

The South African Colliery Managers Associationntiged the requirements of a good
mine plan and include the following considerations:
1) Primary entries must be as long as possible t@xtieme of the reserve, taking into

consideration all geological information, surfateistures and future shaft positions.
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2)

3)

4)

5)
6)

7

8)

9)

Secondary entries as long as possible to the eatrefnthe reserves and with the
panel lengths designed for optimal section convégitr capacities and lengths. This
varies from 900 to 1,200m.

Panel Widths are dependent on depth and hence pila allowing 5, 7, 9 or 11
bords (roadways) in panel and is also constrainedhb length of trailing cables
which should be about 180m. With effective placirf switchgear this
accommodates a width of 360m but strata stiffnessmajor player.

Generally one return airway per CM is required he primaries with at least one
more intake than the amount of return airway (fQMs will require four return
airways in the main and there should be four plos tntakes (five) hence the
primary should be made up of at least nine roadtés & a function of the cross
sectional area of the roadways and the quantigirahat needs to be supplied to the
section.

Mining should be concentrated for easy supervisiah management.

Sub shafts should be well positioned for men anderied and kept close to
production areas. These shaft positions are retatedradius of about 8km for men
and materials (ideally 5km) and 15km for coal. M#ould however be in section
within the 30 minute travelling time.

There should be additional pit room available faplacing three sections
immediately.

Reserves must be opened up with primary developfoerdt least 1km in front of
existing workings hence proving the reserve anthgiknowledge of minability and
qualities.

Layouts must approach known geological disturbaatepproximately 90°.

10) Secondary panels must avoid mining longitudinaltyparallel to or with special

areas.

11) The planner should not target good quality or ggomlind only but should ensure a

blended mix with poorer reserves.

12) Any decision or reason for not mining a sectiomesferves should be recorded on the

plan for future reference by others.

13) The mine should cater for well planned bunkersefualising the coal flow.

14) Reserve and potential geological disturbances ghmeilvell covered with horizontal,

directional drilling and vertical drilling.

15) Critical surface structures (dams, rivers, convelelts, pylons, tar roads, towns,

irrigation fields, boreholes, stock pile areas, gamfarm houses, shaft areas and
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mining restricted areas) must not only be showndist highlighted with a suitable
colour on plans.

16) No total extraction should be planned under angasirs, rivers, dams, or any other
water bearing places.

17) The planner should place primary developments usdgace structures with a high
safety factor required of the supporting pillars.

18) There should be different demarcations for minenolawies and reserve boundaries.

19) Ventilation simulations should be done and thetérshown on a plan for present and
future situations.

20) There must be independent intake and return airweysded.

21) Layout should consider the objective of minimumaiwssings and other restrictions
in ventilation flows.

22) Provision must be made for water compartments wigingle entrance at the highest
point.

23) As far as possible, mine down dip to keep wateloaest point when doing total
extraction.

24) Planned infrastructure must be sufficient for fetaapacities and expansion.

25) A cost evaluation and budget should be prepareddoh alternative plan.

13.23 When Leading a Project or Operation be a Great Leadr

1) Lead by example. Establish a direction for the tdéanollow. Be exemplary in all
you do, apply good and clean communication, haxeat dress code, and be honest
in all areas, displaying consistent enthusiasmp@etual.

2) Be a good listener. Be respectful and listen imyeiot both work and personal issues.
Immediately act on the communication and resolsads were possible.

3) Have empathy. Be available or accessible in tinfieged. Pass on credit to the team
while owning the responsibility for their failureBe a person of integrity and values
and the team will follow suit.

4) Create harmony. Avoid arguments and protect teammbees from blame. Create a
fun environment. When you are having fun the tearaving fun and if the team is
having fun the customer is having fun and this nhestl to more business.

5) Communicate. Talk to the team. Let them know wkahappening in the business
and with clients. Give feedback from meetings ytteral. If they feel part of the

business they feel important and become empowergivé more of themselves.
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6) Make more leaders. Grow and develop those aroundtgoyour level. Delegate
certain of your responsibilities to the relevand azapable team member. Do not
attempt to pass accountability.

7) Your team members are your greatest assets. Mahagepotential, capabilities,
time and talents.

8) Be transparent. Keep your team informed and allbent to participate, to give
feedback and make comments. Never keep them idattke Allow them to be part of
the solution and share in the rewards. Let thenh fd®wat they say and think is
important.

9) Be a role model. A good leader must serve as amudel to the team members.
Demonstrate the right attitudes, strong values aaratonsciously they will adapt to
the same standards.

10) Managers vs. leaders. A manager can be a leadadets focus on innovation and
growth and continuously challenge the status quandders maintain the status quo.

There is a time to manage and a time to lead. Attwave of your time to lead.

13.24 Understand and Use Competency Effectively

Competent Person

Means a person, who demonstrates the ability, pédn terms of knowledge, specific
skills or an integrated cluster of skills, capal@b and values, executed within an
indicated range or context and to specific stargla(@GB Circulars, Personal
Communication, 2010).

The Engineering Profession Act, 2000 provides fategories of registration of

professional, which is divided into

1) Professional Engineer;

2) Professional Certificated Engineer;

3) Professional Engineering Technologist;

4) Professional Engineering Technician;

Competent persons hold qualifications which havadamental, core and elective
components as shown in Figure 13-18 (SGB CircuRessonal Communication, 2010).
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Figure 13-18 Competent persons model (from MQA)

Practicing persons needs to have Currency of Canpgtto ensure they are active and
up to date, and may require no licencing, discretip licencing or mandatory licencing
and this will normally require registration befoegagineering work may be performed.

This is depicted in Figure 13-19.

Figure 13-19 Practicing person model (from MQA)

13-28



Engineering qualifications and competencies

Engineering education has evolved to a two stageldpmental model. The stage one

formal qualification is followed by a stage two @dypment prior to licencing and

registration although candidate registrations arehtorship will exist as part of this

model. This is displayed in Figure 13-20.

It requiresdistinctive competenciesto perform engineering work associated with a

registered category that include:

1) Investigate and solve problems, design solutions;

2) Use knowledge and technology based on mathemabesjc sciences and
engineering sciences, information technology ad el specialist and contextual
knowledge;

3) Manage engineering activities and communicate tifely;

4) Address the impacts of engineering work, meetiggllend regulatory requirements;

5) Act ethically, exercise judgement and take respimlitsi.

6) Engineering knowledge and practice expands andgesacontinually. Professionals

must therefore continually maintain and extendrtbein competency.

Occupational Qualifications

The term ‘occupational qualification’ is defined iegislation as: ‘a qualification
associated with a trade, occupation or professesylting from work-based learning and
consisting of knowledge unit standards, practical standards and work experience unit
standards. The purpose of an occupational quaiiicas to qualify a learner to practice
an occupation, or a specialisation related to arupation, reflected on the Organising
Framework for Occupations (OFO). The OFO is a 4labed coded classification
system, which aims to encompass all occupationthénSouth African context and is
derived from the International Standard Classifarabf Occupations (ISCO), developed
by the International Labour Organisation (ILO).

There are eight major groupings in the OFO:

1) Managers.

2) Professionals.

3) Technicians and Trade Workers.

4) Community and Personal Service Workers.
5) Clerical and Administrative Workers.

6) Sales Workers.

7) Machinery Operators and Drivers.

8) Labourers and Elementary Workers.
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Figure 13-20 Two stage developmental model (fromAY1Q
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Major Groups of OFO broadly mapped
against NQF levels

Figure 13-21 Major Groups of OFO broadly mappedregdNQF levels (from MQA)

The relationship in the National Qualifications mework (NQF) levels (1 to 10) and the

Organisational Framework for Occupations (OFO)ispldyed in Figure 13-21.

The National Occupational Pathways Framework (NOPF)clusters occupations and

groups of related OFO occupations across diffdemtis of the NQF and across different

‘Major Groups’' to inform learners of potential pregsion pathways and to assist

occupational qualification developers to lay tharfdation for vertical progression when

developing individual qualifications (SGB CirculaPersonal Communication, 2010).

The NOPFhas created 9 high level ‘Occupational Clustezath with a constituent set of

occupational fields, which in turn consist of faiesl of occupations. The pathways link

occupations that share related knowledge baseswdrich are commonly grouped

together for career guidance purposes becauseatieegssociated with similar working

environments and speak to differentiating kindafner interests.

The nine ‘Occupational Clusters’ are listed below:

1) Business Administration, Information Services, HmmBResources and Teaching
Related Occupations.

2) Finance, Insurance, Sales, Marketing, Retail argldtics Related Occupations.

3) Accommodation, Food Preparation and Cleaning Sesvelated Occupations.

4) Farming, Forestry, Nature Conservation, Environmemd Related Science
Occupations.

5) Medical, Social & Welfare, Sports and Personal GRetated Occupations

6) Security and Law Related Occupations.

7) Visual Arts, Design, Installation, Maintenance, taxtion and Construction Related

Occupations.
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8) Production Related Occupations.

9) Transportation, Materials Moving and Mobile Plarge®ating Related Occupations.

13.25 Develop a Suitable Risk Management Approach to
Quantify the Design and Operating Risks and Develop
Mitigating Strategies to Control the Risks.

The design must identify through an effective rissessment the potential hazards that
will impact on the operation and consider the nsags controls and mitigating
arrangements.

The risk of explosion, for example, may requiretthle planners and designers
contemplate and prepare or conduct ‘administratorgrols’:

1) Codes of Practice;

2) Task observations;

3) Training and proof of competence.

They may need to develop and implement ‘engineesorgrols’:

1) Ventilation standards and practices;

2) Detection and early warning;

3) Flame proofing and pick control.

Figure 13-22 Methane explosion generated at KldppeResearch Facility

Benchmark performers are not exempt from the rdiddelbult Mine had a multiple
fatality on 12 August 1985 when a flammable gaslasipn killed 33 underground
workers. This horrific scenario reoccurred on 13yM&93 when another flammable gas

explosion killed 53 underground workers.
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Risks other than fires and explosions generallyolvey uncontrolled energies in the

following domains:

1) Fall of ground;

2) Moving machinery;

3) Housekeeping;

4) Human behaviour.

Fatal behaviour generally includes the followingj\aties:

1) Enter under unsupported roof.

2) Failure to follow the lock out procedure.

3) Enter into a flameproof area with non flameproofipgnent except under conditions
authorised by the manager.

4) Mining with substandard ventilation.

5) Holing into an area of unsupported roof.

6) Operating a machine without authorisation.

7) Mining when more than the authorised roads are ppted.

All the rules in the system may exist but if these not applied effectively the mine and

its most important asset, its people will remaifneuable. Figure 13-22 demonstrates the

energy involved in a flammable gas explosion andufgé 13-23 depicts the Risk

Management Process. Figure 13-24 displays the Riakix to be used during Risk

Assessments.

Minerals Industry Risk Management Process

(modified version of AS4360:2004)

Risk Management Process in the Minerals
Industry

Figure 13-23 Minerals Industry Risk Management Pss¢dom Anglo A3 RM Course)
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Integrated Risk Management Matrix

Figure 13-24

Integrated Risk Management Risk Matrix
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13.26 Conclusion

1) The guidelines are a broad aide memoire to adsestreéquirements for effective
design.

2) Designs require data from a wide spectrum of stlojisciplines.

3) Information technology and processing is an absaletiuirement with modern mine
design.

4) The impact of the soft issues in contributing tmgass efficiency may not be
eliminated or underestimated.

5) Engineering work may require registration and lgiag attained through
competency development.

6) Designers need to consider Risks during the destigge and these include

environmental risks.
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14 CONCLUSIONS AND FINDINGS

14.1 Research Objectives

The objectives of the research were:

6) To study underground exploitation methods in Sa\fiican coal mines considering
the application and utilisation of certain equipmefhis includes identifying recent
local (Africa) and international (USA, China andsitalia) best practice information
as recent top performances have been reportedtfrese countries.

7) To identify pertinent success factors and prowuedelines to management and
operators to ensure productivity and effective mes@tilisation.

8) To identify factors that influences the choice nflarground mining methods.

9) To identify factors relating to equipment selection

10) To develop a structured guideline to mine desigh@veration best practice.

The researcher is confident that the objectivesant of the research have been met.

The research report has the primary objective awtedge generation and will also be

applied to the transfer of knowledge to, specificathe B. Tech. Candidates of the

University of Johannesburg in the attainment oEagineering Council of South Africa

(ECSA) exit level outcomes namely, ‘the applicatioh scientific and engineering

knowledge’ and ‘the knowledge and application ofiaeering management’ principles.

This was commenced during the academic year, 2@, positive contribution to

mining engineering student development.

14.2  Geology

South Africa has good resources exceeding 27BtoExpsource tonnages are depleting
rapidly. Questions have arisen on the life of éngsffields and the debate needs to be
resolved. Resources with strong potential exisBauth Africa’s immediate neighbours
namely, Botswana and Mozambique. Botswana is eqdippith medium quality 20 to
24MJ/kg resources with exceptional mining condision

In general the geology of the South African coddfieis favourable compared to other
countries. The seams are thick, have good roofraadonable floor conditions. Some
areas have dolerite sills capping the area anddtgrahigh extraction exploitation.

Coal qualities are very suitable for power statfead but metallurgical grade (blend

coking coal) may only exist in thinner resourcese Waterberg will present significant
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mining challenges and require extensive benefmiatiwing to the ‘barcode’ deposition.
It should be noted that metallurgical grade doessteix the upper seams of the
Waterberg. The mining challenges are also evidethe Tete province of Mozambique,
where multiple thin seams are interspersed wittds@mmes, mudstones, siltstones and
shales (barcode). This is made worse with infuastire problems.

South Africa will need to consider the exploitatiaf thin seams to maintain
productivities.

As reported in Chapter 2, South African reservemant for 6.1% of total known world
reserve and at the time of the study is rankBdSAMI, 2007). Recoverable reserves
according to Bredell (1987) were 55.3Bt (In situllBt). Recoverable reserves
according to De Jager (1983) were 58.4Bt (In sit%.3Bt) and recoverable reserves
according to the Petrick Commission (1975) wereBb(In situ 82.0Bt). Reports have
calculated current reserves in 2010 to be the aotl@bBt but further work needs to be

concluded to quantify this.

14.3  Hydrogeology

In a region such as southern Africa where wateouees need to be protected,
groundwater needs to be considered carefully whennmg new mining operations or
increasing the percentage extraction. Increaseddaidn leads to fracturing of overlying
strata and in the right circumstances lead to asmd water inflow into the mine.
Desalination and long distance pumping may be giablategies in future to complement
scarce water resources. One of the challengesbisrig adequate water to the Waterberg.
Water may become contaminated by contact with sudsh (AMD), therefore the
dispersal of water during the life of the mine dhd effects following mine closure need
to be considered carefully before mining commen@ésere the surrounding water table
has been contaminated with nitrates and bacteri@dl the resulting drawdown as a
consequence of mining activities could resulturter pollution of the water table that
was previously more wide spread or remote and ntlyreolluted.

Replenishment of dry or polluted wells will alwalys a challenge and could be costly to

the mine operator. It may require sourcing by pasehfrom the utility (water board).
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14.4  Rock Engineering

The mining engineer will normally utilise the spaised skills of a rock engineering
team on the design team.

To enable increased extraction, knowledge of roodperties is required. The rock
engineer makes a strong contribution to mining wetand orientation. Secondary
extraction mining requires strategies to enhancegmtage extraction and the initial
design must accommodate the final action with a®rsition of safety factors (normally
not less than 1.4). Panels and developments ndssldesigned in specific detail.
Salamon formulae are very effective although certack engineering practitioners are
advocating the use of numerical modelling technsgiee pillar design. Bord widths and
pillar sizes and mining height remain critical takslity. Roof falls are more prevalent in
intersections.

Surface protection and avoidance of subsidencedcidlict serious constraint on the
mining operation.

Hydrological barriers or pillars left to ensure Goement will require special
consideration.

The attitudes of governmental agencies also inflaghe effectiveness of the design as to
the allowance of secondary methods and the dictaticafety factors.

The mining engineer that has a strong appreciatfack engineering is better suited to
perform the design.

14.5 Choice of Method

Factors specifically considered as endorsed byirlgadonsultants include: Production
rate; Flexibility; Extraction; Influence of geologynfluence of floor; Operating costs;
Capital costs; Safety; Environmental impact; Sél@gt Continuity of production;
Ventilation required; Proven technology; Ancillaeguipment; Development; Skills of
personnel; Impact of change; Lead time to impletagm.

As was seen in Chapter 6, a multitude of systenethods, and equipment exist from
which endless combinations and permutations magedbected. In making a choice of
methods and/or equipment, careful consideratiorulshbe given to all the factors
influencing such a choice in order to arrive atogaimal combination of methods and
equipment, which will ensure the best utilisatidnawailable reserves in the interest of

the country as a whole.
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No single correct answer exists and only a camefuriage of technological, sociological,
and economic considerations ultimately can leadntweased extraction of coal by

underground methods.

14.6  Mining Height

If the South African coal mining industry is to ram one of the world’s largest coal
exporters, it needs to maintain a steady produaiforoal, which it will only be able to
do if it starts to exploit the untouched thin ceahms and existing resources wisely.

It can be seen that that the methods of thick seaning and thin seam mining are
numerous and it becomes a daunting task for thinmengineer to effectively decide on
which system to use. In South Africa, very effegtiesearch work has been done by a
number of mining engineers and this has led touthderstanding of critical factors in
selecting specific mining systems.

It was the objective of this researcher to con@aton mechanised underground mining
that proves to be regarded as best practice,tbelkt or thin seam mining, and either bord
and pillar or wall systems using either or bottmpary and secondary (caving on retreat)
strategies.

It should be noted that the most productive watlefan the world at Xstrata’s Bulga
Beltana Highwall Mine, NSW, Australia produces ixcess of 5.5Mtpa from a single
longwall operation at a 3m height profile, congiglie beating Anglocoal's Moranbah
North in Queensland which has been identified asriéxt best, and operates at slightly
over 4m height.

It is very possible that in future non - entry migi methods may become more
pronounced. These are methods in which man isteeofahe working face and applies
automated or telemetric techniques. Another asplecdbn — entry processes may include
in-seam gasification to get to the chemical andrifad potential of the fossil fuel. Coal-
bed Methane is a reality and operators are consgl¢his at increased resource depth.
Eskom has had positive results from the in searificgtson pilot project at Majuba.

There is a critical height of approximately 2.5myded which no difference in
productivities in the thicker seam ranges are disdgle. A 3m face should compete with
a 4 or 5m face in delivery. The critical factorslien the access of people in many

instances: Is it possible to walk upright?
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14.6.1 Thick seam methods

The Chapter on thick seam mining has addresseahdigern trends in thick seam mining.
Methods above 3.5m have finally evolved. Continumiisers such as the 12HM31 have
cutting heights of 4.5m and generally the only ¢aist is the roofbolter reach.
Specialised units in the multi-head category canobmined for heights above 4.5m.
Units may be modified in collaboration with the OEM

Wall systems have evolved the technology to minérmat Moranbah in Australia has
delivered a case study on the application of laggport units coupled with powerful
shearers and can competently deliver the requiredugtion tonnage. The research has
identified and quantified the elements that needdoconsidered when designing the
implementation of a wall system.

Beltana of Bulga delivers a best performance oMipa at an average of 625,000tpm to
rank as Australia’s top wall face and notched IBP.

Chinese methods and the aligned Soutirage mettaddusies top coal caving behind the
support units may utilise second AFC'’s or chutesetmover this coal. The efficiency of
these methods has been challenged and requirémifutevelopment. The method can
access coal beyond the normal channel width orngiheight.

Previous work by Lind, Beukes and Galvin had pradothe understanding of thick
seam mining. And are some the most valuable wovkdable to the mining engineer
who needs to design thick seam methods and increasarce utilisation.

The NEVID system and its ability to mitigate theacdons to horizontal stresses made
this a suitable method for thick seam pillar exiac It has become the most applied
partial pillar extraction method in South Africa.

Secondary mining systems that utilises bottom ogaliechniques have still been
considered in numerous applications owing to enddneafety relative to pillar
extraction.

The challenge remains the maximisation of percentagtraction and the use of

sophisticated technology in a risk rich environment

14.6.2 Thin seam methods.

The chapter on thin seam mining has researchedbtbad spectrum of methods

historically applied from heights below 1.5m to tfificult 0.6m channel.
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The modern low seam continuous miner applicatioitisfuvd greater impact as thicker
resources are depleted. The USA application of iteshod in medium to thin mining
heights show exceptional production deliveries #rasuper section concept using two
CM’s is well established.

Methods as varied in application as the Auger systbe Collins miner, the Addcar, the
Spanish plough and the Wilcox systems are preseiiteid seam mining will become
more significant in the difficult No.5 Seam apptioas in the Witbank field. It is evident
that punch mining and linear mining layouts such Magatar mining will have
application in thin seam environments. The methasl heen piloted at Cook colliery in
Australia, but during 2010 a section was estabilshieSecunda collieries in medium to
high (thick) seams.

14.7 Wall Methods

Chapter 8 has identified the application of wall thoels that enable productivity
improvements. The research has identified prefdagduts and systems internationally
with direct focus on Australian Longwall Mining wdfi is their preferred method. The
modular Australian mines with highwall entries ahé accent on portability is finding

favour with many mine developers.

This research also considered Matla and New Denrma&outh Africa. It should be

noted that New Denmark is considered to be medatovt at 1.9m mining height.

The Sendong operation in China presents an integesase study.

14.8 Pillar Methods

In Chapter 9 the research has identified the agipic of methods and equipment
systems that may help productivity improvementdie Tesearch has identified layouts
and systems internationally with direct focus onstkalian Wongawilli (RPE) which
supplements their preferred method (longwalling).

This researcher noted that pillar extraction has &lot of favour in Australia. They
however believe that the Wongawilli type layout {RPillar Extraction) provides
enhanced safety. The method lost favour in Souffic® because of reduced
productivities during initial development.

The United States delivered some effective equipmmedifications which are of use in

mine operation. The focus here is however on Iseam profiles.
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The NEVID partial pillar extraction method is comesied the safest way of controlling
the caving process and horizontal stresses assdciaith underground mining and
delivers an effective system of pillar extractiddoae 3.5 m mining height.

Pillar extraction is favoured were flexibility issquired and countries are seriously
constrained due to exchange rates and capital obstaported mining systems. The
capital costs are far lower than those of wall $ace

Innovative systems are considered in this chapieh ss the Linear Mining System.
Systems using Continuous Haulages to enhance safetyproductivity are researched.
The Magatar system is one such system and useasthaction to eliminate the wear on
weak floors in its continuous haulage process.

Rock bolting equipment that eliminates productiattlenecks are considered along with
smaller roadheaders that are less capital intenaivé could be of use in section
developments and the breaking of intrusives. Onth@fgreatest obstacles is the cost of
CMs (ZAR30M). If cheaper and smaller units becomailable such as some of the
Chinese options it will influence our deploymentQi¥ls significantly. Coaltech research
organisation has actively been pursuing this optidhe weight of certain larger CMs can

also negatively impact on floor conditions.

14.9 Measuring Instruments (QCDSM)

A system identified by a world class achiever colntQuality, Cost, Delivery, Safety and
Morale as measuring instruments for performanceis THesearcher considers this
approach as providing critical KPI's with whichrtanage the operation.

Tonnes per pick range between 24 and 90. Tonneshiferange from 2,000 to 631.
Section complements per shift vary from 8 to 25hétd costs vary from R98/t to R48/t.
Softer coals will generate more dust than hardafsco

More work needs to be done to promote understaramiquantify the impact of these

issues on production.

14.10 Soft Issues (SOP’s and Kobayashi Twenty Keys)

All mines will find the necessity to measure avhilidy and utilisation of mining plant
and systems. These controls will require the actiog of minutes in the production

process e.g., targeting cutting times of 280 or @&tutes per shift in the 8 hour or 9 hour
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shift time available. This will not be achievedlie ‘soft issues’ of Systems Thinking are
not implemented. Currently 180 minutes per shifting time is best practice.

Measuring Instruments dealing with QCDSM, qualidgsts, delivery, safety and morale
are also seen as Standard Operating Procedure (&®@dories and are paramount in
ensuring objectives are met. Critical Soft objeesiwere identified in Chapter 11 and 12
additional SOPs range from, to name only a fewrtehed travelling time, timeous
changing of picks and performing this quickly, two#ling cable damages and doing as
much as possible during the late non productiorit shith respect to relocations,
extensions and maintenance. The mine must produmgures to enable performance
of all 12 principles.

Further principles include the Kobayashi 20 Keyd ared to be applied in an approach

to supplement continuous improvement.

14.11 Guideline for Effective Colliery Design and Operaton

Effective design needs to be implemented if caieiare to be world class performers.
This requires meeting the steps in the Guidelisewdised in Chapter 13. The guidelines
are a broad aide memoire to assist the requirenienéffective design. A list of 26 focus
areas has been compiled. Designs require data fomwide spectrum of subject
disciplines.

Information technology and processing is an absoheguirement with modern mine
design.

The impact of the soft issues in contributing togass efficiency may not be eliminated
or underestimated.

Engineering work may require registration and lgieg. The designer needs to
understand the concept of competency and what dempgeople may be needed as one
of the focus areas when implementing plan.

Risk and environmental issues including ventilanmethane management and carbon

capture and sequestration will become more domiasueingineering problems in future.

14.12 Benchmarking Results

The following discussion is data for two sectiohattsupplied Eskom during 2009 and
have been identified by Eskom as the benchmarklieupiote that these operators are in

the harder and less productive No.2 Seam. Averegguption over first seven months of
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the year so far is 63,165tpm and the best was 41#(84.9t for every meter cut). Shifts
total 71 shifts per month but they have a four hoaintenance period every morning and
a full day maintenance every second week (thrdedi day 8 hours/shift).

The production levels for a 12HM31 under Moruputeditions (Botswana) which can
be considered favourable would enable 80,000tpnCivr

The unconstrained potential of the sections wowddup to 3,500 tonnes per shift. This
translates to a cutting time of over 260 minutasgbéft.

The calculated cutting time per paid production rhand cutting time per machine
available hour was used as a benchmark of GBP |fgvest practice) production with the
cutting rate of 785tph.

SA Mines can improve tonnes per shift from currbest levels of approximately
2,000t/shift to the benchmark of 3,000t/shift thyhwsimultaneously increasing available
time for production and increasing the tonnes pachine available hour.

SA Mines can improve tonnes per paid productionrtfoom the current approximate
200tppph (tonnes per paid production hour) to theéustry best practice (IBP) of
320tppph.

Top USA mines that have conditions and equipmerdtrsinilar to the four SA collieries
indicated in 2003 there were at least four minas tlonsistently achieved between 2,800
and 3,000t/shift per CM.

The average tonnes produced per unit shift (tpask lbeen calculated from data. The
range is from 2,027 to 838tpus. Tonnes per shifioisa meaningful comparison as there
are activities such as planned maintenance, infretstre extensions and stone dusting
that is conducted during the production time on esanines owing to the non-availability
of an ‘off shift’ or ‘dog shift. To compare the fettiveness of each colliery the KPI's,
tonnes per paid production hour and tonnes per imachvailable hour has been
suggested as the indicator.

A comparison is made with the top section of eafcfoor mines in this group with the
best identified section outside the group on a $hift system (XX-2) (IBP 2shifts) and
that outsider on a three shift system (YY-3)(IBP sBifts). The performance of
129,000tpm is the industry benchmark.

The industry benchmark for weekly production is9®0tpw from and external mine to
this group having similar conditions and equipmé&ihte section is on a two shift system.
Section XX (IBP) has 10.66 shifts/week since eamttisn works on Saturday per three
week cycle.
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Using the shifts per week and the production pegkiyéhe tonnes per shift is calculated.
This industry benchmark is 3,000t/shift. This isamsiderable achievement.

A case study of 11 mines in the USA, where systensaipport is installed at more or

less the same density as the SA experience wasictt Results indicate that there are
at least four mines in the USA that are consisgeathieving between 2,800 and 3,200
tonnes per shift. This is very similar to SA bestqtice.

The best bord and pillar sections in Australia barfound at Clarence Colliery which is

producing approximately 2.25Mtpa from three CM &etd at an average of 750,000tpa
per section. Note: There are wall faces that pred650,000tpm namely, Beltana

Highwall section of Bulga Opencast Colliery, NSW.

The Xstrata group best practice is summariseddrtble 14.1.

Summary of Industry Best Practice Relative to
a Specific Groups Best Practice

Figure 14-1 Summary of IBP relative to GBP (from MRSrata Report)
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Production is mostly influenced by:

1) Plunge depth (maximum allowed cut out depth from st through road owing to
ventilation requirements Stringent controls maydlda force exhaust ventilation
systems being imposed, this will in turn influemreduction.

2) No.4 Seam vs. No.2 or No.5 Seam in South AfricaniMj conditions are more
difficult in No.2 Seam and much more difficult iroMb seam. The No.2 Seam coal is
generally harder and impacts on pick efficiencied therefore CM performance. The
No.5 seam has lower seam height and poor floorrantl conditions and will put
pressure on production rates. This may howeverfbseb by increasing yield for
maintenance of saleable tonnes. Conditions in the& [Seam are more favourable for

production in general.

14.13 Further Research

Research is needed to quantify the impact of sgdtesns to a greater extent. It is
apparent that the mines who apply these techniguwesin Industry Best Practice

categories.

South Africa will need some focus on Thin or Low reeaiining as many of the unmined

resources fall into this category.
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APPENDIX A: NOMENCLATURE

Index of Main Terms
12CM1E A tyPe OF JOY CM. ittt ittt ettt smmeestae e st e st e e anbbae e s snbaee s snseeena 2-6
A-PEP: A design tool developed by Lind used in p&traction. ............cccceevvvveeviveviceenn. 2-14

Aquifers: The opposite of an aquatard. An aquafa channel with in the strata which
accommodates and allows the movement of sub-surfa@e.wat.............cccceeeeiiiiiiiere e e s oo 2-1

Bord and pillar mining: The mining of the coal atfé leaving of pillars to support the
roof strata. The tunnels developed are referred thebords. The bords are generally

developed parallel to each other at the pillar EESIPACING. .......ccvvriiiiiieiiiee e 2-9
L8 o P\ = 1 F= 1TSS 2-3
Chronostratigraphy The layers of sediments depositetiromological order ........................ 3:2
CM: CONLINUOUS IMINEI ... .tiiiiiiiiie ittt seeeme sttt e e abe e e s bb e e s nnnnmee s eae 2-6
CO: Carbon MONOXIAE .......eeiiiiiiie ettt ee ettt et sb e eeme e eesnb e e e snbeeeeeeee 2:3

Continuous Miner: A mechanised unit which cuts andido¢he coal and may be
equipped with on board bolting apparatus to entigedrilling and installation of roof
bolts. It differs from a road header in the naturé¢hef cutter head profile. It generally

has a drum equipped with picks where a roadheadgquipmed with a cone head...................... 2-1
Detrital Water carried external MaterialS. . oo ..ooveeeieiiier e e 3-6
DNC: Durban Navigation COIlIEIIES. ........ccceeeciiriiiieerieie e 2-15

dolerite sills: an igneous intrusive that cuts conformshe bed orientation in the
stratigraphy. Dolerite is a type of igneous rock raltynhard and strong............ccccccecvvvveceee. 2-8

Dykes: An igneous intrusion that cuts across othes.hed..........c..ccocviveiiiie e e 2-18

Edward/Swann mining method& method of mining which uses a linear mining

layout to reduce machine tramming WaStage..........occveeiriiieeiiieieniiieiemeneee e 2-6
Faults: A discontinuity in the strata normall coupldgth relative displacement..................... 2-1
GOAf: TNE CAVEA ZONE......ciiiiiiiie ettt smr e e e nn e eneennrees 2-1

Hydraulic Mining: A mining method that uses water ungeessure to enable coal
winning and the consequent transport of the coal thithwater run off. This is the
normally complemented with pumping of the coalite processing facility. ...........cc.ccccevecee. 2-9



Integrated [ONGWall MINING ......viiiii e e s rrerrne e st e e sebeeeenes 2-9

Joints: DiSCONtiNUItY iN the COAI............emmm et 2-1
L T o] (o 1T T o 1 1 o = GRS 2-4
LAN : LOCAI ArEa NEIWOTK. ... .eiiieiiiitie ettt ettt cee ettt se e sabe e sae e snbeesmbeeseeeesbmamnne 2-6
Leadership: the ability to direct the activitieSOfers ...........cccceveveeeiiiee e eeeecee e, 2-9

Lithological: The nature of the layered rock bamgirThe layers from which the rock is

0= 1o =TSPTSRO PSRRI TPRP 12-
Lithostratigraphy The [ayers Of FOCK ........ceeciiiiiiiii e 3-2
Lithotypes Groupings of macerals into either clarisain,durain or vitrain....................eeeen 3-6

Macerals Smallest identifiable constituents of Coal............ccooooiiiiiiiii e 3-6

Magatar: A mining method using a CM and continuoaslége system that uses a
linear layout. The method was developed by Souificédn P Venter and is being
implemented at CoOK COllIEry NSW. .......ciiiicieieee et smeensre s 2-6

Minute ManagemeniControlling the activities of production resourdéesminutes
or seconds. Ensuring that the CM is cutting foleast 280 minutes out of the 480
LT LU (TSI T 0 1 = S 2-6

Morale factors: Factors that influence morale, suchemsrds and bonuses, working
conditions safety amongst OthErS. ..........iiiceeeeceiie e e 2-8

Non-integrated longwall mining: In non integratemdwall mining a slice is extracted
in the top of a seam by conventional longwall minibgfore longwall mining

incorporating sub-level caving commences in the oedbottom portion of the thick
seam. The bottom portion process may not have the saonomic merits or viability

but is removed to enhance percentage extraCtion............cccvveriiiieiiieie i cmrrniee e 2-9
OEM: Original Equipment ManUFaCUMEE............cioiiiiiiiiiiie e ceen e 2:-6
overburden: non coal strata above the coal seamghrm surface..............ccocveeeiiiievieeoee 2-11
Paleoclimatic Old CHMALE .........coieieiit e ettt eem e e st be e eenbee e naee s 3-2
PDCA: Plan, DO, ChECK, ACL. ....cveuuueie it ceeeeeetee e e e e e tetetiie s e e s e eesesataessssssnsenessesssesssaasesesereen 2-14

Pillar Extraction: Total extraction of pillars nortiyaas a secondary mining activity
(o= 1] [ To [ o= 1Y/ 1o Vo R OO PRSP T TP PP 2-1

Quality: processes in business aimed at ensuring a @oservice is of the standard of
quality that the manufacturer or supplier has spetifie............cocoeeeviieiiiiii e, 2-1



Reserves The tonnage and coal quality at specifigdtane content, contained in coal
seams that are proposed for mining adjusted by thecapph of geological loss
L1 0] £ PR URRT 73-

Resource: Is that part of a coal deposit for whicluwe or tonnage and coal quality
can be estimated with a specific level of confidence..........ccccvveiiiiiii e, 2-1

Resource That part of a coal resource for which dgen densities, shape, physical

characteristics and coal quality can be estimatedavibecific level of confidence ................ L3
Rib pillars: Large blocks of coal which could be spii standard pillar sizes.............ccccvvu 2:13
Roads: Tunnel or Drive UNAErgroUNG ..........oocueeeeiiieeeiiiieeeaiieee et e sne s emmeessseeessereeeenees 2-11

Safety Factor: The amount by which the forces cgu$aiiure are exceeded by the
forces preventing failure ...........cooi i ceeeee e rrme e e e e et e e aree s 2-8

Sinkholes: A subsidence created normally in rocksthaé a void in them due to strata
caving or dissolving in water causing a break olapsle of the surface. .........ccccocoeeeiiienn. 2-18

Six Sigma: A management philosophy developed by ktdothat emphasizes setting
objectives, collecting data, and analysing results aayato reduce defects in products

P2 L Lo BT =T Y/ o= 2-15

Snooks: Remnant of a portion of a fender which p@dion of a pillar created from the
pillar splitting exercise during pillar Xtraction.............cooveee i e 2-12

Soft Issues: Behavioural aspects in the system refemongliscipline motivation
judgement. Soft Systems (Soft Issues) are derived froksda’s Model of Systems
LI 81110 o PSPPSR 2-1

Spontaneous combustion: The propensity of the coaeat and ignite chemically on its
(010 o PP PR PTPRPT 2:18

Stooping: pillar eXtraction OF CAVING. ......uceaciiieeeiiiiee it resme e sbr e 2-13
Stope Mining: A stope is an underground excavatiorereshmineral winning takes

place. It requires a gulley from which the prodgciaces are ledged or advanced. The
gullies when on dip would connect to levels generailty strike. It is generally a
Metalliferous mining layout often termed Horizon Nfig when used in coal.............ccccceene 2-8

Stratigraphic: The different rock types in seamsads of macro layering. .........ccccoeevves s 2-1

Systems thinking: focuses on how the thing being studi¢eracts with the other
CONSHIUENTS O tNE SYSIEM. e e 2-10

L= T 0 4 (=Y (o2 o] ] 1= 2-4

Xl



Thick Seam: A thick seam is defined as any seam mare 4hm thick. However, a
number of multi-seam situations where the parting betveeams is less than 4 m thick

and the seams are at least 2 m thick have also bdadedc.................cccccoeeiiiiiii e 2-1
Thin Seam: A seam thickness or mining height whecim ithe range 0.5 mto 2.0 m. ................. 2-1
tpm: tonne per MONTh (MELMIC)....iiii e ceeemer e ree e e saee e e s e e e e e nasean 2:3

TQM: Total Quality Management, a management approactstrategy aimed at
embedding awareness of quality in all organisationEgBSES. ..........cccvveviviieiiiiiieniiieeenans 2-14

Trench mining: Mining commencing from a boc cut o@fistrip into the highwall and
developing underground often returning to the sameduit or through to a parallel box

{01 | PSP 2-6

Twenty Keys: A management approach involving a 20ntpahecklist used in

MANUFACTUINING AUAILS. ....vviiieeiiiie et ceecmenste e ree s aee s sre et ae e e s sensmmns e e e e e snbae e e anaeeeenees 2:12
(8T aaT=T ol g TeTo [T 11 o TR PSPPSR 2-8
VI VOIES ettt b bt re e b e e he et nr e e 2-5

Wall Mining: A high extraction or total extractianining method which extracts coal in
blocks situated between gate roads and includes ldhgwawall and shortwall
0111 o PSS 2-1

General Glossary

Algorithm Mathematical functions used in geological modellgugtware to

determine various geological information and resoestenates.

Bench A ledge that, in open-pit mine and quarries, fornsingle level of
operation above which minerals or waste materialsegcavated
from a contiguous bank or bench face. The mineralaste is
removed in successive layers, each of which is a heesleral of
which may be in operation simultaneously in différparts of, and

at different elevations in, an open-pit mine or guarr
Bobcat Small mobile surface earth moving machine

Bord opening formed by mining using the bord and piliaethod of
mining. Bords are areas from which the coal has beerdnin

pillars are the areas of coal left between the bords.
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Boxcut

Cash Cost

Cone Crusher

Commissioning Entity

Companies Act

Competency

Competent Person

Contamination

Cut-offs

Cyclone

The initial cut driven in a property, where no npede exists; this

results in a highwall on both sides of the cut.

Direct mining costs, direct processing costs, digemeral and
administration costs, consulting fees, management fees,
transportation, treatment charges, refining charged profit
sharing charges.

A crushing device in which material is comminuted lesw an

eccentrically moving cone and an outer conical shell.

The organisation, company or person commissioning a risline
Asset Valuation.

The Companies Act No 61 of the Republic of Southioafrof
1973, as amended or any law that may wholly or i fggolace it

from time to time.

The Public Report is based on work that is the respibifgiof
suitably qualified and experienced persons who areesulp an

enforceable Professional Code of Ethics.

Is a person who is registered with SACNASP, ECSA IoATO,

or is a Member or Fellow of the SAIMM, the GSSA @&degnised
Overseas Professional Organisation (ROPO). A compisteof
recognised organisations will be promulgated by th€ $®m
time to time. The Competent Person must comply with the

provisions of the relevant promulgated Acts.

A Competent Person must have a minimum of five years
experience relevant to the style of mineralisation #&ype of
deposit or class of deposit under consideration arilei@ctivity
he or she is undertaking. Persons being called tpmign as a
Competent Person must be clearly satisfied in their minds that
they are able to face their peers and demonstrateetenge in the

commodity, type of deposit and situation under caersition.

The inclusion of waste rock in the coal seam mirea@ aesult of
mining operations.

Waste material that is mined during the course ohimgi
operations and thereby forms part of the Reserve.

The lowest grade of mineralised material that djealias Mineral

Resources in a given deposit.

Equipment used in the washing of coal; used to s&pawraste

from a coarse coal/waste mixture.



Defunct Property

Development Property

Dormant Property

Diamond Drilling

Dilution

Dip

Discard

Dolerite

Dome

Dyke

Ecca Group

Economically Mineable

A Mineral Asset on which the Mineral Resources and dvih
reserves have been exhausted and exploitation hssd;emd that

may or may not have residual assets and liabilities.

A mineral Asset that is being prepared for mineratpotion and
for which economic viability has been demonstrated dy
Feasibility Study or a Pre-feasibility Study andlintes a Mineral

Asset which may not be financed or under constractio

A Mineral Asset which is not being actively expldrer exploited,
in which the Mineral Resources and Mineral Reserve® et

been exhausted, and that may or may not be ecoaliyni@ble.

The act or process of drilling boreholes using bitset with
diamonds as the rock-cutting tool. The bits are eotdly various
types and sizes of mechanisms motivated by steam, afitern
combustion, hydraulic, compressed-air, or electrigires or

motors. A common method of prospecting for mineegdasits.
The inclusion of a non select ply of coal with the @f coal being
selectively mined. This can affect profitability cvat processing
performance.

Waste material that is mined during the course ofingin
operations and thereby forms part of the Reserve.

Inclination of geological features from the horitzdn

Waste material (generally solid) produced as a&gsly unwanted
by-product from the beneficiation of the coal.

Discard and Reject Coal are coal or carbonaceous rialate
resulting from mining or coal processing operationthvguality
parameters that place it outside the current rangealeéble coals.
Any dark, igneous rock composed chiefly of silicatésran and
magnesium with some feldspar.

An uplift or anticlinal structure, either circular elliptical in
outline, in which the rocks dip gently away in aHettions.

A tabular igneous intrusion that cuts across the Ilogddir

foliation of the country rock.

Stratigraphic sequence in Southern Africa contgininoal

deposits.

Extraction of the Mineral Reserve has been demoesirai be
viable and justifiable under a defined set of real#ly assumed

modifying factors.



Exploration Property A Mineral Asset that is being actively explored for neal
deposits but for which economic viability has not rbee
demonstrated. Exploration Properties have asset valeeged
from their potential for the discovery of economigalliable
mineral deposits. Exploration Property interests anegbb and
sold in the market. Many of these transactions invgaetial-
interest arrangements, such as farm-in, option and j@nture

arrangements.

Ends Blind headings as a result of bord and pillar minfugually before

the mining of the last through road

Erosional surface Ground surface or lithological unit that has beebjeted to

weathering or geological erosion.

Fault Fracture or a fracture zone in crustal rocks alwhigch there has
been displacement of the two sides relative to orathar parallel

to the fracture.

Feasibility Study A comprehensive design and costing study of the selexigon
for the development of a mineral project in whighpeopriate
assessments have been made of realistically assumed gablogi
mining, metallurgical, economic, marketing, legalyiesnmental,
social, governmental, engineering, operational amd other
modifying factors, which are considered in sufficiaftail to
demonstrate at the time of reporting that extract®reasonably
justified (economically mineable) and that the fastorasonably
serve as a basis for a final decision by a proponefiihancial
institution to proceed with, or finance, the develgmt of the
project. The overall confidence of the study shdédstated.

Financial Reporting South African statements of generally accepted atdouy
practice as defined in the Companies Act.

Floats Material during the testing or washing process thatfl on the
testing or washing medium; generally forming the pobdeoal
fraction.

Flocculant Reagent used to assist in froth flotation processalf grocessing,
or in the settling of solids to enable process wettdre re-used in
the processing of the coal.

Footwall The part of the country rock that lies below thpatst.

Fresh Rock Rock or geological unit which has not been exposedlteration

through weathering or leaching processes.



Hangingwall
Haulage

Haul Road

Highwall

Igneous

Indicated Mineral Resource

Inferred Mineral Resource

In situ

Intercalated

Intrusion

Jaw Crusher

The overlying side of an orebody or stope.
A drive used for mechanical transport.

A road built to carry heavily loaded trucks at adspeed in open
pit. The grade is limited on this type of road amsdally kept to
less than 17% of climb in direction of load movement.

Edge of opencast operations in advance of the @ireof mining.

Said of a rock or mineral that solidified from newit or partly
molten material, i.e., from a magma; also, appliecrmcesses
leading to, related to, or resulting from the forimatof such
rocks. Igneous rocks constitute one of the three mlasses into
which rocks are divided, the others being metamorphid a
sedimentary.

That portion of a Mineral Resource for which qugnand quality
are estimated with a lower degree of certainty foam Measured
Mineral Resource. The sites used for inspection, sagpk&nd
measurement are too widely or inappropriately spdaoeenable
the material or its continuity to be defined or itadg throughout

to be established.

That part of a Mineral Resource for which tonnagede and
mineral content can be estimated with a low levedafifidence. It
is inferred from geological evidence and assumed buverified
geological and/or grade continuity. It is based aformation
gathered through appropriate techniques from locatguch as
outcrops, trenches, pits, workings and drill holes timay be

limited, or of uncertain quality and reliability.

Generally used with reference to the reporting @fl cesources to
indicate a volume or tonnage of coal present uadisd in the

ground.

Said of layered material that exists or is introdugetiveen layers
of a different character; esp. said of relativelinthtrata of one
kind of material that alternates with thicker strafasome other
kind, such as beds of shale intercalated in a bodgmdstone.

In geology, a mass of igneous rock that, while moheas forced

into or between other rocks.

A machine for reducing the size of materials byawtpor crushing
between a fixed plate and an oscillating plate, etwben two
oscillating plates, forming a tapered jaw.



Karoo Supergroup

Kopjie
Last through road
Long Life

Licence, Permit, Lease

Life of Mine Plan

Low wall

Magnetite medium

Materiality

Medium-Life

Stratigraphic sequence in Southern Africa contgininoal

deposits.

Small hill, usually dolerite, manifesting on the saga
Last split in the advance of a bord and pillar mgnsection.
Operation with life of greater than 10 years.

Any form of licence, permit or lease, including newv-old- order
rights or other entittement granted by the relev@avernment in
accordance with its mining legislation that conferstbe holder
certain rights to explore for or extract mineralsifoth) that might
be contained in the designated area. Alternatiyedpy form of

title that may prove ownership of the minerals.

A design and costing study of an existing operatioavhich in
which appropriate assessments have been made of radlistic
assumed geological, mining, metallurgical, economic,ketarg,
legal, environmental, social, governmental, engingerin
operational and all other modifying factors, whicle aonsidered
in sufficient detail to demonstrate at the timereporting that

extraction is reasonably justified.

Edge of opencast operations behind the generattidine of
mining.

Addition to the washing fluid (generally water) fafe magnetite
particles to increase the relative density, this dligwthe coal to
be separated from a coal/waste mixture.

A public report contains all the relevant informatithat investors
and their professional advisors would reasonably reqaind
expect to find, for the purpose of making a reasareti balanced
judgement regarding the Exploration Results, Min&akources

and Mineral Reserves being reported on.

Operation with life of between 5 and 10 years.

Measured Mineral Resource That portion of a Mineral Resource for which thlenrtage or

volume is calculated from dimensions revealed in ropts, pits,
trenches, drill-holes, or mine workings, supported where
appropriate by other exploration techniques. Thessiteed for
inspection, sampling and measurement are so spaced that th
geological character, continuity, grades and natdirdne material
are so well defines that the physical character, sizape, quality
and mineral content are established with a high @egfreertainty.

\



Mine Call Factor A measure of the mining efficiency based on compagdetween
metal content extracted and delivered to the mill thiadl projected
by the mine planning process taking into accountvitiame/area
mined during the reconciliation period.

Mineable Those parts of the orebody (coal seams), both econamic
uneconomic, that can be extracted during the nowcoatse of
mining.

Mineral Asset Valuation The valuation of a Mineral Asset that has been contbléte
accordance with the SAMVAL Code and signed off by a
Competent Valuator.

Mine Design A framework of mining components and processes takinhg
account such aspects as mining methods used, access to the
orebody, personnel and material handling, ventitatiovater,
power, and other technical requirements, such thaé mpianning

can be undertaken.

Mine Planning Production planning and scheduling, within the Mibesign,
taking into account such aspects as geological snest
mineralisation (coal qualites and quantities), assediat

infrastructure and constraints.

Mineral Assets Any right to explore or mine (or both) that has beganted or
entity holding such property or the securities ofts@an entity
including but not limited to all corporeal and imporeal property,
mineral rights, mining titles, mining leases, intellettproperty,
personal property (including plant equipment andaistfucture),
mining and exploration tenure and titles or any otignt held or
acquired in connection with the finding and removaigninerals
located in, or near the earth’s crust. Mineral Assein be
classified as Dormant Properties, Exploration Propgrti
Development Properties, Production Properties, or uizf

Properties.

Minerals Industry An industry involved in finding, removing, processirgnd
subsequently marketing minerals located in, on or treaEarth’s

crust.

Mineral Reserve The economically mineable material derived from a $deed
and/or Indicated Mineral Resource. It is inclusive difuting
materials and allows for losses that may occur whemtterial is
mined. Appropriate assessments, which may include fégsibi

studies, have been carried out, including consideratiy and

Vil



Mineral Resource

Minimum Mining Width

Mining Licence

Modifying Factors

Open pit

Ore Reserves

Overburden

Perennial

Phreatic surface

Piezometer

Pillar

Public Reports

modification by, realistically assumed mining, metajiaal,

economic, marketing, legal, environmental, social d an
governmental factors. These assessments demonstrate tah¢h

of reporting that extraction is reasonably justified.

A concentration [or occurrence] of material of momic interest in
or on the Earth’s crust in such a form, quality, auentity that
there are reasonable and realistic prospects fortaleeconomic
extraction. The location, quantity, grade, contiyjuand other
geological characteristics of a Mineral Resource knewn,
estimated from specific geological knowledge, oeiripteted from

a well constrained and portrayed geological model.

The minimum mining width at which an situ Mineral Resources

is stated.

A licence issued by the regulatory authority whighverns the

process of mining.

Include mining, metallurgical, economic, marketingegal,

environmental, social and governmental considerations.
A mine working or excavation, open to the surface.

Although the term Mineral Reserve is used throughthe
SAMREC Code, it is recognised that the term Ore Reskr still
in generic use and the terms are considered to begymus for

purposes of reporting under the Code.

Designates material of any nature, consolidated consvlidated,

that overlies an economic deposit.
Describing a watercourse that flows throughout trer.ye

Level of water generally in a waste or discardlfigcconstructed
on the topographical surface.

Instrument used to determine the level of water lirehole or to
determine a phreatic surface in a waste or discapbdal facility.

A block of ore entirely surrounded by stoping, iefentionally for
purposes for ground control or on account of low @alu

Are all those reports prepared for the purpose obérining
investors or potential investors and their advisorsiaoldde but
are not limited to companies’ annual reports, qurteports and
other reports included in the JSE circulars, or asiredby the
Companies Act. The Code also applies to the followamprts if

they have been prepared for the purposes describ€thise 3:

Vi



environmental statements; information memoranda; expparts;

technical papers; website postings; and public ptaens.

Pre-feasibility Study A comprehensive study of the viability of a rangeopfions for a
mineral project that has advanced to the stage athwitie
preferred mining method in the case of the undergtoniming or
the pit configuration in the case of an open pitlheen established
and an effective method of mineral processing hagnbe
determined. It includes a financial analysis based reslistic
assumptions of technical, engineering, operating, @oonfactors
and the evaluation of other relevant factors thatsaifficient for a
Competent Person, acting reasonably to determiak @fr part of
the Mineral Resource may be classified as a MineeakeR/e. The
overall confidence of the study should be stated réf@asibility
Study is at a lower confidence than a Feasibilityd§tu

Production Property A Mineral Asset that is in production.

Proterozoic A geological era.

Proximate analysis Analysis carried out on coal to determine commonlyoresd
qualities.

Seam A provincial term for a coal bearing layer.

Seam Drive An excavation driven within the plane of the oréyo

Resource A tonnage or volume of rock or mineralisation orestmaterial of

intrinsic economic interest, the grades, limits attter appropriate
characteristics of which are known with a specifieejrée of

knowledge.

Roofbolt A long steel bolt inserted into walls or roof of @nground
excavations to strengthen the pinning of rock strata.

RoM Run-of-Mine.

ROPO A Recognised Overseas Professional Organisation. A ROED

1) Be a self-regulatory organisation covering professirial

mining or exploration or both;

2) Admit members primarily on the basis of their acaidem

qualifications and experience;

3) Require compliance with the professional standards of

competence and ethics established by the organisation;

4) Have disciplinary powers, including the power to suspor

expel a member; and



SAMREC
SAMREC Code

SAMVAL
Servitude
Short-life
Sidewalls

Sill

Sinks

Sloughing

Spalling

Spirals

Stope

Stoping

Strike

SSC Committee

5) Have been accepted by the SSC Committee
(SAMREC/SAMVAL Committee) as a ROPO on behalf of
the JSE Limited (Johannesburg Securities/Stock Exchange)

The South African Mineral Resource Committee

South African Code for reporting of Mineral Resascand

Mineral Reserves.

The South African Mineral Asset Valuation Committee.
A right that grants use of another's property.
Operation of with less than 5 years.

The sides of an excavation.

A concordant sheet of igneous rock lying nearlyizomtal. A sill

may become a dike or vice versa.

Material during the testing or washing process #iaks to the
bottom of the testing or washing medium; generallyniog the

waste or discard fraction.

The action of soft material when wet; generallyoatged with the

failure of soft material stockpiles

Failure of the highwall, generally caused by podasting

practices, weathering or ingress of water.

Equipment used in the washing of coal; used to sepfine waste

from a fine coal/waste mixture

Any excavation in a mine, other than developmenkimgs, made
for the purpose of extracting ore. The outlinestt@ orebody
determine the outlines of the stope. The term is apgiied to
breaking ground by drilling and blasting or otheltinogls.

The act of excavating rock, either above or bekwevel, in a
series of steps. In its broadest sense rock stoping rtieaast of
excavating rock by means of a series of horizontattical, or
inclined workings in veins or large, irregular bodafsore, or by
rooms in flat deposits. It covers the breaking and rexnof/the
rock from underground openings, except those driven f

exploration and development.

The course or bearing of the outcrop of an inclibed, vein, or
fault plane on a level surface; the direction ofa@izontal line

perpendicular to the direction of the dip.

The SAMREC/SAMVAL Committee



Tailings

Technical Expert

Thickening

Total Cash Cost

Total Costs

Total Working Cost

Transgressive

Transparency

Unredeemed capital

Vryheid Formation

Washability

Washability analysis

Water Use Licence

Weightometer

Working capital

The gangue and other refuse material resulting fleematashing,

concentration, or treatment of ground ore.

A person who is commissioned by a Competent Valuator or
Commissioning Entity to provide and be responsibletdohnical

contribution to the Mineral Asset Valuation.

The concentration of the solids in a suspension withiew to
recovering one fraction with a higher concentraidrsolids than

in the original suspension.

incremental components to cash costs including rogaltiet
excluding taxes paid.

The summation of total working costs, net movemenwanking
capital and capital expenditure.

Incremental components to total cash costs includargiinal
separation benefits, reclamation and mine closure ctstsnit
difference of the total environmental liability attte current trust
fund provision) but excluding non cash items such asedégtion

and amortisation.
Term used to describe dolerite intrusions into the seams.

The reader of a Public Report must be provided wiifficient
information, the presentation of which is clear andmhiguous,
to understand the report and not be misled.

Capital expenditure which may be offset againstreufrofits to
lessen the taxable profit.

Stratigraphic sequence in Southern Africa contgininoal
deposits.

Ability of the coal to be separated from waste f@wi at a range

of relative densities.

Analysis to determine the coal behaviour and separat

characteristics for a range of relative densities.

A licence issued by the regulatory authority goirgnthe

abstraction, use and discharge of water.

An appliance for the continuous weighing of brolk®e material

in transit on a belt conveyor.

Expenditures required to fund the resulting changde debtors,

creditors and stores position at a point in time.
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Abbreviations

AOL
ADT
BEE
BPC
Capex
CPI
CM
CcVv
DCF
DEAT

DME
DMS
DWA
DWAF
ECA
ECSA
EIA
EMP
EMPR
FM
HDPE

HDSA
HIV
IER
LoM
MCF
MCL
ML
MPRDA

MTIS
MWP
No.
NPV

Anglo Operations Limited

Articulated dump truck

Black Economic Empowerment.

Botswana Power Corporation

Capital expenditure.

Consumer Price Index

Continuous Miner

Calorific Value

Discounted Cash Flow.

Department of Environment Agriculture and
Tourism.

Department of Minerals and Energy.

Dense Media Separation.

Digby Wells & Associates, environmental conants
Department of Water Affairs and Forestry.
Environmental Conservation Act.

Engineering Council of South Africa.
Environmental Impact Assessment
Environmental Management Plan.

Environmental Management Programme Report
Financial Model.

High density polyethylene (used to manufacture
water pipes)

Historically Disadvantaged South Africans.
Human Immuno Virus

Independent Engineer’s Report.

Life-of-Mine.

Mine Call Factor.

Morupule Colliery Limited

Mining licence.

Mineral and Petroleum Resources Developmerit Ac
(Act 28 of 2002).

Mineable tonnes in situ.

Mine Works Plan.

Number.

Net Present Value.
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NWA

o/IC

Opex

PLC
RBCT

RC

RoM

RWD
SACNASP

SA

SAHRA
SANAS
SANS 10320

SARS
SHE
SLP
SRK
SRK Group
TEC
TEP’s
TWC
u/G
WUL
WULA
ZAR

Units

Bt

cm

g

ha

h, hrs

h/week , hpweek
h/month , hpmonth
J

National Water Act.

Opencast.

Operating Expenditure.
Programmable logic controller.
Richards Bay Coal Terminal.
Reverse Circulation Drilling.
Run of Mine.

Return Water Dam.

South African Council for Natural Scieittif

Professions.

South Africa

South African Heritage Resources Agency.
South African National Accreditation Sgist
South African National Standard for téporting of
coal resources and reserves

South African Revenue Services.

Safety Health and Environment.

Social and Labour Plan.

SRK Consulting (South Africa) (Pty) Linite
SRK Global Limited.

Total Employees Costed.
Technical-economic parameters.

Total Working Cost

Underground.

Water Use Licence.
Water Use Licence Application.

South African Rand

a billion metric tonnes
a centimetre.
grammes.
a hectare.
hours.
hours per week.
hours per month.

joule (measure of energy)
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km a kilometre.

kt a thousand metric tonnes.
ktpa a thousand metric tonnes per annum
ktpm a thousand metric tonnes per month.
kv a thousand Volts.
kVA a thousand Volt-Amperes
m a metre.
mm a millimetre.
m? a square metre.
Mm® a million cubic metres.
m? a cubic metre.
m/s a cubic metre per second.
MJ a million joules.
MJ/kg a million joules per kilogramme.
Mt a million metric tonnes
Mtpa a million metric tonnes per annum.
MVA a million volt amperes.
MWhr a million watt hours
t a metric tonne.
tph tonnes per hour.
t/TEC/month metric tonnes per total employeesecbger month
t/m? density measured as metric tonnes per cubic metre.
\Y, a volt.
a watt.
R South African Rand.
R/t South African Rand per tonne.

"Every man gets a narrower and narrower field abidedge in which he must be an
expert in order to compete with other people. Tihecglist knows more and more about

less and less and finally knows everything abotiting." - Konrad Lorenz.
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