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Workshop Outline N

» Background > Possible answers
» Brainstorm with workshop 3 Posit solutions

delegates

Shortens drawing
time

Conducive 1o use
high-power rear
conveyor

Increases the number
of drawing port

Dilutes the coul gas  Shortens the cycle time Improves the recovery ratio
around the drawing port of working face and productivity
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Morning coffee and
registration

Workshop

Introduction
Background
What is Top Coal Caving

Morning Tea
Workshop
Is top coal caving the answer?

How does it work
Are there other mining methods?

Is new technology available?

Lunch
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Workshop
Can you block cave coal?

Longwall ploughs vs Longwall shearers?

Could a Longwall be developed that could cut

9m?
What are the limits of super chocks?
Are tunnel boring machines viable for coal

mining?

Afternoon Tea

Workshop
What is hydro mining?
Is hydro mining safe?
Could hydro mining harvest all the coal from a
9m seam? If so, how wide would The cut be; for
what distance and at what depth?

Finish
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Workshop Summary

» What is top coal caving?

» Is top coal caving the
answer?

» How does top coal caving
work?

» Are there other mining
methods?

» Is new technology
available?

» Can you block cave coal? If
not, why not?

» Longwall ploughs vs w |

Lon gwall Shearers ? httn-//minira delaoe ora/?n-=20
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Workshop Summary (cont)

» Could a Longwall be developed that
could cut 9m?

» What are the limits of super chocks?

» Are tunnel boring machines viable
for coal mining?

» What is hydro mining?

» Is hydro mining safe?

» Could hydro mining harvest all the
coal from a 9m seam? If so, how
wide would The cut be; for what

distance and at what depth?

RDAMS underground auger system - Reik Michael Winkel 2003. Thesis Analysis of Longwall Development Systems in Australian Underground Hard Coal Mines -
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- Thick seam mining

»More than 4.8m

» Strata control

» Premature pillar failure
» Spontaneous combustion
»Heavier supports required
» Subsidence

» Higher capital

»Easier to plan

»More dilution

»Higher extraction ratio
»Higher gas make

http://www.itascacg.com/mining/expertise.html



Background
- Methods

»Hydraulic
»Caving
»Multi slice
»High face
»Longwall
» Velenje

»> Auger

» Tunnel Borer
»Road header
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Method of mining of thick coal seams
v v
Bord and pillar Longwall
Single-lift Multi-lift Single-fift Slice mining Under winning
I |

Bord and pillar Hydraulic I?G!ined F:p(bzonlal g_ia_gonal ;I'ralnsv;rsely Sublevel  Integral
Room and pillar mining il Sl cing ?ic .':e caving caving
Chamber method l | ’ I S t:[| g

Multi-lift _wlth M'.Iﬂll-hﬂ with Ascending Descending ASCEHUIHIQI - Hodroril

full stowing stowing except Descending

the uppermost slice (Mixed order)

Singh, 1997 http://ethesis.nitrkl.ac.in/2386/1/Snehendra-107MN023%5BFinal_Year_Project_Thesis%5D.pdf
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What is top coal caving?

» Longwall shearer
» Extracts higher than normal LW
» Upper part of the seam is caved

http://www.cczmm.com/Technology/ShowArticle.asp?ArticlelD=9
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Australian Seam Thickness Measured Resource

What is top coal caving? @
A m45-6m

> 85-90% recovery v o

> 6.4Bt estimated
Australian reserves
suitable for LTCC
(UNSW/CSIRO)

» Blasting may be used

» Caving by gravity

» LW at foot of seam

» Two AFCs

» Suits high fluidity
coal with good
fragmentation R
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» Recovery

> Lower face extraction
height

» Increased face stability
» Easier development

» Reduced risk of goaf spon
com

» Higher resource recovery
compared to cost of
development http://www.womp-int.com/story/2007vol5/story025.htm
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Is top coal caving the answer?

- Risks

» Spontaneous Combustion

» Dilution

» Conditioning — hydro
fracing or blasting

» Gas make

» Fire risk

» Subsidence

» Dust

» Convergence of gate roads

http://www.miningweekly.com/article/company-announcement-whitehaven-buys-300-m-bucyrus-longwall-capable-of-
retrofit-to-Itcc-2009-11-27
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Is top coal caving the answer?

{ the general layout to be )
S Mrodelled

» Geotechnical risk
» Waste angle of repose

» Top coal max radius

» Top coal caving angles
> Yield angles |
» Wall friction energy e (D
> Wall stress S o 1

PROCESS OF RE-EVALUATION
R s St T P
1

» Equipment selection

a /kPa

Arch under different angles of repose http://www.sciencedirect.com/science/article/pii/S136516090900063X
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» Case study — Austar

» Acknowledge the
assistance of:

» Austar website

» Ellton Longwall website

» China National Coal
Mining equipment
website

» China Overseas
Development co website

» Kurt Ekanayake — Austar
commissioning and now
Principle Mining
Engineer AMC

- 4 \

Rear AEC and back of ronf ctinnorte httn://www mirmoate com/indexy nhn?ocate=anncatel naceld=dociimentdocld=2 docltem=46L nrintmode=1
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How does top coal caving work?

» Case study - Austar
» Soutirage

Additonal coal
reCOVeTed

Normal longwall mining system

Direction of
mining

Shearer

1% 7

Mining equipment used in top coal caving method

Additional TCC
L ___. - l'.'QI.j ﬂ mf-" I"":

Rear AEC and back of roof ctinnorte httn://httn://www atictarcoalmine com ati/Abhounitllc/l onowallTonCoalCavine/tahid/110/Defaiilt acny
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Are there other mining methods?

- Velenje method

» Face 5-17m high
» Face length 200m
» Face advance 9m/day

VTN
W\N 3
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Are there other mining methods?

B Velenje Longwall http://www.rlv.si/en/files/default/ ANG%20BROSURA%20VOM.pdf

CANOPY

CANOPY SIDE SHIELD

SLIDING CANOPY
FLIPER.

SIDE SHIELD

H-LINK
SIDE SHIELD

H-LINK BACK

LINK FRONT

TELESCOPIC
i e HYDRAULIC LEGS
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Are there other mining methods?
- Velenje Longwall
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» Ascending, descending, non sequential

.......

9954A7CFB37EEBB2D0647A2EE5E1286FB632043D6E584A6ADF3486BF634C5997182671
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> Horizon maintenance

9954A7CFB37EEBB2D0647A2EE5E1286FB632043D6E584A6ADF3486BF634C5997182671
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Are there other mining methods?
- Auger Mining

» High wall mining

» Punch mining

» Depth of cut —rig force

» Hard to steer

» Ultilise coal between open cut
and underground

The structure of the Australian Business Excellence Framework (SAl Global 2011)
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> Plan

» Capital

» Seam thickness
» Coal recovery

» Same roof and floor

conditions as normal LW

» Gassy

non simultaneous

multislice
» Sealing and spon com

> Ventilation

o
w
=]
o
™

@
=
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Is new technology available? -

Main Overburden

- Predictive tools

» Fragmentation
» Waste slope angle
» Flow analysis ST

Hc = Caving Height A = Caving Angle T = Canopy Tip to Face

> Coal arCh behaViour - . Cl=Canopy Length  F= Forward Zone Sw = Shield Width (not shown)

» Coal breakage angle

> Particle size

» Hard to model

Longwall Mining Venkat, undated, A) TCC with vibration B) TCC without vibration

http://www.sciencedirect.com/science/article/pii/S136516090900063X
Geological and Geotechnical Influences on thre Caveability and Drawability of Top Coal in Longwalls, P Humphries B Poulson 2008
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» Multi slice
LW support

» Specialist
support
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Is new technology available?

» Main gate support to the rear BSL —
Case study Austar




ConsultMine

ABN: 65155280292

Is new technology available?
» Commissioning

» Caving — Case study Austar
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Is new technology available?

Chocks/roof supports

» Moving forward - -
Case study Austar B O LA
*_{‘ - e e
» Recovery sequence %_‘
» Roof support Primary » s
5 - . drmoured race
> Anticipated increased conveyor (AFC) Second armoured face

stress and floor heave conveyor (AFC)
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Is new technology available?
» Moving forward - Case study Austar
» Increased roadway size
» Increased valve functions to supports
» Maintenance engineering
» Ventilation — gas/heat
» Automation

| 16 grade to be
I Kept at approx. 4
cg 9234

l'gndr to be kept
¢l as possible 79754

rrace_cartinm af the lanowwall face demaonctrates the immnrtance nf bovizon conteal
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Is new technology available?

» Moving forward - Case study Austar

» Continuous improve
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Is new technology available?
» Ventilation

PROPOSED

SHAFTS +

<. KITCHENER
FACILITY

J MINING AREA
#1 SHAFT WHERE
REPAIRS
Vent + 2" Egress OCCURRED

PROPOSED WORKINGS
OLD ABANDONED WORKINGS

#2 SHAFT - Flooded

httn-: / /\www recotlircec new oov atl/  data/accete/ndf file/0007/26R746/Rarrv-McKav-Weldine hdfAPP Gate: A<ia Pacific
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Can you block cave coal? If not, why not?

» Vertical seams

» Used in Europe 4
> 1 k 1 (N ﬁl'"’fui*
Not sticky coa SO

» Geotechnical issues

» Broad seams T
» Low capital cost R
» Recover all of the e
» Using an extraction HEEHHEEE
level it i

HYDRAULIC RADIUS = Area/perimeter

http://www.ucm.es/info/crismine/Block caving 2.jpg
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Longwall ploughs vs Longwall shearers?

» Mainly used in
Europe

» Height of plough
1s the working
height of the
seam

» Mounted on the
front of the AFC

» Picks act like
chisels

» Small web

http://www.cczmm.com/About/UploadFiles_9560/201201/2012011611065287.jpg
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Longwall ploughs vs Longwall shearers?

> Less moving parts N —

» Cheap e '

» Low dust make

» Keeps exposed roof area
small

» Cutting height is limited |

» Cutting stone is limited |

» High cutting height —
machine 1s less stable

» Exposed chain haulage —

safety
» Grading only with AFC i

http://www.cczmm.com/About/UploadFiles_9560/201201/2012011611065287.jpg
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Longwall ploughs vs Longwall shearers?

» Shearer commonly used in
Australia

» Shearer cuts a wider web

» Shearer flexible cutting
height

» Shearer easier to change
grade

» Shearer needs to sit above
coal flow

» Shearer can be automated

» Plough can cut a thinner
seam

http://maxi-exkavator.ru/news/inf_news/~id=2818
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Could a Longwall be developed that could cut 9m?

» High face longwall mining

Stage Loader Coal
R Shearer s

Retreating

[y Direcuon s Perspeclive and close

up views of a Longwall
Mining System

Picture Courtesy o
Joy Mining Machenen

httn://www 11ow edir ari/ena/lonawall/imaaec/acariinment/lwred ina
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» Larger coal slabs

» Higher production

» Currently cuts 6 to 7 m

» Into the future — 10m?

» Can LTCCto 17 m

» Ground stability

» Need strong floor and roof
» Harder to manage cavities
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» Higher cost
» Good control
> Size and

weight
» Reaction
time
» Ergonomics
» Gas drainage

» Web width
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What are the limits of super chocks?

» Pressure requirements

» Transporting the chock

» LW system depends on good
support design

» Convergence management

S5 Qatfing NracQlirac _ ot1ffnecc
£ OClLullg PLITOSULLD DULLLLIITDD

vs yield/reset

» Misalignment /gaps between
chocks

» Load distribution

httn://www 11indercrotindcoal com ani/lonowall /faceciinnorte acny
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GEORGE HUNTER'S

. TUNNELLING MACHINE
' OF 1864

» History of TBMs in
coal

» Can be slow to
advance

» Hard to remove
cuttings

» Circular profile

4.G.Isherwood 2007 .

http://www.austmine.com.au/News/tabid/790/articleType/ArticleView/articleld/1282/Aker-Wirths-new-tunnel-boring-system-embarks-on-a-journey.aspx
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Are tunnel boring machines viable for coal
mining?

» TBMs

» IHI Mojura TBM

» Rapid roadway
development

» Can partition the
roadway for
ventilation

»> 6to 8 m cut

» Strata support
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Are tunnel boring machines viable for coal
mining?

» Road header

» Flexible opening configurations

» No damage to surrounding rock —drill and blast
» Tracks, truck or inside shield mounts
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What is hydro mining?

» Water jets used
to break up coal
and transport it

» Can remove
whole coal seam

» Gas
management

» Ventilation

» Higher recovery
of coal

T o e -

Upstream water
catchment works

High pressure pipe
supplying water to

capacity 400 tonnes :
underground workings

Coal and water
are pumped up
this pipe to bins

-
At g
-:lr:-..‘-- T

- e Whin g ARy e g T B
__|.t._‘,]“ l:h-li‘ L
. S CieS RO s
S

2

Underground coal
holding sump

s | Coal lumps sluiced
Flume for underground away from working
transportation of the coal face after blasting

Hydraulic Mining at Charming Creek NZ http://www.nzhistory.net.nz/files/styles/fullsize/public/images/hydraulic-mining.jpg
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What is hydro mining?

» Coal carried
along flumes

» Smaller coal
product

» Mine up dip

» Water use

> LllbUllLlUllCU
fall of material ;

» Dilution

» Operator
removed from S _ el
extraction area =~ i i ol 5k ot Nt s e o e
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»> safety
» Particle splatter — shield
required for operator
» Hard to manoeuvre
equipment
» Particle size

» Spark and gas ignition

» Poor ventilation control
» High pressure water

» Equipment damage from
pillar failure

http://www.ddiworld.com/DDIWorld/media/white-papers/ninebestpracticetalentmanagement_wp_ddi.pdf?ext=.pdf
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»> 4 to 12 degree dip

» Entry to panel at lowest point
» Upto15m

» Hard roof and floor

» Operator experience

& Dgr\ntrgvtr NXTAY ’7:07
V L\U\.«UVUI)’ vy [/ J

Rick accecement of Geotechnical Eactore acenciated with Linderocroiind Thick Seam Minine Methods bv R Hebhblewhite
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— SEDDONVILLE STATE_COLLIERT —

» Extraction and height depends on:
» Coal hardness
» Roof weight
» Cleat direction
» Cutting distance
» Pump flow
» Pump output pressure

R —

-
8
3

> Future

Water Jet Coal Mining Related to the Mining environment by David A Summers undated, Seddonville Coal Mine NZ 1912 http://www.nzhistory.net.nz/media/photo/plan-seddonville-state-mine-1912
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If so, how wide would the cut be; for what
distance and at what depth?

» Strongman 2 — 25 to
15 m to improve
cutting rates

» Pump flow

» Pump output pressure

» Increased depth of
COVEr 1Improves
cutting distances

» Coal properties

http://www.ausimm.com.au/content/docs/cobar_1540_ross_garling_hydraulic_mining.pdf
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Thank you. Wednesday 24th October 2012: 9.00 am

Any Questions?
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