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ABSTRACT

The use of hydro scaling and in-cycle shotcreteefilace conventional
jumbo scaling mesh and bolting as the primary netbfayround control

for run of mine development has been investigatedugh extensive
trials at the Waroonga mine, Agnew Gold Mining Camyp These trials
have progressed from investigating the productiagpects of the
method through to a three month mine-wide trialiclwimay yet lead to
the adoption of this potentially best practice giwontrol technique at
Agnew. Overseas trials and research have shownhywto scaling

results in a significant improvement in the shdemck bond strength.
Good adhesive bond strength ensures that the steargth of the
shotcrete layer rather than it's flexural or temsgtrength is fully

mobilised as rock mass reinforcement. This maxisn@®tcrete ground
reinforcement capability and it is suggested thdioli-less fibrecrete
support design is feasible using the hydro scakagnique.

INTRODUCTION

The use of a high pressure water jet for scaling Ibeen the
subject of trials in both mining and civil tunnallj environments
in Sweden. Experimental research has also beenrtakde in

North America at the Colorado School of Mines (CSM) t

establish the optimum water jet pressures for hystaling.
Using hydro scaling prior to the application of &imete
improves adhesion of shotcrete to the rock surfdteee to
fourfold increases in bond strength were achievetthea Kiruna
mine and CSM, compared to conventional surface paéipa
methods.

At Gold Fields Australia’'s Agnew Gold Mining Company
hydro scaling has been integrated into the devetmproycle for
the first time on a mine-wide basis in trials a¢ tWaroonga
mine. A modified Normet Spraymec shotcreter wasduto
hydro scale the freshly blasted cut and then afiiplgcrete, thus
releasing the drilling jumbo from the mechanicahlsg and
mesh installation tasks that it would normally peni. These
trials have demonstrated that improved ground obrdan be
achieved using the Hydro Scaling and In-Cycle Sletéc(HS-
ICS) technique.

The Waroonga trials and the emergence of hydrangcake
documented in recent papers by Jenkins, Mitchell dpton
(2004) and Clements, Jenkins and Malmgren (2004hofibh
these papers cover the Kiruna trials and CSM reseéarsome
detail, this work is summarised again briefly hageit provided
the confidence and justification for the use of toydcaling in
the in-cycle shotcrete trials at Agnew. Howevemeorecent

work at the CSM that compares hydro scaling and mlanu

scaling is described in more detail as this sulistnquantifies
the effectiveness the two methods. Observationsn fithe
Waroonga trials, where hydro scaling replaced maichh
scaling, support the findings of this CSM work alilgh are
much more limited and qualitative in nature.
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Cycle

This paper focuses on the practical aspects ofeémehting
HS-ICS at Waroonga, with particular emphasis giventite
ground support improvements as well as the potentia
productivity benefits and limitations of the method

HYDRO SCALING TRIALS AND RESEARCH

The Swedish Standard SS 13 72 43 (1987), givearalatd test
method for determining then situ adhesion strength or bond
strength between the shotcrete and the rock surfacé® mm
diameter cored hole to be drilled through the stetéclayer and
at least 20 mm into the wall rock, with a larged qrarallel cored
slot, drilled into the shotcrete layer to a depttonly 20 mm.
Figure 1 illustrates the steps in this testing méthwhereby a
friction grip ring is placed over the core stub aithched to a
tensioning device mounted in the outer cored shathesion
results from using this method at both Kiruna ar@MChave
shown significantly improved bond strengths for tshete
sprayed onto hydro scaled surfaces as opposed noabha or
mechanically scaled surfaces.

FIG 1 - Shotcrete adhesion testing arrangement, showing
(A) drilling of the outer slot with the double core bit, (B) the inner
core stub, and (C) the tensioning device (Swedish Standard,
SS 13 72 43, 1987).

Kiruna mine trials

Water jet scaling was first trialled in the 1980sSweden by
LKAB and Boliden. LKAB continued these trials througje

1990s at their Kiruna iron ore mine where shotcreés used
extensively. Poor adhesion had been identifiedhasrtain cause
of the observed shotcrete failures, though alsaifsignt was

the fall out of rock and shotcrete, see Figure 2.

Shotcrete Fallout
(poor adhesion)

Rock & Shotcrete Fallout
(weak rock behind shotcrete)

FIG 2 - Shotcrete failure modes at Kiruna (Malmgren and
Svenson, 1999).
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Trials were conducted to compare shotcrete adhésiomter
jet scaled areas with adhesion where normal sufaggaration
had been used. A prototype rig water jetted atzzleopressure
of 2900 psi or 20 MPa, whereas normal surface patipa at
Kiruna consisted of scaling with a hydraulic picknimer and
washing down the rock surface with water at lowsptee, 100
psi or 0.7 MPa.

In the Kiruna trials, adhesion testing of two-ddg-shotcrete
demonstrated a threefold increase of average bineigsh from
0.2 MPa for areas with ‘normal’ surface preparatiod.6 MPa
for the water-jet scaled areas. It was concludetiayngren and
Svenson (1999) that the blast fractured immediatk nock was
more effectively cleaned by the water-jetting antsoa
importantly, the adhesion tests on these areaseshadiat less
failure occurred in rock behind the interface. Timferred that
the water-jetting caused less damage to the wak tban the
pick scaling.

Colorado School of Mines research

At the Colorado School of Mines an experimental ptud

water-jet scaling was initiated as part of a minsadety research
program to investigate alternative methods of sgaliThe

objective was to reduce the exposure to rock faflpersonnel
engaged in manual scaling operations. The scaffegtiveness
of water jet pressures that ranged from 100 - 6pS0were

tested on both rock walls and concrete panels at G5M

experimental mine site, Kuchta (2001, 2002). It feasd that:

e ataround 3000 psi (or 20 MPa) there was a noiabtease
in the size of rocks removed, with fist sized loasel larger
rocks starting to be dislodged;

e« at 6000 psi (40 MPa) a sandblast effect resultedhen
operator being peppered with rock fragments.

Adhesion tests were performed on all the rock amnciete
panels after they had been shotcreted. The refsaitsthe rock
panels were inconclusive due to the failure of maority of
cores at weak partings in the partially weatheredigs wall
rock; which only indicated that the shotcrete bet@ngth was
greater than the tensile strength of the gneissingaplanes.
However, for the concrete panels there was a dtesease of
adhesion strength from 0.5 MPa for water ‘washedifaxes (at
100 psi) to 2 MPa for surfaces water jetted at 3060 with no
significant further strength increase for panelsated with
higher water jet pressures.

Hydro scaling versus manual scaling

Further research at the CSM experimental mine wasuied
to compare the volume and size gradation of matecaled by
water jetting and hand scaling, that was repornted paper on
the importance of surface preparation before shtscr
application by Kuchta, Hustrulid and Lorig (2003jfter
removing the blasted rock from advancing a 3 m by ginnel,
a tarpaulin was laid on the floor and the matestaled by water
jetting and by hand scaling of the backs was ctdldcfor
analysis. In four of the five experiments watettijet of the
backs at 2500 psi pressure for 30 minutes wasweltoby hand
scaling with the scaled material separately cadiéctwveighed
and screened in each case. Sounding of the baeksath pass
of water jetting indicated there was no loose oununy
material, although subsequent hand scaling remoyetb half
as much rock again as had been hydro scaled.

Figure 3 shows the results of the five experimelmshe last
experiment hand scaling was done first, followed \bgter
jetting and then a further pass of hand scalingerAthe initial
hand scaling, more than half this weight of materias
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removed by subsequent hydro scaling and then althestame
volume again by further hand scaling.
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FIG 3 - Material removed by hydro scaling and manual scaling in
CSM experiments (after Kuchta, Hustrulid and Lorig, 2003).

In conclusion, it was suggested that many of thai-$@ose
rocks pried out after hydro scaling would, for indize
subsequent shotcrete application, have been befttén place as
their removal would tend to reduce the overall wedkck
stability. But that ‘if shotcrete is not appliedethclearly these
rocks should be removed or supported’. The weidhmhaterial
removed by secondary hydro scaling in the fiftheskpent was
considered surprising and the similar weight rerdoagain in
the hand scaled third pass illustrative of ‘theegtimas with
trying to quantify the effectiveness of a scalimgemtion...that
the longer one scales, the more material is removed

The contrasting effectiveness of the two scalinghas is
also well illustrated by the screening analysisheftotal volume
of scaled material for each case, see Figure 4.
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FIG 4 - Size gradation of hydro scaled and manually scaled
material in CSM experiments (after Kuchta,
Hustrulid and Lorig, 2003).

The water jet scaled material contains a signifigahigher
proportion of fines than that removed by hand scaliThis is
because it has effectively cleaned all the smdbese rock
particles, dust, grease, etc from over the entirdase area
scaled; rather than, in the case if hand scaliemowing rock
only at the individual impact points.

WAROONGA TRIALS — BACKGROUND

Prior to the HS-ICS trials at Waroonga the use of &&fhe had
previously been considered to improve developmaidsr by
replacing mesh with fibrecrete, thereby releashgdrill jumbo
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from the task of installing mesh and increasingféise boring
availability. However, an ICS trial was only implented when
the potential for this to compete with mesh andtan an
economic basis became more realistic. That is, vBynecut
Mining, the underground contractor, in conjunctigith Jetcrete
Australia, proposed the combined use of hydro sgalthus
releasing the drill jumbo from scaling as well asesim
installation. An additional motivation was that rhaaical
scaling or rattling incurs maintenance costs andavrdione
additional to that incurred for the design purpofthe rig.

Waroonga operations

The Waroonga site is located 370 km north of Katge@and 30
km west of Leinster, where the mine’s predominafigtyin/fly-
out workforce is based. There has been sporadiéingiiand
exploration activity at Waroonga for more than j@ars with
several phases of underground exploitation pridhéomining of
the Emu pit by WMC from 1986 to 1990.

IMPROVED GROUND CONTR®@SING HYDRO SCALING AND IN-CYCLE SHOTCRETE

2.4 m friction boit.
over-drilled to 3 m for post-
grouting with insert cables

FIG 5 - Standard ground support profile for a 6 m x 6 m arch,
Agnew Gold mine.

Due to the ease of split set type friction boltafiation with a

WMC commenced the current phase of operation in 2001 jumbo there is also a tendency for this type ot bolbe relied

with the Waroonga cutback of the existing Emu Pitis cutback
was completed by Gold Fields in early 2003, follogvi
acquisition of the Agnew and St Ives Gold Operatian
December 2001. Underground mining at Waroonga redum
with portal establishment in early 2002 and dectiegelopment
to access the Kim Lode, under the northern endeofit.

Underground ore was first delivered from Kim Lodelate
2002 with development towards the Main Lode ore idsmd
below the southern end of the pit and the old uydend
workings, commencing early the following year. Theis
potential to extend the current three-year resatW&aroonga to
a ten-year plus mine life, with ongoing exploratiniling.

Development support

Ground conditions and support profiles

All the main access development at Waroonga istéoca the
hanging wall rock mass that consists of well
metamorphosed sandstones and siltstones, dippié§°ab the
West. This rock mass is competent but can be faidgky and
slabby, particularly when development runs paratiel the
strikes. However, there is nothing unusual aboeséhground
conditions or the stress environment that demahdsuse of
shotcrete or any other exceptional support design.

As such, the standard support practice at the Agrasnat
many Australian mines, is to install mesh with tfaa bolts up
to the face in development headings. This workasedby the
development jumbo as part of the development cyafeer
scaling or ‘rattling’ the freshly exposed wallsgkie 5 illustrates
the standard support profile for a 6 m x 6 m areklide at
Agnew with mesh to 3.5 m from the floor and spdt$o

The orientation of the Main Lode decline, paraltektrike in
the hanging wall sandstones, is adverse and the dependant
loosening of bedding slabs was experienced on bidiwalls,
either by sliding or toppling, in the early stage$ its
development. Hence, before the initial HS-ICS ttak place
here, the support design in Figure 5 was upgradid an
additional sheet of mesh on each sidewall to corta slabby
conditions encountered.

Limitations

The rattling process, i.e. mechanical scaling whigndrill jumbo,
is effective but in most ground conditions can léaeverbreak
and unnecessary impact damage to the surroundilhgosk, as
well as the jumbo. Scaling is not a design functéithe jumbo
and so increases wear and tear and maintenance cost

Ninth Underground Operators’ Conference

bedded

upon for long-term ground support, a purpose foichvlit is not

inherently suited. To increase the life-span angabdity of

jumbo installed mesh and bolts, the grouting aftion bolts is
undertaken by some mines and the current pradtiééasoonga
is to over-drill the split sets for later groutimdth cable inserts.
This is intended to stiffen the split set suppartreasing the
long-term support capability and providing some t@cton

against corrosion of the galvanised friction boltkis is not an
entirely satisfactory process as it is difficult éasure effective
quality control of the post-grouting and insert lgadp Also as a
second pass in the ground support process, it tertoks done on
a campaign basis and is rarely completed within dbsired
timeframe.

Depending on the environment and required life span

corrosion of ground support elements and/or detian of

wallrock conditions is likely to necessitate somegmke of
rehabilitation of the ground support. Figure 6 sthates the
result of time dependant loosening or relaxationtia Main

Lode Decline sidewall, before upgrade of the supplasign

noted above. Mesh and bolts may contain rather phewent this
type of deterioration, which is likely to requirehab at some
future time. Further illustrating this limitatiorf mesh and bolts,
it is significant to note that the cost of declirehabilitation at
Agnew’s Redeemer mine, which closed in early 200dhipited

the extension of mining to exploit the deeper idieu resource
there.

Objective of HS-ICS trials

Initial single heading trial

Before attempting to prove the productivity benefifshydro
scaling and in-cycle fibrecrete by incorporatingrthinto the
development cycle on a mine-wide basis, a singbling trial
was first undertaken with the objective of demaatsitg:

e the suitability of hydro scaling, from both a sgfand
ground control perspective; and

e successful integration of this scaling technique tre
required equipment into the development cycle.

This initial trial was conducted over an 11-dayiperin the
Main Lode Decline in March 2003. Time and motionds¢s
were conducted to evaluate the productivity andarfaial
impacts of the method, with adhesion tests undenta& ensure
that adequate shotcrete bond strengths were achieve

A detailed financial analysis of the initial triaésults was
necessary to show that the productivity benefitthhefmethod
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FIG 6 - Time dependant loosening of wallrock in the Main
Lode Decline.

could be harnessed without an adverse cost imjgitaf his
analysis indicated that the establishment of asitmbatch plant
and use of a site-sourced aggregate would be regess
minimise the cost of the fibrecrete product. Beftite mine-
wide trial a small scale trial to test the suitépibf aggregate
derived locally from the sandstone waste rock vaaslacted, as
well as a limited trial to assess the applicabitifyhydro scaling

without subsequent shotcrete. The aggregate tdalsumccessful,

but not that of hydro scaling only, as will be dissed later.

Extended mine-wide trial

When the extended mine-wide trial was conductedy avthree
month period from mid-November 2003, the expectatizas
that it would provide:

e an improved long-term ground support, with lessckhe

scaling, rework and rehabilitation required in kbieg term;
* increased jumbo availability/productivity;
« increased development advance; and
e reduced jumbo operating costs.

These objectives had been shown to be realistihannitial
trial and so it was important to demonstrate th§t18S could
be successfully integrated mine-wide and that is easible
from a cost perspective. Again, this trial was elgsmonitored
with time and motion studies, that also attemptedntjfy some
of the less tangible benefits of the method.

HS-ICS TRIAL IMPLEMENTATION

Development cycle

Table 1 outlines the steps in the normal developrogale for
meshing and bolting and the changes in the cyelinfegrating
HS-ICS.
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TABLE 1
Change of development cycle for HS-ICS trials.

Normal cycle Trial cyele

Fume clearance period after firing of heading

Re-entry and watering down for dust suppression

Bog the heading Bog heading to grade line
Jumbo set up and delivery of Hydro scale with modified
mesh and bolts Spraymec

Rattle backs and walls Agitator truck to decline

and spray fibrecrete

Bolt and mesh Jumbo re-enters to set up, delivery

and installation of bolts

Rattle the face Rattle down the face and

bore top down

Scratch-back
Mark up. bore face bottom-up

Re-bog to the floor and scratch-back

Finish boring

Hand scale, charge and
fire the heading

Charge and fire the heading

Hydro scaling equipment

For the Waroonga trials, Normet fitted a DynaseMHRB70/50
water pump and additional nozzle to a Spraymec 6050
shotcreter, to modify this for hydro scaling priwr fibrecrete
placement. This pump is capable of delivering 5fib/ at a
pressure of 6000 psi or 41 MPa. However, the 62ritvg of
the engine on this Spraymec was insufficient torafge the
boom and run the pump at full power. Hence the pung
nozzle were pre-set to deliver at a maximum presstiBO0O psi
or 20 MPa, which is at around the optimum nozzlespure
established in the previous hydro scaling studtegure 7 shows
hydro scaling in progress with the operator cofitrglthe boom
and nozzle from the control unit, ‘worn’ at waistight and
mounted from a shoulder harness, as for shotcpetyiag.

FIG 7 - Hydro scaling in progress.

All Spraymec units supplied by Normet are now fitteith
the HPW 470/50 pump and future units imported tcsthalia
will have an engine specification of 88 kW, to allthe pump to
be operated at full capacity, Clements, Jenkins Matimgren
(2004). The overall cost of modifying a Spraymeg for hydro
scaling is approximately $A25 000.
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Fibrecrete product

The wet mix fibrecrete product for the initial trimas supplied
from a batch plant in Leinster, 30 km away, witHidey by

agitator truck direct to the Spraymec hopper awtbek location.
This was a standard 32 MPa shotcrete mix desigm syithetic
fibres, see Table 2.

TABLE 2
Fibrecrete mix designs.
Shotcrete mix component Initial trial | Mine-wide
mix trial mix

GP cement (ko/m) 420 kg 440 kg

7 mm aggregate (kg/m’) 550 kg 460 kg
Coarse sand (kg/m?) 360 kg

Fine sand (kg!m") 770 kg 820 kg
Crusher dust, -3 mm (kg;’m") 500L

Synthetic fibres (kg/m*) Tkg Tkg

Water (L/m*%) 1751 175L
Accelerator, Sigunit LS0AF (L/m®) I6L-25L
Accelerator, SA160 (L/m’) 17L
Rheobuild 1000 superplasticiser (L/m®) 3L 3L
Pozzolith 370C (L/m®) I8L I8 L
Delvocrete stabiliser (L/m’) 3L 3L

In addition to the standard shotcrete quality essce and
control measures undertaken through the batchingegs and
product application, adhesion tests were attempiig@ihg the
initial trial. As discussed in the Fibrecrete adbessection,
alternative equipment to that specified by the Ssre&tandard
was sourced for these tests, which were only sstdgs
completed some five months after the product hah Isprayed.
These adhesion tests were not repeated during the-wide
trial, for which the minimum fibrecrete product sfiieation
was:

e Compressive strength 32 MPa
e Flexural strength 5 MPa

e Tensile strength 20 MPa
e Adhesion/bond strength 1.5 MPa
e Product life expectancy 10 years

As previously noted, it was necessary to estakdishatch
plant on site, using aggregate sourced from rumiok waste
rock crushed at the Agnew mill, to minimise the tcos the
product for the mine-wide trial. An initial trialfahe locally
derived aggregate, using a similar mix to the stashdiesign in
Table 2, only just satisfied the strength spedifica above
leaving little room for variation. A revised mix sign, also
given in Table 2, was used in the mine-wide triad found to be
successful.

Re-entry and support design

On completion of fibrecrete spraying, a nomina¢sgth gain of
1 MPa was set as the re-entry requirement befoléngo
commenced. A hand held Meyco needle-type soil pemetters
was used to help confirm the 1 MPa strength ghut, generally
coincided with the stage at which visible signsfibfecrete

curing, or ‘white tips’, could be seen. At this g#a generally
40 - 60 minutes, it was considered safe for boltmgommence
and personnel re-entry was only allowed after tigtién bolts

had been installed. As such, the friction boltsevemployed as
temporary support.

For the initial trial a nominal fibrecrete thicksesf 75 mm
was specified for the backs and walls down to tiaelg line. The
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bolting pattern remained the same as for the nodenatlopment
support profile. This enabled mesh to be instaifatiere were
any unacceptable delays in fibrecrete deliveryfahére were
product quality issues. Figure 8 shows the revisedline
support profile for the mine-wide trial, in whiche fibrecrete on
the walls is brought down to 1.0 m from the floadaeduced to
a 50 mm thickness.

Fibrecrete
75mm on backs
50mm

on walls

2.4 m friction bolt

FIG 8 - Decline ground support profile for the mine-wide trial.

The support profiles recommended have been compautie
available design guidelines, as reviewed by LaadR001); and
with the deterministic methods proposed by Barretid a
McCreath (1995), who comment that ‘shotcrete’s fdtential
as a method of ground support is rarely exploited faequently
it is not properly integrated into the excavatiapisort cycle’.

The thickness of the shotcrete layer was testednglur
spraying by probing with a depth gauge attachethéoend of
the spray nozzle.

Personnel

An important aspect in the success of the trials \gaining
acceptance of the HS-ICS method from the work foasewell
as their confidence in the procedures and the finaduct. Both
the main HS-ICS trials at Agnew were introduced vaithealthy
amount of forethought, discussion and consultatiath the
workforce beforehand. All parties were fully comiaé to the
trials and in this environment they stood every ndea of
success.

As well as establishing the batch plant, an addtichree
two-man shotcrete crews and a supervisor were riieg into
the workforce. When not required for shotcreteteglaactivities
they were used as additional labour in the semtieass.

WAROONGA TRIAL RESULTS

Hydro scaling

Loose material removed by hydro scaling was gelyeddlscat

size and smaller, with a maximum dimension of u3@0 mm.

However, the mobility of the robotic arm of the &mnec and
its skilled operation is important as the water needs to be
directed into the cracks and joints to create thee pressure
required to propagate cracks and dislodge blockswds

observed that some larger slabs, up to 1 m longasighing up
to 800 kg were also dislodged.

It is inferred that the water jetting tended to o only the
looser, blast fractured material from the sidewallm
comparison, mechanical jumbo scaling dislodgedksad up to
1.5 mx 1.5 m x 0.5 m or approximately 4.5 tonrésere were
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no large or overhanging slabs that could not beowemh by
hydro scaling and it was not necessary for the mabfurther
scale the backs and walls of the decline in ttzé $ection. These
observations are in agreement with the experimewak at the
CSM detailed in the hydro scaling versus manuairsgalection.
Prior to the mine-wide trial the use of hydro seglto replace
jumbo scaling with mesh and bolts installation ragéed.
However, it was fairly conclusively shown that thewas no
benefit from doing this, as significant additiorsdaling was
necessary when the jumbo re-entered the headinig. alko
agrees with the CSM findings of Kuchta, Hustrulidd drorig
(2003). It is concluded that hydro scaling underd®daga-type
hard rock conditions and using water pressuresairal 3000
psi are only appropriate for use where an activéasa support,
i.e. shotcrete or a thin skin liner, is appliecafcaling.

Profile control

One of the more dramatic outcomes of the initiell twas the
improvement in the arch profile of the Main Lodeclilee and
reduction in overbreak, as Figures 9 and 10 denmtestThe
average overbreak before the trial section wase&tcpnt; this
was reduced to six per cent during the trial anblsequently
increased again to 13 per cent.

FIG 9 - View looking down the Main Lode Decline from before the
start of the trial section.
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FiG 10 - Design profile compliance in the Main Lode Decline
before, during and after the initial trial.

This trend was repeated, although less dramatidaiting the
mine-wide trial. Overbreak in the waste ends midadng the
trial averaged three per cent with variation betweae to four
per cent only for each set of headings as meaqeedonthly
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broken tonnage. In comparison, for the six monttisrgo the
trial the average overbreak was six per cent amikd/aver a
much larger range, from -8 per cent to 13 per cent.

Cycle times

Time and motion studies conducted during the ihitial
analysed the HS-ICS development cycle as well agertdional
mesh and bolt development end for comparison pegospart
from ground support activities, all other activitiare assumed to
take the same amount of time to perform. The surisedr
results of this study are:

«  Conventional bolts and mesh (six sheets)

Time to jumbo scale 33 minutes
Time to bolt and mesh 158 minutes
Total support time 191 minutes

e Hydro scale and in-cycle fibrecrete

Time to hydro scale 21 minutes
Time to fibrecrete 37 minutes
Time to bolt (av 23 bolts) 59 minutes
Total support time 117 minutes

The average cycle time per cut for ground suppoas w
reduced by 38 per cent for HS-ICS, a 74-minute gpuiver the
average time for the comparable six sheet meshilgrof
installation. It was estimated from this that jun@ailability for
face boring could be increased by five hours pgr dquating to
a potential 25 per cent increase in jumbo proditgton a mine-
wide basis. Teething problems with the new aggeedating the
first few weeks of the mine-wide trial resulted anerage the
HDS-ICS times of 80 - 90 minutes. This was due tersize
material being picked up when transporting crushgdregate
from the mill to the batch plant, causing frequiemérruptions to
spraying and nozzle blockages. However, toward&titkof the
trial period the average cycle time for ICS had besmtuced to
52 minutes. The presence of ammonia gas in theirgsadfter
ICS spraying and on re-entry also caused some awmmaerd
minor delays. The ammonia was produced by reaatiothe
shotcrete with Anfo and although not toxic this diduse
discomfort to some personnel; and those affecte \dvised
to withdraw. Improved ventilation and care in pnetreg Anfo
from being left in the heading after charge-up ddyceliminated
this issue.

Fibrecrete adhesion

The shotcrete adhesion tests were extremely diffioyperform.
An air driven, single bit drill mounted on the baskof an
elevated work platform used for tihesitu coring. This was not
the most stable arrangement and it took many atserop
several occasions to get the 11 cores that wereessflly
tested with the Swiss-made Dyna Pull-off Tester.ZBen then,
none of the cores penetrated to the required 20depth into
rock as required by the Swedish Standard. In mesgscthe core
stub was destroyed before full penetration of thet@ete layer
and the greatest depth of penetration into rockezeldd was 10
mm. By the time these tests were completed, thedibte was
150 days old.

As such, the limited results given in Table 3 canbe
considered a valid direct comparison with the presistudies at
Kiruna and the CSM, which were produced under véifgrént
conditions. Nevertheless, summary results from #aruand
CSM are included with the Waroonga tests graphiqaigsented
in Figure 11. The achievement of some significahityh bond
strengths for mature-age fibrecrete at Waroongindscated,
although it is possible that eccentric loading bastributed to
the values reported, as well as the destructiomadfiy of the
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cores during drilling. As is the case with materfbperty

testing of rock from drill core, it is likely thainly the strongest
intact specimens are recovered and the resultsnedtskewed
towards the higher values.

Difficulty in achieving successful shotcrete corifigr the
underground adhesion tests at Kiruna has also temmented
upon by Malmgren (2004). There the double bit cdnié was
actually bolted onto the rock wall to provide thecassary
stability.

Installed fibrecrete support

During the initial trial the actual thickness obrfecrete sprayed
was variable, generally greater than the 75 mmipeand up
to 130 mm thick. This was due to a minimum prodieivery
constraint of 5 ffor shotcrete sourced from Leinster, which
resulted in the full delivered amount being spraiyeédach cut.

After the initial trial it was proposed that the xiraum
benefit from the use of HS-ICS would be gained i tiull
potential of shotcrete as ground support were gedli Despite
the difficulty in obtaining adhesion test resultshese
demonstrate bond strengths that exceed the genexakepted
industry standard of 1 - 2 MPa. The achievementbofd
strengths exceeding 1.5 MPa is a key support desigamption
and ensures that the shear strength of the shetergtr rather
than its flexural or tensile strength will be fuliyobilised as rock
mass reinforcement, Barrett and McCreath (1995).

Given these results it was considered possibleet@ldp the
HS-ICS method to the stage where a boltless fibtesepport

IMPROVED GROUND CONTR®@SING HYDRO SCALING AND IN-CYCLE SHOTCRETE

design was feasible. To achieve this would regkii@vledge of
and appropriate quality control to establish:

e the shear- and early-strength gain of the fibrecréd
determine safe re-entry times; and

e adequate specification and achievement of desigrerco
thicknesses of fibrecrete.

These issues are discussed in more detail by JeriMitchell
and Upton (2004) and it was not considered prutteattempt a
boltless fibrecrete regime for the extended triddvertheless,
the support strategy recommended utilised thedilete layer as
the principal component of the permanent suppatesy, with
friction bolts principally used in a temporary soppcapacity.
The spacing of the bolts, not now constrained bgmwmze, was
increased to a 1.5 m staggered pattern.

In short-term excavations the fibrecrete on thdsagénerally
extended down to 3.0 m above the floor. Howeves ih not
considered advisable for longer term excavationg &slikely
that the unsupported or spot-bolted sidewall betwsvmesh will
be undermined due to time dependant effects andildes
impact damage, thereby destroying the integrittheffibrecrete
support regime.

In practice, it was found that fibrecrete sprayedtioe lower
sidewalls right up to the face was usually damagedng
subsequent mucking operations. Therefore, shotooetethe
lower sidewalls was carried two to three cuts behthe
advancing face.

TABLE 3
Waroonga adhesion test results.

Scaling method Shotcrete thickness Location of failure Tensile strength
(mm) Bond Rock Pull cap Shotcrete (MPa)
Hydro 10 X X 5.8
Hydro 70 X 3.98
Hydro 75 X 3.18
Hydro 30 X 27
Hydro 50 X 9.6
Hydro 75 X 11.3
Hydro 70 X 2.83
Average hydro scaled strength 5.63
Jumbo 80 X 4.27
Jumbo 35 X 4.77
Jumbo 45 X 4.37
Jumbo 120 X 6.3
Average jumbo scaled strength 4.93
12
O
Bl Hydro scaled - bond failure

E‘ 10 O

= O Hydro scaled - other failure

£ 8

2 ® Jumbo Scaled - bond failure

I 0

@ 6 L O Jumbo Scaled - other failure

Q

i °

E 4 L ._. + Kiruna - normal treatment (ave)

[ ] n®
2 I A Kiruna - water-jet scaled (ave)
0 i . L i . . . = CSM - test panels @ 20 MPa
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FIG 11 - Waroonga adhesion test results, compared with average Kiruna and CSM results.
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Financial evaluation
Initial trial

During the initial trial the delivered cost of fédmrete sourced
from Leinster was $583Amand inclusive of equipment and
labour, the cost was $91%nThe crushing of run of mine waste
from Waroonga at the Agnew mill and its evaluatésna part of
a revised mix design indicated that the materiat o fibrecrete
could be reduced from $583¢ro $313/m. This is obviously
still far higher than the cost of meshing and IlogjtiHowever,
with the vision of fully integrating the method dntall
development activities on the mine, there are nathgr factors
to be considered in evaluating the costs and hisnefi

Byrnecut's initial estimate for this over a threeay
underground contract life, for the development congmt only,
indicated a cost increase of six to eight per depending on the
size of the excavation. However, for the overalhtcact this
equated to a 4.8 per cent cost increase.

Further detailed review of all aspects of the syppl
application and integration of HS-ICS on a mine-whdesis was
undertaken by the Contract Innovation Committee, whic
included representatives from Agnew, Byrnecut amttréte.
This indicated that compared to the base case matthydro
scaling and ICS, a near-cost neutral or better Gi@hresult
appeared feasible; and it was resolved to underaltarther
extended mine-wide trial.

Mine-wide trial

The three month extended trial could not be comsitla success
as the main purpose — that of realising the patkptoductivity
benefits offered by hydro scaling and ICS — wasaubieved. In
fact, the Powerclass Jumbo used for waste develapmas
under-utilised as it had less work to do. It wasagpointing that
four headings were available on only a few daysarole the end
of the trial, with mostly only two available. Theptomum
availability to give the trial a fair chance wouidve been four
or five headings being consistently available. eygs a result
of this, the average long-term additional cost bé ttrial
(compared to the rate for conventional mesh andshpalas
around $400/m.

CONCLUSIONS

Despite some initial teething problems with thesite-batching
of fibrecrete, the technical side of the mine-widal was a
success. However, the potential productivity besefiere never
realised due to severe constraints on headingadniiity. There
were several contributing factors causing the latlavailable
headings for ICS, most prominent was the lack ofrMabde
heading availability that was still only a singledding for the
duration of the trial. Since the initial trial pr@gs in the Main
Lode Decline had been slowed down by the intersectind
ingress of significant quantities of water; befdhe planned
pumping capacity infrastructure had been estaldisbering the
course of the extended trial there were rarely fbeadings
available for ICS during any 24-hour period; wheréas or
five headings consistently being available wouldehatilised
the equipment fleet and personnel to maximum effect

The hydro scaling was considered to be very effedir the
ground conditions encountered and combined witltyiie
fibrecrete, successfully integrated into the deprlent cycle.
All operators readily accepted the changes broagbtit by the
trial and HS-ICS was shown to be capable of achgeaihof the
perceived benefits identified, namely:

* Increased jumbo availability and reduced damagedtit
equipment and wall rock;

« improved tunnel profile with overbreak minimised;
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« improved long-term ground support, quality and tiora

e an improved underground environment with
ventilation airflow resistance;

e reduced check scaling requirements;
e reduced personnel exposure;

* reduced future ground support re-work and rehaliiin;
and

e development of intersections was faster and tidien with
conventional techniques.

The Waroonga trials have successfully demonstrated
benefits of this technique, which is a potentidilgst practice
development for the mining industry. Lack of headin
availability prevented a successful economic outaim the
extended mine-wide trial. However, it is still pids that the
method will be adopted on a mine-wide basis at \Maga when
there is sufficient heading availability.

Hydro scaling is considered to be highly advantagdor any
long-term shotcrete or fibrecrete application unehest ground
conditions. The development of a boltless fibrexrground
support regime is thought to be possible with gsordface
preparation (i.e. hydro scaling); although the sis#t@ngth gain
and achievement of adequate fibrecrete cover tkeknare
quality controls required for this, in particulay minimise re
entry times.
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