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PLENARY SESSION REPORT
INTRODUCTION
Presenters and participants at the August 2008 Workshops were invited to discuss the following topic:
“What issues, challenges and solutions do you envisage automating the roadway development process, with particular regard to:
· Remotely operated, self steered CM
· Automated roof and rib support
· Application of continuous haulage
· Face and panel services advance? “
Key points raised in the discussions are summarised below on a regional basis.

POKOLBIN

Remotely Operated Shuttle Cars (SC)
· Proposed that the remote operation of a SC was feasible, with SC functions being electronically controlled by solenoids.
· Concerns were raised in regards to the ability to monitor cable spooling tension to ensure that the cable was not damaged or run over due a faulty cable reeler.
· Noted that in the metalliferous sector mine operators do not mix manual and automated functions. People are kept out of the immediate vicinity where remotely operated equipment was operating, and both people and equipment was electronically tagged to monitor compliance.
· Automated SC operation may be a solution to specific site conditions such as remote mining, but is not essential to the CM2010 project. It was questioned whether the time and resources that could be committed to developing a remotely operated SC could be better put into introduction of a CHS.
· Roadway floor conditions impact SC operations but may not impact continuous haulage systems (CHS) to the same extent, although floor mounted CHS systems will be dependent upon floor conditions.
· Highest producing mines in South Africa utilise SC haulage, with up to 3 SC being used in bord and pillar operations and producing up to 1.5 Mtpa. CHS may be more important in gateroad development if SC change-out times cannot be matched with bolting cycle times (ie; if the roadway development process is haulage constrained CHS may be relevant, however if the system is bolting constrained CHS are not likely to be relevant).
· CHS do solve some problems associated with batch haulage systems however CHS introduce other baggage. Four continuous miner (CM) units in South Africa operated with CHS, however  units operating with multiple SC (3 off) haulage systems consistently produced more than the CM/CHS units.
· The CHS were able to incorporate face and ancillary services within the haulage system, such as ventilation, fan, power, water, stonedust, and DCB (eg; Cook Colliery), thus minimising the handling of face and ancillary services.
Continuous Miners

· Queries were raised in regards the ability of the remotely operated self steered CM being able to maintaining the correct horizon within the seam and to effectively clean up the roadway on the advance cycle. It was noted that if the problem was recognised, adequate measures could be incorporated into the control logic.
· Noted that there were a range of technologies that could be applied to facilitate self steering of the CM, including infrared sensing and inertial navigation systems (INS), however it was also noted that CM were typically slow moving whilst INS required the unit being controlled to be fast moving in order to differentiate its changed position.
· Reported that in highwall mining applications the CM guidance system maps the drive and utilises rib flaps to steer the CM.
· Noted that the tolerances required for gateroad development were typically 200 mm over 100 m and it was questioned whether the technologies available to self steer the CM could meet those tolerances.
· Noted that in tunnel boring TBM were successfully steered within a three dimensional environment within fairly close tolerances, however it was suggested that in roadway development  coal seams sometimes rolled and pitched and would limit the application of laser based guidance systems (or require more frequent advances of the  guidance system). Further, gamma sensing systems were sensitive to the thickness of coal being left in situ and any coal spillage may mask the natural gamma levels from the surrounding strata.
· Proposed that automation of the CM was a noble intent however if the lifecycle of a gateroad development panel were considered in its entirety, it was considered that there were far greater opportunities to improve overall performance by addressing delay issues arising during actual operations rather than rely on the introduction of new technologies. Further, while there was a lot of technology that could be applied, the basis issue was maintenance effectiveness, or the lack thereof.
· Again proposed that to successfully apply technology to the roadway development process it was first necessary to understand the roadway development process, and to allow technology to be progressively developed and applied over time. Also noted that multiple technologies could be utilised as part of an integrated system to address any deficiencies in a single technology or system.
· It was suggested that those mines that are bolting constrained should examine what other options there were of addressing their key constraints. For example, the application of self drilling bolts (SDB) would reduce bolting cycle times, particularly when rib bolting in soft ground conditions where multiple passes were required to maintain bolt hole integrity.
· By way of example it was noted that Austar required intensive ground support installed close to the face, and the issues that had to be addressed at that mine included:

· Need to have a temporary roof support (TRS) close to the face;
· Need to have higher that 10 tonne set pressure (as proposed with the Waratah Engineering retrofitable TRS) - need to understand what pressure was required in a TRS to provide positive temporary support;
· Need to include function to prevent over-pressurisation of resin to prevent loss of resin into the strata and improve roof support.
· The concept of utilising two single entry drivages as practiced in Chinese longwall mines (two 6 m wide roadways separated by a 7 m thick pillar and up to 3.5 km long) was raised as an alternate to current Australian practice of interconnecting roadways. Noted that Chinese mines typically use purpose designed rail mounted systems to suipport development of these single entry roadways.
· The question of logistics was also raised in that if we develop systems to produce 70 m/shift or more where are we going to put the supplies? 
· It was noted that the Cook system allowed up to 70 m of materials to be stored on the CM, which was sufficient for the mine to drive a complete pillar and cut through before recovering the CM and CHS and recharging the CM with supplies (the Cook CM was designed to carry 300 roof bolts and associated materials at a 3.5 m mining height – redesign of the CM would be necessary for lower mining heights);
· The application of Tensar mesh for roof and rib support was also proposed, as was the application of Liquid Mesh (as being developed at UOW);
· Proposed that in developing an integrated mining system that the CM should be redesigned to incorporate sufficient materials to enable it to mine a complete pillar cycle without the need to replenish supplies;
· Also suggested that the industry should study what is done in the logistics sector to manage, supply and distribute materials (eg; Linfox);
· Noted that OEM were looking for direction in regards to logistics, eg; Joy were proposing to incorporate a conveyor reversing function on the floor mounted FCT (CHS) to enable supplies to be transported to the face, whilst Macquarie Manufacturing were studying how monorail systems could be utilised for materials supply in addition to managing face services;
· Also proposed that if we can build a polymesh that is stronger than steel mesh and is pumpable from the cut through, why not build a pumpable bolt?

Automated Roof and Rib Bolting

· Rib bolting was considered to be more of a constraint than roof bolting, while little focus had been given to improving rib bolting systems. The development of self drilling rib bolts was seen to be a key development in regards to improving roadway development performance, whilst the application of Tensar mesh for rib bolting was also noted to work well.
· The continuing use of rectangular roadway profiles was also questioned and a number of participants noted that earlier trials of mining systems incorporating rounded profiles (eg; Marietta and Goodman borer miners, Dosco In-seam Miner, Eickhoff Easer Miner,  Joy Sumps Shearer) had resulted in more stable roadways requiring less support than conventional rectangular roadways.
· It was noted that CM were currently not designed to cut anything other than a rectangular roadway and similarly, that they were not configured to bolt anything other than a rectangular roadway. Further, it was reported that the rounded corner sections in the roof often fell out due to the laminated nature of coal seams, whilst the rounded floor sections restricted access around machines and resulted in people slipping against the rounded floor section.
· Conversely, it was noted that Bob Miller (Springvale) had previously invited participants to examine the improved roof conditions, better stress redistribution, best practice ergonomics, and other design advantages associated with the earlier operation of a Joy Sumps Shearer (JSS) at Springvale. It was noted however that improved cutting rates were required from this machine.
Face and Panel Services

·  It was again noted that there was significant opportunities to incorporate face services within a CHS providing adequate consideration was given in designing the system.
· It was reported that Cook Colliery were utilising an extensible panel conveyor system (in conjunction with their CHS)  that enabled the panel belt to be rapidly extended.
· It was suggested that consideration be given to utilising the panel conveyor as a bunkering system during outages of the main conveyor system, particularly in the event that the longwall conveyor was installed during gateroad development. It was reported that such a system had been utilised in development of a mine in the UK (Gascoyne Wood) where waste rock mined from two stone drives was bunkered on the panel conveyor and then subsequently loaded out from the mine in a separate campaign to ensure longwall coal was not diluted with waste. 
· The continued use of victaulic clamps for pipe fittings was questioned , as was the continued use of steel pipes. It was noted that polypipe was used in metalliferous mines for mine water supply, with long lengths of the pipe welded together in situ after installation. It was expected that current pipework installations could be completed in 2-4 hours with polypipe, rather than 3-4 shifts currently required to install triple runs of steel pipe. Current legislative requirements would need to be reviewed to enable polypipe to be utilised as for firefighting water supply.
PENRITH
Remotely Operated Self Steering CM

· The extreme variability of seam horizon in some mines was expected to create challenges for introducing “self steered” capabilities at those mines.
· It was noted that thermal imaging had been successfully applied in the Longwall Automation project to monitor the shearer’s cutting horizon, and it was considered eminently transferrable to for CM horizon control.
· In response to a query regarding the time required to integrate such technologies into a CM it was noted that it was expected that the Longwall Automation technologies could be readily applied to automating a CM and that:
· Gamma sensing was typically suitable providing no more that 80 cm of coal was left in the floor (or roof) – a thicker coal section would mask the natural gamma from surrounding strata, whereas some strata also had lower gamma levels which would preclude the use of gamma sensors;
· It was noted that INS may prove to be unsuitable as the highest specification military INS are unable to properly located slow moving equipment;
· It was likely that multiple sensing, localisation and control technologies could be applied to address any capability shortfalls with use of a single technology;
· It was considered that once a datum was established actual control of a CM would be easy – the difficulty was expected to be in establishing the datum.
· It was reported that attempts had been made in South Africa to localise or position equipment within underground roadways using INS however it was found that mining equipment could not adequately be located within a particular heading. It was therefore suggested that suitable technologies may not be as readily available as had been reported.
· It was suggested that rather than attempt to establish a three dimensional steering system that a two dimensional system be developed first to get the CM going in a straight line, and then work on horizon control.
· Again variable coal seams may require more regular advancement of control lasers, and may necessitate that surveyors be included with the production crews. Further, if you go back to the fundamentals of alignment and horizon control the trouble is variable seam horizons. The challenge is then to improve the operator’s ability to make decisions (eg; reference to a penny band) and to make changes without over-compensating and over-reacting.
· It was noted that operator’s were having difficulty steering machines at 6 m/shift, let alone at rates in excess of 6 m/hour, and that the key to successfully driving a CM was maintaining a clean floor.
· In response to a question regarding what are the needs of face operators it was noted that operators needed to be able to operate remotely and that the information required to successfully operate a CM remotely was a generation ahead of where we are today in underground mines. The challenge was in applying currently available technologies from other sectors (eg; mobile phones, tracking devices, etc) to an underground environment.
· It was also noted that in highwall mining applications it was critical to keep equipment properly aligned whilst operating at rates in excess of 500 m in 12 hours. Track control systems had proved inadequate to maintain proper alignment and hydraulically operated side bars were fitted for azimuth control.
· Difficulties were also experienced in keeping the CM on a level basis and it was noted that both Integra and Pike River (NZ) CM had been fitted with articulated track frames that allowed the CM to maintain a level horizon in pitching coal seams. It was noted that TBM were also fitted with side and roof/floor jacks that enabled the TBM to be steered through complex tunnel alignments. 

Automated Roof and Rib Bolting

· Noted that the bolt installation process had to be matched to the proposed bolting consumable, ie; is it a conventional resin anchored bolt or a SDB? The Joy carousel bolter has been developed for conventional resin anchored bolt but could be re-engineered to be utilised for SDB. Fletcher also have available carousel bolters, although the type of bolt is unknown.
· The development of a cuttable SDB for rib bolting was seen to have significant potential for the industry and it was noted that Ground Support Services had developed such a bolt which was due to undergo trials in October 2008. The development of such a system would overcome many of the issues experienced by operators when withdrawing drill steels from soft coal ribs, whilst the development of a spray-on polymer skin may also significantly improve rib control – the issue was seen as being able to get suitable SDB systems installed on current CM machine configurations due to the actual footprint of the bolting system and the lack of space on the CM.
· The ability to load up a carousel bolter with say 8 to 9 SDB and mine continuously for up to 6 m was seen as a significant step forward in remote mining applications as required at times in some South Coast mines.
· It was suggested that the challenge was not just developing a SDB system, but developing a system that managed all the consumables required, including bolts, plates, washers and mesh. It was noted that UOW is currently working to develop an automated system for installation of SDB and mesh, with such system being totally integrated one from supplier to the face and the subsequent installation of consumables.
· The challenge was then expected to be the development of a purpose designed mining machine that integrated all the relevant technologies including automated bolting and meshing (and self steering). It was questioned whether such a development would come from an OEM.
· It was also noted that existing CM configurations were getting extremely cluttered and if we had to go towards automating the system to get people out of the immediate face area, that we would have to develop a system whereby people are designed out of the entire system.
· Installation of tendons was also raised as a significant issue, particularly systems requiring multiple piece drill steels. Similarly, installation of steel mesh was considered a major issue and while Tensar mesh had been trialled, automation of mesh installation or spray-on polymer skins were seen as having significant potential.
· Further, it was noted that SDB were almost there and that Sandvik had push button control bolters – automating of mesh installation (or replacement of mesh altogether with a spray-on polymer) was seen as a major step forward if such could be achieved, and would enable the industry to focus on bolting cycle times rather than introduction of CHS.
· The priority was considered to be automated bolting and meshing, with development of a self steering CM capability as being a lower priority.
· CM2010 was seen as being a great initiative and the issue for operators now was likely to be the intensity and sustainability of work at the face, with automation of bolt and mesh installation being considered the critical element. The respondent also challenged researchers to develop a pumpable bolt in parallel with development of the polymer skin confinement system.
Continuous Haulage Systems

· CHS were seen to be a system developed primarily to facilitate extraction of thinner seams (≤1.5 m) in the US where the haulage capacity of SC were significantly restricted by low mining heights. It was considered questionable as to whether CHS could be applied in Australian conditions as they were seen to add another level of complexity in the mining operation. 
Face and Panel Services

· Getting materials and services to the face was seen as the next critical challenge after automating bolting and meshing. It was noted that the Cook CHS had all face services installed on the CHS, with a skid to advance the cable bretby outbye the conveyor boot end.
· The ability to be able to support 100-200 m advance per day with installation of current pipework systems was seen as a major challenge. Considerable thinking had gone into the design of longwall maingate equipment and facilities, particularly monorail systems, and similar thinking was required to address face and panel services issues associated with rapidly advancing gateroads.
· It was envisaged that overall manning levels would remain unchanged or increase with the introduction of automated development systems in order to address the logistics issues associated with rapidly advancing gateroads.
· It was also noted that unlike longwalls OEM don’t produce an integrated roadway development system, just individual components that can be mixed and matched. It was considered essential that OEM understand the total development system and develop equipment that can be integrated into an effective system overall.
Data Logging and Reporting
· In response to a question as to when data logging and reporting systems now available on the ABM25 were able to be displayed at the face to enable operators to monitor their performance and do something about it if required, the OEM noted that it would be available when the OEM was asked to provide it.
· Further it was noted that a simple red and green system would appropriate to enable operators to track acceptable performance against scheduled operating rates.
· It was noted that a simple system was employed in bord and pillar operations in South Africa where a light turns green when the SC commences to be loaded and then turns red when the scheduled loading time is reached. A traffic light system was also utilised in place changing operations to control the CM cutting cycle.
· In regards to the bolting cycle it was noted that short interval process control techniques were appropriate to monitor bolting performance.
· It was also noted that the large amounts of data were being captured by current ABM data logging systems, and that much of it remains unused. It was noted that operators had to specify how data was to be presented so that the data was meaningful. It was proposed that mines should give feedback direct to OEM to enable them to understand mine site requirements for data logging and analysis, and how such systems could be tied into existing mine site information management systems such as PULSE and SAP.
· Further, it was suggested that that we were not fully utilising the functionality of existing equipment as, like DVD players and mobile phones, as the level of complexity of the inherent technologies increased we didn’t keep up with developments in that functionality.
· It was also suggested that we need to interrogate our processes and understand how equipment works.
· It was suggested that maintenance engineers are now becoming good at monitoring and trending equipment performance, particularly on longwalls where there is provision to monitor performance of individual sub systems on multiple display screens. Unfortunately, such discipline has not been developed in regards to monitoring and analysing roadway development performance.
· It was also noted that an organisation’s culture drives data gathering and analysis – a hunger and desire for improvement will drive data collection (rather than relying on generalised questions).
MACKAY
Participants at the Mackay Workshop raised a number of issues for consideration by the presenters and other participants. Issues and responses are captured below.

· In mines where you have seen improvement in roadway development performance is that improvement related to incentive schemes?
Suggested that it was advisable to have some incentive to reward improved performance. The 2005 Review of Australian Roadway development practice identified that higher performing mines all had incentive schemes which were strongly linked to development performance.
· Do hot seat changes really work?

Interesting debate in South Africa currently where mines are approaching the end of mine life with workings 15-20 km from portals. These mines reportedly have hot seat changes but in reality they do not.
Suggested that on an industry basis we need to look at our shift structure as tempo graphs show a dropping off of performance towards the end of shift. Further, the provision of a second crib break on a 12 hour shift and the loss of tempo thereafter really indicates that 12 hour shifts are no more productive than say 10 hour shifts. 

Noted that there was real benefit to be gained by using shift breaks to undertake non-production tasks such as maintenance and servicing.  

· Where do you draw the line in regards to the extent of primary support installed in development and the installation of secondary support?

 Utilisation of a secondary support crew is a matter of cost, availability, time and opportunity. The CM has to be relocated to allow the support crew to work, can you find a secondary support crew (and if they are contractors they may not be familiar with the mine), what is the time dependant rate of deterioration of the roadway, and do you have somewhere else ready for the production crew?
In reality, your own people probably do it better than contractors and it probably costs you no more to utilise your own people and get on with it, eg; the installation of 10 m Megabolts at Tahmoor on the advance. The secret is to be properly prepared and equipped to do the additional or extra support works.

It was noted that we currently utilise a CM as a bolter platform, and that bolting is probably 90% of the work activity – what is required is an effective bolting system that also cuts coal.

· Views on the Joy Sumps Shearer (JSS) and FCT (CHS) at Southern in Central Queensland

The FCT at Southern was considered a great success by operators although the JSS was considered an absolute disaster. Unfortunately the baby was thrown out with the bathwater and both systems were decommissioned. 

Reported that operating rates of 8 m/hour were achieved with the FCT at Southern (and JSS?).

The roof mounted FCT was also considered to be great in regards to its ability to not be affected by floor conditions, whilst the Klockner-Becorit floor mounted system trialled at Central had trouble negotiating intersections across grades and continually slid into the rib.
A significant advantage of a CHS is their ability to also incorporate face services including power, ventilation, water, and return water, thus eliminating the additional cost of purchasing and installing a monorail mounted services management system.
· Views on CHS Versus SC

There are situations where utilisation of a CHS has advantages, eg; where floor conditions are poor and wheeling of SC is significantly impacted there is a good case for CHS. 

However, SC were considered to be more flexible than CHS, and the whole system had to be properly evaluated. The application of battery powered SC was also suggested as a means of enhancing SC flexibility within the face area.

CHS have been looked at fairly closely in South Africa for bord and pillar development and they have not displaced multiple SC operations which produce up to 1.5 Mtpa from a single CM/3SC unit. Most mines have more fundamental problems than could be overcome with a CHS.

· Are 2 SC better than 1 SC?

Depends upon the bolting cycle and matching of the bolting and haulage cycle. The real answer is to match the capacity of the SC to the cut and bolt cycle, and to match the breaker feeder and conveyor capacity to the SC capacity and discharge rate.
Unfortunately, feeder breakers are generally not very friendly, but they do allow the discharge time to be improved. Feeders need to be matched to the panel conveyor (ie; large hopper with temporary development conveyor and small hopper with longwall conveyor), be lighter and more flexible, and also incorporate the boot end within the feeder as it practiced in many mines in the US (although US belt structure is typically lighter and extensions are done in shorter increments).

Few mines have gone into studying the overall process and properly matching equipment.

· Views on Experience Levels Throughout the Industry (CQ)

Serious lack of experienced and qualified persons such as deputies and trades, and people can’t see an end to it. The lack of people was considered to be a show stopper for the Industry whilst a number of mines reported that they were unable to man their scheduled development units due to continuing labour and/or skills shortages.
Poaching of experienced, qualified and skilled persons was widespread, with rates of up to $2,000 per day offered for deputies.

A number of training initiatives had been introduced at mines and in many cases successful candidates had positions at other mines by the time that there certificates were awarded.

It was noted that older, more experienced operators that had the experience and capabilities to be supervisors and leaders often had literacy problems or were unable to maintain the study regime and manage the paperwork required in site based training courses.

Further, these older, more experienced operators generally had more of an affinity to be part of the crew that to be a leader and supervisor. The statutory role was also viewed as a far less challenging one than of process manager, and hence fewer persons were prepared to put in the hard yards at the face managing team performance. Therefore it was likely that methods had to be developed to properly match individual skills, motivations and aptitudes to the various roles available.
It was reported that it cost up to $25,000 to train and qualify personnel and that exit clauses as per Australian Defence Forces contracts were necessary to ensure retention of trained persons for an appropriate time after qualification. It was suggested that the legality of such schemes was questionable and perhaps unenforceable.

It was noted that Mine Consulting Services had developed a training academy in South Africa for training of all levels of the workforce, including both skill and competency development for operators, trades and supervisors. Others questioned whether Australian mine operators had the vision and commitment to introduce such a system in Australia.
It was also noted that the best way to train people was experientially, however the Australian industry did not have the luxury of time to adopt an experiential based training system. The industry needed to develop accelerated training methods to address the skills shortage.

In closing it was noted that labour and skills shortages were getting drastic, and that the Industry was not sustainable under current training systems.
WORKSHOP CRITIQUE
Pokolbin
· Update on developments in SDB and CM automation in future Workshops.
Penrith

· Is it time for a maintenance theme?
Mackay

· Adopt a theme of training and development in the next Workshop.
· Have the Workshops more frequently in order to facilitate information exchange across the Industry. 
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