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16.2 Production Estimate 
RPM has reviewed the Resource areas and quantities available for underground mining operations in 
order to consider the possible production range for individual operations and the number of operations 
that could operate concurrently at the site as required for the Scoping level of study. Operational 
considerations that contribute to a conceptual underground development strategy include: 

 The conversion of in situ tonnages to potential ROM production. 

 Interaction between underground and open cut operations. 

 Interaction between separate underground production units operating in close proximity (either within 
the same seam or overlying seams). 

 Productivity range relative to the seam characteristics (depth, thickness, continuity, geotechnical 
considerations, etc) 

 Economics of the Resource, i.e. how much capital does the scale of the Resource naturally support. 

All scenarios have applied either longwall or the Longwall Top Coal Caving method. As discussed within 
the individual seam commentary below, RPM considers that the seam characteristics are generally 
favourable for longwall mining as is being utilised at Ashton and Austar by the Company.   

Figure 16-7 shows the performance of the top Australian longwall operations over the last fifteen years 
based upon publically available production information collated by RPM. This illustrates the long-term 
trend of the top performers remaining within a fairly tight range of 3.5Mt to 5.5Mt in a year with a single 
outstanding performer recording between 7Mt and 9Mt. Historically, it would be expected that the 
outstanding performer would typically hold its position for four or five years before returning to the pack 
and another high performer takes is place. This trend is generally attributed to the commencement of new 
operations that are mining in the shallowest and most favourable conditions with new equipment and 
latest technology. As the mine progresses, conditions become more challenging and equipment downtime 
increases. 

In terms of mine planning it has therefore been assumed by industry that an operation should be designed 
to produce up to 10Mtpa with the operation potentially achieving up to this figure for a limited period. 
Long-term (life of mine) rates however, should be pegged at much lower levels. Until recently, the long-
term rate assumed for this purpose was up to 5.5Mtpa.  

The graph does however show that the industry has broken out of this trend over the last three or four 
years and the majority of the top performers are now appearing to consistently produce in the range of 
5.0Mtpa to 7.5Mtpa. RPM considers that this is due to widespread adoption of automation technology that 
is able to maintain more consistent operating conditions on the face and reduced delays as a result of 
operator error. 
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Figure 16.7 Historic production for top 10 producers 

 

The scenarios proposed by previous studies all require the application of twin longwall systems (two units 
operating in the same general vicinity) or dual (two units operating in otherwise disconnected workings 
however at the same site) longwall mines. 

In Australia there is currently limited operational experience of operating these systems with the majority 
of underground mines working a single longwall. The original Gordonstone Mine, renamed Kestrel Mine, 
was initially setup to operate two longwalls and more recently the Oaky North Mine was expanded to 
operate with two longwalls.  

In RPM’s experience running multiple longwall units at full production presents significant operational 
challenges and it is often difficult to maintain adequate development inventory in advance of the longwall.  
Ventilation and gas management systems as well as general underground logistics support are also often 
made far more difficult, however having said that with careful planning these challenges can be overcome 
to form a successful operation.  

Longwall production has been found historically to be highly dependent on depth of cover with horizontal 
and vertical stress generally increasing with depth and creating a more challenging operating 
environment. Through industry experience, RPM has developed a guideline for estimating productivity 
relative to depth. This is illustrated in Figure 16-8 whereby there is little or no production derating up to a 
depth of 300 m, after which production is expected to decline to a minimum factor of 80% from around 
450 m. This means that a longwall that is deemed capable of producing at 7Mtpa at 250m depth would be 
expected to produce around 5.6Mtpa in the same seam however at 500m deep. 
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Figure 16.8 Production factor relative to depth 

 

Production can also be dependent on seam thickness although the relationship has historically been far 
less defined than the depth relationship. In theory thicker seams yield more coal per meter cut than their 
thinner counterparts and so overall productivity is expected to be higher. Higher longwall faces are 
however harder to manage and are more vulnerable to deterioration in high stress environments. 
Historically in Australia, thicker seam operations have often exhibited large swings in production whilst 
more moderate thickness operations (3m to 4 m) have been able to achieve more a consistent operating 
environment and more reliable production rates. 

RPM is of the opinion that recent successes with the introduction of automation will enable operators to 
maintain greater control over the longwall face and as such thicker-seam operations will be better placed 
to achieve their potential.  Importantly there is a similar seam thickness range in the Mount Arthur and 
Vaux seams at MTW and Arties, Liddell and Barrett at HVO and as such similar productivities may be 
expected. The Bayswater Seam at MTW is much thicker (up to 8.4 m) and would be expected to produce 
at higher rates. 

Issues related to placement of tailings and spoil in the open cut voids directly above underground mines 
further complicates underground extraction in most areas at MTW and HVO. Overlying liquid tailings can 
present a significant hazard to underground mining as a result of the risk of inrush. Unconsolidated spoil 
can significantly impact stress regimes (and consequently productivity and roof support requirements) and 
access to the underground workings via surface boreholes. The significance of these issues should not be 
underestimated and technical solutions will have to be found before underground mining can commence.  
These will be addressed in future studies.  

RPM has assumed that a minimum fresh interburden thickness of 80m is required below any surface 
spoil. In areas where this cannot be maintained, the higher coal seam is assumed to remain unmined, 
however operations may continue in deeper seams. 

Seam-wise production and productivity 

MTW Mount Arthur Seam 
The Mount Arthur Seam provides a potential underground mining target within the MTO lease area only. 
Open cut operation will be concluded in the area within the next 6 months and will not directly impact 
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underground mining. The old pits are however planned to be backfilled with a combination of waste and 
tailings which may impact the geotechnical loading of the in situ strata. The burden between the base of 
the open pit, mined to the Woodlands Hill Seam and potential underground operation is estimated to be 
around 100m and as such should be sufficient however this would need to be confirmed through 
geotechnical review. 

The backfilling of the open pit areas conflicts with the underground option to obtain a low-cost access 
point from an existing highwall. Detailed design would be required to define the optimal access point and 
any compromise required with open cut waste storage. 

The average thickness of the seam is 3.2m which makes it well suited to high production mechanised 
mining. An 80 cm claystone band sits directly above the Mount Arthur Seam with the Warkworth Seam 
lying directly above the claystone. The claystone is deemed too thick to extract as part of the mining 
sequence thereby providing access to the Warkworth Seam. The competence of the claystone with 
overlying coal has not been assessed as part of this review however RPM considers there may be a risk 
with this material in the immediate roof. It is estimated that there is approximately 86Mt of Mount Arthur 
Seam Resource within the MTO lease. 

The potential ROM quantity of 44.5Mt was scheduled for this seam in the 2015 model.  In consideration of 
the shallow depth and moderate seam thickness RPM expects the production range for this target would 
average 5.5Mtpa with annual output ranging from 4.5Mt to 6.5Mt. 

MTW Vaux Seam 
As shown on Figure 16-2 the Vaux Seam target is divided across two distinct areas, Vaux North and Vaux 
South. Vaux South lies 20m to 30m below the Mount Arthur underground target and would have to be 
scheduled to commence following completion of the Mount Arthur operations.  

The depth of cover averages 190m and the seam thickness averages 2.5m thus making is an appropriate 
target for underground mechanised mining. The Vaux North depth of cover under the Warkworth Pit 
extends to 320m which may result in a drop off in productivity however not to a significant level. 

It is estimated that there is 42Mt of Resource in Vaux South which equates to 27Mt ROM when allowing 
for 80% resource recovery and 80% mining recovery. Productivity would be expected to be similar to the 
Mount Arthur Seam, averaging 5.5Mtpa, with a range from 4.5Mt to 6.5Mt.  

For Vaux North it is estimated that there is approximately 25Mt of Resource and with the same recovery 
factors applied, this equates to 16Mt ROM. It is expected that there will be a slight reduction in productivity 
to 5.2Mtpa resulting from the increased depth. 

MTW Bayswater Seam 
The average thickness of the Bayswater Seam in MTW is 7.05m with thickness increasing to over 8m in 
some areas. Previous studies have recommended the application of the longwall top coal caving (LTCC) 
method. Elevated stress levels are required with this method to assist in fracturing the coal as part of the 
caving process. RPM does not consider that LTCC will be a viable choice in this case due to the relatively 
low depth of cover and the expected reduction in horizontal stress with the extraction of the overlying 
Vaux Seam.  

RPM has therefore based production assumptions on a thick-seam longwall operation with a maximum 
extraction height of 6.0 m. The total Resource estimate is 338Mt and allowing for a Resource recovery of 
80% and a reduced mining recovery of 68% to allow for up to 6m extraction, this results in a mineable 
quantity of 184Mt ROM. 

As shown in Figure 16-9 average productivity is expected to range from 6.5Mtpa to 7.5Mtpa based on 
depth. For any one year the potential output could be expected to range from 5.5Mt to 8.5Mt. 
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Access would be expected from the eastern side of the Resource as an extension of the Vaux Seam 
workings. 

HVO Arties Seam 
The depth below open cut final voids appears to be sufficient to protect the underground from connection 
to the surface. 

The Arties Seam thickness ranges in thickness from 1.5m to 2.3 m. Resources with seam thickness less 
than 2.0m are generally considered to be thin and will require more specialised equipment in order to 
effectively mine. The lack of height provides ergonomic challenges for operators and generally result in 
reduced productivity. 

The Resource is estimated to be 35Mt which translates to 22Mt when applying a Resource recovery of 
80% and mining recovery of 80%. 

RPM has assumed that given the limited seam thickness, average productivity would not be expected to 
significantly exceed 4Mtpa. RPM considers that whilst this may remain a potential underground target 
there is currently a high level of uncertainty and a low probability of a favourable economic outcome. This 
target has therefore not been considered any further. 

HVO Liddell Seam 
The Liddell Seam lies 60m to 70m below the Arties Seam and as such can be considered over a similar 
area to the Arties Seam. 

The Liddell Seam thickness ranges in thickness from 1.2m to 2.6m which places it in a similar marginal 
category as the Arties Seam. 

There is limited exploration upon which to base a Resource estimate or mine plan. Based on seam 
thickness it is assumed that the in situ and ROM tonnages for the Liddell Seam will be similar to the Arties 
Seam. 

RPM has assumed that given the limited seam thickness, average productivity would not be expected to 
significantly exceed 4Mtpa. RPM considers that whilst this may remain a potential underground target 
there is currently a high level of uncertainty and a low probability of a favourable economic outcome. This 
target has therefore not been considered any further. 

HVO Barrett Seam 
The Barrett Seam lies between 17m and 32m below the Liddell Seam however is predominantly greater 
than 20 m. Should the Liddell Seam be mined, detailed geotechnical analysis would be required to 
confirm sufficient coverage lies between the two seams to allow mining to proceed in the Barrett. The 
Barrett Seam thickness ranges between 1.9m and 2.9m which provides a more attractive target for 
underground mechanised mining than either the Arties or the Liddell.  

As the Barrett target area falls beneath the Cheshunt Pit then open cut mining would need to be largely 
complete in this pit before underground operation could proceed.  It is estimated that there is up to 82Mt 
of in situ Resource within the Barrett Seam area which converts to 52Mt based on 80% Resource 
recovery and 80% mining recovery. 

With an average seam thickness of 2.5m the Barrett Seam lies at the low end of the moderate thickness 
mining however does not necessarily fall into the thin seam mining category. An average production rate 
of 4.8Mtpa has been estimated for working in this seam. 

Summary 
Table 16.8 shows the in situ and ROM estimates for each of the underground targets as discussed in the 
previous sections. It should be noted that not all ROM tonnage has been included in the table for the 
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Arties or Liddell seams due to the high levels of uncertainty and high probability of a negative or very 
marginal economic outcome. 

Table 16.8 Underground tonnage summary 

Site / Seam In situ (Mt) ROM (Mt) 
MTW   
 Mount Arthur 86 45 
 Vaux 67 40 
 Bayswater 338 185 
Total MTW 491 270 
HVO   
 Arties 35  
 Liddell   
 Barrett 82 50 
Total HVO 117 50 
TOTAL MTW / HVO Complex 608 320 

 

Figure 16-9 shows the high-level productivity estimation for each seam based on depth and seam 
thickness characteristics. 

Figure 16.9 Average productivity by seam 

 

16.3 Production Schedule 
A full underground schedule has not been completed at this level of study, however comment can be 
made on when operations may commence, the potential production and life of each operational sector, 
the number of contiguous longwall operations and potential annual output from the complex.  
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Figure 16-6 provides a high-level estimate of each seam based on the productivities and projected ROM 
tonnage. The Bayswater Seam is estimated to take up to 26 years to complete whilst the other seams 
combined are estimated to take 27 years to mine. With the Bayswater Seam using one height of longwall 
equipment and the other targets all requiring smaller equipment this lends itself to a two longwall 
arrangement with one longwall in the Bayswater Seam and the second longwall working simultaneously 
through the other mining targets. 

The powered roof supports are the major high-cost capital item with long life and so scheduling to ensure 
optimal utilisation over the total life of the complex is a key schedule consideration. Roof support life is 
measured in cycles where one cycle is completed every time the longwall moves a single web forward. 
Longwalls typically advance between 0.8m and 1.0m every cycle depending on the equipment set up 
which is a consideration of the seam characteristics. Based on support life of 70,000 cycles RPM has 
estimated that a single set of supports would be sufficient to mine the thick seam Resources at MTW in 
the Bayswater Seam. One set of moderate height supports would be required for the Mount Arthur and 
Vaux Seam operations at MTW and one additional set would be required to mine the Barrett Seam at 
HVO. 

Table 16.9 Life of mine and roof supports 

Target ROM  
(Mt) 

Rate  
(Mtpa) 

Life  
(years) 

Thickness 
(m) 

Cycles  
(#) 

LW Life  
(%) 

MTW – Mt Arthur 44 5.5 8 3.20 28,971 41% 
MTW – Vaux 50 5.4 8 2.54 35,269 50% 
MTW – Bayswater 184 7.1 26 6.00 63,889 91% 
HVO - Barrett 52 4.8 11 2.40 45,573 65% 
Total 323      

 

Figure 16-10 provides a conceptual schedule for the underground operations across MTW and HVO. The 
sequencing and timing has been organised to achieve continuous operation whilst minimising interaction 
between the underground operations and the open cuts. At this time no consideration has been given to 
the impact on total output of the complex or processing capacity. 

Figure 16.10 Conceptual underground production schedule 
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16.4 Operating and Capital Costs 

Capital Costs 
RPM has provided indicative capital costs based upon typical industry costs observed in recent years. 
The general logic behind the estimate is as follows: 

 MTW - Mount Arthur is a new operation and must bear the initial capital cost of all new equipment and 
infrastructure. 

 MTW - Vaux South is an incremental extension of the MTW - Mount Arthur operations and other than 
the installation of new underground services and infrastructure, should be able to utilise much of the 
equipment already in operation. 

 MTW - Vaux north is a satellite operation and as such will require the installation of all new fixed 
infrastructure however will be able to utilise the production and mobile equipment from existing 
operations. 

 MTW - Bayswater represents an expansion to the underground operations, it is operating in a much 
thicker seam and so little of the existing equipment is transferrable. Other than the limited additional 
depth for access, this will be similar to establishing a completely new operation. 

 HVO - Barrett is another satellite operation and has been costed in a similar manner to Vaux North. 
By this point however, it is estimated that the original powered roof supports will have completed their 
life and a new set will need to be purchased. 

Table 16.10 provides a summary of the timing and breakdown of the estimate of initial capital costs. As 
estimates have been based upon database figures, individual line items should be considered with a level 
of accuracy of +/- 50%. Contingency has been applied at 15%. 

Table 16.10 Initial capital estimate 

 Owners 
Cost 

Mt 
Arthur 

Vaux 
South 

Vaux 
North 

Bayswater Barrett Total 

Key Dates        
 Mine access  Y-2 Y6 Y11 Y10 Y14  
 Longwall  Y1 Y9 Y14 Y13 Y17  
        
Initial Capital        
 Set up 100      100 
 Mine access  87 15 128 30 102 362 
 MIA  25    25 50 
 Ventilation  40  40 20 40 140 
 Development  75   75  150 
 Longwall eqt  163   190 163 516 
 Coal clearance  30 15 30 15 30 120 
 Diesel eqt  22 11  22 11 66 
 UG Infrastructure  55 28 55 28 55 220 
 Closure 100      100 
Neat estimate 200 497 69 253 380 426 1,824 
 Contingency 30 75 10 38 57 64 274 
Total 230 572 79 291 436 490 2,098 

Sustaining capital is required to cover the replacement of operational equipment, other than the powered 
roof supports which are costed individually. Historical records show that sustaining capital for 
underground operations typically ranges between $4/t ROM and $8/t ROM depending on the age and 
complexity of the operation. RPM has applied high level sustaining capital rates in Table 16.11 to provide 
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a life of mine sustaining capital estimate. It is assumed that this is distributed over the life of mine in 
proportion to total ROM output. 

Table 16.11 Sustaining capital estimate 

 Mt Arthur Vaux South Vaux North Bayswater Barrett Total 

ROM (Mt) 45 25 15 185 50 320 
Rate ($/t ROM) 3 5 5 5 5  

Total ($M) 135 125 75 925 250 1,510 
  

Operating Costs 
Operating cost ranges for the underground have been developed from RPM’s industry knowledge in line 
with the level of accuracy of the CAPEX. Underground costs are typically categorised into development, 
longwall, outbye and engineering to provide a “Pit Top Cost”.  Additional costs for technical services and 
general and admin have also been applied to provide a total underground operating costs. Costs are 
included to a ROM pad at the Pit Top, however surface transport costs to CHPP’s, Coal processing, rail 
freight and Corporate overhead are not included.  These are assumed to be in line with the current open 
cut OPEX which are detailed in Appendix G (LOM average of $13.8/ROM t HVO and $10.7/ROM t MTW). 
Examples of a breakdown of these costs for three scenarios are provided on Table 16.12. The three 
scenarios are as follows: 

 Scenario 1 – 2.0m seam at 250m depth of cover with a production rate of 4.5Mtpa. This is similar to 
the HVO Barrett underground target. 

 Scenario 2 – 2.5m seam at 150m depth of cover with a production rate of 5.5Mtpa. This would be 
similar to the MTW Mount Arthur operation. 

 Scenario 3 – 6.0m seam at 350m depth of cover with a production rate of 8.0Mtpa. This would be 
similar to Bayswater. 

Table 16.12 UG OPEX Cost scenarios 

 Cost Scenario 1 ($/t ROM) Cost Scenario 2 ($/t ROM) Cost Scenario 3 ($/t ROM) 
Development 13.1 9.1 3.9 
Longwall 8.9 6.8 8.9 
Outbye 6.7 5.6 5.2 
Engineering 4.2 3.4 3.3 
Pit Top Cost 33.5 24.9 21.3 
Technical Services 1.1 1.0 0.8 
General & Admin 1.7 1.5 1.2 
Total Underground 36.3* 27.3* 23.3* 

*Excludes CHPP and Offsite costs which total LOM average of $13.8/ROM t HVO and $10.7/ROM t MTW 

Table 16.12 illustrates the wide variability in costs in respect to different operating conditions and mining 
approach. This creates a high level of uncertainty with regard to high-level estimates of underground 
operations and little reliance may be attached to any unit rates before more detailed analysis is 
undertaken. 

Figure 16-11 shows the operating cost output range over depth, thickness and production. Indicative 
positions of each of the underground targets have been provided on the chart to illustrate the relative 
attractiveness of each deposit. 
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Figure 16.11 Site Operating cost ranges 

 

16.5 Development Sequence Overview 
Development of underground mines generally encompasses a number of steps which vary in both length 
and costs, these include: 

 Exploration and Mining Studies. 

 External Approvals and 

 Construction and Operations. 

The UG Project has advanced the initial exploration and study phase as outlined above.  These works 
have highlighted the economic potential in the UG Project. 

Exploration and studies 
The progression of exploration through the various stages of study, to construction and ultimately 
operation are dictated by three primary factors: 

1. External approvals – this includes federal and state approvals and encompasses environmental and 
mining approvals. 

2. Internal approvals – these approvals predominantly relate to the release of funds and provision of 
corporate support for progression to the next phase of study or development.  

3. Time to complete a phase of study or construction. 
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Internal approvals 
Internal approval processes and the manner in which they are implemented are specific to individual 
organisations and their objectives. These approvals can in some cases have a greater impact on the 
project development timeline than external approvals. 

Study phase 
An exploration and study program required to prove up a greenfield coal deposit normally follows three 
distinct study phases. The actual length of each study phase is not fixed and will depend upon the size 
and complexity of the resource, specific community or environmental issues and the quality of the 
supporting data and analysis at the start of the study phase. In addition to this, the depth of investigation 
and analysis required by the client may vary significantly from one organisation to another and this will be 
reflected in the time that a company is prepared to invest in a particular phase.  

RPM understands that The Company will begin Pre-feasibility studies in 2018. 

Exploration 
Staged exploration work is undertaken prior to and throughout the early stages of each of the above study 
phases. This exploration work is progressively focused on the higher-value areas within the deposit and is 
tailored to meet the objectives of the study phases. The deposit’s JORC classification status therefore 
progresses from exploration results through to Measured Resources throughout the study phases. 

At the Concept Study phase, much of the data available for the deposit would be Inferred with some broad 
portions brought up to higher classification status. During the Pre-feasibility stage, the key areas of the 
deposit sufficient in size on which to base a reasonable-sized mine are typically elevated to an Indicated 
status. At the completion of a final Feasibility Study, it is typical to have the area which is planned to be 
mined during the first five to ten years of mine life, explored sufficiently to be classed as Measured 
Resources, with the remainder of the proposed mine’s resources remaining at an Indicated Resource 
level. As the mine is developed, ongoing exploration required for the completion of detailed mine planning 
will progressively elevate the life of mine resources from an Indicated to Measured status.  

RPM understands that The Company will begin Pre-feasibility exploration in 2018. 

The duration of each stage of exploration is largely dependent upon the size, depth and geological 
complexity of the resource. Access and weather conditions can also impact on the actual time to complete 
each stage. Figure 16-12 shows the Company’s indicative timeline for the project. 

Figure 16.12 - Staged Exploration and Study Time Line 

 

Summary 
RPM concludes that for a greenfield site with no approvals, it is likely to take around five years to 
complete exploration, mining and associated studies and relevant environmental studies and approvals. 
Following this there is likely to be a full year prior to the commencement of construction, during which 
internal approvals and funding is obtained, engineering design and tendering / procurement commence. 
Surface construction and underground access plus development can be expected to continue for around 
3 years before the longwall can commence operation.  
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RPM highlights that the HVO/MTW operations are currently active mines, as such the ramp up timeline 
may be reduced significantly given the current site and regional infrastructure in place.  As outlined below 
there is a number of options to develop the underground operations in conjunction with the open pit 
operations.  These options will be analysed and optimised as part of the ongoing pre-feasibility study 
being completed by the Company. 

16.6 Development Options 
RPM understands that there is no set development option or sequence for the UG Projects, however RPM 
notes that there are various options which are being considered in current studies which are flexible in 
timing of commences and can optimise the interaction between the current operations and underground 
while realising value however not to the detriment to the current open cut LOM.  

RPM notes there are two key limitations of the underground production, these include the interactions 
between the open cut and underground operations along with the ability to process additional material 
planned to be produced from the underground mines.  RPM is aware the Company has significant 
experience with operating open cut and underground operations, including within the same project such 
as at Moolarben.  As such this is not considered a limiting factor, however will require detailed planning an 
ongoing optimising to ensure no impact between the two operations such as the waste and tailings 
material in pit dumping strategy as outlined above.  RPM considers the key consideration to the 
development of the underground operation is the ability to process additional run of mine coal.  Of 
importance, as outlined in Section 11 the HVO and MTW operations have a total of four CHPP’s with a 
total capacity of 42mtpa while planned ROM production is 20.6Mtpa at HVO and 17Mtpa at MTW.  As 
such there is some capacity for increased throughput at the current plants however the likely production 
rate is well in addition to this level (5 to 8mpta).  RPM notes there are three main scenarios for production 
plant: 

 Scenario1 - Delay Underground operations beyond the open pit mine life at MTW.  RPM does not 
consider this an attractive viable option with production currently planned to cease at MTW in 2040.  
As such no value would be realised in this scenario in the short term, nor would this allow offset of the 
current take or pay commitments.  

 Scenario 2 – Maximise throughput case. Construct an additional CHPP to process all underground 
production.  While this would add additional CAPEX to the start-up costs this scenario but would 
realise value in the short term, in addition to allow a dedicated CHPP without interaction with the open 
cut operations or the seams which will be mined.  RPM is aware there are potential locations for a 
CHPP.  

 Scenario 3 – Capped throughput case. Limit production to the excess capacity at the current CHPP.  
This would limit start-up CAPEX and simplify the underground production plan (one Longwall vs two), 
however would reduce the realised value in the short term.  While decreasing the production 
complexity this would increase the complexity in the CHPP due to variable seam throughputs.  RPM 
notes that the CHPP’s currently process up to four seams as such this would not be considered a 
limiting factor. 

 Scenario 4 – A combination of scenario 2 and 3.  This scenario would allow significant flexibility in the 
underground operations while maximising the current CHPP capacity.  As with Scenario three this 
would increase the interaction with the open cut operation however this is not considered a 
determining factor in optimsation decisions 

RPM considers all four scenario to be achievable and realistic and highlight the commercial path to 
production of the operation, however given the current level of study no detail options analysis has been 
completed nor it is warranted at this stage.  In determining the optimal development scenario a number of 
studies, both on a technical and commercial front, need to be considered, these are planned to occur over 
the next 12 to 18 months. 

16.7 Risk Overview 
Some of the key risks that will be addressed as part of the ongoing studies into the potential for 
underground operations at MTW and HVO include: 
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 Mining Approvals - No current mining approvals are in place for commencement of UG operations. 
These are expected to take a period of time, however systematic approach is in place in NSW. 

 Geotechnical Conditions - Assessment of geotechnical conditions and the resultant productivity and 
cost impacts arising from mining multiple seams. This will include defining effective subsidence 
management as well as gas and spontaneous combustion management strategies particularly in 
areas of reduced interburden. 

 Interaction with Open Cut - No studies have been undertaken to determine and plan for impact on 
current operations and CHPP.   This would include current tailings and waste storage plans and 
impact on underground operations. 

 Geological Information - Delineation of any limiting geological structures (faults, dykes, sills, etc.) in 
seams not currently mined by open cut methods. 
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17. Mine Risks and Opportunity Assessment 

17.1 Opportunity 
RPM considers there are several opportunities within the Assets.  These include: 

 HVO/MTW Underground –As further outlined in Section 16 this would include multiple areas and 
could be undertaken in conjunction with the current open pit operations.  If undertaken this would 
increase ROM production by up to 5 to 7Mtpa and have the added advantage of augmenting take or 
pay commitments of the groups operation.  

 HVO Boundary Coal Pillar- The current Coal Reserves and LOM plans excludes significant coal 
within the boundary pillar of the tenement holding due to the inability of mining across the tenement 
boundary on the neighbouring tenement (Figure 9-3).  A study from a third party indicates that an 
additional coal tonnage of between 100 and 120Mt could be exploited with extensions of the West, 
Carrington East, Riverview East and West and Cheshunt Deep pits. Integrated mine planning to a 
PFS level of detail is required to confirm this coal is technically feasible and economically viable. 
Following completion of this work then boundary coal may be considered for inclusion in Company 
mine plans and inclusion in Coal Reserves. 

 Blending – The current LOM plan presented in this Report and the supporting cashflow analysis, 
assumes no blending occurs either within the operations or between the operations.  The products 
generated by the operations are generally high value coal types and blending based on product 
qualities can realise additional value rathe then selling single products from the operations.  In 
addition as the Company further incorporates HVO/MTW into its operations this blending strategy 
could be used to further optimise mining operations in both short and medium term planning through 
careful and meticulous mine plans focusing on: 

− Maximise the exploitation of the in situ resources by potentially increasing pit limits using 
improved revenue streams and 

− Incorporate the ability to reach quickly to market condition by changing the short term mine plan to 
target seams with specific coal qualities.  

 Moolarben Expansion –The expansion involves optimisations to approved Stage 1 and Stage 2 
operations at the Moolarben mine which will increase open cut ROM coal production to 16Mtpa and a 
Moolarben Complex ROM production capacity of 24Mtpa.  The Approvals Modification also involves a 
minor extension to the OC2 pit limit, minor extensions and reductions of the OC3 pit limits, 
rehabilitation, water management and relocated/additional surface infrastructure. 

17.2 Risk 
Mining is a relatively high risk business when compared to other industrial and commercial operations.  
Each mine has unique characteristics and responses during mining and processing, which can never be 
wholly predicted.  RPM’s review of the Mines indicates mine risk profiles typical of large scale mines at 
similar levels of resource, mine planning and development in Australia.  Until further studies provide 
greater certainty, RPM notes that it has identified risks and opportunities with the Assets as outlined in 
Table 17-2.   

RPM has attempted to classify risks associated with the Mine based on Guidance Note 7 issued by The 
Stock Exchange of Hong Kong Limited.  Risks are ranked as High, Medium or Low and are determined 
by assessing the perceived consequence of a risk and its likelihood of occurring using the following 
definitions: 

Consequence of risk: 

 Major: the factor poses an immediate danger of a failure, which if uncorrected, will have a material 
effect (>15% to 20%) on the Mine cash flow and performance and could potentially lead to Mine 
failure; 
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 Moderate: the factor, if uncorrected, could have a significant effect (10% to 15% or 20%) on the Mine 
cash flow and performance unless mitigated by some corrective action and 

 Minor: the factor, if uncorrected, will have little or no effect (<10%) on Mine cash flow and 
performance.   

 Likelihood of risk occurring within a 7 year timeframe: 

 Likely: will probably occur; 

 Possible: may occur and 

 Unlikely: unlikely to occur.   

The consequence of a risk and its likelihood of occurring are then combined into an overall risk 
assessment as shown in Table 17-1 to determine the overall risk rank. 

Table 17.1  Risk Assessment Ranking 

Likelihood Consequence 
Minor Moderate Major 

Likely Medium High High 
Possible Low Medium High 
Unlikely Low Low Medium 

RPM notes that in most instances it is likely that through enacting controls identified through detailed 
review of the Mine’s operation, existing documentation and additional technical studies, many of the 
normally encountered Mine risks may be mitigated. 

Table 17.2  Risk Assessment  

Risk 
Ranki

ng 
Risk Description and Suggested 

Further Review Potential Mitigant Area of Impact 

M Community Relations Continue proactively engaging with 
affected communities and 
implementing noise mitigation strategy 
to remain in compliance with 
applicable regulatory standards and 
minimize equipment downtime. 
Assess and regularly review the noise 
impacts of planned mine development 
in increasing proximity to Bulga  and 
continuously estimate related 
equipment downtime 

  

  

Communities have voiced grievances 
against some mine operations, in 
particular regarding noise and dust 
emissions, leading to equipment 
downtime and subsequent investment 
in noise attenuation equipment for 
equipment. 
 

OPEX, MTW, 
Stratford and 
Moolarben Asset 
Economics  

H Coal Bursts - Austar     

  

Several Coal Bursts have occurred 
within the Austar mine which has 
resulted in loss of production and 
forced shutdowns and 2 fatalities in 
2014.  RPM is aware the company has 
introduced a number of measures to 
manage the issue.  

Ongoing monitoring of rib and face 
stress levels during development, 
implementation of additional face 
shielding on the longwall, management 
systems developed and implemented.  

Safety and 
Production 

H 

Austar Restart 
RPM is aware that the Austar permit 
for the operation of the longwall has 
recently been suspended following a 
coal bursts in 2018 and now has 
approval for limited longwall activities 
under controlled conditions. Limited 
operations at Austar recommenced on 
14 August 2018 subject to certain 
conditions which the mine can comply 
with however full scale operations are 
as yet to recommence. 

 
Continue discussions with the 
regulators. 

Full-scale 
Recommencement 
timeframe and 
reserves.  
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L Plant Maintenance - all     

  

Several of the CHPP’s are ageing and 
this is reflected in the requirement for 
more detailed and systematic planning 
systems.  This presents a risk for 
increased OPEX and unavailability.  
RPM is aware that maintenance costs 
are included in the costs presented in 
this report 

The Company has implementing 
several system to ensure continued 
operation and utilisations.  Ensure 
management overview of 
maintenance.  

OPEX  

L Commodity Price Fluctuation     

  

The market for Coal has been variable 
over recent years, RPM highlights that 
while the recent lower commodity 
prices the operations are still profitable, 
as such the risk to the profit sensitivity 

Long term contracts. Assets Economics 

L Data Quality - all     

  

Limited original data or sampling and 
assay protocols or data is available for 
the drill hole information. However a 
significant review program has been 
undertaken.   

  Resource estimate 

L 

Coal Quality – 
Middlemount/Stratford Duralie 
Drilling suggests potential issues with 
coking properties in northern area. 
No estimate completed for SEOC at 
Ashton.  Coal Qualities based on 
reconciliation with Avon North Pit 

Complete Further grade control drilling 
and modelling 

Plant Yield and 
Costs 

L 

Structural Model – Middlemount 
Potential for additional structure such 
as faults to be encountered during 
mining 

Review structural interpretations at the 
site. Review geotechnical impacts and 
operational implications. 

Resource estimate/ 
OPEX 

L Wallaby Scrub Road Permit - MTW     

  

The Closure of wallaby scrub road 
agreement with the local council is 
nearing completion.  RPM is aware 
discussions are well advanced and 
likely to be completed in the near 
future. 

Confirm closure permit MTW operations 

L Relative Density - MTW     

  
Some bias may have occurred within 
for deposits Of particular note is the 
regressions noted in Section .6 

Complete a reconciliation of the BD 
completed against the mined areas to 
determine the variation on a local 
scale. 

Local Variation of 
Resource estimate 

L Water Management - Yarrabee and 
Moolarben     

  

Ongoing permits and approval to 
ensure supply for CHPP and dust 
suppression.  RPM is aware of 
managements procedure in place 
which current manage this risk. 

Ongoing approvals procedures and 
management and monitoring Ongoing production 

L Potential Acid Forming Tails and 
Waste- Stratford     

  
Waste and tails storage of PAF 
material is ongoing in voids etc.  
Current management plans in place 

Ongoing monitoring and planning both 
short and long term Ongoing production 

L Heavy Metals Contaminations- All     
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Fate of heavy metals in tailings and 
potential groundwater and soil 
contamination have not been 
assessed. Historical or future 
contamination could lead to regulatory 
shut-down, community opposition and 
clean-up costs 

Conduct leaching test and soil and 
groundwater environmental site 
assessment at relevant locations in 
and around tailings facilities 

Compliance, Assets 
Economics (closure 
and/or clean-up 
costs)  

M South East Open Cut Approvals     

  

The mining permit is pending an 
agreement with a single land holder for 
access in the SEOC area.  
 

Ongoing Negotiation with landholder 
Production 
commencement 
date.  

M Groundwater Impacts - Ashton     

  

Potential compliance risks with 
extracting the lower seam longwall 
panels around the Bowmans Creek 
alluvials in the Ashton underground 
mine, specifically how much water is 
drained from the alluvials, how well the 
workforce is able to maintain economic 
productivity levels with higher 
groundwater make into the 
underground workings and any 
potential discharge issues associated 
with the higher water make. 

Conduct ongoing groundwater 
modelling, validated by results from 
environmental testing. 

Local Variation of 
Reserve estimate 
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David McMillan - Master of Engineering - Royal School of Mines - Imperial College, University of 
London - Executive Consultant RPM (Brisbane) 

David’s career spans twenty-three years, with over seventeen years of operational experience.  He has 
extensive practical underground and open-cut coal experience working in operational, managerial and 
technical roles. David's operational experience extends over three continents and covers potash and coal 
mining. David has been with RPM for six years and currently holds the title of Executive Consultant. 
During this time he has lead teams in the delivery of major pre-feasibility and feasibility studies for 
underground coal operations in New South Wales and Queensland. He has also completed numerous 
technical reviews and mine optimisation studies. 

David is a Competent Person for the estimation of Reserves in underground coal operations and is a 
Registered Professional Engineer of Queensland (RPEQ). 

Greg Eisenmenger - Executive Consultant - Bachelor of Engineering (Civil) (Hons) 

Greg has more than 35 years of international coal mining industry experience, with a strong technical and 
general management background. Greg’s specific general management capabilities are drawn from 
involvement in the management of large mining contracts in open cut coal, management of in-house 
technical and engineering programs, management of the annual budgeting process for individual mine 
sites and the business unit level and project development involving project definition, tendering, 
evaluation, award and construction supervision.  

Greg is an Executive Consultant with RPM in the mining advisory space, managing coal mining project 
feasibility studies and undertaking independent technical reviews of mining assets being targeted by 
potential investors and completing valuations of coal projects. 

Brendan Stats - Senior Resource Geologist, Bachelor of Science (Hons) Geology. MAusIMM, MAIG 

Brendan is a Geologist with over ten years of experience in the mining industry. Brendan has a strong 
background in exploration, mine geology, coal quality and open cut geotechnical engineering. Brendan 
has significant experience working for Rio Tinto in Australia on large open cut coal operations in 
Queensland and New South Wales.  More recently Brendan has worked as a consultant providing 
services in geology, mine geology, exploration and civil projects. This work involved projects in Australia, 
Indonesia, South Africa, China, Mozambique and Mongolia. Brendan has worked on mining projects from 
exploration, project evaluation to operating assets, as well as conducting resource estimate and reporting 
for listed companies. 

With substantial experience in coal, Brendan meets the requirements for Qualified Person for NI 43-101 
reporting and Competent Person for JORC reporting for most Coal Resources. 

Jeremy Clark – Manager, Hong Kong, Bsc. with Honours in Applied Geology, Grad Cert 
Geostatistics, MAIG, MAusimm 
Jeremy has over 15 years of experience working in the mining industry. During this time he has been 
responsible for the planning, implementation and supervision of various exploration programs, open pit 
and underground production duties, detailed structural and geological mapping and logging and has a 
wide range of experience in resource estimation techniques. Jeremy’s wide range of experience within 
various mining operations in Australia and recent experience working in South and North America gives 
him an excellent practical and theoretical basis for resource estimation of various metalliferous deposits 
including Iron Coal and extensive experience in reporting resource under the recommendations of the 
JORC and NI-43-101 reporting codes. 

With relevant experience in a wide range of commodity and deposit types, Jeremy meets the 
requirements for Qualified Person for 43-101 reporting and Competent Person (“CP”) for JORC reporting 
for most metalliferous Coal Resources. Jeremy is a member of the Australian Institute of Geoscientists 
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Philippe Baudry – General Manager – China and Mongolia, Bsc. Coal Exploration and Mining 
Geology, Assoc Dip Geo science, Grad Cert Geostatistics, MAIG 
Philippe is a geologist with over 20 years of experience in the mining industry. With a strong background 
in mine geology where he worked in both open cut and underground precious metal mines in Western 
Australia, Philippe gained a post graduate qualification in Geostatistics leading to a specialization in 
resource estimation and project evaluation.  Over the last 11 years Phil has worked as a consultant 
focused on the Asian and Russian regions and after 3 years living and working in Russia developing 2 
porphyry copper projects he moved to Beijing where for the past 9 years he has built up and managed 
RPM’s business in north Asia including offices in China, Hong Kong, Mongolia and Russia before taking 
over responsibility for RPM’s global advisory division which includes over 100 employees in 20 offices.  

During his time in Asia, Philippe has worked closely with leading financial institutions across Asia and 
Europe on transactions ranging from Commercial Loan, Due Diligences to IPO’s and has gained detailed 
understanding of the requirements of both investors and banks in regards to commercial loans, public 
technical report requirements and listing processes on various financial exchanges.  Philippe has an in 
depth knowledge of the Soviet and other Asian resource/reserve reporting systems and has gained 
significant experience in both reviewing projects based on these systems and in converting projects from 
this region to international standards of reporting such as JORC and NI 43-101.  

Philippe is a Member of AIG and is a Competent Person and Qualified person (JORC and NI 43-101) for 
both base and precious metals Mineral Resources.  

Doug Sillar – Senior Engineer – Bachelor of Engineering (Mining) (Hons), Grad Dip App Finn, 
MAusIMM 
Doug’s work history spans over 16 years in the mining industry. During this time he has developed 
significant experience in the mining engineering field including expertise in a wide range of areas such as 
life of mine planning, optimisation of mining operations, mining options studies and design and 
scheduling.  Doug’s engineering career has seen him manage a number of mine planning studies ranging 
from high level conceptual studies through to full feasibility studies.  

Throughout his career Doug has developed an ability to analyse the technical and economic issues of 
mine planning. He has strong project financial evaluation skills and the ability to develop project financial 
models including capital and operating costs, discounted cash flows and project valuations. Doug has 
achieved a Graduate Diploma of Applied Finance from Kaplan which compliments his strong technical 
skillset.      

Company’s Relevant Experience 

RPM (RPM) is the market leader in the innovation of advisory and technology solutions that optimize the 
economic value of mining Assets and operations. RPM has serviced the industry with a full suite of 
advisory services for over 50 years and is the largest publicly traded independent group of mining 
technical experts in the world. 

RPM has completed over 14,000 studies across all major commodities and mining methods, having 
worked in over 118 countries globally. 

RPM has operations in all of the world’s key mining locations enabling them to provide experts who 
understand the local language, culture and terrain. RPM’s global team of technical specialists are located 
in 18 offices around the world. Through their global network, RPM can provide you access to the right 
specialist technical skills for your Assets. 

RPM’s advisory division operates as independent technical consultants providing services across the 
entire mining life cycle including exploration and Assets feasibility, resource and reserve evaluation, 
mining engineering and mine valuation services to both the mining and financial services industries.  

RPM’s trusted advisors typically complete assignments across all commodities in the disciplines of: 

 Geology; 

 Mining Engineering; 

 Coals Processing; 
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 Coal Handling and Preparation; 

 Infrastructure and Transportation; 

 Environmental Management; 

 Contracts Management; 

 Mine Management; 

 Finance and Assets Funding; 

 Commercial Negotiations. 

RPM was founded in Australia and as a result, has a solid understanding of and is committed to 
compliance with the codes which regulate Australian corporations and consultants. 

Over the past 45 years, RPM has grown into an international business which has continued to provide 
Client and those that rely on its work the confidence that can be associated by the use of the relevant 
global industry codes some of which include: 

 The Australasian Institute of Mining and Metallurgy Code of Ethics; 

 The Australasian Code for Reporting of Exploration Results, Coal Resources and Coal Reserves; 

 The Australian Institute of Geoscientists Code of Ethics and Practices;   

 Society for Mining, Metallurgy and Exploration Code of Ethics; and 

 The National Instrument 43-101 Standards of Disclosure for Coal Assets. 

RPM has conducted numerous independent mining technical due diligence studies and reporting for IPO’s 
and capital raisings under the requirements of all key mining equity markets over the past six years, with 
involvement in capital raisings worth more than US$44 billion. Some of this and other work is summarised 
in Table A1. 

RPM leverages the power of its specialist knowledge to also provide cutting edge mining software that is 
sought after globally for mine scheduling, equipment simulation and financial analysis. RPM software is 
relied on by mining professionals to understand how to structure their long and short term operations 
efficiently using auditable best practice methodologies and solutions.   
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Table A1 - Mining Related IPO and Capital Raising Due Diligence Experience 

2017 China Molybdenum Company., Ltd; Competent Persons Report of Mineral Resources and Ore 
Reserves under JORC and Independent Technical Review for inclusion in a HKEx Prospectus to support 
the a indirect Major Transaction for the acquisition of the Tenke Copper and Cobalt Mine, DRC. 

2016 China Molybdenum Company., Ltd; Competent Persons Report of Mineral Resources and Ore 
Reserves under JORC and Independent Technical Review for inclusion in a HKEx Prospectus to support 
the a Major Transaction for the acquisition of the Tenke Copper and Cobalt Mine, DRC. 

2016 China Molybdenum Company., Ltd; Competent Persons Report of Mineral Resources and Ore 
Reserves under JORC and Independent Technical Review for inclusion in a HKEx Prospectus to support 
the a Major Transaction for the acquisition of the Phosphate and Niobium Mine Brazil 

2016 CGN Mining Company Limited; Competent Persons Report of Mineral Resources and Ore 
Reserves under JORC and Independent Technical Review for inclusion in a HKEx Prospectus to support 
the a Major Transaction for the acquisition of a 19.9% equity stake in Fission Uranium Corps Pattersons 
Lake Uranium Project, Canada.  

2015 BHP Limited Demerger into South 32; independent technical review and compilation of a 
Competent Persons Report as defined by the European Securities and Markets Authority’s 
Recommendations on consistent implementation of Commission Regulations (“EC”) No 809/2004 
implementing the Prospective Directive (the “ESMA Recommendations”). The ITR was completed on the 
assets of Illawara Coal Holdings located in the New South Wales state of Australia. 

2014. MMG., Ltd; Competent Persons Report of Mineral Resources and Ore Reserves under JORC and 
Independent Technical Review for inclusion in a HKSE Prospectus to support the acquisition of the Las 
Bambas Copper Mine, Peru. 

2014 Hidili International Development Company., Ltd; Competent Persons Report of Mineral 
Resources and Ore Reserves under JORC and Independent Technical Review for inclusion in a HKSE 
Prospectus to support the divestment of Multiple Coal Mines, Yunnan Province, China. 

2013 China Molybdenum Company., Ltd; Competent Persons Report of Mineral Resources and Ore 
Reserves under JORC and Independent Technical Review for inclusion in a HKSE Prospectus to support 
the acquisition of the Northparkes Copper and Au Mine, Central West NSW, Australia. 

2012 China Au Resources International., Ltd; Tibet Jiama Copper-Polymetallic Phase II NI 43-101 
HKEx Pre-Feasibility Study. China 

2012 China Precious Metal Resources Holdings Co., Ltd Competent Persons Report of Mineral 
Resources and Ore Reserves under JORC and Independent Technical Review for inclusion in a HKSE 
Prospectus to support the acquisition of an Au Operation Yunnan Province, China. 

2012 Kinetic Mines and Energy., Ltd; Competent Persons Report of Mineral Resources and Ore 
Reserves under JORC and Independent Technical Review for inclusion in a HKSE Prospectus to support 
the IPO of an underground coal asset in Inner Mongolia Province, China. 

2012 China Daye Non-Ferrous Metals Mining., Ltd; Competent Persons Report of Mineral Resources 
and Ore Reserves under JORC and Independent Technical Review for inclusion in a HKSE Prospectus to 
support the acquisition of 4 operating underground copper, lead, zinc assets in Hubei Province, China. 

2012 Huili Resources Group ., Ltd; Competent Persons Report of Mineral Resources and Ore Reserves 
under JORC and Independent Technical Review for inclusion in a HKSE Prospectus to support the IPO of 
multiple underground nickel, lead, zinc, copper and au mining assets in Xinjiang and Hami Province, 
China. 

2011 China Polymetallic Limited Mining., Ltd; Competent Persons Report of Mineral Resources and 
Ore Reserves under JORC and Independent Technical Review for inclusion in a HKSE Prospectus to 
support the IPO of a lead zinc silver polymetallic underground mining assets in Yunnan Province, China. 
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Glossary of Terms 
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Abbreviation   Unit or Term 
A   Ampere 
ad   air dry 
adb   air dry basis    
AFC   Armoured Face Conveyor 
AHD   Australian Height Datum 
AIG   Australian Institute of Geoscientists 
AOP   Annual Operations Plan  
ar   as received 
arb   as received basis 
ARD   Apparent Relative Density 
ARTC  Australia Rail Track Corporation 
AUD   Australian Dollar 
AUSIMM  Australasian Institute of Mining and Metallurgy 
bcm   bank cubic metre 
BESR  Break Even Strip Ratio 
BoW   Base of Weathering 
C   Celsius (temperature) 
Ca   Calcium 
CAPEX  Capital expenses 
CHPP  Coal Handling Processing Plant 
Client  Yancoal Australia Ltd 
Company  Yancoal Australia Ltd 
CPR   Competent Persons Report 
CQCN  Central Queensland Coal Network 
CSN   Crucible Swell Number 
DD   Diamond Drillholes 
ddpm   dial divisions per minute 
DES   Department of Environment and Science (Qld) 
DMC   Dense Medium Cyclone 
DNRME  Department of Natural Resources, Mining and Energy (Qld) 
DPE   Department of Planning and Environment (NSW) 
DPI   Department of Primary Industry 
DTM   Digital Terrain Model 
EA   Environmental Authority (Qld) 
EHS   Environmental, Health and Safety 
EIS   Environmental Impact Statement 
EMP   Environmental Management Plan  
EMS   Environmental Management System  
EP   Equator Principles  
EPA   Environmental Protection Authority (NSW) 
EPBC  Environment Protection and Biodiversity Conservation (EPBC Act 1999) 
EPC   Exploration Permit for Coal  
EPCM  Engineering, Procurement, Construction Management 
EPL   Environment Protection Licence 
ESAP  Environmental and Social Action Plan 
FoS   Factor of safety 
FS   Feasibility Study 
g   Grams 
g/cc   Grams per cubic centimetre (density measurement) 
gar   gross as received 
GDB   Geological Database 
GPS   Global Positioning System 
HGI   Hardgrove Grindability 
HKEx  Hong Kong Stock Exchange 
HVCC  Hunter Valley Coal Chain 
HVO   Hunter Valley Operations 
HVON  HVO North 
HVOS  HVO South 
H:V   Horizontal:Vertical ratio 
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hp   Horsepower 
H2SO4  Sulphuric acid 
Hz   hertz 
JORC  Joint Coal Reserves Committee 
JORC Code  Refers to the Australasian Code for Reporting of Exploration Results, Mineral Resources 

and Ore Reserves 2012 edition, which is used to determine resources and reserves and 
is published by JORC on behalf of the Australasian Institute of Mining and Metallurgy, 
the Australian Institute of Geoscientists and the Minerals Council of Australia 

kcal   thousands of calories 
km   kilometre 
sq.km  square kilometres 
Kt   thousands of tonnes 
ktpa   thousands of tonnes per year 
kV   kilovolt 
kW   kilowatt 
kWh   kilowatt hour 
l   liter 
l/s   liters per second 
LAS   Log ASCII Standard 
lb   pound 
lbs   pounds 
LD   Large Diameter 
LOM   Life of Mine 
LPMA  Lands and Property Management Authority 
LTCC  Longwall Top Coal Caving 
m   metre 
cu.m   cubic metre 
masl   meters above sea level 
M   Million 
MBcm  Million Bank cubic metres 
M&I   Measured and Indicated (with respect to Resources) 
ML   Mining Lease 
MOP   Mine Operations Plan 
Mt   Million tonnes 
Mtpa   Million tonnes per annum  
MTW   Mount Thorley/Warkworth 
MW   megawatt 
MWh   megawatt-hour 
nar   net as received 
NPV   Net present value 
NSW   New South Wales 
OC   Open Cut 
OK   Ordinary Kriging 
OPEX  Operational expenses 
P   Phosphorus  
PCI   Pulverised Coal Injection 
PG   Professional Geologist 
PoO   Point of Observation 
PPE   Personal Protective Equipment 
ppm   parts per million 
QA/QC  quality-assurance/quality-control 
QLD   Queensland 
RC    Reverse Circulation Drill Holes 
RCE   Rehabilitation Cost Estimate 
RD   Relative Density 
Rec   Recovery 
ROI   Return on investment (percentage, after tax) 
ROM   Run of Mine 
RPM   RPM Global 
Rv max  Vitrinite Reflectance 
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S   Sulphur 
SD   Standard deviation 
SGBB  Sydney-Gunnedah-Bowen Basin 
SO2   Sulphur Dioxide 
SR   Strip Ratio (expressed either as t:t or bcm:t) 
SSCC  Semi Soft Coking Coal 
t   Metric tonne 
tph   Metric tonnes per hour 
tpd   Metric tonnes per day 
t/m³   Tonnes per cubic metre (density measurement) 
TSF   Tailings Storage Facility 
UCS   Uniaxial Compressive Strength 
UG   Underground 
USD   United States Dollars 
Wi   Work index (grinding characteristic of rock) 
WWTP  waste water treatment plant 
XRF    X-ray fluorescence 
YAL   Yancoal Australia Ltd 
2D   2 Dimensional 
3D   3 Dimensional 
 
Note: Where the terms Competent Person, Inferred Resources and Measured and Indicated Resources 
are used in this report, they have the same meaning as in the JORC Code. 

A ‘Coal Resource’ is a concentration or occurrence of solid material of economic interest in or on the 
Earth’s crust in such form, grade (or quality) and quantity that there are reasonable prospects for 
eventual economic extraction. The location, quantity, grade (or quality), continuity and other geological 
characteristics of a Coal Resource are known, estimated or interpreted from specific geological evidence 
and knowledge, including sampling. Coal Resources are sub-divided, in order of increasing geological 
confidence, into Inferred, Indicated and Measured categories. 

An ‘Ore Reserve’ is the economically mineable part of a Measured and/or Indicated Coal Resource. It 
includes diluting materials and allowances for losses, which may occur when the material is mined or 
extracted and is defined by studies at Pre-Feasibility or Feasibility level as appropriate that include 
application of Modifying Factors. Such studies demonstrate that, at the time of reporting, extraction could 
reasonably be justified.  
 

A ‘Measured Coal Resource’ is that part of a Coal Resource for which tonnage, densities, shape, 
physical characteristics, grade and mineral content can be estimated with a high level of 
confidence. It is based on detailed and reliable exploration, sampling and testing information 
gathered through appropriate techniques from locations such as outcrops, trenches, pits, 
workings and drill holes. The locations are spaced closely enough to confirm geological and 
grade continuity. 

Mineralisation may be classified as a Measured Coal Resource when the nature, quality, amount and 
distribution of data are such as to leave no reasonable doubt, in the opinion of the Competent Person 
determining the Coal Resource, that the tonnage and grade of the mineralisation can be estimated to 
within close limits and that any variation from the estimate would be unlikely to significantly affect potential 
economic viability. 

An ‘Indicated Coal Resource’ is that part of a Coal Resource for which tonnage, densities, shape, 
physical characteristics, grade and mineral content can be estimated with a reasonable level of 
confidence. It is based on exploration, sampling and testing information gathered through 
appropriate techniques from locations such as outcrops, trenches, pits, workings and drill holes. 
The locations are too widely or inappropriately spaced to confirm geological and/or grade 
continuity but are spaced closely enough for continuity to be assumed.  

An Indicated Coal Resource has a lower level of confidence than that applying to a Measured Coal 
Resource, however has a higher level of confidence than that applying to an Inferred Coal Resource. 
Mineralisation may be classified as an Indicated Coal Resource when the nature, quality, amount and 
distribution of data are such as to allow confident interpretation of the geological framework and to 
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assume continuity of mineralisation. Confidence in the estimate is sufficient to allow the application of 
technical and economic parameters and to enable an evaluation of economic viability.  
 

An ‘Inferred Coal Resource’ is that part of a Coal Resource for which tonnage, grade and mineral 
content can be estimated with a low level of confidence. It is inferred from geological evidence 
and assumed but not verified geological and/or grade continuity. It is based on information 
gathered through appropriate techniques from locations such as outcrops, trenches, pits, 
workings and drill holes which may be limited or of uncertain quality and reliability.  

An Inferred Coal Resource has a lower level of confidence than that applying to an Indicated Coal 
Resource. The Inferred category is intended to cover situations where a mineral concentration or 
occurrence has been identified and limited measurements and sampling completed, however where the 
data are insufficient to allow the geological and/or grade continuity to be confidently interpreted. 
Commonly, it would be reasonable to expect that the majority of Inferred Coal Resources would upgrade 
to Indicated Coal Resources with continued exploration. However, due to the uncertainty of Inferred Coal 
Resources, it should not be assumed that such upgrading will always occur. Confidence in the estimate of 
Inferred Coal Resources is usually not sufficient to allow the results of the application of technical and 
economic parameters to be used for detailed planning. For this reason, there is no direct link from an 
Inferred Resource to any category of Ore Reserves. 
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Appendix C.  
Asset Layout Plans 
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Figure 6 Coal Resources Ulan Seam, A1 Ply  
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Figure 7 Coal Resources Ulan Seam, WS1L 
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Figure 8 Coal Resources Ulan Seam, WS2 
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Figure 9 Coal Resources Ulan Seam, ELW and G Plies 
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