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mining operation, through drilling, blasting and loading, could be affected by changes in area due to 
previous mining unit delineations, namely:.  
 

 Changes in the back break during blasting increasing or decreasing the volume specified.  
 Changes in roof and floor elevations due to over or undermining of the predicted floor of the 

previous mining horizon now representing the roof of the current mining horizon.  

The set of comparisons between staked information and the actual mining process in Table 25 
shows that the area mined has the greatest influence on the tonnage differences with a minor 
contribution from the mining unit thickness as a result of either over or undermining of the 
specified floor. The as mined data is still evaluated on the same relative density values as used for 
the staked blocks i.e. the raw Archimedes relative density allocated to the specific mining unit.  The 
survey information for the units mined also shows the differences attributable to area and a slightly 
greater contribution for over or undermining.  In such cases, the survey department would make an 
adjustment to the reported tonnages based on their measurements. Such adjustments, however, 
would not adjust the assigned relative density values for the specific mining units. The last 
comparison in Table 27 represents the differences between the staked values and the actual 
measured tonnages dispatched to the beneficiation plants during the load and haul operation. 
Truck tallies with assigned tonnage correction factors based on the volume expansion factor for the 
blasted material and the various trucks carrying capacity are used to denote the actual transported 
tonnage. This tonnage value can be checked against belt scale values reported for received 
tonnages at each respective plant, thus it is probably the most accurate measurement that can be 
relied on in this operation.  
 
Finally the total values for each of the five sets of data relating to areas, volumes and tonnages with 
their corresponding averaged mining unit thicknesses and averaged relative density values were 
used to evaluate the percentage of over estimation between the model, staked units and actuality 
are presented in Table 28Tables  and Table 29 .  For this particular mining unit the percentage of 
over estimation derived from the evaluation is 17.41% between the model values and surveyed 
actuality and 17.74% between the model values and run of mine reported by the dispatch system, 
the actual tons received at the various beneficiation plants. This suggests that the solid matrix 
represents between 82.26% and 82.59% of the density value depicted by the model, which results 
in an average geological correction factor of 17.57% for bench 3 mining horizon. 
 

7.3.4 VRYHEID FORMATION DATA    
Mining horizon 6 or Coal Zone 4 in the Vryheid Formation was selected because it is the only seam 
that is mined and passed through a crushing and screening plant without any further beneficiation 
being applied.  The raw run of mine material is therefore considered to be representative of the 
final 100% yield product that is dispatched directly to the power station. The model derived areas, 
tonnages and bench thickness for the selected mining horizon 6 mining unit polygons are displayed 
in Table 31. This is the data from which the tonnage evaluation was done.  
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Table 31 Comparison between Bench 6 model polygons and survey staked polygons, highlighting the 
differences. Note that Rd values are quoted in g/cc, thicknesses of the mining units in meters, areas as 
square meters and volumes as cubic meters.   

 
 
Since this material passes directly through a crushing and screening process, the product is weighed 
by a belt scale on the conveyor system and therefore no adjustments with regard to bulking factors 
prior to delivery to the plant need to be done. I.e. the tonnages can be accepted as reported. 
Table 32, contains the as mined, dispatch and survey data. No adjustments to dispatch data are 
necessary since the values reported are masses reported from belt scales on the product lines from 
the crushing and screening facility.  
 
The dispatch tonnages obtained from the dispatch system as previously described.  These have 
been used in a calculation with the surveyed volumes to determine material relative density. The 
surveyed tonnage determinations are based on the geological model raw relative densities for the 
specific mining unit.   
 
These determinations have revealed a difference of 17.82% in the two sets of tonnage values.  
Converting this to an equivalent relative density for the run of mine feed results in a relative density 
of 1.35 g/cc for this material. Furthermore applying this 17.82% loss to the as mined tonnages, by 
altering the relative density accordingly, results in a 99.95% correlation between dispatch and the as 
mined data shown in Table 33 
 
Table 32 as mined data, dispatch data as well as the surveyed volumes and determined tonnages for these 
blocks. . Note that Rd values are quoted in g/cc, thicknesses of the mining units in meters, areas as meters 
squared and volumes as cubic meters.  
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Table 33 Adjustment of as mined relative density based on a 17.82% loss results in a 99.95% correlation 
between the dispatch tons and the as mined tons. . Note that Rd values are quoted in g/cc, thicknesses of 
the mining units in meters, areas as meters squared and volumes as cubic meters.   

 

7.3.4.1 Discussion Vryheid Formation Mining Unit Data     
 
The evaluation of the two preceding scenarios, the first of mining horizon 3 in the Volksrust 
Formation and the second, mining horizon 6 in the Vryheid Formation, has resulted in significant 
differences between dispatch tonnages and as mined tonnages to the order of 17% - 18% in both 
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cases. Although the inherent moisture content of most of the samples in the Waterberg succession 
has been established to be approximately 1.5% - 2.5%, this inherent moisture is structurally trapped 
within the solid matrix thus forming part of the air dry relative density of the material. If the 
inherent moisture is taken into account the differences are reduced to approximately 15% which 
may be representative of the effective porosity of the coal seams.  
 
The use of surveyed tonnages and actual reported tonnages resulting in a loss of 17% to 18% from 
the prescribed predicted tonnages, determined through the application of Archimedes raw relative 
density values, once again highlights the fact that the Archimedes determined RD cannot be used to 
determine reserve tonnages.  
 
The results obtained from this bench which merely passes through a crush and screen process 
before being dispatched to the power station validate the overestimation of tonnages from 
exploration derived data where the Archimedes RD is used for resource and reserve tonnage 
determinations. The Archimedes determined RD compared with actual results illustrates the extent 
of the adsorption and absorption of moisture equivalent to the loss percentage during the 
hydrostatic determination of SG. In this event a geological correction factor equivalent to the loss 
percentage should be applied to the Archimedes determined RD to align the seam relative density 
with the density obtained from reconciliation. The corrected density values should then be used for 
tonnage determinations. 

8. RECONCILIATION OF THE BENEFICIATION PROCESS AND BENEFICIATION 
PRODUCTS. 

8.1 BACKGROUND  
At Grootegeluk Coal Mine three basic types of plant, crushing and screening, single stage 
beneficiation and double stage beneficiation are in operation.  This investigation was initiated for 
the double stage process producing a semi soft coking coal blend for the mine. A schematic showing 
the process through the double stage beneficiation plant is shown in Figure 66. 
 
The process starts at the source, namely, at the blast block in the mine. Raw feed is trucked to the 
tipping bins, passed through a Bradford breaker and split into two product streams, one with feed 
material delivered via screens to two different sets of silos, one for coarse material above a certain 
size and the other for finer material while the second stream from the Bradford breakers is sent to 
the discard dumps as waste.  Material is drawn from the silos passing through a primary 
beneficiation stage, resulting in a product for the secondary beneficiation stage, this product is 
again housed in silos and a waste product from the primary stage is sent to discard. During the 
secondary beneficiation stage two products are derived, the semi soft blend coking coal and a 
middlings coal product for the power station.  
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This investigation concentrated on the second stage which has greatest influence on the efficiency 
of the plant. The products are affected by controls within the process to produce an output 
according to customer specifications. The process efficiency is largely influenced by the behavior, 
inherent properties, composition and size fractions of the raw material as well as the beneficiation 
process. (Roux, 2012) 

 
 
Figure 66 Schematic of double stage beneficiation process. 

In terms of process conditions, the primary cutting density is a key factor which requires to be 
controlled in such a way that the maximum products within the specified property ranges can be 
realized.  Massive losses can arise if not operated efficiently; for example, a 10.3% ash product semi 
soft coking coal is required at a specific low density washed cut followed by a second middle density 
wash to produce a middlings product with 35% ash content for power station purposes.  
 
 The primary density is then regulated in such a way that the product remaining after the semi soft 
coking coal product has been removed should be within specification for the second product.  If this 
is not possible, the primary cutting density may have to be changed to produce a 25% ash, from 
which the 10.3% ash product is extracted and the remainder able to produce a product less than or 
equal to a 35% ash. 

The prediction of yields of semi soft blend coking coal and power station coal from the source run of 
mine coal through the beneficiation process, all based on borehole data, was found to be unreliable 
and problematic.  Initial predicted values based on established work practices resulted in values 
higher than the processing plants could deliver, namely, an over estimation of possible products 
that could be realised.  The coal qualities in this coalfield are far more variable and difficult to 
predict than those in the conventionally mined areas in Mpumalanga. Yield prediction and product 
extraction is discussed in Chapter 8.3.  
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 Bulk mining horizon samples from Grootegeluk Mine were evaluated by the CSIR during 1991 and 
1992. This work was done to ascertain beneficiation characteristics and derive optimal top sizes for 
maximum yield especially of semi soft coking coal blends (De Korte, 1992). The results of this 
exercise were utilized in conjunction with the AAD methodology to derive beneficiation plant 
specific data which would negate the use of a range of historically applied origin derived correlation 
factors. (Roux, 2012) 

 In order to establish the beneficiation characteristics of the Waterberg coals, bulk samples were 
subjected to a carefully formulated project entailing, sampling, screening and analysis of different 
size fractions.  The results are shown in Figure 67 where the optimal top size (largest particle size) 
was determined to be < 15mm if all three processes, i.e. Bath type dense medium separation, dense 
medium cyclone and spirals, were employed. 

 
Figure 67 Schematic reflecting the results of the six subdivided samples at their various top sizes and the 
beneficiation mediums used for separation. 

The standards for laboratory analysis on exploration borehole core samples at Grootegeluk require 
the core to be broken to -13mm +0.5mm. This is in accordance with the range between -10mm and 
-15mm. The loss of low ash coal to fines and super fines, however, increases as the top size is 
reduced and at these low top sizes, the loss at -15mm is less than that at -10mm. The loss at -15mm 
is approximately 2% while the loss at -10mm increases to 5%+.  Therefore the determined top size 
of -15mm was determined to be the optimal. 
 
A baseline for the comparison of ash yield values at various ratios of admixtures from the different 
mining horizons was determined for material within the >20mm - >25mm range (Roux 2010).  This 
baseline was then used to reflect a probable 100% theoretical yield. Values depicting an 83% yield 
and a 73% yield were then calculated and plotted to establish a probable correlation curve. These 
curves are shown on the same plot in Figure 68 and Figure 69 in order to present controls for a 
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visual depiction of the resulting yield distribution of various size fractions that could be obtained 
from this investigation, i.e. relating to material sizes and separation media utilized (Roux, 2010). 
 

 
 
Figure 68 represents the baseline regression for material < 25mm top size 

 
 

 
 
 
 
 
 
 
 
 
 
  
Figure 69 Plot of different size fractions behavior in bath, cyclone dense medium and spiral processes 
compared with yield prediction limits and correlation factor limits. 

The foregoing plot in Figure 69 was used to assess the beneficiation process since the plant being 
evaluated utilized the displayed process. Data from the bulk sample test work showed that feeds in 
the 25mm to 35mm fractions exhibited a 1.5% to 2% yield improvement, while the 15mm fractions 
increased dramatically from 4.5% to 12.5% when only the drum and cyclone dense medium 
separation were used. A further increase in excess of 16% was realized when the spirals were 
introduced representing another 3.5% increase in yield due to improved liberation of low density 
material in the smaller size fraction. Most of the low ash coals (i.e. those with ash contents lower 
than 10.3% ash at 1.338g/cc) are in the density range of 1.305g/cc and 1.334g/cc.   
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Superimposing plant production results on a template based on results shown in Figure 69, but now 
depicted in Figure 70 show the highest concentration of consistent results to be greater than 83% 
on the theoretical predicted yield. An average for the data distribution between ash content 
controls of 10.2% and 10.4% within the beneficiation environment resulted in a correlation factor of 
83% being applied to the theoretical yields in order to make them comparable with actual plant 
yields obtained. Comparing this with the data from the sized material investigation and the process 
used, it was established that the products obtained were mostly due to the top size of the feed 
being < 25mm.  
 

 
 
Figure 70 Semi soft coking coal plant yields plotted on template with correlation trends for sized material. 

  

8.2 APPLICATION OF AAD TO PREDICTION OF PRODUCTION YIELDS 
The ash adjusted density methodology was implemented at Grootegeluk as an aid in improving 
predictions of products for budgeting and forecasting purposes as well as for the reconciliation of 
mined and production of products at the end of the value chain. The AAD algorithm and approach 
were adopted within the grade control environment from early 2008 and used in conjunction with 
the old format geological model’s theoretical data. Wash tables density data was derived from the 
AAD algorithm and the subsequent product extractions from these wash tables were done using a 
4th order polynomial regression on the cumulative wash table data. This provided more accurate 
predictions of products from these tables, composited for the respective mining blast blocks being 
mined. 
 
 Major comparisons were made between the new ash adjusted density approach values and actual 
beneficiation plant yields for the material processed. The results were condensed to monthly 
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periods to allow a clearer rendition and longer monitoring period to be displayed.  Figure 71  shows 
the correlation between AAD values and actual plant semi soft coking coal yields for the initial 
period (2008 – 2010) before this was applied to the geological model. This represents an average 
correlation of 101% over the period. 
 

 
 
Figure 71 Plot of actual beneficiation plant SSCC yield opposed to the as mined SSCC predicted yield with 
an 83% correlation factor adjustment applied. 

 
 
Figure 72 Plot of actual SSCC yield against as mined AAD yield over the entire monitoring period. If 
however the entire monitoring period (2008 – 2013) is taken into consideration the correlation between 
the actual beneficiation plant semi soft coking coal yields and the as mined values with an 83% correlation 
factor adjustment applied to the semi soft coking coal yields, is 98% , an excellent correlation.  

An assessment of the geological model’s historical planned values compared with actual 
beneficiation results indicates an enormous difference between the planned values and actual 
production. These differences could originate from a multitude of sources: 
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 Non compliance with regard to mining units planned and those actually mined. 
 Differences in the tonnages of the respective units having been determined from recorded raw 

density values used in the geological model. 
 

 The methods of extracting products from the standard wash tables, where the fractions are related 
to specific density ranges with no attempt being made to ascertain the true density of the float 
fraction and relating this to the initial mass of the samples. Eg. Material that floated at 1.35g/cc, may 
have a true density substantially lower. A high volatile bituminous coal may have a true density as 
low as 1.25g/cc or it could be equivalent to the highest value in the range being 1.35g/cc in this case.  
 

 Initial masses from a mining environment are compared to an analytical environment. In an 
analytical environment the mass of the total sample as well as the masses of each float fraction are 
known, thus a yield value obtained is related to the mass of that specific fraction and the total mass 
of the sample. Tonnages given for a specific mining unit are based on the raw in-situ density of the 
unit and not from actual measured mass of the feed material 
 

  The geometry of the unit may be different as a result of over or under mining of the preceding 
overlying unit.  
 

 Theoretical product extraction methods from the analytical wash data. 

 
 
Figure 73 Historical geological model planned SSCC yields and actual beneficiation plant SSCC yields. 

Figure 73 illustrates the difference which gave rise to the initial research mentioned.  
 Results obtained from the initial investigations and comparisons eventually led to a partial 
acceptance of the application of ash adjusted density which in turn allowed the reconstruction of 
the geological model based on ash adjusted data.  
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The 2010 geological model was built using the ash adjusted theory and implemented to run 
concurrently with the old geological model from March 2011. Using the same criteria as above, the 
gap shown in Figure 74 has now been reduced to approximately 3%. 
 
 

 
Figure 74 Historical model yields as well as revised geological model yields obtained through the 
application of ash adjusted density compared to actual plant yields. 

 
Figure 75 Geological model planned yields against actual plant production and the as mined ash adjusted 
density yields with an 83% correlation factor applied. 

The beneficiation plant used for these comparisons is a double stage process as shown in Figure 66. 
Here a primary cut is taken at a set relative density so that the product remaining after the semi soft 
coking coal product at 10.3% has been extracted is still within specification with regard to power 
station coal requirements. This product is referred to as a middlings product. This middlings product 
is also susceptible to prediction variations as a result of possible misplacement of coking coal to 
middlings or vice versa and invariably results in a yield percentage higher than predicted. Figure 75   
illustrates the differences between the three sets of data, the geological model yields, the actual 
plant yield and the as mined yields.  
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Figure 76 Plots of the same three measured parameters for power station coal over the period of interest. 

Although the initial evaluation into the composition of the coal [with relevance to maceral type and 
distribution as well as material feed top size and liberation of required products] all contributed to 
an improved and more acceptable prediction for the expected products and gave credible results 
comparable with actual beneficiation plant production, the methodology still displayed some 
inexplicable shortcomings. 
 
 Plant specific correlation factors for the required products were still required. The most important 
aspect when reconciling plant output was found to be that the primary analysis, i.e. proximate 
analysis, had to be conducted on the 13mm+0.5mm air dried fraction. Determined tonnages, based 
on the wash data from these analyses must be adjusted to take into account the differences 
between relative densities determined for this -13mm material and the original relative density 
used to determine the run of mine feed to the plant.  This is necessary whether the raw density was 
derived via the Archimedes principle, the raw field masses or by set laboratory standard procedures 
such as the Australian Standard method, into account.  
 
An average loss factor of 17.82% was determined from a re-assessment of data relevant to the run 
of mine budgeted tonnages and actual reported run of mine tonnages obtained from monthly 
reconciliation data monitored as part of the grade control process. Considering the foregoing 
statement, this loss factor was not identifiable based upon origin and cause, but was based on the 
reconciliation of budgeted data against the AAD determined data.  
 
This factor was then applied to the condensed monthly reported data to assess the overall effect on 
the re-evaluated run of mine and associated production of both semi soft coking coal and middlings 
products.  This allowed similar comparisons to validate this factor. The first of these comparisons, as 
shown in Figure 79, was applied to the run of mine tons reported, reducing these to an effective air 
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dry state from which was then calculated new semi soft coking coal yields over the monitoring 
period. The adjustment resulted in a 2% increase in semi soft coking coal yield values. 
 

 
Figure 77 Beneficiation plant yields as reported based on reported tonnages compared with an applied loss 
factor adjusted run of mine tons and the concomitant yields. 

 If this new adjusted value is superimposed on the planned theoretical yields for this period. The 
latter part of Figure 78 correlates very well with the theoretical planned yields.  
 

 
Figure 78 Adjusted plant yields compared with planned theoretical semi soft coking coal yields. 

Differences as shown in Figure 76 are attributable to deviations with respect to units mined as 
compared to units planned and the ratios of these units per mining horizon as well as fluctuations 
with regard to ash content controls within the plant, but the overall fit of the trend is more credible 
from March 2011 to April 2013.  
 
The variations mentioned earlier, especially the ash specifications used for the density of separation 
control within the beneficiation process, have a major impact on yields. It should be noted that the 
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planned yield values are based on a theoretical yield of products with a 10.3% ash while the as 
mined floor values are adjusted according to ash content within the beneficiation plant, and these 
can range between 8 and 12% ash content at times. Figure 79 represents the altered plots of actual 
beneficiation plant production of semi soft coking coal plotted against the as mined floor and plant 
ash determined yields i.e. the planned yields after the reported run of mine feed tonnage values had 
been reduced by the loss factor (17.82%) representative of the aforementioned compendium of 
non-categorized errors. The values are now comparable with proximate analyses derived products 
on an absolute dry basis. 
 

 
Figure 79 The 17.82% loss factor adjusted plant yields compared with as mined floor AAD theoretical 
yields. 

The power station middlings products as shown in Figure 80 present relatively large differences 
between the actual yields and all other predicted yields. If the yield values are adjusted by an 
established 132% correlation factor, then the overall fit and correlation between all three sets of 
values is very good, providing a credible result, as shown in Figure 81. 
 
The fact that this power station middlings product needed to be adjusted by a correlation factor in 
excess of 100% stems from the predictions which were based on the extraction of a primary 
product at 1.80g/cc. i.e. the product remaining after the low ash product has been extracted in the 
second stage of beneficiation and which needed to comply with the required specifications for the 
power station product.  Displacement of semi soft coking coal to the middlings product also 
contributed to the middling’s correlation factor.  
 
 From a grade control perspective this has not always been the case, since adjustments are normally 
made to the control the specification values relevant to the primary cut so that the second product 
is still within the specified ash and calorific value range. By implication the primary relative density 
cut has had to be reduced in order to comply and in some cases this can be as low as 1.60g/cc.  
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Figure 80 Theoretical, as mined and actual power station coal yield based on adjusted ROM tonnages. 

 
Figure 81 Beneficiation plant power station coal adjusted with a 132% correlation factor determined from 
historical data starting in 2008 to April 2013. 

8.3 MINING UNIT YIELD PREDICTION AND DATA EXTRACTION FROM 
WASH DATA  
Each mining unit of specified proportions needs to be drilled and blasted. The blast drill holes are 
geophysically logged so that the vertical sequence through the mining horizon can be identified and 
related through correlation to the exploration boreholes and to samples and/ or portions of 
samples specific to that horizon. 
 
 Quality parameters need to be determined for these spatially representative holes in order to 
obtain data to establish a workable washability table for the material from that specific mining unit.  
It is this that would provide the anticipated material to be processed by the different beneficiation 
plants.  This is correlation is accomplished through mini modeling.   The information garnered from 
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the blast-hole positions in each specific mining block is condensed into a representative wash table 
for the entire mining unit, provided that the vertical section is relatively constant for the unit.  
 
This protocol was followed before AAD was developed and it has not changed since the introduction 
of AAD. The fixed range densities determined from the wash tables were adjusted to provide 
apparent density values for the individual float fractions according to the densities derived from the 
AAD algorithm therefore the extraction of products as well as the interpolation of data within the 
framework of this table has changed.  
 
Earlier methods of extraction as promulgated in the 1980’s were based on methods which were 
purported to improve accuracy for semi soft coking coal yield and quality. These methods using the 
old French curve fit as a basis for comparison,  were expanded, tested and proven adequate at the 
time for conversion to computer generated methods of extraction.  But these were only applicable 
for semi soft coking coal in the 8% to 12% ash range (de Lange, 1986.) 
 
 The method used was named SPR by the designers of the software written for MSDOS based 
applications.  Consider the following example of a mining horizon unit with a fractional wash table 
from which product extraction at specified ash contents is predicted.   See Table 34. 
  
Table 34 Fractional wash table proximate data for a potential mining horizon 2 mining unit.  

 

 
 
Note however that the values in this table still need to be cumulated so that product extraction can 
be done. 
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 Table 35 The cumulative wash table of fractional values in Table 34. 

 
In Table 34 Fractional wash table proximate data for a potential mining horizon 2 mining unit.the 
starting ash value of 10.39% at the 1.35g/cc float range is slightly higher than the equivalent ash 
content of 10.3% required for a semi soft blend coking coal product.  Due to the configuration of the 
computerized SPR extraction of products at these different values, no semi soft coking coal product 
is shown at the 10.3% ash content value in Table 36 Template from an excel program written to do 
product extraction from wash table data reflecting the calculated values for the products requested 
for these specific beneficiation plants., although in the original wash table, Table 34 Fractional wash 
table proximate data for a potential mining horizon 2 mining unit. a yield of 11.28% at 10.391% ash 
content is shown. This is due to the fact that the SPR extraction requires two data points for the 
evaluation method to work, one higher than the value sought and one lower than the value sought. 
It then computes a logarithmic interpolation between these points to extract a theoretical product.   
 
 No semi soft coking coal product can be extracted in this actual case, because the ash content is 
higher than the 10.3% ash content specified.  This program also cannot provide a value for a 
middlings product. 
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Table 36 Template from an excel program written to do product extraction from wash table data reflecting 
the calculated values for the products requested for these specific beneficiation plants. 

 
Table 37 Float / sink wash table with the densities changed due to the application of the AAD algorithm on 
the original float densities. 

 
 
Table 38 the cumulative densities of AAD adjusted Table 37 
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The second part of this example uses data from the wash table as seen in Table 38 with the AAD 
determined densities of the float fractions, shown as individual values for the proximate ash 
contents at each specific density.  The reflected density represents the density at which the run of 
mine feed must be cut (sink/floated) in order to obtain the required product.  Table 38 the 
cumulative densities of AAD adjusted Table  shows the cumulative densities as the ash content 
increases. The final density would be equivalent to the absolute dry density of the solid matrix of 
the sample, since this is an accumulation of all the float values as well as the final sink value. 
 
The template in Table 39 provides product information according to the required specifications. 
Note that the calorific value for GG2 (the power station coal) at 35% ash content is out of 
specification with a calorific value of 16.73Mj/kg.  The lower cut density at 1.90g/cc will suffice to 
produce the required product.  
 
 
Table 39 Template reflecting the calculated values for the products sought in the left hand columns for 
these specific beneficiation plants derived from the AAD cumulative wash table. 

 

Extraction of data from this wash table, although it can be done using the SPR method, is based on a 
4th order polynomial and all the expected values have been calculated from the resultant curves 
generated relative to the density requirements.  This method of extraction has been modified so 
that only interpolation within the data range can be done. Although the foregoing is a single 
example of a representative block/mining unit’s wash table and the products that can be extracted, 
it is quite clear that a better estimate of the expected products is obtained using the ash adjusted 
density methodology.   
 
This method also allows the user to adjust the cut (sink/float) specifications so that the best 
predictive solution can be obtained.  Proof of the accuracy of the interpolation method is shown in 
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Figure 82. Here the data from the wash table has been used to generate a cumulative plot, and 
trend lines with respect to three extraction methods have been incorporated in this plot. i.e.  
 

 A logarithmic fit for values up to a 35% ash content  value 
 The Lagrange trend fit, equivalent to a 3rd order polynomial 
 Cubic spline generated data points as shown in the table next to the plot.  

 

 
Figure 82 Wash table curve fitting trends for interpolation of yield values at specified ash content. 

The closest trend fit to the historical hand drawn French curve fit for the direct evaluation of ash 
content plotted against yield on graph paper is a cubic spline interpolation of the basic point data in 
the cumulative wash curve. The fundamental principle behind the cubic spline interpolation is the 
generation of a smooth curve through a number of data points.   
 
The coefficients generated on the cubic polynomials used to interpolate the data, bend the trend 
line so that it passes through each of the data points without any erratic behavior or breaks in 
continuity.  One of the main advantages of the cubic spline’s application is the ability to correlate 
data and extract interpolated values between data points which do not follow any specific pattern 
without a single polynomial’s extreme behavior. (McKinley et al, 2005) 
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The grade control approach thus is more flexible and is particularly important when several mining 
units are planned at predetermined ratios. Comparisons between the planned values, the as mined 
values and actual beneficiation plant results can then be done.  The foregoing plots at the beginning 
of this chapter pertaining to this, over the monitoring period starting in 2008, clearly show the 
differences, not only with regard to actual products derived, but also the effect of non-adherence to 
planned ratios and ash contents within the beneficiation environment. This controversy is 
illustrated in the example shown in Figure 83 where the uppermost plot portrays the planned ratios 
of the various benches to the beneficiation plant. The second plot in the middle of the diagram 
depicts the actual ratios of material delivered to the plant from the mine, clearly, mining are not 
conforming to the planned execution to ensure the required production. The last plot depicts the 
deviations from planning. 
 

 
 
Figure 83 Combination plots of daily feedstock to the beneficiation plant. 

The beneficiation plant’s varying response to the received feedstock and the controls exercised 
within the beneficiation plant for the same period are illustrated in Figure 84.   Figure 84 portrays 
two plots, namely the semi soft blend coking coal yield comparisons between the as mined yields 
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and the actual plant yields as well as the ash content controls utilized during this period.  In the 
second plot the power station coal production with the same elements considered, are shown.  
 
It will be noted that, in many cases, total middlings yields are substantially higher than those initially 
predicted.  This is likely to be due to misplacement of semi soft coking coal to the middlings 
products as well as recovered slimes being added to the product beds. An evaluation of the total 
yields, i.e. the sum of semi soft coking coal and power station coal, however shows minimal 
variation to approximately February 2012.   This supports the assumption regarding the 
misplacement of the semi soft coking coal to middlings.  
 
  

 
 
Figure 84 Combined plots of monthly SSCC and PS coal production compared with plant ash content. 

From February 2012 fluctuations are mainly associated with actual run of mine material to the plant 
and also linked to changes in product demand mostly for power station coal. A lower ash obtained 
for power station coal during beneficiation as a result of lower ash semi soft coking coal, also 
prompts an increase in the primary cut density above the 1.80g/cc predicted value which will result 
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in higher power station coal yields. Overall, an increase from approximately 40 to 45% total yield is 
noted over this period as shown in Figure 86.  
 

 
Figure 85 Plot of total yields for the monitoring period. 

 
 
Figure 86 Trend of total yield over period increasing from approximately 40% to 45%. 

8.3.1 Discussion   
The information used in earlier research conducted by the author and reported in his 2012 
dissertation relating to the optimal yield and cut density prediction of semi soft coking coal and 
power station coal in the Waterberg coalfield has been re-visited. The plant specific correlation 
factor determined there, i.e. 17.82%, which was originally used to address the difference between 
plant products and planned values, has been used on the reported run of mine tonnages in this 
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current research programme in an attempt to gauge the effect of this application with respect to 
the actual reported tonnages along the value chain.  
 
The original application demonstrated an improvement in yield predictions but could not justify the 
total loss; i.e. some 12% -14% could not be accounted for in the original dissertation. The 
application of the loss factor as established in this current study, however, has significantly 
improved the correlation between the planned and actual values in terms of mine tonnages 
reporting to the wash plant. 
 
The plant specific correlation factor determined between actual reported tonnages and the 
predicted values has therefore been validated. This factor includes plant efficiency and losses 
attributable to incorrect tonnages reported. The tonnages used in these reconciliations represent 
the final monthly reported tonnages after survey adjustments had been made.  
 
The reported loss in respect of coking coal tonnages portrayed by the correlation factor however is 
more applicable to the reported run of mine tonnage.  An example included in Table 1Table 40 
shows a correlation factor of 88.3% based on actual production against geological model yields.  
 
Table 40 Reported plant tonnages vs AAD geological model predicted yields for the period January 2014 to 
December 2014. 

 
When the loss factor of approximately 12% in this case was applied to the reported run of mine 
tonnages, and then compared with the AAD predicted geological model values, an excellent 
correlation as depicted in Table 41 was achieved.  
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Table 41 Run of mine tons reported by beneficiation plant adjusted by a geological loss factor of 12% 
compared with AAD geological model predicted yields. 
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9. GRADE CONTROL VIA DOWNHOLE GEOPHYSICAL LOGGING  
 
This Chapter seeks to validate the approaches reported above with respect to the actual in situ 
nature of coal, i.e. to prove by means of geophysics the true nature of coal in its natural state in 
terms of density, moisture content and porosity.  

9.1 LOG EVALUATION FOR SOLID MATRIX DENSITY AND PROBABLE 
EFFECTIVE POROSITY DETERMINATION     
 
The main objective of the utilization of down-hole geophysical measurement is to determine and 
quantify in-situ the inferred density, moisture holding capacity or effective porosity of coal which 
could influence the values derived for the raw material.  More specifically, this is to determine and 
validate tonnage derivations for resource and reserve estimations. In evaluating a coal sample’s 
physical attributes, the solid matrix and the contribution of the voids, whether fluid, air or gas filled 
is generally ignored in the initial stages of exploratory work conducted in the field, to the detriment 
of density calculations used for tonnage estimates. 
 
Coal is characterized by a dual porosity, which consists of micro-pore and macro-pore systems. The 
micro-pore system is estimated to have pore diameters less than 2 nm, which occur as part of the 
coal matrix. The macro-pore system is established by the fracture network that is currently 
designated by the cleat system (Van Krevelen, 1993). Other discontinuities that contribute to the 
macro-pore system are the bedding planes or surfaces.  
 
Physical factors, such as compaction and water expulsion, progressively reduce porosity. The 
development of secondary porosity begins with the formation of meso-and micro-pores at 
approximately the ASTM Designation D388-98a for low volatile bituminous coal. This implies an 
increase of porosity due to well-known progressive changes in the molecular structure through 
higher ranks. Porosity is also related to the maceral composition. Vitrinite predominantly contains 
micro-porous contents, whereas inertinite predominantly contains meso and macro-porous 
contents (Gan et al., 1972; Unsworth et al., 1989; Lamberson and Bustin, 1993; Levine, 1993).  
 
As a result of the controversy surrounding the raw relative densities used for tonnage estimations, 
alternative methods in line with SANS guidelines were evaluated in this research program.  The 
reason for doing so arose because conventional methods used to calculate tonnages in the mining 
industry have provided values that are questionable.  The conventional methods determine 
tonnages via the Archimedes principle, and, based upon the current research, the credibility of such 
a method is in doubt and indeed seriously misleading.   
 
A project re-logging existing exploration boreholes with Auslog dow-hole geophysical logging 
sondes was underway during the course of the current research and this provided an opportunity to 
undertake advanced evaluation of the nature and form of coals as they exist in situ.  The purpose 
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was to obtain information from which to interpret the solid matrix density and the measured bulk 
density of the coals in their various seams.  In situ adventitious moisture or effective porosity was 
also determined.  The results were used to determine (i) the loss factor on the calculated tonnages 
and (ii) an adjustment to the raw density to represent an equivalent density of the matrix which 
could then be used for tonnage derivation.  

9.2 REVIEW OF GEOPHYSICAL LOG INTERPRETATION METHODOLOGY  
 
Four basic geophysical logs were initially obtained from one combination geophysical tool, i.e. 
natural gamma, dual density-Long spaced density (LSD), Short spaced density (SSD) and a single arm 
calliper trace. The SSD and LSD raw counts per second were converted to apparent density using 
site specific calibrations based on empirical data related to sample densities from laboratory data. 
The density and associated counts per second for water were also included in the calibration 
regressions. The calliper log was not calibrated, but served to indicate areas of possible caved 
sections. The natural gamma log was evaluated to indicate a shaliness index or very broad based 
clay content.  Empirical data derived from ash determination of the coal and shale samples from the 
Waterberg Coal Field were noted.  
 
  Grootegeluk evaluation:       ܸݏℎ݈ܽ݁ = ఊ௠௘௔௦ିఊ௠௜௡

ఊ௠௔௫ିఊ௠௜௡
 * 0.90 

 
The result of this equation is deemed to represent the shaliness index of the coaly or rocky interval 
being evaluated. This in turn was then used to be representative of the ash content (indestructible 
mineral matter) of the sample.    The mineral matter of the coal samples in this coalfield consists 
mainly of quartz and kaolinite clay with other minor mineral and trace elements. The 0.90 factor 
was derived from an average ‘low ash’ of 6% and a ‘maximum ash’ of 96%, the remaining 4% 
representing material lost on ignition during XRF analysis. Schlumberger (Log interpretation 
principles, 1969) suggests that, if the radioactivity level of the clay is constant and no other mineral 
in the formation is radioactive, the gamma ray reading after correction for borehole conditions may 
be expressed as a linear function of the clay content:  
GR = A +B V clay   
Then the formula can be written: 
 

ݕ݈ܸܽܿ =
݃݋݈ߛ) − 1ߛ
2ߛ) − (1ߛ  

 
Where γ1 represents gamma readings in clean intervals and γ2 represents gamma readings 
opposite clay beds. If radioactive minerals other than clay are present, the indication derived from 
the gamma ray will be too high.    As the Grootegeluk equation was derived from empirical data, this 
equation has been applied in the evaluations.  A pseudo density, representative of the probable 
solid matrix was determined by applying the AAD algorithm, or conversely, the shaliness index 
which was used in an equation using the petrophysical densities pertinent to the composition of the 
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sample, i.e. (The shale to coal ratio). The pseudo density value was then determined by applying the 
AAD equation (0.013*ash+1.2384) where the ash content is equivalent to the derived shaliness 
index value. Knowing the shaliness index percentage allowed the determination of the coal content. 
A matrix density could thus be determined using the petrophysical densities for bituminous coal 
which is approximately1.24g/cc and quartz/kaolinite shale which is approximately 2.53g/cc.   
The effective porosity was then determined by the equation: 
 

∅ = 1 − (ெ௔௧௥௜௫ோௗ
஻௨௟௞

ோௗ
) 

 
The correction was applied to the SSD which represents the bulk density of the formation being 
measured utilizing the derived porosity value to accommodate possible voids, irrespective of 
whether they were air or moisture filled. This was obtained by adjusting the SSD value according to 
its determined compositional contribution. Example, 18% porosity on a total bulk density of 
1.80g/cc would essentially be 1.80g/cc*0.82=1.476g/cc. 
 
The logical conclusion evaluating the bulk density against the probable matrix density could give 
two possible results, i.e. (i) if the matrix density is less than the bulk, the increased value 
representing the bulk density can be attributed to moisture within the matrix while (ii) a reversal of 
this, implying a higher matrix density than the measured bulk density, would imply air or gas filled 
voids. The geophysical log traces and conversions to evaluative data are illustrated in Figure 87, 88 
and 89. 
 

 
 
Figure 87 Geo-log extract with accompanying NG trace on the left and a comparison between the SSD with 
calculated matrix density on the right, the yellow trace representing the inferred matrix density and the 
turquoise trace representing the interpreted bulk density. The measured ground water level at the time of 
logging this borehole is also shown. 
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Figure 88 Overlay comparison of NG pseudo density on SSD apparent bulk density. The NG trace, far left, 
apparent bulk density next and the last column representing the overlay of the apparent density on the 
inferred matrix density.  

 
 
Figure 89, effective porosity or moisture holding capacity compared with SSD density and Matrix density. 
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9.3 EVALUATION OF A SELECTED SECTION OF EXPLORATION BOREHOLES   
 
A series of exploration boreholes in closest proximity to the western face advance were selected for 
a trial investigation. The geophysical logs of each borehole, HT30, HT75, GK104, GK86, GK102, 
GK114 and GK101 are depicted in Figure 91 Line of section of exploration boreholes logged The logs 
and interpretive logs depicted are in column 1, an interpreted porosity log, column 2, an interpreted 
matrix density overlaid on the short spaced density representing the measured bulk density of the 
in situ formation. The first of these boreholes, GK86 is expanded in Figure 92 to display some detail 
in the upper portion of the borehole, i.e. two deviations on the caliper trace indicate possible 
caving, however, minimal yet sufficient to portray lower bulk density values. The matrix density on 
the other hand derived from the natural gamma log also gave a very low corrected density value 
which supports the low bulk density value obtained, thus negating the effect of the possible caved 
material.   

  
 

Figure 90 Locality map of section chosen for geophysical examination of borehole logs.
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Figure 91 Line of section of exploration boreholes logged, the log traces in each following the same protocol described, inferred porosity and inferred matrix 
density overlain by the interpreted bulk density. This also illustrates the correlation of the Volksrust and Vryheid  Formations  across this line of section.  
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Figure 92 is he expanded section of GK86, showing on the left a table of information relative to sample depths,  zone classification, representative bench, the 
raw RD per sample, composited RD per bench, inferred porosity SSD log bulk density and the corrected RD based on the inferred porosity. The log traces 
shown are caliper, inferred porosity and a combination of the inferred matrix density the porosity corrected density overlain. Cross-overs where the corrected 
density is lower than the bulk density are shaded in blue. 
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The 7 boreholes were evaluated to determine (i) a pseudo density from the natural gamma log (ii) 
an effective porosity value (iii) and a corrected relative density based on the foregoing 
information. The averaged results representing the different mining benches are shown in Table 
42 below. These averaged values suggest that an overall average porosity of approximately 14% 
for the Volksrust formation may be acceptable for estimation purposes.   
 

Table 42 Averaged density values for the 7 exploration boreholes evaluated. 

 
 
 Note 1:  sample 1a is excluded in this calculation since it is considered as waste with the 
overburden. The reason for the exclusion of sample 1a being that there is a 1.5m to 2m thick 
carbonate enriched shale separating this seam from the rest of bench 2.  This thick shale bed 
dramatically reduces the yield of bench 2 material; therefore it is selectively removed with sample 
1a when the overburden is stripped.  
 
Note 2:  benches 2 and 3 are affected by weathering, thus the full succession of samples in the 
vertical sequence is not present in all the boreholes, and this will also result in fluctuations in 
values. The grouping of tables in Table 43, reflect the analyses done from which the averaged 
values in Table 42 were obtained.  
 
 
 
 
 
 



Table 43 Summary of values obtained for the individual benches in the exploration boreholes. 
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A geophysical re-assessment of borehole MY23 was chosen to validate the evaluation of the 
averaged densities determined from the exploration boreholes used in the line of section 
chosen in the foregoing evaluation. This core was chosen because extra data with respect to 
densities obtained in the laboratory per float fraction was available on this particular 
borehole. This data was used to examine /establish the accuracy of the AAD methodology.  
 
This borehole was also chosen because the greatest part of the coal succession is below the 
groundwater table, thus it is reasonable to assume that (i) most of the lithological units 
capable of storing adventitious moisture would be saturated and (ii) the in-situ density 
would thus be a combination of the rock plus coal matrix density and moisture. The ground 
water table was approximately 38m below surface when this borehole was geophysically 
logged. 

 
 
Figure 93 Bench 2 geophysical log evaluation for inferred porosity shown in the first trace and the 
interpreted bulk density overlying the inferred matrix density in borehole MY23. 

The information in Table 44 is of great value since a reasonable correlation between the 
geophysically determined effective porosity and the effective porosity determined from the 
-13mm air dry density related to the volume of sample, especially in the vitrinite rich 
Volksrust Formation for  B2-B5, exists. Furthermore the correlation between the 
Archimedes determined SG and the geophysically derived short spaced density, is also very 
good, the differences being in the second decimal in most cases. Only bench 11 values do 
not correlate, the Archimedes SG being substantially lower. This could be attributed to 
insufficient moisture saturation during the hydrostatic  SG determination of the sample. 
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Table 44 Summary of evaluated data for MY23. 

  
 

Figure 94 provides a summary of the values obtained from the geophysical log 
interpretations and a comparison of results obtained from the evaluated  boreholes on the 
line of section and results of the same bench configurations for the benches in borehole 
MY23. The bar graph clearly illustrates a decrease in porosity from bench2 at the top of the 
succession (B2) to bench 5 (B5) at the base of the Volksrust Formation. This is directly 
related to the distribution of vitrinite rich coals with micro-porosity within the Volksrust  
Formation, with the best samples concentrated in bench 2 at the top of the vertical 
succession.   
 
Bench 6 displays higher porosity values than bench 5 due to increased macro porosity 
associated with the maceral composition of bench 6 which is inertinite rich. Bench 7a and 
bench 8 are essentially waste benches, while bench 7b portrays a relatively poor quality coal 
also inertinite rich.  
 
The remaining coal seams, bench 9a, 9b, 11 and 13 display increasing porosities as the 
inertinite content and macro-porosity of the seams increases. These lower seams display a 
variation between 14% and 18% porosity. Comparisons for bench 8 and 9a could not be 
made since bench 9a has been replaced by channel sandstone in borehole MY23, only the 
lowermost sample; sample 29 of bench 9b is present in MY23. 



158 
 

 

Figure 94 Is a compilation of (i) a bar plot comparing the average derived effective porosity for the 
benches evaluated in the line of section and the porosities determined for the control borehole 
MY23 and (ii) a plot of average porosity corrected Archimedes densities from the boreholes in the 
line of section with MY23 porosity corrected density values for the individual benches. The 
variance between the two datasets is smaller than 0.2g/cc.  

 

The final plot in Figure 94 shows the comparison of sample densities corrected to a solid 
matrix density by taking the determined porosities into account.  The statistics done on the 
differences between the two datasets compared in this evaluation illustrates a very good 
correlation between them at a 95% confidence level. 
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Figure 95   Locality map of boreholes used in the evaluation 

This by implication means that the averaged values obtained from the sectional evaluations 
can be applied to the boreholes situated in the Grootegeluk mine area. Figure 95 has been 
included to illustrate the locality of the boreholes used and the lateral distance between 
them and the control borehole, MY23, for comparative purposes.  This also serves to 
indicate the relative homogeneity of the  coal and rock matrix across those distances.  
 

9.4 OBSERVATIONS 
 
Following the methodology described, the effect of moisture on density is clearly illustrated. 
This was achieved by determining a pseudo density and a matrix density from the evaluation 
of the natural gamma logs and using this as a correction to the apparent bulk density 
obtained from the short spaced density tool and then overlaying the two sets of data for 
comparative purposes.  The difference in moisture present is displayed between the 
corrected log and the geophysically measured bulk density in the overlay as illustrated in 
Figure 93above. 

The differences noted and their derived values represent moisture content and are in 
accordance with the compositional type of coal. Here reference is made to the predominant 
maceral composition and the factual evidence that vitrinite rich coals are mainly micro 
porous while the inertinite rich coals have greater macro porosity.   The higher vitrinite rich 
coals in the Volksrust Formation exhibit fairly high porosities in the upper zones, but as the 
quality of the vitrinite rich intercalations deteriorates towards the base of the Volksrust 
Formation, the effective porosity decreases.  
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After the transition from the Volksrust Formation to the Vryheid Formation in zone 5, the 
porosities in the underlying coal seams of the Vryheid Formation increase downwards 
towards the base of the coal bearing seams ending in zone 1 at the base. This seam exhibits 
the highest porosity in the lower portion of the Vryheid Formation and also produces a high 
grade metallurgical coal. 
 
The three basic geophysical probes used for this evaluation are adequate to provide a 
reasonable comparative basis against which physical measurements in the field and 
preliminary measurements with regard to sample preparation as well as laboratory analysis 
can be made. i.e.  
 

 A properly calibrated density probe gives a reliable apparent bulk density value for the 
lithologies intersected. This value can safely be assumed to represent the in-situ bulk density 
of the strata logged. 

 The calliper probe gives an indication of the boreholes rugosity, thus aiding the 
interpretation of the density data in areas where caving may have occurred and the source 
and detector portion of the probe were not properly engaged with the sidewall of the 
borehole resulting in an air gap which could also contain water if this were below the 
groundwater table. In such a case the calliper probe needs to be calibrated as well so that 
the correct diameter of the hole can be measured and the interpreter could then take this 
into account in determining the true density of the formation being measured.  

 The interpretation of the natural gamma log after de-spiking and normalization allows the 
determination of a pseudo density derived from the AAD algorithm, where the shaliness 
index is used as a possible ash indicator representative of the indestructible mineral matter 
in the coal samples.  

 This same shaliness index is also used in a petrophysical calculation to represent a 
predetermined relative density for this material in combination with the accepted 
petrophysical density of bituminous coal resulting in a representative value for the solid 
matrix of the sample. 

 The difference between matrix densities expressed as a percentage of the pseudo density 
can then be accepted as being representative of either adventitious moisture content or 
apparent effective porosity.  

 The bulk density determined from the short spaced density log is then corrected to provide a 
representative dry matrix density for the interval of interest. 

 The bulk density obtained from the geophysical logs is more representative of the in situ 
density of the succession being logged than cored intervals that have been recovered during 
exploration, laid out for geological visual logging and description, allowed to become 
partially air dried and then sampled before the Archimedes density determination for the 
sampled intervals is done.  

 If the matrix density values were adjusted to include the inherent moisture and then used as 
a representative air dry density for tonnage estimations on an air dry basis, the resource and 
derived reserve values may be more credible. 
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This additional approach complementing existing evaluations has been validated through 
the comparison of special analyses conducted on borehole MY23 where the ash adjusted 
density values were compared with pycnometrically (density bottle) determined densities 
for the float fractions of the samples analyzed. In this case, the volumetric component is 
once again deficient because no information relevant to the moisture holding capacity or 
effective porosity is available, thus the samples could not be reconstituted to their original 
state. A partial solution through the evaluation of down-hole geophysical logs in 
determining a matrix relative density based on the composition of the sample in respect of 
the coal to mineral content ratio and adjusting this to accommodate inherent moisture 
content has provided a baseline from which effective porosity or moisture holding capacity 
can be determined.  
 
Provisional reconciliation data from the mining operation conforms to the losses related to 
the differences between the theoretically determined tonnages using the Archimedes 
determined relative densities and actual plant received tonnages. Further proof of the 
accuracy of these values can be attained through whole core helium pycnometry.   
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10 SUMMARY  OF DEVELOPMENTAL AND TEST WORK 
 
This chapter summarises the developmental, analytical and validation work undertaken in 
this thesis.  
 
The intent of this thesis was to formulate an applicable philosophy through the re-
evaluation and refinement of the previously developed ash adjusted density methodology 
and to extend its application, in order to provide more credible, reconcilable data applicable 
to resource and reserve evaluation throughout the entire value chain.  Comparisons of the 
original data with re-evaluated data after laboratory analysis had been received has 
provided an improved evaluation of the original data and validated alternatives that could 
be considered should the original data or determinations appear suspect. 
 

 The AAD values represent a good approximation of the true dry density of the solid matrix. 
  Add the inherent moisture percentage to this and the resultant density should be 

representative of the density of the matrix of the air dried sample. 
  It should be noted though that this density value is also related to a reduction in the original 

volume of the sample as a result of milling to a particulate size for analysis. 
  If the mass of this milled product and the original geometric volume of the core sample 

were used in the basic density equation, a density value less than the AAD, pycnometer or 
Archimedes value would be obtained.  

 This value represents the air dried density of the original core sampled. 
  The difference between the two values would then be representative of either free 

moisture, moisture holding capacity or effective porosity. 

10.1  A series of sequential research tasks were undertaken. The following points 
summarize them and their outcomes. The re-evaluation and refinement through descriptive 
statistics of the ash adjusted methodology and concomitant proof in the application of the 
derived algorithms obtained from regression analysis of 31,000 datasets compares favorably 
with density values determined using the Australian Standard method for each float fraction 
for all the samples analyzed in the borehole used for comparative purposes.  
 
Points to note:- 
 

 The refinement here relates only to the solid component of the samples because the original 
state of the samples analyzed in the laboratory has been volumetrically changed. 

 The samples were crushed to -212µm and dried, therefore any effective porosity would have 
been destroyed and the volume of the sample would have been substantially reduced from 
its original state.  

 The regression analysis determined a constant representative of the incremental mineral 
content reflected by the product of this and the ash% content while the intercept represents 
the density of bituminous coal.  
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 This last value corresponds with petrophysical analysis done by Schlumberger; they 
proposed a matrix density for bituminous coal of 1.24 g/cc. The value obtained from the 
regression analysis is 1.2384 g/cc, rounded up, 1.24 g/cc.  

An alternative proposed by Robeck and Huo determining mineral matter content which was 
proposed to be more accurate than using the ash content referred to as residual mineral 
matter after combustion, was also evaluated to ascertain the difference between the two.  
 Their methodology (Appendix A) was followed up to the application of estimated in situ 
moisture, at this stage, with no valid information available, the value for inherent moisture 
and the matrix density of bituminous coal and mineral matter previously determined, was 
used so that an air dried density could be obtained.  
 
This air dried density could then be compared with air dried density values obtained from 
the AAD method as well as basic mass/volume determinations on the sample material. 
Correlations between the various methods are summarized in Table 45 Summary of 
correlations between the Gray method, AAD, Density bottle and inherent moist adjusted 
AAD. Note that the reference 1 is applicable to the method, while the decimal value denotes 
the correlation. 
 
Table 45 Summary of correlations between the Gray method, AAD, Density bottle and inherent 
moist adjusted AAD 

    
 
The adaptation of AAD can now be used to: 
 

 Validate petro-physical properties relating to the matrix density of bituminous coal used by 
industry.   

 Assist in the evaluation and type characterization of coal encountered through the 
evaluation of proximate analytical data after the application of ash adjusted density 

 Provide a basis for comparison, when field determined values are compared with the initial 
wash table proximate values such as a raw ash analysis from which densities derived via the 
AAD methodology can be compared with field data. 

 Highlight deficiencies not apparent from the field or initial laboratory data 
 Provide a quality control and quality assurance functionality with regard to wash table 

proximate data. 
 Assist in the evaluation of mining reconciliation and beneficiation plant data and allow 

improved prediction of products within the beneficiation environment 
 Assist in the evaluation of down-hole geophysical logs in the grade control and geophysical 

log interpretation environment. 
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 Allow a more credible interpretation and evaluation of the beneficiation process and final 
products realized. 

The inherent moisture adjusted AAD was then applied to the remaining evaluations. 
 

10.2 The next major exercise involved a detailed evaluation of wash data from the 
fractional samples and their applicable proximate analyses. The ash adjusted density 
methodology was applied to the fractional ash values for the various fractions that had 
floated at a fixed density.  
 
Points to note:- 
 

 The reasoning behind this application was that this would provide a more accurate 
approximation of the true density of these float fractions which in turn would allow 
differentiation of the macerals in the total sample.  

 The macerals in question being mainly, vitrinite, semi fusinite, fusinite, and to a lesser extent 
possible liptinite combined with the indestructible mineral matter.  

 The breakdown and grouping of the macerals would give a basic indication of the broader 
depositional environment and whether the material was autochthonous or allochthonous; 
classification or type definition could be achieved.  

 Although this departure from the main theme appears to be irrelevant, the identification of 
the abundant macerals associated with the various mining horizons contributes to the 
understanding of probable porosities, cleat formations and total effective porosity that 
could be effective in the different seams.  

 Vitrinite rich coals do not exhibit high porosities at low rank but become more micro porous 
with increasing maturation due to the loss of volatile matter.  

 The inertinite group, i.e. semi fusinite and fusinite, exhibit very little change in porosity with 
changes in rank. These groups are mainly macro porous.  

 The two coal bearing stratigraphic units being evaluated are totally different with respect to 
expected porosities within the seams in each of these units because of their maceral 
composition. 

 The Volksrust Formation’s intercalated seams can differ substantially with regard to micro 
porosity across the deposit merely based on micro structures within the seams. This relates 
to cleat formation and the brittleness of the mainly vitrinite rich laminae and minor 
striations.  

 The Vryheid Formation, on the other hand, a typical inertinite- rich Gondwana type coal 
deposit, may exhibit less variation across the deposit within the different coal seams. 

10.3 Relative density determinations based on the initial datasets were done and 
compared in order to establish the most appropriate for an in situ relative density 
determination.  
 



165 
 

 Comparisons between the Archimedes determined relative density and both the densities 
determined using the field mass and core volume as well as the laboratory mass and original 
core volume revealed possible moisture content ranging from 2% to approximately 8.5% if 
the entire succession was taken into consideration.  

 The lowest values ranging from 2% to approximately 5% were obtained from the samples in 
Coal Zone 3 and Coal Zone 2, Vryheid Formation, inertinite rich, coal seams exhibiting higher 
macro porosity thus aiding faster drainage of moisture from the matrix structure.  

 The Volksrust Formation, vitrinite rich coals with greater micro porosity appear to have 
retained more moisture ranging from + 4% to approximately 8.5%. 

 Introducing a relative density determined from the -13mm+0.5mm air dried, crushed and 
screened sample representative of the original core volume, raises the moisture content 
between the air dried value and the Archimedes determined value  into a range from 9% to 
14.6%. Note that these values are only indicative of the amount of moisture absorbed by the 
core sample during the Archimedes determination and do not give any indication of the true 
porosity in the solid matrix of the core sample. These results are merely representative of 
absorbed water over the duration of the core being submerged in water for the Archimedes 
determination.   

 If the individual bench composites were used, and an inherent moisture correction on the 
ash adjusted density which would then represent the true air dry density of the sample were 
used, the effective porosity percentage could be more accurately ascertained.  Applying the 
foregoing to the data on hand then raises the differences into a range from 9.4% to 17.3%. 
The values representing the Volksrust Formation then range from 12% to 17.3% and the 
Vryheid Formation from 9.4% to 11.4%. 

10.4 The next evaluation took the reconciliation of mining units into consideration. A 
mining unit refers to a fixed polygon of defined length, width and height representative of a 
defined block on a specific mining horizon.  These units were extracted from a geological 
model with a range of properties such as area, volume and tonnages as well as specified 
products expected, associated with each unit. The expected tonnages are based on the 
resource tonnages with a geological loss factor associated with each mining horizon all of 
which is required to provide expected yields from the run of mine material dispatched to 
the various beneficiation plants.  
 

Points to note:- 
 

 Comparisons between the various tonnages, areas and volumes evaluated from several 
sources, including theoretical model, survey, dispatch, on two mining horizons, one from the 
Volksrust Formation and the other from the Vryheid Formation resulted in differences 
between the dispatch recorded tonnages and the as mined values in the order of 15%-18%. 

 These differences would be representative of a compendium of errors from initial 
exploration, sample preparation and determinations of various factors based on mass 
recordings and analytical data used for gross in situ tonnage determinations which could 
incorporate moisture, porosity, and a host of other analytical errors. 
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 The inherent moisture content of most of the samples in the Waterberg succession has been 
established to be approximately 1.5 - 2%. If this were subtracted from the differences 
determined, then the corrections relating to probable losses between gross in situ tonnages 
and probable run of mine tonnages would average 15% which compares favorably with 
evaluations done on the various mining horizon delineations. 

 This evaluation then allows the conversion of reserves to run of mine tons defined within 
the mining layout and mining unit configurations pertaining to the raw material within 
geometrically denoted mining constraints for the relevant scheduled mining units. 

 This value could also be used to adjust the raw relative density used for the expected run of 
mine tonnage determinations 

10.5 All the data relevant to the mining units selected was evaluated and comparisons 
made to determine differences between the different sets of data. The first set revealed 
that differences between model values and staked values were largely due to changes in the 
mining unit area and slight differences with respect to the mining unit thickness.  
 

 These differences can be attributed to a difference between desktop planned values and the 
application of these values to the practical situation with respect to mining operations 
within the open pit.   

 The mining operation, through drilling, blasting and loading could be affected by aerial 
changes due to previous mining unit delineations.  

 Changes in the back break during blasting increasing or decreasing the volume specified.  
 Changes in roof and floor elevations due to over or undermining of the predicted floor of the 

previous mining horizon now representing the roof of the current mining horizon.  

10.6 The next set of comparisons between staked information and the actual mining 
process show that the area mined has the greatest influence on the tonnage differences 
with a minor contribution from the mining unit thickness as a result of either over or 
undermining of the specified floor. 
 

 The as mined data is still evaluated on the same relative density values as used for the 
staked blocks i.e. the raw Archimedes relative density allocated to the specific mining unit. 

 This is followed by the survey information for the units mined. They also show differences 
attributable to area and a slightly greater contribution for over or undermining.  

 The survey department would then do an adjustment to the reported tonnages based on 
their measurements.  

 They however do not adjust the assigned relative density values for the specific mining 
units.  

10.7 The last comparison represents the differences between the staked values and the 
actual measured tonnages dispatched to the beneficiation plants during the load and haul 
operation.  
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 Truck tallies with assigned tonnage correction factors based on the volume expansion factor 
for the blasted material and the various trucks carrying capacity are used to denote the 
actual transported tonnage.  

 These tonnage values can be checked against belt scale values reported for received 
tonnages at each respective plant, thus it is probably the most accurate measurement that 
can be relied on in this operation.  

10.8 Finally the total values for each of the five sets of data relating to areas, volumes and 
tonnages with their corresponding averaged mining unit thicknesses and averaged relative 
density values were used to evaluate the percentage of over estimation between the model, 
staked units and actuality.  For this particular mining unit the percentage of overestimation 
derived from the evaluation is 17.21% between the model values and actuality and 17.83% 
between the staked values and actuality. The evaluation of the two preceding scenarios, the 
first of mining horizon 3 in the Volksrust Formation and the second, mining horizon 6 in the 
Vryheid Formation has resulted in differences between dispatch tonnages and as mined 
tonnages in the order of 17% - 18%.  
 
10.9 The beneficiation plant specific correlation factor determined at 17.82%, originally 
used to address the difference between plant products and planned values established in 
the dissertation relating to the optimal yield and cut density prediction of semi soft coking 
coal and power station coal in the Waterberg coalfield  was used on the reported run of 
mine tonnages.  This was done in an attempt to gauge the effect of this application with 
respect to the actual reported tonnages on the overall correlation. 
 

 The original application demonstrated an improvement in yield predictions but could not 
justify the total loss; some 12% -14% could not be accounted for in the dissertation. The 
application of this loss factor to the plant reported run of mine tonnages however vastly 
improves the correlation between the planned and actual values.  

 This loss factor was then introduced into the evaluation of this plant’s data over a 5 year 
monitoring period. The run of mine reported tonnages were reduced by this amount and the 
plants performance measured against the new run of mine tonnages, which resulted in a 
98% correlation with regard to the theoretical predicted values in respect of semi soft coking 
coal products.  

10.10 The temporal phase of reconciliation includes grade control in the mining production 
environment. This has been accomplished through the evaluation of natural gamma logs of 
individual blast holes within mining units in the Volksrust Formation.  
 

 The major application allows the identification and correlation of individual samples in the 
vertical section representative of the defined mining horizon, a mapped face of the exposed 
advance along section and any probable structural implications that could be encountered. 
Information obtained is used for the extraction and interpolation of quantitative quality data 
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from exploration boreholes in close proximity to the mining unit to predict values for the 
unit being evaluated.  

 Extensions to the interpretation of natural gamma logs and the inclusion of density logs led 
to further refinements which are critical to the integrated evaluation of physical properties 
in the absence of basic analytical data.  

 The de-spiking of a natural gamma log to effectively represent the most important 
lithologies in this formation allows the determination of a shaliness index in the overall 
matrix. 

 The determination of the shaliness index especially in situations where the major lithologies 
are bituminous coal and shale support the analogy that the shaliness index may be reflective 
of the ash content within the coals. 

 This is substantiated by analysis of the indestructible mineral matter (ash) from the coal 
samples being mainly quartz, kaolinite shale’s.  

 The natural gamma trace is normalized to a range between 0 and 100. 
  Added refinement is done to determine the shaliness content by equating the normalized 

values to a predetermined ash range obtained from analytical data. These values then 
represent the ash content equating to the indestructible mineral matter in the samples. 

 A pseudo density and porosity value can be ascertained from this data using the AAD 
equation and substituting the value obtained for the shale content as an ash equivalent, 
which would result in an apparent density. The pseudo density can then be determined 
using the natural gamma regression equation, similar to the AAD equation.  

 The ash content value used to represent the indestructible mineral content matrix 
percentage with a petrophysical matrix density equivalent to a quartz-kaolinite 
shale/mudstone at 2.53g/cc and the petrophysical matrix density of bituminous coal at 
1.24g/cc, thus if the ash matrix = 23%, the combustible, moisture and volatile portion are 
77% of the sampled point value and the resultant petrophysical matrix density would then 
be: 2.68) + (0.77 * 1.24) = 1.57 g/cc     

 Additional information relevant to the probable porosity of the sample can now be obtained 
by determining the percentage change between the pseudo density and the determined 
petrophysical matrix density. 

 The grade control function with respect to down-hole geophysical logs should however be 
introduced at the initial stage directly after a borehole has been drilled and geologically 
logged.  

Points to note:- 
 

 A properly calibrated short spaced density tool with a caliper arm to ensure that the probe is 
continuously in contact with the sidewall of the borehole provides a better formation bulk 
density value which is representative of the in-situ density of the host material. 

 The natural gamma log can be run in conjunction with this and interpreted as set out in the 
extended natural gamma log evaluation to provide values against which the bulk density can 
be compared to determine the matrix density and porosity or moisture saturation values for 
the respective intervals logged.  

 This data can then be used to do the necessary adjustments to the gross in situ tonnages to 
determine the reserve. 
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  Additional loss factors relating to run of mine tons can then be determined on the polygons 
representing the planned mining units per mining horizon. 
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 11 CONCLUSIONS   
This research set out to improve the assessment of resource and reserve tonnage 
estimations for a coal deposit through newly developed concepts and calculations. The 
results have been summarized and the final conclusions drawn. A summary of the 
conclusions follows: 
 
11.1 Refined values for the AAD algorithm determining petrophysical properties of the 
samples evaluated were obtained from the re-evaluation of the original sample set. The 
new algorithm AAD Rd = 0.013 * Ash%(Content) + 1.2384 represents the incremental effect 
of an increase in ash content contributing to the matrix density of bituminous coal samples 
and a derived true dry density for the solid matrix of the material.   
Concluding points are as follows:- 
 

1. The accuracy of the derived algorithm was validated against analytical data from the 
pycnometrically determined densities of each float fraction related to the samples from an 
exploration borehole. Therefore the use of this algorithm to determine a dry density can be 
used confidently.  
 

2. This dry density relates only to the solid components in the sample which comprise an 
admixture of organic macerals and inorganic mineral matter. The overall matrix of the 
sample also has the petrophysical property of porosity which may contain air or liquid in the 
interconnected voids.  
 

3. Porosity can be determined using the bulk density values and the matrix density. It should 
be noted, however, that the composition of the matrix, relevant to depositional 
environment, must account for both the coal component and the shale or other associated 
mineral composition and should be combined to represent the overall matrix. 
 

4. Determining the matrix would be reliant on the coal to shale ratio in the Waterberg, 
Volksrust Formation coals. The matrix density in this case refers to the matrix density of 
bituminous coal as determined in the AAD algorithm and a value of 2.53g/cc which was 
determined for the inorganic component (relevant to a quartz / kaolinite shale and other 
associated minerals).  
 

5. The Vryheid formation, represented by individual coal seams can be evaluated in the same 
way. 
 

6. Density adjustment coefficients can be determined for two scenarios, i.e. air filled voids and 
water saturated voids, and the bulk density values obtained can be evaluated against the 
adjusted density values to give an indication of possible adventitious moisture content.  
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7. The AAD algorithm can be applied to fractional wash table data as a quality assurance and 
quality control measure, insofar that, anomalous values relating especially to ash content 
and calorific values will be highlighted.  
 

11.2 The AAD algorithm as applied to the raw ash value for the sample or conversely the 
ash for a 100% yield of the specific sample, cannot be compared with the Archimedes 
determined density or the field derived density (sample mass/ sample volume) of the 
sample because the AAD value is obtained from the ash of a dry sample that has been 
crushed to -212µm with most of the effective interconnected and isolated porosity having 
been destroyed in the process and all moisture removed.  
 
Concluding points are as follows:- 
 

1. Although the samples may be from the same interval and their air dry mass may be the 
same, there is a major volumetric difference in the raw material being compared due to 
their different physical states. One represents the dried crushed sample and the second 
with which the comparison is being made, represents the original solid borehole core 
with its existing macro and micro interconnected and isolated porosity which may be 
moisture or gas filled.  

 
2. The AAD algorithm applied to float and sink data can be used to determine the 

cumulative dry relative density of the sample. This can be transformed to represent the 
air dry mass by applying a correction relevant to the inherent moisture determined 
from proximate analysis. Furthermore, if information pertinent to the total moisture 
holding capacity of the sample is available, a density representative of the sample’s 
original matrix could be determined.   

 
3. Differences between the matrix density and the Archimedes determined density are 

reflective of the amount of moisture either present at the time that the determination 
was done or the amount of moisture adsorbed and absorbed during the Archimedes 
determination process.  

 
4. Differences could also be due to moisture present in the core during recovery or 

sampling of core already partially dried if the raw material (drill core) had not been 
impeccably preserved (sealed) on recovery. Therefore this value is not representative of 
the in-situ density of the sample. In much the same way, densities determined from the 
physical mass of the sample and its representative geometrical volume are also only 
indicative of the amount of moisture present in the sample when compared with the 
determined matrix density. 

 
5. The only value that could be obtained confidently would be representative of the air 

dried density of the sample. This is obtained from the absolute dry density of the solid 
matrix with an adjustment for inherent moisture applied. This value can be compared 
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with the -13mm +0.5mm air dry mass of the sample considered over the initial 
geometric volume of the cored sample. 

11.3 Reconciliation of physical mining activities has allowed the determination of loss 
factors when relating the surveyed as mined tonnages to dispatch monitored and reported 
tonnages, as well as beneficiation plant received tonnages. These values have been grouped 
as a compendium of errors relating to the sources of the information and the reliability of 
these sources. The values show an average deviation of between 15% and 18% which 
represents a relatively large discrepancy in possible product loss. Correlation factors were 
determined on beneficiation plant results as opposed to the theoretical predicted yields. 
This evaluation yielded a correlation factor of 0.83 comparing plant production results with 
the theoretical predicted values and was considered the most appropriate value to use 
 
Concluding points are as follows:- 

 
1. This value was applied in practice and monitored over a period of approximately 5 years 

giving an overall correlation between the predicted and realized yields in this monitoring 
period of 98% which validated the correlation factor used. The actual difference between 
the predicted yields and the theoretical yields determined from plant production was 
17.82% 
 

2. The comparisons made here were based on ash adjusted density determined yields derived 
from proximate analyses, thus the base information was relevant to a dry density value. If an 
adjustment considering an average inherent moisture content of 2% were to be made, 
relating this to an air dry density, the difference between beneficiation plant and predicted 
values would be approximately 15.82% 
 

3. The difference of 15.82% conforms to the differences determined via the tonnage 
reconciliation (15.68% in the Volksrust Formation and 17.8% in the Vryheid Formation) done 
on mining data as well as the porosity determined using AAD densities and a matrix density 
determined from the evaluation of the natural gamma logs. Porosities from the natural 
gamma logs were 15.93%. The effective range then falls between 15% and 18% 
 

4. The re-evaluation of the monitoring period, using the determined correlation factor of 0.83 
on the run of mine reported tonnages, results in an almost perfect correlation with the 
theoretical predicted values. 

11.4 The detailed evaluation of the grade control function through the use of down-hole 
geophysical logs and integration with laboratory and petrophysical data has provided an 
alternative source of information from which bulk and matrix densities can be obtained.  
 

Concluding points are as follows:- 
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1. The short spaced density log, site specific calibrated, of an exploration borehole 
provides the most accurate estimation of the in situ bulk density at the time of logging. 

 
2. This value is more accurate than the Archimedes determined density as determined 

at a specific location. 
 

3. The evaluation of the natural gamma log, after de-spiking and normalization, 
provides a shaliness index which can be related to the indestructible mineral matter, 
which, in this case, would represent the quartz/kaolinite shale, intercalated shale’s 
and clay minerals present in the matrix of the bituminous coal seams and the shale 
inter-beds. 

 
4. The shaliness index can be related to the ash percentage content of the delineated 

vertical sequences, representing specific samples or composites of the different coal 
zones and finally mining bench defined- sequences.  

 
5. The individual values (shaliness index/ash percentage content) per logging interval 

obtained by geophysics can be used to derive a pseudo density for the interval or an 
equivalent composited sample value by applying the ash adjusted density algorithm. 
This however would only be representative of the probable dry density of the 
interval as represented by the ash adjusted density values obtained from the 
cumulative ash values in the analytical wash tables composited to represent the 
interval within the sequence. 

 
6. A matrix density can also be determined where the product of the ash percentage 

and a petrophysical constant representative of the ash component are combined 
with the product of the remainder, i.e. the combustible component) and the 
equivalent petrophysical constant for the matrix density of bituminous coal are 
used. 
 

7. This matrix density value is used in conjunction with the short spaced density log to 
determine probable porosity or moisture saturation of the sample or interval of 
interest.  
 

8. The determined matrix density value can also be used in conjunction with the AAD 
values determined from proximate analysis to determine probable porosity, since 
the AAD values are representative of the dry density of the crushed material. 
Therefore, if an inherent moisture content value is available, the difference 
determined after an inherent moisture content correction to the AAD values has 
been implemented would be representative of the effective porosity of the sample. 

 
9. The nature of this geological deposit and its degree of heterogeneity with regard to 

the sedimentary cycles and composition of sediments within these cycles would 
demand an independent integrated evaluation of each available borehole used in 
the geological model. 
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10. The effective porosities determined from these evaluations should be included as 

geological losses when tonnage determinations, based on either the logged bulk 
density or the Archimedes determined density, are used. 

11.5 Finally, unless drill core is impeccably preserved (sealed on recovery), moisture 
holding capacity properly determined and the Archimedes determination conducted under 
stringent conditions, the Archimedes determined relative density value should not be used 
for resource and reserve estimations.  
 

Concluding points are as follows:- 
 

1. A site specific calibrated short spaced density geophysical log would provide better 
results for the determination of in situ bulk density which could be used for the 
determination of gross in situ resources.(Including adventitious moisture)   

 
2. The evaluation of the basic required suite of geophysical logs, including short 

spaced density, natural gamma and caliper would provide a credible baseline 
against which comparisons can be made with regard to moisture content, probable 
porosity, pseudo density and the determination of probable matrix density of the 
formations being measured. 

 
3. These values having been adjusted by a correlation factor equivalent to the 

probable effective porosity or free moisture content included as a geological loss 
factor would give an indication of the probable in situ reserves.  

 
4. A further adjustment accounting for the geometrical mine layout and mining 

horizons as well as mining units within these layouts should take possible mining 
losses into account which would provide a reasonable estimate of the expected run 
of mine tonnages. 

 
5. Beneficiation loss factors related to the various beneficiation plants’ efficiencies, 

and applicable to predicted production, can then be determined from production 
results, for saleable tons. 

Based upon the research undertaken, it appears that the greatest cause of overestimation 
of coal resources (tonnages) lies in the difference in volume between solid coal in situ (as 
seen in a borehole core) and pulverized coal in particulate form.  This difference is 
manifested through density-related matters linked to forms of porosity and the nature of 
the moisture content in coal.   
 
Incorrect overestimation of coal resources can be as high as 18% which has serious 
consequences for life-of-mine in coal mining ventures and for a range of downstream 
consumers.  Methods to rectify the calculations of coal resources have been developed, 
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tested and validated.  These have been applied to a number of sectors in the coal 
exploitation chain, from increasing the accuracy of estimating coal resources and reserves, 
through calculating tonnages during mine planning and extraction, to predicting yields and 
losses of products in the beneficiation processes.   
 
The Waterberg coalfield is probably the last of the remaining large coal reserves in South 
Africa and, as such, it is likely to attract continued and increased activity and exploitation in 
this region, especially for energy generation.  It is the author’s sincere hope that the 
research presented in this thesis will go some way to assisting in such endeavours.   
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12 RECOMMENDATIONS 
 
Based upon the results and conclusions of this research, the following recommendations are 
now presented: 
 
1. In the absence of reliable basic information with regard to the relative densities of coal samples 

in a coal deposit, and recognising the possible effects that this could have on accurate reserve 
determinations for future exploitation, it is proposed that the following methodology be used in 
future in order to ensure optimum assessments when undertaking coal resource or reserve 
evaluations:   
 
 Laboratory air dried mass together with the original volume of core should be used to 

determine the density. 
 

 When analytical data is available, the density should be checked by applying the ash 
adjusted methodology (AAD) to the wash data and cumulating the fractional data to 
determine the cumulative dry density of the sample. 

 
 The density value should be corrected by adding the cumulative inherent moisture to derive 

an air dry equivalent.  
 

 The volume required to support the density value for the same mass as the air dried sample 
should be determined by using the basic equation for density i.e. density =mass/volume.  
 

2. The difference between the original volume and the determined volume, back calculated from a 
given density, will reflect the volume of voids. This value subtracted from 100% would then be 
indicative of the percentage solid matrix.   This should be used to correct the AAD density to an 
air dry density in all samples  
 

3. The alternative evaluations derived from geophysical log data and laboratory analytical data 
should be used to determine values for the overall matrix density of the coal material.  
 

4. Determinations of possible moisture content or porosity should be obtained so that credible 
values for the in situ relative density, probable geological losses (pertinent to the matrix 
composition and its porosity) and finally, the dry equivalent for beneficiation and production 
tonnage derivations can be realised. 
 

5. An acceptable correlation factor to differentiate between the in situ values of certain analytical 
parameters within the coal seam, relative to those found once the coal is mined, should be 
established to provide even greater credibility for coal resource and reserve evaluations.   In this 
manner it would be possible to confidently establish the most accurate in situ RD estimates for 
all raw samples – thereby providing the maximum resolution for tonnage estimation. 
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