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2014 ANNUAL REPORT APPENDIX 1 – EPC 1298 

BORE HOLE GAS STUDY – STATISTICAL ANALYSIS REPORT 

1.1 Gas Analysis Overview  

To assess the fugitive emissions given off by open-cut mining of coal seams, the 

conventional method is to conduct diamond coring, encapsulating and then sending to a 

laboratory to determine the gas concentration within each coal ply.  

While this method is able to produce accurate results, the method is expensive and time 

consuming. Furthermore, the current carbon emissions scheme in Australia considers gas 

leakage from open cut mines to be part of the total emissions for the mining operation which 

means it is imperative for coal mining companies to conduct preliminary analyses of the 

emission as part of their feasibility study. Therefore, AHQ aims to develop a method to 

assess the fugitive carbon emissions efficiently and accurately using gas concentrations. 

1.2 Introduction  

Under current processes, where open holes are sealed after down hole geophysical logging, 

there is no ability to measure the gas given off by the seams. To leave bore holes capped and 

not sealed while gas concentrations are measured is a new approach in the coal industry to 

obtaining the required gas information. 

1.2.1 Scope of Study 

Following the completion of drilling and capping of a series of widely spaced open holes, the 

gas concentrations of the capped holes were monitored over a period of time. AHQ 

hypothesises that the gas concentration data can provide an early stage signal of fugitive 

carbon emissions emitting from the coal seams planning to be mined. 

1.3 Method 

AHQ trialed the use of a hand held gas monitoring instrument to test the theory that 

measurements in a capped borehole can provide the identical information to measurements 

using truck mounted equipment. This has never been done before, as the notion of using a 

hand held gas monitoring instrument has been perceived as inaccurate. However, AHQ aimed 

to conduct gas concentration readings rather than emission readings, and would require 

different technique and data interpretation methods to be developed. 

If the hand held gas monitoring instrument provides an identical reading, then the method can 

significantly reduce the cost associated with fugitive gas emissions assessment, and negate 

the mobility issues of the truck mounted equipment. This will directly benefit the exploration 

efforts of AHQ which has many drill sites within the Barakula State Forest, and the new 

technique will reduce the number and frequency of heavy equipment movements, to the use 

of a light vehicle and a single operator, which is significantly less invasive and more cost 

effective. 

Furthermore, the technique would provide an early estimation of fugitive gas emissions in 

shallow coal seams during coal exploration, and could potentially estimate the amount of 

carbon emissions tax required for the coal mining operation during the feasibility stage, 

which is significantly earlier than previously conducted. 

The earlier validation of gas emissions ensures that the default gas emission calculation is not 

applied to a project and can provide a more realistic estimation of the potential carbon tax to 

be applied to fugitive emissions from the proposed open cut mine. 
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1.3.1 Objective and Design 

This objective of this project is to design and develop an early estimation technique for 

fugitive carbon emissions in shallow coal seams during coal exploration. This current 

experiment will prove whether measuring the gas concentration of capped open holes in 

shallow coal seams using a handheld device can be used to determine the fugitive carbon 

emissions. As the idea has never been trailed before, new knowledge will be generated in the 

following areas: 

• When an open hole into shallow coal seam is capped, the gas dissipation rate into the 

borehole is dependent on the permeability and porosity of the coal plies and rock sediments 

at the site. The experiment will gain insights into the gas dissipation rate at the capped open 

holes. 

• The experiment will assess if the gas concentration from capped open hole into shallow coal 

seam can provide adequate information for the purpose of fugitive carbon emissions 

assessment. 

• The experiment will assess if hand-held gas monitoring instrument can provide identical 

readings to truck mounted equipment. 

• The experiment will determine a detection limit for the handheld gas monitoring 

instrument, and thus establish the reliability of the readings. 

• The experiment will also investigate the impact on changes in gas concentration in the 

boreholes caused by barometric changes, as would occur in practice in an open cut coal 

mine environment where carbon emissions would vary as the weather changes. 

• The experiment will develop techniques and operating procedures for this novel fugitive 

carbon emissions testing technique. 

• Through periodic measurement of each capped borehole, the experiment to establish the 

type gases and their concentration in each borehole, and to provide information to show 

that gas emission in the borehole is similar to that from conventionally encapsulated coal 

core gas emission data. 

1.3.2 Procedure and Equipment 

Timeframe 

The experiment commenced in two stages with a break over the 2012/2013 Christmas – New 

Year period. The first stage ran from 22/10/12 to 21/11/2012 with reading initially collected 

daily then weekly and fortnightly. The second stage ran from 15/01/13 to 14/02/2013 with 

readings collected every few days. 

  



3 |  P a g e

 

 

Equipment 

A Dräger  X-am 5600 methanometer was used to detect gas concentrations at the collar of 18 

bore holes in the southern half of EPC 1297. Small, light and easy to use - the robust and 

water-tight gas detector Dräger X-am 5600 is designed for single-handed operation in tough 

industrial environments. 

Thanks to the combination of innovative infrared technology and the latest electrochemical 

Dräger XXS miniature sensors, this 1-to-6 gas detector reliably detects explosive, 

combustible and harmful concentrations of O2, Cl2, CO, CO2, H2, H2S, HCN, NH3, NO, 

NO2, PH3, SO2,O3, Amine, Odorant, COCl2 and organic vapours 

 

Figure 1: Methanometer used in the gas experiment 
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Boreholes and Data 

Figure 4 shows a map of the Back Creek tenement with the total number of  gas observations 

posted next to each of the 19 bore holes which were tested in the period 22/10/12 to 14/02/13.  

The gas analysis data set was initially compiled in an Excel spreadsheet before being loaded 

into the SPSS
1
 statistical package.  A screen cap of the data dictionary sheet in SPSS is 

shown below in Figure 2. This view clearly shows the 17 columns of data which comprise the 

‘gas analysis database’ which we have built so far. 

Figure 2: Gas Analysis Metadata – 17 Column Descriptions 

 

As mentioned in the 5
th

 bullet point in section 1.3.1 we plan to use external weather data 

collected on the same days as gas observations were collected, in order to test the hypothesis 

that barometric pressure have an association with certain gas variables. These 7 weather 

related variables (all starting with the letter ‘W’, variables 11-17) were derived from the open 

source weather website www.wunderground.com for the town of Dalby which is the nearest 

town to the EPC for which historical weather observations were available. 

This preliminary report does not use this weather data. A final report due in the next reporting 

period will contain this analysis. 

  

                                                
1 Statistical Package for the Social Sciences. SPSS is an IBM Company. 
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Figure 3: Gas Analysis Data Extract (for 2 drill holes, 17 columns of data) 

 

 

The SPSS Map ‘module’ based on MapInfo MapX technology was used to analyse and 

visualise the gas data. 
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Figure 4: Map of Bore Holes Used in Gas Analysis 

 

The map shown above shows the EPC boundary and within it all bore holes drilled by MCI. 

The large pink circles denote the bore holes where gas testing was conducted.  
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1.4 Gas Analysis Results 

These results are produced in a graphical format in a hypothesis “Q and A” format. 

1.4.1 Do any bore holes have greater gas concentrations than others? 

Carbon Monoxide 

Figure 5: Maximum Carbon Monoxide Analyses 

 

Some of the northern – most holes in the experiment show elevated CO maxima (to 210 ppm) 

relative to the other holes. Tables 1 below shows summary statistics for CO across 18 tested 

bore holes. 
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Table 1: Summary Statistics for Carbon Monoxide Analyses 

 

Figure 6: Graphical summary of CO values by bore hole (SPSS boxplot) 

 

The above table and chart show that boreholes BC023-025 have mean CO values 3 times that 

of the average CO level for the entire database (all bore holes). Many of the box plot outlier 

(Tukey
2
) values interestingly,  are from the first ‘pre-Christmas 2002’ stage of sampling. 

In Table 1 we see many average values far in excess of median values, suggesting a strong 

positive skew to the distribution of CO values for many bore holes. A Q-Q (probability) plot 

                                                
2 John Tukey (Princeton Uni) invented the box plot. 
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of the logarithm (to base 10) transformed CO values across all bore holes confirms this 

hypothesis and suggests possibly 3 log-normal populations of carbon monoxide values. The 

near straight line plots segments can be clearly seen in Figure 7. 

 

 

 

 

Figure 7: Q-Q plot of log 10 transformed CO values 
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Carbon Dioxide 

Figure 8: Maximum Carbon Dioxide Analyses 
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Table 2: Summary Statistics for Carbon Dioxide analyses 
 

 
 

Figure 9: Graphical summary of CO2 values by bore hole (SPSS box plot) 

 
 

The above table and chart show that bore holes BC036 (2.4%) and BC038 (2.9%) have 

contain mean CO2 values more than double the average for the entire data set (1.2 %). The 

box plot confirms the anomalism of these two holes with respect to CO2 levels and suggests a 

more normal distribution of CO2 values that many of the other bore holes which show 

strongly positively skewed (lognormal) distribution of CO2 values. We also see fewer 

outliers among the CO2 values than we do for the CO values. Again, there is a suggestion 

that the CO2 outliers which do occur are mostly from the earlier ‘pre -2012’ stage of 
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sampling. Hole BC037 while having an average CO2 value consistent with the survey 

average across its 14 samples, does contain an elevated maximum assay (4.9 %). 

 

Hydrogen Sulphide 

Figure 10: Maximum Hydrogen Sulphide Analyses 
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Table 3: Summary Statistics for hydrogen sulphide analyses 

 

Figure 11: Graphical summary of H2S values by bore hole (SPSS box plot) 

 

The H2S assays suffer from a ‘level of detection’ precision problem. This manifests itself 

statistically as a strongly censored distribution of values when viewed as a histogram (see 

Figure 12 below) of all H2S values across all bore holes. Note that most of the analyses occur 

within the modal class around the ‘zero’ H2S class. 
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Figure 12: Histogram of HS2 assays across all bore holes 

 

In spite of this analytical issue, we still see some spatial variance in H2S maxima in the map 

in Figure 10. Holes BC024 and BC025 record the two highest HS2 assays of the survey with 

analyses of 6 and 5 ppm respectively which were both collected on 22
nd

 October during the 

first stage of sampling. 

Methane 

There is minimal variation in methane values which are uniformly low as shown by the value 

frequency table below in Figure 13. The maximum assay recorded was 0.88 ppm with only 

10 samples out of 249 assaying greater than zero. 
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Figure 13: Value Frequency Table for Methane Analyses 

 

 

 

1.5 Gas Analysis Discussion and Conclusions 

The gases carbon monoxide, carbon dioxide and hydrogen sulphide show both spatial and 

temporal variation in concentration across the 19 bore holes tested within EPC 1297. 

The gas methane shows very low absolute concentration levels and consequently almost no 

spatial and temporal variation in concentration across the 19 bore holes tested within EPC 

1297. 

Further analysis needs to be conducted in order to test the hypothesis that there is an 

association between gas content and weather conditions; specifically barometric pressure. 

 

 

 

 

 

 


