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Abstract. In the article the problem of the quantitative estimation of coal deposit efficient 

detailed prospecting and a way of its decision which is based on the three sequential problems 

solving is considered. The quantitative assessment of performance itself is verified on 

sufficiency of the studies carried out by well-drilling. The sufficiency condition is determined 

by comparing the existing testing density with the predictive optimal one. The forecast of the 

optimum density of the testing network is based on the use of summarized relative entropy 

value, as measures of homogeneous significant mineable coal seams and also regulations 

acting on the territory of the Russian Federation. The application of the technique proposed in 

this article is considered on the sample of the Site No. 1 of the Elga Coal Deposit. The forecast 

of the optimal testing density, which makes it possible to increase the efficiency of acceptable 

design operational decisions for this deposit field was performed for following parameters of 

coal quality as raw-coal ash, thickness of the plastic layer, devolatilization and moisture of 

analysis sample. Due to the evaluation findings of the efficient detailed prospecting at Site No. 

1 of the Elga Deposit it was determined that the existing network of exploration wells in the 

southern part of the site should be partially condensed. 

1.  Introduction 

One of the main aspects of putting into operation any type of mineral deposits in today's economic 

environment is the geo-hazard assessment of its development [1-4]. At the same time, the key role in 

the estimation of the geological hazard is played by the availability of error-free information about 

complexity of the deposit’s geological structure and its quantitative characteristics of the conditions. 

As a source of this information in this case, as a rule, the results of detailed exploration work act, 

which precede the procedure for designing a mining enterprise. The efficiency assessment of detailed 

prospecting in the design of a mining enterprise more objectively determine required extra charges to 

update the deposit geological information, which will directly affect the level of the geo-hazard of 

further deposit development [1, 3]. In view of this, it is worth noting the logical problem actualization 

of previous detailed exploration quantitative assessment of effectiveness in designing a mining 

enterprise. 

Thus, the indicated problem can be resulted to a phased solution of three tasks. The first one is, 

according to the data of the most representative deposit testing system, to mathematically assess the 

quantitative indices of inhomogeneity of its main characteristics taken into account in the design of a 

mining enterprise. The second task is to forecast the optimal network of the testing system based on 

data of deposit quantitative characteristics. And the last task is to make a decision of required 
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additional studies (the effectiveness of previously performed prospecting) based on comparison 

between forecasted and now existing network testing system. 

2.  Research Question 

For a more detailed idea of the procedure for solving the above-mentioned problem, coal deposits are 

considered as the object of research in this paper. The subject of the study is the testing deposit drilling 

system as a main system used at the stage of detailed exploration of coal deposits [5-6]. To further 

facilitate the information sense outlined in the work, all proposed solutions are accompanied by a 

sample performed on the Site No 1 of the Elga Coal Deposit, which is scheduled to be worked out as a 

matter of priority (Figure 1) [7]. The sites allocation shown in Figure 1 is made concerning to the main 

tectonic deformations adjusted during detailed exploration [7-10]. 

 

 

Figure 1. Sites of the Elga Coal Field. 

 

3.  The sample of the technique use 

3.1. The first task is to quantify the  inhomogeneity of coal quality indicators  

As a quantitative assessment of the inhomogeneity of coal quality indicators authors suggest using the 

value of generalized relative entropy calculated by the formula: 

𝐻𝑜𝑡𝑛
𝑠 = 𝐻𝑘

𝑜𝑡𝑛 ∙ 𝐾𝑘
𝑣𝑒𝑠

𝑘=𝑚

𝑘=1
,                                                                                                                             (1) 
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where: 𝐻𝑜𝑡𝑛
𝑠  – generalized relative entropy; 𝐻𝑘

𝑜𝑡𝑛  – relative entropy calculated for the k-th coal quality 

index; 𝐾𝑘
𝑣𝑒𝑠  – weight coefficient calculated for the k-th quality index of coal; m - number of coal 

quality indicators.. 

The relative entropy was proposed by C.R. Pelto. For now, this value is used quite efficiently to 

describe and visualize the homogeneity of the geoenvironment [11-17] and, as shown in [18-19] can 

be used to assess the uniformity of coal deposits quality indicators. Calculation of the relative entropy 

in this case should be done according to the formula: 

𝐻𝑘
𝑜𝑡𝑛 =
−  𝑝𝑖 ∙ ln 𝑝𝑖
𝑖=𝑛
𝑖=1

ln 𝑛
∙ 100% =

𝐻 

𝐻𝑚𝑎𝑥
 ∙ 100%                                                                                       (2) 

where: 𝐻𝑜𝑡𝑛  – relative entropy ( inhomogeneity), %; 𝐻𝑚𝑎𝑥 = ln 𝑛 – maximum entropy, nit ; 𝑛 – 

number of analyzed geological components (characteristics), determined on the basis of the Sturgess 

rule or by entering a fixed significant step of the interval; 𝑝𝑖  is the fraction of the i-th component in the 

system. 

В The weight coefficient introduced in formula 1 makes it possible to proceed to a comprehensive 

assessment of the uniformity of coal quality indicators and is calculated according to the formula [20]:   

𝐾𝑘
𝑣𝑒𝑠 =

𝑛𝑖
 𝑛𝑖
𝑚
𝑖=1

,                                                                                                                                                    (3) 

where: 𝑛𝑖  - number of indicators for the quality index of coal; 𝑚  - the total number of groups of coal 

quality indicators accepted for calculation.  

Based on the generalized relative entropy value calculations, the  inhomogeneity degree of the coal 

quality indicators of coal-bearing solid mass is determined according to the classification developed 

by the authors (Table 1) presented in the papers [18-19]. 

 

Table 1. Classification of geological features and their characteristics according to inhomogeneity. 

Types of inhomogeneity Value of  relative entropy, % 

from to 

Highly homogeneous 0 22 

Homogeneous 22,1 38 

Heterogeneous 38,1 55 

Highly heterogeneous 55,1 100 

 

The values of the relative and generalized relative entropy for such coal quality indicators as 

moisture of analysis sample, raw-coal ash, devolatilization and thickness of the plastic layer were 

calculated as a sample for significant mineable coal seams of Site No. 1 of the Elga Deposit. The 

results of calculations based on the above formulas are presented in Table 2. Analyzing the data 

presented in this table, it can be noted that all significant mineable Site No. 1 coal seams of the Elga 

Deposit are highly heterogeneous in terms of coal quality indicators. 

3.2. The second task is to forecast the optimal density of the testing network  

The forecast of optimal testing density exploration wells network for coal quality indicators obtained 

as a result of testing coal at the stage of detailed exploration is carried out on a crossplot developed by 

the authors for coal deposits located on the territory of the Russian Federation and presented in paper 

[18]. The crossplot scheme is based on a comparison of the State Committee for Mineral Reserves 

recommendations determined the optimal network density [6] and the classification of geological 

features and their properties by heterogeneity (Table 1).  

For the conditions of Site No. 1 of the Elga Deposit, Table 2 presents the results of determining 

the optimal densities of exploration wells network for significant mineable coal seams, obtained on the 

basis of a sequential interpretation developed by the authors of the crossplot and calculated data of the 

generalized relative entropy given in Table 2. 
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Table 2. Results summary table of the optimal testing exploration calculations of site No.1 of the Elga 

Coal Field. 

Coal  

layers 

Relative entropy, % Generalized 

relative 

entropy, % 

Spacing, m 

 line (profile) 

spacing 

well spacing 

𝐖𝐚 𝐀𝐝 𝐕
𝐝𝐚𝐟 𝐘 

Н15 81,93 66,85 76,50 73,84 74,25 428 214 

Н15
в
 71,95 87,51 69,60 71,24 75,25 428 214 

Н16 74,62 72,07 74,34 75,19 74,08 429 214 

У4 69,01 63,72 59,17 68,69 65,69 438 219 

У5
н
 66,53 79,29 73,90 69,56 72,94 430 215 

У5 80,64 82,19 80,09 78,14 80,27 422 211 

У6 85,75 87,30 - 81,70 84,07 418 209 

У8 83,96 87,42 79,03 88,81 85,04 417 208 

У12 87,74 70,55 - - 80,18 422 211 

У13 88,98 90,61 97,38 - 91,4 410 205 

У14 84,10 83,81 92,48 95,31 88,93 412 206 

У16
н
 - 64,78 92,33 - 80,48 422 211 

У16
в
 - 75,37 92,83 64,61 80,01 422 211 

У17 - - - 89,64 89,64 412 206 

Note: Wa  - moisture of analysis sample, Ad  - raw-coal ash;  Vdaf  - devolatilization; Y  - thickness of 

the plastic layer. 

 

Figure 2 shows the fragments of the crossplot used to determine the optimal density of the 

exploration well network taking into account the complexity of the geological structure (group 2) and 

the consistency of the coal beds of the Elga Deposit Field in terms of capacity (relatively persistent). 

Analyzing the data presented in Table 2, we can come to the conclusion that for the Site No. 1 of the 

Elga deposit, the optimal distances can be considered like this: survey profile spacing of 410 meters; 

wells spacing on profiles of 205 meters. 

3.3. The third task is to assess the effectiveness of detailed exploration of coal deposits  

The procedure for evaluating the effectiveness of detailed prospecting carried out by drilling 

exploration wells is realized by comparing the predicted density of wells network with the actual 

existing one on a coal deposit. A decision based on the results of this comparison is made on required 

additional geological exploration in order to increase the reliability of design works that determines 

the order of operation of the field as a whole. 

А Analyzing the results of detailed prospecting at the Site No. 1 of the Elga Deposit [8], it was 

noted that the exploration network is non-uniform both in the site and in the entire field. The main 

exploration network of detailed prospecting has a length of 1000-1500 meters between survey profiles 

and 100-150 meters between exploration wells on them accordingly. In the north-west direction from 

the intersection of the exploration profile of the B-B with a fault, the exploration network thickens to a 

dimension of 250-300 meters between exploration profiles and 100-150 meters between exploration 

wells on them (Figure 1). Within the B-B and A-A profiles, the network is diluted to 500-550 meters 

of survey profiles spacing and 250-300 meters of wells spacing on them. Based on the comparison of 

the actual exploration network with the forecasted one and to improve the efficiency of the design 

work, it is recommended to thicken the exploration wells network of the of Site No. 1 in the south-

west direction from the intersection point of the B-B profile and the fault with the length: survey lines 

(profiles) spacing of 410 meters and wells spacing of 205 meters. 
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Figure 2. Fragments of the crossplot determining the coal deposits’ exploration wells optimal 

density [18]. 

4. Conclusion 

The article presented an approach to assessing the effectiveness of previous detailed exploration at the 

stage of taking design solutions for the mineral deposits operation by three sequential problems 

solving. This approach makes it possible to determine the optimum testing mineral network in order to 

improve the efficiency of taking design solutions for the mineral deposits operation, as well as 

required extra charges to update the field geological information, which directly has an impact on level 

of the geo-hazard deposit development. 

 

 

 



International science and technology conference "Earth science"

IOP Conf. Series: Earth and Environmental Science 272 (2019) 022034

IOP Publishing

doi:10.1088/1755-1315/272/2/022034

6

 

 

 

 

 

 

 

 

5. References 

[1] Smolich S V and Smolich K S 2015 Geo-hazards of subsoil resources qualimetry (geostatistics 

in annexes) (Chita: Transbaikal State University Press) p 221 

[2] Edigenov M B 2017 Engineering and mining geology and geo-hazards at the deposits of 

Northern Kazakhstan: PhD Thesis (Bishkek: Central-Asian Institute for Applied Geosciences) p 

320 

[3] Shaklein S V and Rogova T B 2009 Risk assessment of subsoil use (Kemerovo: Kuzbass State 

Technical University Press) p 120 

[4] Marcelo G 2003 The effective management of geological risk in long-term production 

scheduling of open pit mines: PhD Thesis (Brisbane: The University of Queensland) p 256 

[5] Arhipov G I 2008 Bases of bowels of earth use (Khabarovsk: Riotip) p 356 

[6] 2007 Guidelines and manuals on the application of the deposits and the solid minerals 

resources forecast classification. Coals and oil shales. (Moscow: State Reserves Committee 

under the RF Ministry of Natural Resources) p 34 

[7] Kornilkov S V and et al 2009 Technological regulation of the Elga coal deposit development 

Institute of Mining of Ural branch of RAS (Ekaterinburg: Institute of Mining of Ural branch of 

RAS) p 129 

[8] Polyakov N P, Pavlik M I and et al 1996 Report on the results of detailed exploration of the 

North-West site of the Elga coal deposit in the Toko coal-bearing area of the South Yakut basin 

for 1991-1996. State mining-geological enterprise "Yuzhyakutgeologiya" vol 1 (Chulman: 

SMGE "Yuzhyakutgeologiya") p 346 

[9] Golitsyn M V and Golitsyn A M 1996 Metallurgical coals of Russia and the World (Moscow: 

Nedra) p 239 

[10] 1999 Coal base of Russia. Coal basins of the Russian Far East (the Republic of Sakha, the 

Northeast, Sakhalin Island, Kamchatka Peninsula) vol 5 b 2  (Moscow: Geoinformmark) p. 638 

[11] Dementiev L F, Hitrov V A and Shurubor Ju V 1974 Application of information measures in 

oil-field geology (Perm: Perm Book House) p 155 

[12] Raisbeck Gordon 1963 Information theory - an introduction for scientists and engineers 

(Cambridge, Massachusetts Inst. Technology Press) p 105 

[13] Grigorenko A G 1974 Statistical methods of subsoil exploration (Kiev: Tehnika) p 208 

[14] Wellmann J Florian and Regenauer-Lieb Klaus 2012 Uncertainties have a meaning: 

Information entropy as quality measure for 3-D geological models. Tectonophysics. (Electronic 

Materials vol 526) pp 207-216 

[15] Sinha S, Das S and Sahoo S R 2015 Application of Markov chain and entropy function for 

cyclicity analysis of a lithostratigraphic sequence – a case history from the Kolhan Basin, 

Jharkhand, Eastern India. Geology & Geophysics (Electronic Materials vol 4) pp 2-7 

[16] Wellmann J Florian 2013 Information theory for correlation analysis and estimation of 

uncertainty reduction in maps and models. Entropy. vol 15 (4) (Aachen:  Aachen University 

RWTH Publications) pp 1464-85 

[17] Gray Robert M 2011 Entropy and Information Theory (New York: Springer) p 409 

[18] Kuznetsov P Yu and Grib N N 2016 The rationale of the phased approach to the selection of 

the exploration wells density grid on the operating stage of coal deposits Mining Information 

and Analytical Bulletin (Scientific And Technical Journal) Vol S21 (Moscow: Mining book) pp 

462-475 

[19] Kuznetsov P Yu, Grib N N and Skomoroshko Yu N 2017 Assessment of nonuniformity and 

spatial variability of coal quality indexes Mining Journal Vol 3 (Moscow: Ore and Metals) pp. 

47-54 

[20] Guskov O I, Kushnarev P I and Taranov S M 1991 Mathematical Methods in Geology 

(Moscow: Nedra) p 205 


