
253  

Proceedings of the 18th Coal Congress of Turkey, June 06-08, 2012, Zonguldak  

Türkiye 18. Kömür Kongresi Bildiriler Kitabı, 06-08 Haziran 2012, Zonguldak 

 

INVESTIGATION OF RESERVE DISTRIBUTION OF 
THE ÇÖLLOLAR SECTOR IN AFŞİN-ELBİSTAN 

LIGNITE FIELD BY NETPRO/MINE 

AFŞİN-ELBİSTAN LİNYİT SAHASI ÇÖLLOLAR 

SEKTÖRÜNÜN NETPRO/MINE İLE REZERV 

DAĞILIMININ İNCELENMESİ 
 
Derya Arıöz, Ali Can Özdemir, Ahmet Dağ* 
Çukurova University, Mining Engineering Department, Adana 
 

 

ABSTRACT Mining is a high investment and risky activity. For this 

reason, mining plans are very important. To make optimum mining plans 

first the ore deposit must be modeled at the right way. Nowadays there 

are computer software which can make models with use of different 

techniques. One of these software’s is the Netpro/Mine which is the 

national resource and developed recently. In this study, the Netpro/Mine 

program has been applied to the Çöllolar area which belongs to the lignite 

basin of Afşin-Elbistan and is one of the most important lignite reserves 

of our county. Surface, solid and block models of the coal deposit have 

been obtained and detailed reserve estimations have been carried out by 

the geostatistical methods. 
 

ÖZET Madencilik ilk yatırım maliyeti yüksek ve riskli bir faaliyettir. Bu 

nedenle, maden işletme planları oldukça önem arz etmektedir. Planlama 

aşamasında hesaplamaların güvenilir bir şekilde yapılabilmesi için 

öncelikle maden yatağının doğru bir şekilde modellenmesi gerekir. 

Günümüzde, değişik teknikler kullanarak modelleme yapabilen bilgisayar 

yazılımları mevcuttur. Bu yazılımlardan bir tanesi de ulusal kaynaklı ve 

yeni geliştirilmiş olan Netpro/Mine yazılımıdır. Bu çalışmada, 

Netpro/Mine programı ülkemizin önemli linyit rezervlerinden birine 

sahip olan Afşin- Elbistan linyit havzasındaki Çöllolar sahasına 

uygulanarak, kömür yatağına ait yüzey, katı ve blok modeller elde 

edilmiş ayrıca jeoistatistiksel yöntemler ile de detaylı rezerv tahminleri 

yapılmıştır. 
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1. INTRODUCTION 

Afşin-Elbistan Lignite Basin, which has the greatest potential 

among lignite deposits in our country, is one of the important 

sources of energy raw material despite its low calorific values. 

Afşin-Elbistan Lignite Basin, having low economic 

overburden/lignite ratio compared to other lignite fields, is the area 

that should be evaluated at first priority (Ural and Onur, 2000). 

 

Two thermal power plants which started production in 1984 and 

2004 respectively to bring lignite coal of low calorific value located 

in the region of Afşin-Elbistan into the economy and produce 

electrical energy, have been established and in total, more than 116 

billion KW/s of electrical energy has been produced.  It is 

estimated that both power plants contributed more than 16 billion 

TL to the national economy (EÜAŞ, 2012). The coal of the Afsin-

Elbistan basin, which has a great potential for electricity 

generation, should be effectively evaluated and introduced into the 

national economy, energy investments should be carried out in a 

plan and program, and lignite resources should be used efficiently. 

 

This study includes creating a database by using the data taken 

from core drilling logs of the Afşin-Elbistan Basin Çöllolar (B) 

Sector, compositing the raw data, creating coal zones surfaces, 

solid and block model, determining theoretical and experimental 

semi-variogram models and parameters by performing detailed 

variogram analysis, testing the reliability of the theoretical 

variogram determined, obtaining calorific value estimations, 

detailed reserve calculations and coal quality distribution maps by 

kriging method.  

 

 

1.1 Study Area 

Afşin-Elbistan lignite basin is located to the north of Afşin and 

Elbistan districts of Kahramanmaras and covers an area of 

approximately 120 km2. it is estimated that Afşin-Elbistan lignite 

basin constitutes about 46% of lignite reserves with 3.35 billion 

tonnes in Turkey (DPT, 2006). The lignite basin is divided into the 

following main sectors; Kışlaköy (A), Çöllolar (B) and Afşin (C) 

and Sectors D, E and F. The general location of Afsin-Elbistan 

lignite basin in Kahramanmaras Province is given in Figure 1. The 
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study area is located on the 1/25.000 scale Afşin L 38 a4 sheet. The 

mine site is in the northeast of Afşin district of Kahramanmaraş and 

15 km away from the district center. 

 

 

 
Figure 1. Location map of the study area. 

 

 

1.2 General Geology of the Study Area 

Afşin-Elbistan Basin is a closed basin formed during the rise of the 

Taurus Mountains at the end of the Alpine Orogenesis and 

approximately 1150 m above the sea level. Permo-Carboniferous 

aged limestones are the basement of the area. Kızıldağ, located in 

the northeast and east of the area, consists of pinkish, whitish 

crystalline limestones and is of Upper Cretaceous age. There are 
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mostly Neogene formations in the basin. The lignite in the western 

part of the basin also formed at this time (Öztürk, 1994). 

 

 
2. EVALUATION OF THE DRILL HOLE DATA  

Information for a total of 215 core drillings (Figure 2) previously 

made in the study area was used. The smallest thickness that can be 

excavated is considered to be 0.3 m. Therefore, partings of 

thickness less than 0.3 m are included in coal zone. Although there 

is a lot of parting between from and to in existing drill hole data, 

coal is expressed as a single seam (Figure 3a). Because this causes 

to a problem in surface, cross-section and solid modelling, the coal 

seam was renamed as kom1, kom2, kom3, kom4 and kom5 based 

on its thickness and calorific values (Figure 3b). Composited data 

were obtained by dividing the drill hole log into 2.5 m intervals for 

the objective of using in reserve estimation. 

 

 

 

Figure 2. Distribution map of drill hole locations. 
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Figure 3. a) Original, and b) revised lithological views of drills. 

 

 

3. SURFACE AND SOLID MODELLING 

Top, middle, bottom and lowermost surfaces of the seams can be 

formed easily by using nearest neighborhood, inverse distance 

weighting and kriging methods in the computer program used. In 

order to form a solid model, the upper and lower surfaces for each 

coal zone were obtained by the command “create seam surface”. 

The lower and upper surfaces obtained for the first coal zone are 

shown in Figure 4. 

 

 

 

Figure 4. View of lower and upper surfaces. 

 

 

Solid models can be formed with "solid modelling between 

surfaces" technique by using the surfaces obtained. The solid 

model obtained from the surface created for top of the coal (upper 
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surface of the Kom1) and the surface created for bottom of the coal 

(lower surface of the Kom5) includes both coal and partings 

(Figure 5a). Solid models were created separately for each coal 

zone in order to not include the partings into the solid model 

(Figure 5b). While the solid model volume including the parings is 

954083231.296 m3, the solid model volume excluding partings is 

836389332.396 m3. When there are partings in the solid model, the 

predictions of the reserve will be inaccurate. Therefore the solid 

model without partings was used. 

 

 

 
(a) (b) 

Figure 5. Solid model view a) with partings, b) without partings. 

 

 

4. BLOCK MODELLING  

The block model of a mineralized body is obtained by dividing it 

into small discrete blocks. While determining the dimensions of 

these blocks; factors such as grade variability, geological 

continuity, machine capacities, slope stability and data storage 

capacity of the computers should be considered (Mert, 2004). At 

the end of the experiments, block size of 100x100x2.5 m which 

gives the lowest estimation error was used in our study. The three-

dimensional view of the obtained block model is given as an 

example in Figure 6. 
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Figure 6. Three-dimensional block model view. 

 

 

5. SEMIVARIOGRAM ANALYSIS FOR CALORIFIC 

VALUE ESTIMATION 

In geostatistics, the distance-dependent variation of the difference 

between the values of the regionalized variable is determined by 

the variogram function. Variogram function is expressed as the 

variance of the difference between the values of random variable 

(Çetin, 1996). Directional semi-variograms (0°, 45°, 90°, 135°) 

should be evaluated together to understand the semi-variogram 

behavior and to test anisotropy. In the experimental semi-

variograms shown in Figure 7, it is seen that there is no geometric 

and zonal anisotropy for the calorific value in the coal seam. In the 

semi-variogram analysis, the most appropriate model and 

parameters were selected and the experimental model were 

determined. In order to determine the function of calorific value 

depending on the distance and direction, one of the theoretical 

semi-variogram models was fitted to the obtained experimental 

semi-variogram structure. It is observed that the best model 

representing the relationship between pairs horizontally and 

vertically is the spherical model (Figures 8 and 9). 

 

The semi-variogram and its parameters determined in horizontal 

and vertical directions are given in Tables 1 and 2. 
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Figure 7. Experimental semi-variograms for calorific value              

a) Azimuth=0o, b) Azimuth=45o, c) Azimuth=90o, and d) 

Azimuth=135o. 

 

 

 

Figure 8. Horizontal experimental and theoretical semi-variogram 

of calorific value (kcal/kg). 

 

 



261  

 

Figure 9. Vertical experimental and theoretical semi-variogram of 

calorific value (kcal/kg). 

 

 

Table 1. Theoretical semi-variogram of the calorific value (kcal/kg) 

in horizontal direction and its parameters. 

Experimental Semi-variogram Theoretical Semi-variogram 

Azimuth Dip Tolerance 
Band 

Width 
Model 

Nugget 

Effect 

Sill 

Value 
Range 

0o 0o 13o 0 Spherical 5000 290000 850 

 

 

Table 2. Theoretical semi-variogram of the calorific value (kcal/kg) 

in vertical direction and its parameters. 

Experimental Semi-variogram Theoretical Semi-variogram 

Azimuth Dip Tolerance 
Band 

Width 
Model 

Nugget 

Effect 

Sill 

Value 
Range 

0o -90o 2o 2 Spherical 5000 235000 20 

 

 

The accuracy of the semi-variogram models obtained as a result of 

the semi-variogram analysis is determined by the cross-validation 

technique. During this test, an actual value in the area is removed, 

then an estimate is made at that point with the help of adjacent 

parameters and using the semi-variogram model. These operations 

are performed for each point. As a result, the estimated values are 

compared with the actual values at each point. This process is 

repeated for the other locations and the resulting estimation errors 
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are divided by the kriging standard deviation value of that estimate 

and minimized errors are obtained. Analysis is made by looking at 

the mean and the variance of minimized errors. The semi-

variogram model and its parameters, which satisfy the following 

criteria, are suitable to use in estimation. 

 

- It should be observed that the expected values of the minimized 

errors are zero and their variances are close to one or fall inside 

1 ± √2 𝑁⁄  limits (Çetin and Kırda, 2003).  

- Another decision-making technique is that whether the linear 

regression of the actual values over the estimated values is a 

straight line that has a 45 degree angle passing through the origin. 

This is known as conditional unbiasedness. 

- The mean of the squares of the estimation errors should be equal 

to or smaller than the mean of the kriging variances, 𝜎𝐸
2 < 𝜎𝐾

2. 

 

In the cross-validation test results, the mean and variance of the 

minimized errors was calculated as -0.0063 and 1 respectively. 

When the actual values are plotted against the predicted values, the 

correlation coefficient (r) value is 0.942 (Figure 10). These results 

prove the convenience of the theoretical semi-variogram model. 

 

 

 

Figure 10. Distribution of actual and estimated calorific values. 
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6. RESERVE AND QUALITY ESTIMATION BY 

GEOSTATISTICAL METHODS 

Geostatistics is an interpolation technique that uses the spatial 

correlation between the samples statistically and analytically and 

consists of elements that provide very useful information to those 

who calculates reserves (Ersoy and Yünsel, 2008). Estimation is 

the process of calculating the mean value of a non-sampled point or 

a block by using the existing composited data. The value of the 

point to be estimated is calculated by taking the weighted average 

of the composited data to use in the estimation. Weights are 

determined so that the average of estimation errors is zero and the 

variance is the smallest. For this reason, geostatistics is a method 

that produces statistically less error than other prediction methods. 

 

The calorific values of the blocks in the solid model formed in 5 

different zones were estimated by ordinary kriging method using 

the determined semi-variogram functions and kriging search 

ellipsoid parameters. The coal density was taken as 1.2 tonnes/m3 

in all reserve calculations (Mert, 2010). The calorific value-tonnage 

curve depending on the data is given in Figure 11. This graph 

shows the amount of coal reserves and the average calorific value 

above a certain calorific value. The coal reserve above the cut-off 

calorific value (750 kcal/kg) was determined as 580,528,237.5 

tonnes and the average calorific value as 1014 kcal/kg. 

 

 

7. ARRANGEMENT OF THEMATIC MAPS 

Thematic maps of the plan views of the area were obtained based 

on the calorific value estimations of the blocks obtained for each 

zone with kriging method. The thematic map obtained for Kom2 

zone is given as an example (Figure 12). Information for each zone 

is also given in Tables 3 and 4. 

 



264  

 

Figure 11. Calorific value-tonnage curve. 
 

 

 

Figure 12. Calorific value distribution map of the thematized 

blocks of Kom2 zone. 
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Table 3. Calorific value distribution for Kom1, Kom2 and Kom3. 

 
 

Table 4. Calorific value distribution for Kom4 and Kom5. 

 
 

 

8. CONCLUSIONS 

With the help of a computer software and drill hole data of the 

Afşin-Elbistan Çöllolar (B) Sector, evaluation and editing of the 

drill holes, creating surfaces, solid modeling, block modelling, 

semi-variogram analysis, cross-validation, reserve and quality 

estimation, and thematic map generation processes were made and 

the results of the study are summarized below. 

 

Due to the fact that the partings in each drilling log are not 

homogeneous, a precise modeling was not performed. In order to 

eliminate this problem, the drilling logs were rearranged to form 5 
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different zones based on their thickness and calorific values. 

Various composite lengths were tried and 2.5 m was used as the 

composite length which best represents the original data. 

 

Lower and upper surfaces were formed for each zone and solid 

models between these surfaces were obtained. A single solid model 

was created by combining 5 solid models. The volume of this solid 

model was calculated as 836,389,332 m3. Optimum block sizes, 

which have the lowest estimation error and represent the area best, 

were determined as 100x100x2.5 m. 

 

Semi-variogram analysis was performed to determine the change of 

the mineralization based on the direction of the mineralized body 

and the spatial variability of calorific value. Geometric and zonal 

anisotropy were not specified in the analyzes performed in four 

main directions (0o, 45o, 90o, 135o). Experimental semi-variograms, 

which expresses the spatial variation of the calorific value were 

obtained in both vertical and horizontal directions. According to the 

obtained experimental semi-variograms, it is seen that the spherical 

model among the theoretical models is suitable for kriging. Semi-

variogram parameters (nugget effect (Co), sill value (Co+C1), range 

(a)) of this model were determined. These values are Co =5000, 

C=290000, a=850 m in the horizontal direction, Co=5000, 

C=235000, a=20 m in the vertical direction. 

 

Prior to the estimation phase, a cross-validation test was performed 

to determine the performance of the variogram model and 

parameters were determined for estimation. The correlation 

coefficient of the cross-validation test was found as r=0.942. In 

addition to this, the reliability of the semi-variogram was proven by 

the fact that the mean error value is close to zero and the error 

variance is close to one. Kriged estimates were produced for each 

zone using the variogram parameters which are tested for 

reliability. As a result of the evaluations, the calorific value-

tonnage curve for whole of the coal seam was drawn and the mean 

calorific values were determined. A total of 580 million tonnes of 

reserve with an average calorific value of 1014 kcal/kg above the 

750 kcal/kg calorific value was estimated at the Çöllolar field. 

 

Surface mining and production planning can be done precisely by 

using the block model which is obtained by this study. 
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