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Abstract

I

conventional mining technologies. In this article 

available volume, can be increased, given the 

in Colombia as a contributor to the national GDP. 

of reserves not accounted for (proved reserves 

Keywords: 

Resumen

la alternativa de consumir carbón de forma 

de reservas inalcanzables con tecnologías de 

minería convencional. Este artículo responde la 

pregunta sobre cómo aumentan las reservas de 

de energía.

Palabras clave:  

desarrollo, Energía, Tecnología de UCG.
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I. INTRODUCTION

FIG. 1. 

development, such as coal liquefaction or 

development for the region. According to 

prospective for future UCG projects development.

UCG potential projects in Colombia, in order to 

improve the national coal resources amount and 

in Colombia, under the UCG project scenario?

II. UNDERGROUND COAL GASIFICATION

in situ 
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the UCG, the un-mined coal seams, are injected 

seam. The gas is collected and transported into 
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FIG. 2. UCG process. 

design variable, in the UCG process. Instead, it is 

an important input, for the UCG decision time, in 

the coal bed selection.

it has been suggested, the project success, lies on 

A. Current Status The FSU has promoted important advances in 
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the mathematical and simulation models on the 

chemical reactions, have been some of the most 

the UCG projects development started. The 

management during UCG, are some of them.

On the other hand, Australia has developed one 

B. Criteria for an UCG project selection

As has been pointed out above, one of the UCG 

are: 

The Coal rank. It is one of the most important 

The Composition. The features such as the 

. Variables 

The Partings

The Depth and aquifers, the depth and 

subsidence

process.

Coal seam thickness and angle.

.

C. Criticism

It 

presents technical, environmental and economic 

advantages, against the traditional mining or 

the alternative technologies like the surface 

imposes some restrictions, for its implementation.

it can bring negative consequences in the 

environmental pollution, due to the gases or ashes 
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Other risks associated to UCG are, the subsidence 

2
 leakage 

2
 at 

to have into account, the legal restrictions 

depending on the local authorities, related to the 

environmental aspects for the site selection.

Other technical challenges concerning the gas 

fracture, have been mentioned above. 

pointed out that this requires four conditions: 

contamination, reducing the recoverable coal 

III. CONSEQUENCES OF DEEPER COAL 

EXPLOITATION

long distances, the increasing transport cost, 

decreases the economic advantage that the project 

could have. Surface facilities are important part 

the depth recommended for this kind of projects, 

it is quite important to understand the deeper coal 

the coal seams geological and chemical 

characteristics, are heterogeneous respect to their 

et 

al.

of surrounding stresses, in the underground 

mining. With these studies it has been found that 

the depth changes the coal seam characteristics. 

and it is considered as a substantial and long-

et 

al.

Authors found that the trends in the volatile 

matter moisture- and the ash-free depend on the 

“stratigraphic depth”. The general trend of the 

high pressures and temperatures ranging meta 

genesis process to metamorphism, implies that 

the organic matter is associated, in the form of 
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for this to happen, it requires high temperatures 

hence economic and technical mines should not 

be set too deep. 

author studied the US Contour maps of coal 

increase, if the coal seam depth becomes irregular, 

it could contain some larger particles of inorganic 

depends on the shell and its features. According to 

the coal reserves assessment, is related to the lack 

IV. COAL RESERVES-RESOURCES 

DEFINITIONS UNDER UCG

information points are separated: 

a. 

from each other.

b. 

of distance from each other.

c. 

of distance from each other.

d. 

of distance from each other

e. Speculative: There are no information 

great distances.

points, sterile intercalations, coal seams thickness 

test.

each other.

distance from each other.

distance from each other.

distance from each other.

Speculative: There are no information points or 

is: “A coal seam stratum or sequence of strata 
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mapping or description as an individual unit”. 

et al.

et al. 

recognized in Colombia, in order to estimate the 

reserves and to establish the coal general features 

for its implementation. In spite of this technical 

the Colombian available reserves amount. 

A. Reservoirs calculation

deterministic, the reserves are imprecise and 

Colombia the current in force coal resources 

probabilistic distribution. According to Phillips 

is assumed to be lognormal. On the other 

distribution to their reservoir-level probabilistic 
approach.

the geosciences describe the spatial relationship 

using different statistical techniques. 

important features, since the samples have their 

the estimations robustness, is to understand the 

is required for an adequate population description 

Provided that for treating the data, a random 

correspond to the particular moments that remain 
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this assumption is just qualitative, and it never is 

B. Simulation of coal reserves calculation

Stochastic simulation has been used to improve 

Gaussian conditional simulation algorithm, has 

can be incorporated into the mine planning and 

In this simulation I used as main parameters for 

estimating the coal resources, the coal seam areal 

© 

data for eight USA states, concerning the variance 

from the public source of the National Coal 

database for each sample.

1) USA coal resources: 

get the basic parameters for a simulation, the 

comparisons.

© 

contour map and a grid geostatistical report, (see 

and a Gaussian transformation.

TABLE 1A

GEOSTATISTIC RESULTS

State Colorado Iowa Kentucky North Dakota

Statistic d d d d

Min 1.27

Mean

SD 17.99

Variance 47.29 92.39

Source: National Coal Resources Data System. NCRDS. Own elaboration by using Surfer 8©



17-  CEDECRevista Facultad de Ingeniería, UPTC,  Julio - Diciembre de 2013, Vol 22, No. 35

John William Rosso Murillo

TABLE1B

GEOSTATISTIC RESULTS

State Ohio Utah Wyoming

Statistic d d d

Min 14.33 29.79 7.29

1294.99

93.94 193.73

Mean 123.22

SD 33.23 147.11

Variance 111.43

©

FIG. 3.

©
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the depth; and for the other States it decreases as 

purpose, it is much more important the behavior 

changes in the vertical direction are quicker than 

been calculated across the multiple data. It just 
takes into account the coal seam thickness. For 

©

TABLE 2

RESULTS OF THE VARIOGRAM WITH FIXED CARBON

Kentucky

Statistic d

Min

Max

Range 21.32

Mean

SD

Variance

©

becomes riskier, at the same time increases the 

the coal seams are not a continuum, then this 
inference based on a simulation, needs to be 

data presented before is an input for a simulation 
model and has been used to calibrate the starting 

2) Simulated scenario: 

for a cross variogram, and for each individual 

Kelkar et al. 

Sample, given the spatial statistical properties 
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 and  are 

the horizontal directions, and  the vertical one: 

 , for the variogram 

 

TABLE 3A

VARIOGRAMS FOR A BASE MODEL UP TO 600M

Variance 
term

varj(t) varj(m) varj(v) varj(f) varj(a)

1st term

2nd term

3rd term

4th term

5th term

6th term

7th term

8th term

9th term

10th term

TABLE3B

VARIOGRAMS FOR A BASE MODEL DEEPER THAN 600M

Variance 
term

varj(t) varj(m) varj(v) varj(f) varj(a)

1st term

2nd term

3rd term 9,9232

4th term

5th term

6th term

7th term

8th term 7,394331429

9th term

10th term
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thickness and the moisture variables. The results 

TABLE 4

ADJUSTMENT MODELS FOR RAW DATA DEEPER THAN 600M

Data Thickness Moisture Volatility Fixed C Ash

Distribution 43,99

Better adjustment Gamma

Anderson-Darling

P Value --- ---

When simulated as thickness having a lognormal 

TABLE 5

ADJUSTMENT MODELS FOR THE RAW DATA UP TO 600 M. 

Data Thickness Moisture Volatility Fixed C Ash

Distribution 42,93

Betteradjustment Weibull Weibull

Anderson-Darling

P Value ---

The results indicate that the thickness decreases 

amount. This fact is discussed in a more detailed 

On the other hand, the resources have different 
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C. About theoretical increasing in the volume of 

coal reserves

Whatever be the assumption about the coal 

important to keep in mind, that this incremental is 

applied to UCG projects, under some constraints 

reserves calculation. 

procedure as described in Section 4.

et al.

those considerations, it is possible to increase the 

V. CONCLUSIONS AND REMARKS

related to its implementation. There are a 

considerable number of studies, concerning this 

kind of projects technical issues and evaluations. 

Also, several economic evaluations can be found 

in this area. In despite of being recognized as an 

One of the UCG implementation consequences 

an incremental in the recoverable coal resources 

resource concept.

investors are risk averse. One of the main subjects 

to consider the issues pointed out here.



22 -  CEDEC Revista Facultad de Ingeniería, UPTC,  Julio - Diciembre de 2013, Vol 22, No. 35

Underground coal gasification technology impact on coal reserves in Colombia

AKNOWLEDMENTS

Mojica from INGEOMINAS; to Engineer Andres 

REFERENCES

minera colombiana por distritos, 

at the Colombia minera: desarrollo 

general del carbón,” World Coal Institute, 

Mundi,” World coal comsumption 

by year

EIA. 

Kong, “Prospects for underground coal 

Energy Procedia

status,” Industrial & Engineering Chemistry 

Research

Contract No. W-7405-Eng-48, 

Lawrence Livermore National Laboratory, 

Livermore, CA

Evolution,” Energies

and its applications

Frack-Land Blog; 

et al.

of Indiana Coals for Underground Coal 

Climate and Energy. Economic action to 

stop global warming



23-  CEDECRevista Facultad de Ingeniería, UPTC,  Julio - Diciembre de 2013, Vol 22, No. 35

John William Rosso Murillo

multivariate geostatistics,” International 

Journal of Coal Geology

García, and S. Torno, “Numerical 

local variation in the thickness of a coal 

seam on surrounding stresses: Application 

to a practical case,” International Journal of 

Coal Geology

International Journal 

of Coal Geology

International Journal 

of Coal Geology

Mathematical Geology

International journal of 

coal geology

assessment—an application to coal,” 

Mathematical Geology

BERG UND HUTTENMANNISCHE 

MONATSHEFTE

C. Alba, and A. Sanabria, El carbón 

colombiano: recursos, reservas y calidad. 

DC Peters (Rd.) Geology 

in Coal Resource Utilization. Energy 

Minerals Division, AAPG. TechBooks, 

Fairfax, 1991.

evaluate hard-to-evaluate reserves,” 

Journal of Petroleum Technology, vol. 43, 

mineral resources,” Resources Policy, vol. 

“Distribution of kriging error and 

Mathematical geology

Geostatistics and petroleum 

geology. Springer, 1999.



24 -  CEDEC Revista Facultad de Ingeniería, UPTC,  Julio - Diciembre de 2013, Vol 22, No. 35

Underground coal gasification technology impact on coal reserves in Colombia

Applied 

geostatistics for reservoir characterization. 

simulation and applications in the coal 

Orebody Modelling 

and Strategic Mining Planning: The 

Australasian Institute of Mining and 

Metalurgy, Melbourne

in Coal Operators’ Conference

in Coal Mining,” Exploration and Mining 

Geology

kriging,” Mathematical Geology, vol. 39, 

“Application of kriging and simulated 

of a coal seam,” Applied Earth Science: 

Transactions of the Institution of Mining & 

Metallurgy, Section B

estimating fossil fuel resources,” Journal 

of forecasting

“Guidelines for the Estimation and 

U. S. Geological Survey

China,” International journal of coal 

geology

regional scale,” International Journal of 

Coal Geology


