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minority of nugget-effect, gaussian and linear models. The results from the 
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delineated.

ภาควิชา.......... ธรณวิทยา

สาขาวิชา...........ธรณวิทยา.
ปีการศึกษา  .2541 

ลายมือช่ือนิสิต.......Tjyru ‘น๙)I I J  TTTลายมือช่ืออาจารย์ท่ีปรึกษา......
ลายมือช่ืออาจารย์ท่ีปรึกษาร่วม.





CONTENTS

ABSTRACT (in Thai) .................................................................................................................  iv
ABSTRACT (in English) ............................................................................................................ V
ACKNOWLEDGEMENTS ..............................................................................................................  vi
LIST OF FIGURES..........................................................................................................................  lx
LIST OF TABLES.......................................................................................................................  XV
CHAPTER 1 Introduction................................................................................................................  1

1.1 Backgrounds......................................................................................................................  1
1.2 Locations of the Study Area..............................................................................................  2
1.3 Objectives.......................................................................................................................... 2
1.4 Method of Study................................................................................................................. 2

CHAPTER 2 Backgrounds of the Study Areas ............................................................................. 8
2.1 Geographic Backgrounds................................................................................................. 8

2.1.1 Sin Pun Area......................................................................................................  8
2.1.2 Saba Yoi Area.................................................................................................... 8

2.2 Geologic Backgrounds......................................................................................................  9
2.2.1 Sin Pun Area......................................................................................................  9
2.2.2 Saba Yoi Area..............................................................................................  18

CHAPTER 3 Data Analysis..................................................................................................    31
3.1 Data Collection..................................................................................................................  31

3.1.1 Sin Pun Area...................................................................................................... 31
3.1.2 Saba Yoi Area...................................................................................................  33

3.2 Data Preparation and Data Treatment ............................................................................  47
3.2 Designation of Programs..................................................................................................  54

CHAPTER 4 Geostatistical Analysis.............................................................................................. 60
4.1 Backgrounds..................................................................................................................... 60
4.2 Definition of Some Important Geostatistical Terms..........................................................  61
4.3 Variogram Analysis ......................................................................................................... 64

4.3.1 Variogram Models ......................................................................................... 64

Page



Page
4.3.2 Mesurements of Basic Statistical Values .................................................... 65
4.3.3 Variogram Parameter..................................................................................  72

4.4 Results of Variogram Analysis .................................................................................... 85
4.4.1 Variogram Analysis of Ash Content (%) .....................................................  85
4.4.2 Variogram Analysis of Calorific Value (kcal/kg) .........................................  97
4.4.3 Variogram Analysis of Moisture Content (%) ..............................................  108
4.4.4 Variogram Analysis of Sulphur Content (%) ................................................  121
4.4.5 Variogram Analysis of Density (g/cc) ........................................................... 132

4.5 Summary of the Variogram Results.............................................................................  140
CHAPTER 5 Geostatistical Estimation ..................................................................................... 143

5.1 Kind of Estimation ........................................................................................................  143
5.2 Overview of Kriging......................................................................................................  146
5.3 Coal-Quality Model of Estimation ................................................................................  150

CHAPTER 6 Discussion .......................................................................................................... 170
6.1 Computer Software Programs ...................................................................................... 170
6.2 Geostatistic Application to the Exploration and Production Planning......................... 171
6.3 Application to Geologic Setting ..................................................................................  176

CHAPTER 7 Conclusion .......................................................................................................... 177
REFERENCES ........................................................................................................................... 178
APPENDICES .......................................................................................................................... 181

Appendix A Methodology of Sampling and Sampling Pattern ........................................ 181
Appendix B Test of Tolerance Angles .............................................................................  183
Appendix c Test of Directions .........................................................................................  251
Appendix D Variogram Models ....................................................................................... 341
Appendix E Lag Results of Variogram Models ............................................................... 354
Appendix F Cross Varidation Analysis ............................................................................ 369
Appendix G Kriging Estimation ....................................................................................... 382
Appendix H standard Error of Estimation .....................................................................  415

BIODATA .................................................................................................................................  426



ix

ge
3

4
11

11

12

16

17

17

20

21

23

24

24

30

35

LIST OF FIGURES

Flow chart showing method of investigation in this study..........................................
Index map of Thailand showing locations of the study areas, Sin Pun and Saba Yoi,
shown as red stars......................................................................................................
Flat topography in Sin Pun area, showing rubber plantation....................................
Flat land area with ease accessibility in Saba Yoi area, showing rubber as main
crop plantation............................................................................................................
Regional geologic map of the Sin Pun and nearby areas, data from Snansieng and
others, 1979.................................................................................................................
A detailed geologic map of Sin Pun area, data from Pornrattanapitak and
Jitapunkul, 1985...........................................................................................................
Overview of flat-plain Sin Pun area showing a small mondnock of Permo-
carboniferous limestones (photo taken to NE direction).............................................
Overview of very gentle slope to flat terrain of the Sin Pun area (photo taken to the
east).............................................................................................................................
Typical “P” SEAM and “M” SEAM of Nong Wa area with subseam detected by
bore-hole loggings, data from Pornrattanapitak and Jitapunkul, 1985.....................
Regional geologic map of Saba Yoi and nearby areas, data from Muenlek and
others, 1980.................................................................................................................
A detailed geologic map of Saba Yoi area, data from Nakapadungrat and others,
1988.............................................................................................................................
Overview of Saba Yoi area, showing the almost flat terrain with hill of Carboniferous
rocks in the background (photo to NNE)....................................................................
The flood-plain-dominated Saba Yoi area as view to the NW, showing the high
mountain of Carboniferous rocks...............................................................................
Stratigraphic column recorded by bore-hole logging with range of thickness, Saba
Yoi lignite zone (Marston & Marston, 1990)................................................................
Bore-hole location map of sub-basins deposits in the Sin Pun area. Noted that the 
red line indicates fractures and faults........................................................................



X

3.2 Distribution of after-sorting bore-holes with good-quality data in sub-basins (or
deposit) of the Sin Pun area. Noted that most bore-holes are located in the 
southern part, in Nong Wa deposit area..................................................................... 36

3.3 Bore-hole location map showing distribution of the drill-holes with the P1 SEAM,
Nong Wa deposit, Sin Pun area. Noted that most bore-holes are located เท the 
northern and central parts of the Nong Wa deposit, and red lines indicate fractures
and faults.....................................................................................................................  37

3.4 Bore-hole location map showing distribution of drill-holes with P2 SEAM, Nong Wa 
deposit, Sin Pun area. Note that bore-holes are distributed throughout the resource
area............................................................................................................................... 38

3.5 Bore-hole location map showing distribution of the drill-holes with the P3 SEAM,
Nong Wa deposit, Sin Pun area. Noted that bore-holes containing P3 SEAM are
also distributed throughout Nong Wa with similar pattern to those of P2 SEAM........  39

3.6 Bore-hole location map showing distribution of the bore-holes with P4 SEAM, Nong
Wa deposit, Sin Pun area. Noted that the bore holes also concentrate in the 
southern part of the Nong Wa....................................................................................  40

3.7 Bore-hole location map showing the scattering of drill-holes with the occurrence of
the M SEAM, Nong Wa Deposit, Sin Pun area.............................................................  41

3.8 Bore-hole location map of sub-basins (or deposits) เท the Saba Yoi area..  42
3.9 Distribution of after-sorting bore-holes with good-quality data in sub-basins (or 

deposits), of the Sin Pun area. Noted that bore-holes are distributed throughout
the Saba Yoi area........................................................................................................ 43

3.10 Bore-hole location map showing distribution of qualified bore-holes with S1SEAM in
Ban Khok Tok, ร of Ban Khok Ok and Ban Kho Lo Mu Do deposits............  44

3.11 Bore-hole location map showing distribution of qualified bore-holes with S2 SEAM
in Ban Khok Ok, ร of Ban Sao deposits...................................................................... 45

3.12 Bore-hole location map showing distribution of qualified bore-holes with S3 SEAM
in Ban Sao deposits. Noted that bore-holes are distributed throughout...................  46

3.13 Bore-hole location map showing distribution of qualified bore-holes with S4 SEAM
เท Ban Sao deposits. Noted that bore-holes are distributed throughout................... 47

3.14 The somewhat detailed bore-hole data sheet format used by EGAT created by the
VULCAN software and run on the UNIX system.........................................................  49

Figure Page



xi

3.15 The created FORTRAN program for adding data to be recorded in PC file applied
to this study.................................................................................................................. 50

3.16 The created FORTRAN program for combining lithological data and analytical data
used เท this study.........................................................................................................  51

3.17 FoxPro format datasheet. .................................................................................... 52
3.18 An example of Geo_EAS format showing numerical data for variogram analysis, 15

bore-holes (see detailed explanation in text)...............................................................  57
3.19 An example of SURFER format showing numerical data from Nong Wa P1 SEAM,

Sin Pun area, for kriging estimation..........................................................................  58
3.20 Flowchart illustrating program design in this investigation.........................................  59
4.1 Typical variogram plots..............................................................................................  62
4.2 Process of variogram generation (Davis, 1977)...........................................................  62
4.3 The spherical variogram model...................................................................................  67
4.4 The exponential variogram model...............................................................................  67
4.5 The pure nugget effect model.....................................................................................  67
4.6 The gaussian variogram model...................................................................................  68
4.7 The De Wijsian variogram model.................................................................................  68
4.8 The Power variogram model........................................................................................ 68
4.9 The Hole Effect variogram model...............................................................................  69
4.10 Search area defined by tolerances on angle and distance between pair in

experimental variogram.............................................................................................. 78
4.11 Tolerance angle testing applied in this study with 22.5° for individual divisions as

sectors.........................................................................................................................  78
4.12 Test of tolerance angle for ash content (%), P1 seam, Sin Pun area, fixed direction

157.5° and lag spacing 280 m. Noted that x-asis is distance(m) and y-axis 
indicates variance.......................................................................................................  79

4.13 Examples of variogram model from testing direction 0° of S1 seam, Saba Yoi area.
........................................................................................................................................................ 84

4.14 Examples of variogram model (mostly nugget-effect) from testing direction 22.5°
with lag spacing at 200 and 400 m and tolerance angle at 25o and 35o, S1 seam,
Saba Yoi area.............................................................................................................  85

4.15 Variogram spherical model of ash content (%)1 P1 seam, Nong Wa deposit, Sin
Pun area....................................................................................................................... 93

Figure Page



4.16 Variogram spherical model of ash content (%), S1 seam, Ban Khok Tok deposit,
Saba Yoi area..............................................................................................................  99

4.17 Variogram spherical model of calorific value (kcal/kg), P2 seam, Nong Wa deposit,
Sin Pun area................................................................................................................  105

4.18 Variogram spherical model of calorific value (kcal/kg), S2 seam, Ban Khok Ok
deposit, Saba Yoi area...............................................................................................  111

4.19 Variogram spherical model of moisture content (%), P4 seam, Nong Wa deposit,
Sin Pun area................................................................................................................  117

4.20 Variogram gaussian model of moisture content (%), S3 seam, Ban Sao deposit,
Saba Yoi area.............................................................................................................. 124

4.21 Variogram spherical model of sulphur content (%), P3 seam, Nong Wa deposit, Sin
Pun area....................................................................................................................... 130

4.22 Variogram spherical model of sulphur content (%), S2 seam, Ban Khok Ok deposit,
Saba Yoi area..............................................................................................................  137

4.23 Variogram spherical model of density (g/cc), M seam, Nong Wa deposit, Sin Pun
area..............................................................................................................................  143

4.24 Variogram linear model of density (g/cc), S4 seam, Ban Sao deposit, Saba Yoi
area..............................................................................................................................  147

5.1 Inverse distance method.............................................................................................  155
5.2 Polygonal Method........................................................................................................  155
5.3 Triangulation method................................................................................................... 155
5.4 Krige estimate as shown by colour-shaded relief and contour lines for ash content

(%), P1 seam, Nong Wa deposit, Sin Pun area........................................................... 161
5.5 Standard error of estimation for ash content (%), P1 seam, Nong Wa deposit, Sin

Pun area.......................................................................................................................  161
5.6 Krige estimate as shown by colour-shaded relief and contour lines for ash content

(%), S3 seam, Ban Sao deposit, Saba Yoi area...........................................................  162
5.7 Standard error of estimation for ash content (%), S3 seam, Ban Sao deposit, Saba

Yoi area....................................................................................................................... 163
5.8 Krige estimate as shown by colour-shaded relief and contour lines for calorific

value (kcal/kg), P2 seam, Nong Wa deposit, Sin Pun area........................................  165
5.9 The standard error of estimation computed for a kriged estimation of calorific value,

P2 seam, Nong Wa deposit, Sin Pun area...................................................................  165

xii

Figure Page



5.10 Krige estimate as shown by colour-shaded relief and contour lines for calorific
value (kcal/kg), S2 seam, Ban Khok Ok deposit, Saba Yoi area............................. 166

5.11 The standard error of estimation computed for a kriged estimation of calorific value,
S2 seam, Ban Khok Ok deposit, Saba Yoi area.........................................................  167

5.12 Krige estimate as shown by colour-shaded relief and contour lines for moisture
content (%), P4 seam, Nong Wa deposit, Sin Pun area.............................................  169

5.13 Standard error of estimation for moisture content (%), P4 seam, Nong Wa deposit,
Sin Pun area................................................................................................................  169

5.14 Krige estimate as shown by colour-shaded relief and contour lines for moisture
content (%),S3 seam, Ban Sao deposit, Saba Yoi area..............................................  170

5.15 Standard error of estimation for moisture content (%), S3 seam, Ban Sao deposit,
Saba Yoi area.............................................................................................................. 171

5.16 Krige estimate as shown by colour-shaded relief and contour lines for sulphur
content (%), P3 seam, Nong Wa deposit, Sin Pun area............................................ 173

5.17 Standard error of estimation for sulphur content (%), P3 seam, Nong Wa deposit,
Sin Pun area................................................................................................................  173

5.18 Krige estimate as shown by colour-shaded relief and contour lines for sulphur
content (%),S3 seam, Ban Sao deposit, Saba Yoi area............................................. 174

5.19 Standard error of estimation for sulphur content (%), S3 seam, Ban Sao deposit,
Saba Yoi area.............................................................................................................. 175

5.20 Krige estimate as shown by colour-shaded relief and contour lines for ash content
(%), M seam, Nong Wa deposit, Sin Pun area.......................................................... 177

5.21 Standard error of estimation for density (g/cc), M seam, Nong Wa deposit, Sin Pun
area..............................................................................................................................  177

5.22 Kriging estimation as shown by colour-shaded relief and contour lines for density
(g/cc), S4 seam, Ban Sao deposit, Saba Yoi area......................................................  178

5.23 Standard error of estimation for density (g/cc), S4 seam, Ban Sao deposit, Saba
Yoi area........................................................................................................................  179

6.1 Example for new drill-holes planning of ash content (%), Saba Yoi S2 seam...........  183
6.2 Calorific value cut of 2600-3000, show in red shade, for Nong Wa P2 seam, Sin

Pun area.......................................................................................................................  186

xiii

Figure Page



XV

LIST OF TALBES

3.1 An example of showing selected p SEAM from Sin Pun area showing 5 important
parameters being determed........................................................................................ 54

4.1 Statistic values for P1 seam, Nong Wa deposit, Sin Pun area....................................  71
4.2 Statistic values for P2 seam, Nong Wa deposit, Sin Pun area....................................  71
4.3 Statistic values for P3 seam, Nong Wa deposit, Sin Pun area....................................  72
4.4 Statistic values for P4 seam, Nong Wa deposit, Sin Pun area....................................  72
4.5 Statistic values for M seam, Nong Wa deposit, Sin Pun area....................................  73
4.6 Statistic values for S1 seam, Ban Khok Tok deposit, Saba Yoi area.........................  73
4.7 Statistic values for S2 seam, Ban Khok Ok deposit, Saba Yoi area..........................  74
4.8 Statistic values for S3 seam, Ban Sao deposit, Saba Yoi area................................... 74
4.9 Statistic values for S4 seam, Ban Sao deposit, Saba Yoi area................................... 75
4.10 Numbers of pairs at various tolerance angle testing for ash content (%), P1 seam,

Sin Pun area, at fixed direction 157.5° and lag spacing 280 m................................. 80
4.11 The result of cross validation of tolerance angle testing for ash content (%), P1

seam, Sin Pun area, fixed direction 157.5° and lag spacing 280 m........................  80
4.12 A comparison between angles used in the variogarm analysis and the direction for

related samples, ash content, Nong Wa P1 seam....................................................  81
4.13 Results of variogram model with fixed direction (at 0° ) and varying lag spacings

and tolerance angle, comuted by Geo_EAS program.............................................  86
4.14 Result of variogram model with fixed direction at 22.5° and varying tolerance

angles and lag spacing computed by Geo_EAS program.........................................  87
4.15 A summary of values of variogram parameters used for variogram analysis of Sin

Pun coal seams, calculated by Geo_EAS software...................................................  88
4.16 A summary of values of variogram parameters used for variogram analysis of

Saba Yoi coal seams, calculated by Geo_EAS software.......................................... 89
4.17 Results of lag spacing, numbers of pair average distance at direction 157.5° and

variogram value for ash content (%), P1 seam, Sin Pun area...................................  93
4.18 Selected lag results of ash content (%) at 157.5 orientation for P1 seam Nong Wa

deposit, Sin Pun area, using Geo_EAS software....................................................... 94
4.19 Cross validation for ash content (%) at 157.5° 1 P1 seam, Nong Wa deposit, Sin

Pun area, tested using Geo_EAS program...............................................................  98

Table Page



Table Page
4.20 Results of lag spacing, numbers of pair average distance at direction 90° and

variogram value for ash content (%), S1 seam,Saba Yoi area..................................  98
4.21 Selected lag results of ash content (%) at 90 orientation for S1 seam Ban Khok Tok

deposit, Saba Yoi area, using Geo_EAS software..............................................  99
4.22 Cross validation for ash content (%) at 90° 1 S1 seam, Ban Khok Tok deposit, Saba

Yoi area, tested using Geo_EAS program.......................................................  101
4.23 Result of lag spacing, number of pair average distance at direction 90°and

variogram value for calorific value (kcal/kg), P2 seam, Sin Pun area........................  104
4.24 Selected lag results of calorific value (kcal/kg) at 90 orientation for P2 seam, Nong

Wa deposit, Sin Pun area, using Geo_EAS software..................................................  105
4.25 Cross validation for calorific value (kcal/kg) at 90° , P2 seam, Nong Wa deposit,

Sin Pun area, tested using GeoJEAS program..........................................................  110
4.26 Results of lag spacing, numbers of pair average distance at direction 45° and

variogram value for calorific value (kcal/kg), S2 seam, Saba Yoi area..................... 110
4.27 Selected lag results of calorific value (kcal/kg) at 45 orientation for S2 Seam, Ban

Khok Ok deposit, Saba Yoi area, using Geo_EAS software.....................................  111
4.28 Cross validation for calorific value (kcal/kg) at 45° , S2 seam, Ban Khok Ok

deposit, Saba Yoi area, tested using Geo_EAS program........................................... 113
4.29 Result of lag spacing, number of pair average distance at direction 157.5° and

variogram value for moisture content (%), P4 seam, Sin Pun area...........................  117
4.30 Selected lag results of moisture content (%) at 157.5 orientation for P4 seam,

Nong Wa deposit, Sin Pun area, using Geo_EAS software....................................... 118
4.31 Cross validation for moisture content (%) at 157.5° , P4 seam, Nong Wa deposit,

Sin Pun area, tested using Geo_EAS program..........................................................  123
4.32 Results of lag spacing, numbers of pair average distance at direction 112.5° and

variogram value for moisture content (%), S3 seam, Saba Yoi area........................  123
4.33 Selected lag results of moisture content (%) at 90 orientation for S3 seam, Ban

Sao deposit, Saba Yoi area, using Geo_EAS software..............................................  124
4.34 Cross validation for moisture content (%) at 112.5° 1 S3 seam, Ban Sao deposit,

Saba Yoi area, tested using Geo_EAS program........................................................ 127
4.35 Result of lag spacing, number of pair average distance at direction 157.5° and

variogram value for sulphur content (%), P3 seam, Sin Pun are...............................  130

xvi



Table Page
4.36 Selected lag results of sulphur content (%) at 157.5 orientation for P3 seam, Nong

Wa deposit, Sin Pun area, using Geo_EAS software................................................  131
4.37 Cross validation for sulphur content (%) at 157.5°, P3 seam, Nong Wa deposit, Sin

Pun area, tested using GeoJEAS program..........................................................  136
4.38 Results of lag spacing, numbers of pair average distance at direction 90° 

variogram value for sulphur content (%), S2 seam, Ban Khok Ok deposit, Saba
Yoi area.......................................................................................................................  136

4.39 Selected lag results of sulphur content (%) at 90 orientation for S2 seam, Ban
Khok Ok deposit, Saba Yoi area, using Geo_EAS software.....................................  137

4.40 Cross validation for sulphur content (%) at 90° 1 S2 seam, Ban Khok Ok deposit,
Saba Yoi area, tested using Geo_EAS program........................................................ 139

4.41 Result of lag spacing, number of pair average distance at direction 157.5° and
variogram value for density (g/cc), M seam, Sin Pun area........................................  142

4.42 Selected lag results of density (g/cc) at 0 orientation for M seam Nong Wa deposit,
Sin Pun area, using Geo_EAS software.......................................................  143

4.43 Cross validation for density (g/cc) at 0°, M seam, Nong Wa deposit, Sin Pun area,
tested using GeoJEAS program................................................................................. 146

4.44 Results of lag spacing, numbers of pair average distance at direction 112.5° and
variogram value for density (g/cc), S4 seam, Saba Yoi area.................................... 146

4.45 Selected lag results of density (g/cc) at 0 orientation for S4 seam, Ban Sao
deposit, Saba Yoi area, using Geo_EAS software.....................................................  147

4.46 Cross validation for density (g/cc) at 112.5° , ร4 seam, Ban Sao deposit, Saba Yoi
area, tested using Geo_EAS program.......................................................................  148

4.47 Summary of result of Variogram for Sin Pun Area......................................................  150
4.48 Summary of result of Variogram for Saba Yoi Area....................................................  151
6.1 Estimation error of ash content in new drill-holes........................................................ 183

xvii


	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



