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 The Pratu Tao Formation is a Tertiary Formation of the Phitsanulok Group 

located in the central plain of Thailand. Thai Shell Exploration and Production Co., 

Ltd. was granted the S1 concession in March 1979, covering part of the Phitsanulok 

Basin. The exploration result presents that the Pratu Tao Formation has been proved 

successfully as a potential petroleum reservoir. This research aims at quantitative and 

qualitative analyses of the relationship between acoustic impedance and porosity of 

Pratu Tao Formation. The data employed in this study is composed of 11 wells with 

wire-line geophysical logs of gamma ray, density, neutron and caliper. The 3D 

seismic data with pseudo acoustic impedance (Runsum) volume is also employed in 

this study. The logging data acquired in the 1980s have been limited in use due to 

poor data quality caused from poor borehole condition, whist the other good data 

acquired in 2001 are appropriate for this study. 

 The result of quantitative study presents that there is a linear relationship 

between acoustic impedance derived from the wire-line geophysical logging and 

porosity data. However, no linear relationship was observed between pseudo acoustic 

impedance (Runsum) from seismic and porosity data, the result indicates that the use 

of Runsum to predict a reservoir distribution cannot be applied in this seismic survey. 

The result of qualitative study reveals that the values of plotting acoustic 

impedance versus depth in the X-Y pattern can be used to distinguish lithlogical units.  

From such new result, the Pratu Tao Formation can be subdivided into 4 distinct units 

(unit 1, 2, 3 and 4) based on slopes of shale impedance trend.   This can be used as the 

supporting information for further detailed study of depositional environment and 

sequence stratigraphy of the Pratu Tao Formation. 
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CHAPTER I 
 

INTRODUCTION 
 

1.1 Background 
 
The Greater Pratu Tao area (GPTO) is a part of the Phitsanulok Basin which is 

a major Tertiary extensional structure overlying a Mesozoic basement and is the 

largest of a string of Tertiary intracratonic extensional basins of onshore Thailand. It 

lies off the northern part of the S1 concession and is located to the north of the Sirikit 

Field which is the principal producing field in the concession (Figure 1.1). In 1981, 

the first well of the S1 concession, Pratu Tao A01 (PTO-A01), was drilled with only 

the availability of 2D seismic data in this area by Thai Shell Exploration and 

Production Co., Ltd. to evaluate the hydrocarbon potential in the Phitsanulok Basin. 

The well encountered hydrocarbon bearing sandstone in the Pratu Tao Formation 

which led to a further five exploration wells being drilled. However, results were less 

than satisfactory. Hence, consequently the 3D seismic acquisition in this area was 

considered as a solution to enhance the quality of subsurface information. No further 

wells were drilled after acquisition due to concentration on the Sirikit Field 

development programme. Exploration activities were resumed in 2000 and the 

prospectivity of the Pratu Tao Formation was reviewed.  

 

1.2 Study Area 
 

The study area is situated within the Bang Rakam District in Phitsanulok and 

Kong Krilat District in Sukhothai, both in the central plain of Thailand, and is 

concentrated on an area covering 160 km2 in the middle and southern part of the 

GPTO 3D survey (Figure 1.2). The survey was carried out by Compagnie Générale de 

Géophysique (CGG) in 1984-1985 which covered a rectangular area of 447.53 km2 

(391 km2 full fold). It was reprocessed in 1999-2000 to improve structural resolution 

and reduce exploration risk. The data from eleven wells drilled in this area was used 

in the study.  
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Figure 1.1 Map showing location of the study area in S1 concession covering the  

       Phitsanulok Basin, Thailand (DMR, 2002). 
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1.3 Objective 
 

The objective of this study is to quantitatively and qualitatively analyse the 

relationship between acoustic impedance and porosity of the Pratu Tao Formation in 

the GPTO area. 

 

1.4 Scope of Work and Methodology 
 

This study concentrates on data analysis only within the Pratu Tao Formation. 

With limitations of tools and logging data quality, a proper seismic inversion could 

not be applied. 

The first part of the study was performed using both LOGIC, Shell proprietary 

software, and Schlumberger’s seismic interpretation software package, which consist 

of Charisma v.3.7.0 and Synthetics. The main processes are summarised as follows 

(Figure 1.3): 

1. Gathering and quality checking of seismic and logging data 

2. Extraction of Runsum seismic (pseudo acoustic impedance) from seismic depth 

cube  

3. Acoustic impedance data computation of compressional (Vp) and shear (Vs) 

sonic logs 

4. Data analysis using cross-plotting technique applied to create relationship 

between acoustic impedance (P-wave) and porosity 

5. Well selection for quantitative and qualitative data analysis 

6. Quantitative data analysis 

 6.1 Cross-plotting among acoustic impedance from P-wave and S-wave      

 (called shear impedance), Runsum seismic (AI (Seismic)) and porosity      

 6.2 Filtering acoustic impedance (P-wave) and shear impedance (S-wave) with  

  seismic bandwidth 

 6.3 Cross-plotting among filtered acoustic impedance (P-wave) and shear  

  impedance (S-wave), AI (Seismic) and porosity 

7 Qualitative data analysis by cross-plotting among (P-wave) and shear impedance 

(S-wave), porosity, Runsum seismic and depth for preliminary recognition of 

lithological units  

9. Discussion and conclusion 
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Figure 1.3 Summary of study workflow. 
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1.5 Previous Investigations 
 

Study works in the GPTO area were carried out in the last two decades and are 

summarised as follows; 

During 1984-1985, the 3D GPTO seismic survey was carried by Compagnie 

Générale de Géophysique (CGG). 

In 1985, the survey was originally processed by Geophysical Services 

International (GSI) in Singapore. 

In 1988, the first interpretation in the GPTO 3D survey was done using the 

Landmark III workstation and documented. The initial interpretation was aimed to 

create reasonably accurate horizon maps in the short period. In the same year, a 

review of the seismic processing was performed by Shell Geophysical Research in the 

Hague to improve a seismic quality. 

In 2000, the survey was reprocessed by Shell Geosecience Services (SGS). 

The main objectives was to evaluate whether new processing techniques would 

improve the subsurface image in order to identify new prospects in the S1 concession, 

to improve the structural information of the GPTO 3D survey. 

In 2001, a re-interpretation of the GPTO 3D survey using SGS processing data 

was carried as a continuation of prospectivity reviews of the Pratu Tao and Yom 

Formations. 

 

There are some studies using pseudo acoustic impedances (Runsum) which are 

summarised as follows; 

In 1994, a study of impedance conversion applied to 3D seismic dataset was 

carried out by Lechner et al.(1994) in Shell UK Expro. It aimed to enhance the 

interpretability of lithological packages allowing recognition of individual channel 

bodies thus facilitating an improved definition and understanding of the Nelson 

turbidite reservoir. A conversion of the reflectivity data to band limited pseudo 

acoustic impedance traces is generated by integration of the reflectivity trace using 

Shell proprietary software, SIPMAP RUNSUM. It concluded that the impedance 

attribute in Nelson contributed significantly to the detailed three-dimensional 

reservoir modelling and understanding. 
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A seismic inversion study was carried out over the Barik reservoir in the 

Greater Makarem area by Muggli (2000).  The purpose of the study was to predict 

reservoir properties using generation of a Runsum bandlimited impedance cube. The 

impedance cube was a result of integration of the seismic data. The result presented a 

trend of sand distribution and was useful for reducing the uncertainty of the Barik 

property prediction.  

There is a study of acoustic impedance interpretation for sand distribution 

adjacent to a rift boundary fault by Ronghe and Surarat (2002). This report presents a 

seismic inverse modeling study from an oil-producing field in the Suphan Buri basin, 

Thailand. Seismic data made the inverse modeling study feasible, with the objective 

of imaging distributions of lithology and/or hydrocarbons, depending on the data-

specific discriminatory capability of acoustic impedance. 

 

1.6 Abbreviation Used 
 

A number of abbreviations are used in this report.  For clarity they are listed 

below. 

3D survey Three dimension seismic survey 
3D GPTO survey  Three dimension seismic survey in Greater Pratu Tao area 
AI Acoustic impedance 
AI(Vp) Acoustic impedance derived from compression (P-) wave  
AI(Vs) Shear (acoustic) impedance derived from shear (S-) wave 
bopd Barrels of oil per day 
Charisma Schlumberger’s seismic interpretation software 
CGG Compagnie Générale de Géophysique. It is a company providing 

seismic acquisition service 
DMR Department of Mineral Resources  
GPTO  The Greater Pratu Tao geographical area 
GSI Geophysical Services International. It was a company providing 

seismic processing service 
Landmark Halliburton’s seismic interpretation software 
LOGIC Logging interpretation software invented by Shell Company 
KMG Khui Mamuang geographical area.  Surface locations and wells 

in this area are prefixed KMG- 
KMG-A01 Well Khui Mamuang A01 
MMstb Million stock tank barrels 
mTVD True vertical thickness in meters 
mTVDSS Depth below sea level in meters 
NOH Nong Ooh geographical area.  Surface locations and wells in this 

area are prefixed NOH- 
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NOH-A Nong Ooh “A” surface locations. Wells in this location are 
prefixed NTM-A 

NOH-A01 Well Nong Ooh A01 
NOH-A02 Well Nong Ooh A02 
NTM Nong Tum geographical area.  Surface locations and wells in this 

area are prefixed NTM- 
NTM-A Nong Tum “A” surface locations. Wells in this location are 

prefixed NTM-A 
NTM-A01 Well Nong Tum A01 
NTM-B Nong Tum “B” surface locations. Wells in this location are 

prefixed NTM-B 
NTM-B01 Well Nong Tum B01 
NTM-C Nong Tum “C” surface locations. Wells in this location are 

prefixed NTM-C 
NTM-C01 Well Nong Tum C01 
PTO Pratu Tao geographical area.  Surface locations and wells in this 

area are prefixed PTO- 
PTO-A Pratu Tao “A” surface locations. Wells in this location are 

prefixed PTO-A 
PTO-A01 Well Pratu Tao A01 
PTO-A02 Well Pratu Tao A02 
PTO-A03 Well Pratu Tao A03 
RUNSUM Pseudo acoustic impedance called only in Shell Company 
SIPMAP Seismic processing software invented by Shell Company 
SGS Shell Geosecience Services. It is a one of research and 

development departments in Shell company providing seismic 
processing services. 

Shell UK Expro Shell Company in United Kingdom 
Thai Shell Thai Shell Exploration and Production Co., Ltd. 
WTN Wat Tean geographical area.  Surface locations and wells in this 

area are prefixed WTN- 
WTN-A Wat Tean “A” surface locations. Wells in this location are 

prefixed NTM-A 
WTN-A01 Well Wat Tean A01 
WTN-B Wat Tean geographical area.  Surface locations and wells in this 

area are prefixed WTN- 
WTN-B01 Well Wat Tean B01 
 

 

 



CHAPTER II 
 

REGIONAL AND GEOLOGICAL FRAMEWORK OF THE 
PHITSANULOK BASIN 

 

The Phitsanulok Basin is geologically very complex due to its multi-phased 

structural history and the interaction between faulting and deposition through time. 

The basin contains Tertiary sediments overlying a Mesozoic basement. The Greater 

Pratu Tao (GPTO) field is situated within the heavily faulted part of the Phitsanulok 

Basin. The depositional environments in the GPTO area are similar to the Sirikit Field 

which is a main oil producing area in the S1 concession. The sediments in the upper 

section are the product of fluvial systems whereas those in the lower section were 

filled in with lacustrine deposits. The alluvial plain and fan deposits were also 

observed in some parts of the lowest section. The Pratu Tao Formation is a result of 

the fluvial deposition system situated in the upper part of the Phitsanulok Basin. It is a 

highly potential reservoir in the GPTO area. 

 

2.1 Structural Setting 
 
The Phitsanulok Basin is the largest onshore Tertiary intracratonic extensional 

rift basin in Thailand. The rift basin is oriented approximately N-S and formed as a 

result of the relative movement of the Shan Thai and Indochina Blocks (Bal et al., 

1988). The basin has been governed by the movements of the four main fault systems 

as follows (Figure 2.1): 

1. The Western Boundary Fault System 

These faults run as normal faults in a NNW-SSE direction. The fault system is not 

continuous and the separation is connected by NNE-SSW faults. They are located in 

the western part of the basin. The faults dip at approximately 45°.  The minor sinistral 

oblique slip of the fault segments was found locally. 

2. The Uttraradit Fault 

This is situated in north of the basin and runs in ENE-WSW. It is recognised as a 

sinistral wrench fault moving eastward of the basement. The Uttraradit fault separates 

the Sukhothai Depression, downthrown to the south, from the Pichai Graben to the 

north. 
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igure 2.1 The structural framework of the Phitsanulok Basin (Mäkel et al., 1997).  
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3. The Mae Ping Fault 

This fault is a NW-SE sinistral wrench fault located in the SW of the basin. The 

movement was observed primarily towards the SE of the Shan Thai Block. 

4. The Phetchabun Fault Zone 

This zone runs a dextral wrench fault system with a displacement of at least 50 km. It 

is located in the east of the basin and separates the Shan Thai Block from the 

Indochaina Block. 

 The faults mentioned above are not present in the GPTO area. The fault 

pattern in the study area is characteristically highly dense and complex. There are two 

main extensional structural trends one in a NNW-SSE direction and the other in a 

NNE-SWW direction. The observation from the seismic interpretation in 2000 shows 

the tectonic outline and fault magnitude at three main horizon markers; the Pratu Tao, 

Chum Saeng and Pre-Tertiary Formations. The depth map of the Chum Saeng 

Formation shows an accomplished structural view in the GPTO area (Figure 2.2). The 

deepest part of the GPTO area is in the NW flank and becomes shallower relief 

towards the SE direction. The study area can be subdivided geographically into five 

areas; the Pratu Tao, Nong Tum, Khui Mamuang, Wat Tean and Nong Ooh areas 

(Figure 2.2).  

Nong Tum Area:  

There is a main SSE fault that separates Nong Tum area from Pratu Tao and Khui 

Mamuang areas. It is the deepest part of the western area where several blocks from a 

terrace. The area becomes shallower towards the NE. There are 3 wells drilled in the 

Nong Tum area; NTM-A01, NTM-B01 and NTM-C01, used in this study. 

Pratu Tao Area: 

This is in the upper part of the study area and is bounded by the SSE trending fault to 

the west and a number of scattering faults. There are 3 wells drilled in the Pratu Tao 

area; PTO-A01, PTO-A02 and PTO-A03, used in this study. 

Khui Mamuang Area: 

A main fault with a SSE trend separates the Nong Tum area from the Prato Tao and 

Khui Mamuang areas. There is one wells drilled in the Khui Mamuang area, KMG-

A01, used in this study. 
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Wat Tean Area: 

Figure 2.2 The Chum Saeng depth map showing the study area. 
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This is characterised by the most intense fault and is located in the eastern part of the 

study area. The depth is progressively shallower to the south. There are 2 wells drilled 

in the Wat Tean area; WTN-A01 and WTN-B01, used in this study. 

Nong Ooh Area: 

This area is in the southern region and the shallowest part of the study area with SE 

trending. There are 2 wells drilled in the Nong Ooh area; NOH-A01 and NOH-A02, 

used in this study. 

 

2.2 Basin Evolution 
  

The evolution of the Phitsanulok Basin was influenced by structural history of 

the four major fault systems (Mäkel et al., 1997). The sediments were derived from 

the Western Boundary Fault area from the north and the east. It can be subdivided in 

to four phases (Figures 2.3 and 2.4). 

Phase I: Extension 

The structural setting of the basin was an almost purely extension. It began with the 

extension rifting and the main extension presents along the Western Boundary Fault 

system. The basin was bounded by the Uttradit Fault in the North which 

accommodates the extension with sinistral movement. The dextral movement of the 

Phetchbun Fault occured in the Northeast whist the Mae Ping Fault presented a 

sinistral movement in the Southeast. The deposition of Oligocene clastic sediments 

(Sarabop, Nong Bua and Khom Formations) occurred over the entire basin and 

became progressively younger to the east. The sediments were composed of fluvial to 

alluvial fan and fan delta. During the Miocene, the depositional environment changed 

to the open lacustrine as a result of continued subsidence. The sediments of open 

lacustine Chum Saeng Formation and fluvio-deltaic Lan Krabu Formation presented 

the interdigitating feature in this period. 

Phase II: Extension and Transtension 

The blocked extensional movement of the Mae Ping Fault and the continued 

movement along the Phetchabun Fault caused an inversion in the southern area. This 

leads a change in the conditions along the basin boundary faults which effected the 

depositional setting. The environment changed dramatically from lacustine system to 

alluvial system. The Pratu Tao and Yom Formations were deposited in this changing  
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tectonic regime. The clastic sediments of these formations represent braided and 

meandering river system. 

Phase III: Transtension and Transpression 

The extension of the basin ceased in the northern part of the basin, but it still 

continued in the south. The compression and overthrusts developed in the east. The 

changing of this tectonic regime might be reflected by the Yom and Ping Formation 

transition. This leads the dominant depositional environment switched from 

meandering fluvial deposition (Yom Formation) to alluvial fan and braidplain 

deposition (Ping Formation). 

 Phase IV: Transpression 

The extension in the southern part was blocked. The compressional and inversion 

features, and wrench faulting appears to the Petchabun Fault. There are basaltic and 

rhyolitic rocks as a result of volcanism associated with this phase. 

 

2.3 Depositional Environment and Stratigraphy 
 

The Phitsanulok Basin contains non-marine the Tertiary sedimentary sequence 

overlying the Mesozoic basement (Figure 2.5). It represents the typical tripartite 

subdivision as follows: 

1. The lowest section was influenced by alluvial fan and plain deposits. It 

consists of three equivalent formations; Sarabop, Nong Bua and Khom 

Formation. 

2. The middle section was filled by a fluviolacustrine sedimentary wage 

recognised as Chum Saeng and Lan Krabu Formations. 

3. The upper part consists of Yom and Pratu Tao Formations which are the 

product of alluvian plain deposits. 

 

 The Tertiary succession of the Phitsanulok Basin, named as Phitsanulok 

Group, was divided into 8 units which indicate the age between Oligocene to Recent 

(Bal et al., 1988). The depositional environment and stratigraphy of Phitsanulok 

Group are classified as follows (Figures 2.6 and 2.7): 
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Sarabop Formation: (?Oligocence - Early Miocence) 

The Sarabop Formation is the oldest Tertiary rock unit in the Phitsanulok Basin. The 

deposition of this formation was consisted of fluvial, alluvial fan and fan delta 

deposists, but mainly alluvial fan type.  Sediments are gravel and claystone and 

sandstones and were derived from the Western Boundary Fault System. The average 

thickness of this formation is approximately 1,400 m. 

Nong Bua Formation: (?Oligocence - Early Miocence) 

The Nong Bua Formation is made of predominantly low energy environment. 

Sediments comprise of claystone with minor fine to coarse lithic sandstone of 

floodplain deposit. This formation is best developed in the southeastern part of the 

basin. 

Khom Formation: (?Early Miocence) 

The Khom Formation is composed of a coarse lithofacies consisting of poorly sorted, 

conglomeratic sandstone from alluvial plain deposit and lacustrine claystone. It shows 

a diachronous onlap on the eastern flank of the basin.  

Chum Saeng Formation: (?Early - Middle Miocence) 

The Chum Saeng Formation is a result of open lacustrine deposit. Widespread 

transgressions covered the entire basin which made this formation to be a regional 

marker. It is high quality hydrocarbon source rock with the approximate thickness of 

1,000 m. 

Lan Krabu Formation: (?Early - Middle Miocence) 

The Lan Krabu Formation consists of fluviolacustine sandstones, one of main 

hydrocarbon reservoir targets for the basin. During Miocene, the depositional 

environment changed from open lacustrine to the fluvio-delta and presented 

interfingering deposit of Chum Saeng and Lan Krabu Formations. 

Pratu Tao Formation: (?Middle Miocence) 

The Pratu Tao Formation is a result of alluvial deposits. The lower member of this 

formation was made up of fluvialtile system, consisting of silty claystone with fine to 

coarse sands representing ephermeral lacustrine to flood plain environments with 

occasional fluviatile systems. The upper member was dominantly vari-coloured clay 

fine to medium sands. This formation was confirmed to be a potential hydrocarbon 

reservoir in last decade. The average thickness is approximately 1,400 m. 
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Yom Formation: (?Middle Miocence) 

The Yom Formation is indicative of a fluvial depositional system with thickness of 

1,000 m. This consists of alluvilal sediments comprising mainly of sandstone and 

claystone. A potential hydrocarbon reservoir of this formation was discovered only in 

the west of the Sirikit Field. In some area, the top of Yom Formation is a marked 

erosion surface through most of the basin. This erosion surface in exploration well 

Ket Kason-1, located in southerneast of the Sirikit Field, is overlain by a basalt flow 

found and has been radiometrically dated at Late Miocence (10 million years).  

Ping Formation: (?Late Miocence - Recent) 

The Ping Formation is the youngest succession of this basin consisting of coarse 

sands and gravels with associated vari-coloured clay. This formation is 1,200 m thick 

of alluvial fan deposit. 

  

The Pre-Tertiary basement in the Phitsanulok Basin has various rock types 

presented by sedimentary, volcanic and metamorphic rocks. The wide range of age is 

a variety of ?Permian to Cretaceous. However, the majority of the Pre-Tertiary rocks 

are assigned to Khorat group of Upper Triassic to Creataceous age. In the GPTO area, 

K/Ar dating data obtained from samples of well PTO-A01 and NTM-A01 show ages 

of 125-157 Ma and 173 +/-9 Ma respectively (Thai Shell, 1985) (Figure 2.8). 
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CHAPTER III 
 

DATA ACCESSIBILITY 
 
3.1 Well Information 
 
 Eleven wells are in total used in this study. The depth intervals (mTVDSS) of 

each well in Pratu Tao Formation are tabulated in Table 3.1. Seven of these wells, 

drilled in 1980s, unfortunately have poor boreholes. The others drilled in 2001 show 

good borehole condition. The well locations can be seen in Figure 2.1 and below is 

the well information divided into geographical areas. 

 

Nong Tum Area 

 Nong Tum-A01 (NTM-A01) 

This well was drilled June 1983 and the first well in the Nong Tum area with the 

aim of testing the subsurface structure and hydrocarbon presence in the Pratu Tao and 

Lan Krabu Formations. The well encountered 16.5 mTV and 1.7 mTV of net-oil-sand 

in the Pratu Tao and Lan Krabu Formations respectively. The well is currently 

producing approximately 200-250 bopd. 

 Nong Tum-B01 (NTM-B01) 

This was the second well in the Nong Tum area, drilled in March 1984 and had 

similar objectives to those of NTM-A01. Oil shows were recorded from the Pratu Tao 

Formation with 7.5 mTV of net-oil-sand. However, this formation is tight and the well 

was plugged and abandoned. 

 Nong Tum-C01 (NTM-C01) 

This well was drilled in May 2001 to appraise and develop the Pratu Tao reservoir 

and determine the petroleum potential of the Yom and Lan Krabu Formations in a 

neighbouring fault block to the NTM-A01. The well encountered 24 mTV and 2.9 

mTV of net-oil-sand in the Pratu Tao and Lan Krabu Formations respectively.  The 

production test showed a flow rate of 1,500 bopd. 

 

Pratu Tao Area 

 Pratu Tao-A01 (PTO-A01) 

This was the first well to be drilled in S1 concession in June 1981 with the aim of 

testing   hydrocarbon   potential  of  the   tertiary  reservoir   sequences   overlying  the  
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Pre-Tertiary unconformity on the eastern flank of the Phitsanulok Basin. The well 

discovered 12.6 mTV of uneconomically producible oil in the Pratu Tao Formation 

and was, therefore, plugged back and suspended with the wellhead in position. 

 Pratu Tao-A02 (PTO-A02) 

This well was in the Pratu Tao area drilled in the up dip area of PTO-A01 in 

November 1982. The well proved unsuccessful and was consequently plugged and 

abandoned. 

 Pratu Tao-A03 (PTO-A03) 

This well was the third well to be drilled in the Pratu Tao area and was drilled in 

January 1984 to test hydrocarbon presence in the Pratu Tao Formation. The well 

discovered 16.5 mTV of net-oil-sand which was declared commercially viable after 

testing. PTO-A03 produced from 1990-1992 with a cumulative production of 0.1 

MMstb before being shutdown due to pressure depletion and high water cut. 

 

Khui Mamuang Area 

 Khui Mamuang -A01 (KMG-A01) 

The aim of this well was to test for hydrocarbon presence in the Pratu Tao, Lan 

Krabu Formations and Pre-Tertiary basement. The well was drilled in the Khui 

Mamuang area in December 1983. However, due to inadequate 2D seismic data the 

well was drilled outside of closure. Therefore, KMG-A01 was then plugged and 

abandoned. 

 

Wat Taen Area 

 Wat Taen -A01 (WTN-A01) 

This well was the first well to be drilled in Wat Taen area in January1984 to test 

hydrocarbon presence in Pratu Tao and Lan Krabu Formations. WTN-A01 was 

discovered 10.2 mTV of net-oil-sand in the Lan Krabu Formation. The production 

was ceased in 1989. The cumulative production is approximately 0.08 MMstb. 

 Wat Taen -B01 (WTN-B01) 

The aims of this well were to appraise and develop the Pratu Tao, Yom and Lan 

Krabu reservoirs. WTN-B01 was drilled in the Wat Taen area in June 2001. The well 

encountered 10.2 mTV of net-oil-sand in the Pratu Tao Formation and 6.9 mTV net-

gas-sand the Lan Krabu Formation. The production test results suggest an initial 

production potential at approximately 1,000 bopd. 
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Nong Ooh Area 

 Nong Ooh -A01 (NOH-A01) 

This well was drilled in July, 2001 and the first well in Nong Ooh area to appraise 

the hydrocarbon potential of the Pratu Tao and Lan Krabu reservoir in a faultbounded  

closure adjacent to WTN-A01. Net-oil-sand with the value of 1.92 mTV was found in 

the Lan Krabu Formation. The well was plugged and abandoned because of 

insufficient recoverable reserves for an economic development. 

 Nong Ooh -B01 (NOH -B01) 

This well was the second well to be drilled in Nong Ooh area in July 2001 with 

those of similar objectives to NOH-A01. The well encountered 0.8 mTV net-oil-sand 

in the Lan Krabu Formation. NOH-A02 was plugged and abandoned because of 

insufficient recoverable reserves for economic development. 

  

3.2 Lithological Classification 
 

The lithological classification for all study wells was based on a ratio of 

separation density to neutron logs following Thai Shell (2000). Four rock types were 

classified for this study: shale, dirty sand, shaly sand and clean sand. Only shale is 

classified as a non-reservoir rock while the others are classified as reservoir rocks. 

Shale normally presents a separation ratio higher than 10. Dirty sand shows a 

separation ratio between 7 and 10 whereas shaly sand shows a lower separation ratio 

between 0 and 7. Clean sand presents the lowest separation ratio between –50 and 0. 

Table 3.2 shows the separation ratio applied to this lithological classification.  

 

3.3 Logging Data 
 

There are four log types; gamma ray, neutron, density, and sonic (P- and S-

waves) used in the quantitative and qualitative studies. Appendices A-K show these 

logging panels for all study wells. Seven wells drilled before 2001 obtained poor 

quality of logging data. In particular, four wells drilled in 2001; NTM-C01, WTN-

B01, NOH-A01 and NOH–B01 acquired good quality data. The gamma ray, neutron, 

density and compression sonic (P-wave) logging data are available for all study wells. 

The shear sonic (S-wave) logging data is available only in those wells drilled in 2001. 

The availability of logging data is tabulated in Table 3.3. 
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3.3.1 Gamma Ray Data 

The gamma ray log is a record of a formation’s radioactivity emanating from 

naturally occurring uranium, thorium and potassium. Amongst the sedimentary rocks, 

shales present the strongest radiation. It is for this reason that the gamma ray logging 

data can be used to identify shale and correlate facies. 

3.3.2 Neutron Data 

The neutron log provides a reaction of a formation’s neutron bombardment. 

This log is a measure of free pore-water which is related to a formation’s hydrogen 

index. It is also used quantitatively to measure porosity and qualitatively to 

discriminate between gas and oil. The neutron log is usually combined with the 

density log to present the subsurface lithology indicators. 

3.2.3 Density Data 

The density log is a record of a formation’s bulk density. The bulk density can 

be used as an indicator of the volume of free fluid enclosed in the formation. This log 

is used quantitatively to calculate porosity and acoustic impedance, and indirectly 

hydrocarbon density. It is also used qualitatively as a lithology indicator. The density 

logging data of the eleven study wells are available for data analysis. 

3.3.4 Sonic Data 

The sonic log shows a formation’s interval transit time. The main use of the 

log is in seismic applications, calibration and generation of synthetics. It is also an 

essential parameter in the time to depth conversion of seismic data. When a 

transmitter of the sonic tool sends out a sound pulse, the log measures the arrival time 

of the pulse. The compression (P-) wave arrives ahead of the shear (S-) wave and is 

consequently recorded first. The compression wave travels in the same direction of 

motion. It propagates through the body of a medium. The particle motion of shear 

wave is perpendicular to the direction of propagation. The velocity of this wave is 

approximately one-half the velocity the compression wave. The compression wave 

data are available fro all study wells, while the shear wave data is only available for 

those wells drilled in 2001. 

3.3.5 Porosity Data 

Porosity data is typically derived from the density log which measures the 

bulk density of the formation. The porosity can be defined as the percentage of voids 

to the total volume of rock. To calculate fractional porosities, the previous expression 

can be rearranged as follows: 



 29

 Porosity (ø)    =        Volume of pores  
                     Total volume of rock 

         Or  =      ρma - ρb 
           ρma - ρfl 

where  ρma     =   matrix (or grain) density 

  ρfl      =   fluid density 

  ρb       =   bulk density 

A formation with high porosity indicates a good reservoir quality. The 

porosity data of the eleven study wells are available for data analysis. 

3.3.6 Acoustic Impedance Data 

The acoustic impedance is seismic velocity multiplied by density (Sheriff, 

1997). The density data are obtained from the density log, while as the velocity data is 

derived from the sonic log. The acoustic impedance data indicates that rock properties 

can vary with lithology, porosity, fluid content and depth. These data act as an 

excellent tool for quantitative analysis. The calculation of acoustic impedance can be 

expressed as follows: 

   Acoustic Impedance (AI) =  Density (ρ) x Velocity (v) 

This study does not only take into account the impedance from the 

compression (P-) wave but also for the shear (S-) wave, which it is called shear 

impedance. The shear impedance is a product of density and S-wave velocity. 

 

3.4 Seismic Data 
 

3.4.1 Normal Seismic Data 

The GPTO 3D seismic survey was reprocessed four times after the acquisition 

was completed in 1984. The dataset used in this study was reprocessed using 

powerful, high resolution processing SIPMAP software and EPSI technology invented 

by Shell Geoscience Services (SGS) between 1999 and 2000. The objectives of this 

re-processing were to improve the structural resolution and to enable rock physics 

studies to lower the exploration risk. The normal seismic data were loaded into 

workstations for interpretation since year 2000. These data were interpreted later 

using the Charisma v.4.4.0 software package which is an application for seismic 

interpretation available in the GeoFrame v.3.7.1 suite.  
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3.4.2 Acoustic Impedance Data (Runsum Data) 

After the stack procedure applied to the reflectivity data, the stack volume was 

converted to an acoustic impedance volume (Rumsum data) using a running sum 

integration technique. Each input trace is integrated by adding to each data value the 

sum of all previous data values. This operation shifts the phase of the trace by –90. 

The acoustic impedance section presents the subsurface in terms of layers, whereas 

seismic reflectivity data presents the subsurface in terms of interfaces between rock 

layers. The Runsum dataset in this study is represented in depth volume which was 

converted by InDepth software, one of the application in GeoFrame v.3.7.1 suite. 

Figure 3.1 shows the section of the normal seismic and the Runsum data from the 

GPTO 3D seismic survey. 
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CHAPTER IV 
 

DATA ANALYSIS 
 

In this study, the process of data analysis has been divided into two parts; 

quantitative and qualitative. In this study, the quantitative analysis is defined as an 

analysis of lithological properties with statistic expression. For qualitative analysis, it 

is expressed as a quality, nature and behaviour of lithological properties without any 

measurements.    In quantitative analysis, all seismic and logging data have been 

cross-plotted so that the acoustic impedance response to lithology variations can be 

studied. Qualitative analysis in this study aims to apply acoustic (P-wave) and shear 

(S-wave) impedance data to recognise lithological units. 

 

4.1 Quantitative Analysis 
 
 The data used in qualitative study is as follows: acoustic (P-wave), shear (S-

wave) impedance, porosity, The Runsum seismic, filtered acoustic (P-wave) and 

filtered shear (S-wave) impedance. The filtered acoustic and shear impedance data 

were processed by LOGIC software. The Bandpass filter was selected as the most 

suitable filter after trials using NTM-C01 as a tester well (Figure 4.1). This filter was 

able to keep closely to the original log-shape. The used Bandpass filtering parameters 

are illustrated in the Figure 4.2. The parameters were selected following the 

recommendations of the processor working on the 3D seismic survey from 1999-2000 

(Marinus Klaassen, personal communication, February, 19, 2002).  

This data was cross-plotted on a graph, on which the x-coordinate represents 

the value of one data type and the y-coordinate the value of the others. This cross-plot 

can be used to understand how two data types are related. It is also useful for 

observing aberrant data. The correlation coefficient (R) is the statistic that is most 

commonly used to summarise the relationship between two data types. It is always 

between –1 and +1 and provides an index that is independent of the magnitude of the 

data values. The correlation coefficient provides a measure of the linear relationship 

between two data types. If the relationship between two data types is not linear, the 

correlation coefficient may be a poor summary statistic. Tables 4.1–4.11 summarise 

the correlation coefficient obtained from data analysis for particular wells and 

lithologies.  
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igure 4.1 The parameters are used in the Bandpass filtering process 

 

 

 

 

 

 

 

 

 

 

Butterworth –3dB Trapezium Bandpass (the selected filter)Input Butterworth –3dB Trapezium Bandpass (the selected filter)Input

igure 4.2 Comparison between applying the Bandpass and the other filters into the  
      acoustic (P-wave) impedance dataset of well NTM-C01 
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The relationship analysis of acoustic (P-wave) impedance and porosity was 

applied to all study wells. The other analyses were used on only four wells; NTM-

C01, WTN-B01, NOH-A01 and NOH-A02, all of which have good logging data. 

 

4.1.1 Relationship between Acoustic (P-wave) Impedance and Porosity 

Eleven wells in total were used to analyse the relationship between acoustic 

(P-wave) impedance and porosity and have been plotted on the x- and y-axes 

respectively (Figures 4.3a–4.3k). The Cross-plots show that acoustic (P-wave) 

impedance and porosity have a linear relationship with positive correlation for all rock 

types. The cross-plots show that the values of the correlation coefficient of the wells 

drilled in 2001 are generally higher than the wells drilled before (Table 4.1). The 

correlation coefficients also show a higher value in the dataset of the reservoir rocks 

than that in the non-reservoir rock. This leads to the well selection process (Figure 

1.2). In general, the wells drilled in 2001 have a better data correlation and, 

furthermore, shear (S-wave) sonic data is also available for these wells. Consequently, 

they were selected for further analyses. 

 

4.1.2 Relationship between Runsum Seismic and Porosity  

 Four wells drilled in 2001 have been used to analyse the relationship between 

the Runsum seismic and porosity. As shown in Figures 4.4a-4.4d the dataset has been 

plotted and the x-axis is represented by the value of the Runsum seismic and the y-

axis by porosity. The cross-plots show that the correlation coefficients are less than 

0.1 (Table 4.2) and, therefore, there is a none-correlation in the linear relationship 

between the Runsum seismic and porosity. This is the case for all rock types implying 

that the porosity trend cannot be predicted from the Runsum seismic. 

 

4.1.3 Relationship between Runsum Seismic and Acoustic (P-wave) Impedance  

The relationship between the Runsum seismic and acoustic (P-wave) 

impedance was analysed by using the dataset of four wells drilled in 2001. The cross-

plots in this analysis have been displayed and the x- and y-axes are represented by the 

Runsum seismic and acoustic (P-wave) impedance respectively (Figures 4.5a–4.5d). 

The result shows that there is no correlation between two the data types. All four 

wells  show  the  correlation  coefficients  to be  less than 0.1  for all rock types (Table  
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igure 4.3a A cross-plot showing a relationship between acoustic (P-wave) impedance 
        (AI(Vp)) and porosity in well NTM-A01 
igure 4.3b A cross-plot showing a relationship between acoustic (P-wave) impedance 
        (AI(Vp)) and porosity in well NTM-B01 
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Figure 4.3c A cross-plot showing a relationship between acoustic (P-wave) impedance 

        (AI(Vp)) and porosity in well NTM-C01 
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igure 4.3d A cross-plot showing a relationship between acoustic (P-wave) impedance 
        (AI(Vp)) and porosity in well KMG-A01 
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igure 4.3e A cross-plot showing a relationship between acoustic (P-wave) impedance 
      (AI(Vp)) and porosity in well PTO-A01 
igure 4.3f A cross-plot showing a relationship between acoustic (P-wave) impedance 
       (AI(Vp)) and porosity in well PTO-A02 
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igure 4.3g A cross-plot showing a relationship between acoustic (P-wave) impedance 
        (AI(Vp)) and porosity in well PTO-A03 

igure 4.3h A cross-plot showing a relationship between acoustic (P-wave) impedance 
        (AI(Vp)) and porosity in well WTN-A01 
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igure 4.3i A cross-plot showing a relationship between acoustic (P-wave) impedance 
       (AI(Vp))  and porosity in well WTN-B01 
igure 4.3j A cross-plot showing a relationship between acoustic (P-wave) impedance 
       (AI(Vp)) and porosity in well NOH-A01 
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igure 4.3k A cross-plot showing a relationship between acoustic (P-wave) impedance 
        (AI(Vp)) and porosity in well NOH-A02 
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Figure 4.4a A cross-plot showing a relationship between Runsum seismic (AI(Seismic)) 
           and porosity in well NTM-C01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4b A cross-plot showing a relationship between Runsum seismic (AI(Seismic)) 

        and porosity in well WTN-B01 
 



 48

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F

igure 4.4c A cross-plot showing a relationship between Runsum seismic (AI(Seismic)) 
       and porosity in well NOH-A01 
igure 4.4d A cross-plot showing a relationship between Runsum seismic (AI(Seismic)) 
        and porosity in well NOH-A02 
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igure 4.5a A cross-plot showing a relationship between Runsum seismic (AI(Seismic)) 
      and acoustic (P-wave) impedance (AI(Vp))  in well NTM-C01 
igure 4.5b A cross-plot showing a relationship between Runsum seismic (AI(Seismic)) 
        and acoustic (P-wave) impedance (AI(Vp)) in well WTN-B01 
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Figure 4.5c A cross-plot showing a relationship between Runsum seismic (AI(Seismic))   

        and acoustic (P-wave) impedance (AI(Vp)) in well NOH-A01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 4.5d A cross-plot showing a relationship between Runsum seismic (AI(Seismic)) 

        and acoustic (P-wave) impedance (AI(Vp)) in well NOH-A02 
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4.3). This means the acoustic (P-wave) impedance cannot be correlated with the 

Runsum seismic. 

 

4.1.4 Relationship between Shear (S-wave) Impedance and Porosity 

The shear (S-wave) impedance and porosity data were also analysed by using 

cross-plots. The x-axis represents shear (S-wave) impedance data whereas the y-axis 

shows porosity data (Figures 4.6a-4.6d). The linear relationship of these two data 

types is correlatable with a high coefficient number (Table 4.4). In general, non-

reservoir rock shows a higher correlation coefficient value than reservoir rocks. 

 

4.1.5 Relationship between Runsum Seismic and Shear (S-wave) Impedance  

The relationship between the Runsum seismic and shear (S-wave) impedance 

was analysed by using the dataset of four wells drilled in 2001. A cross-plot graph has 

been produced from this analysis and in which the x and y axes are represented by the 

Runsum seismic and shear (S-wave) impedance respectively (Figures 4.7a–4.7d). The 

result shows that there is no correlation between the two data types. All four wells 

show the correlation coefficient to be less than 0.1 for all rock types (Table 4.5). This 

implies that the shear (S-wave) impedance cannot be correlated with the Runsum 

seismic. 

 

4.1.6 Relationship between Acoustic (P-wave) and Shear (S-wave) Impedance 

 The dataset of acoustic (P-wave) and shear (S-wave) impedance was cross-

plotted and x- and y-axes are represented by acoustic (P-wave) impedance and shear 

(S-wave) impedance respectively (Figures 4.8a-4.8d). The cross-plots show that the 

correlation coefficients are generally greater than 0.5 (Table 4.6) and, therefore, there 

is a linear relationship between acoustic (P-wave) and shear (S-wave) impedance. The 

NTM-C01 well shows the highest correlation coefficient values while NOH-A01 

shows the lowest values. The graphs display clearly the separation of shale and clean 

sand. 

 

4.1.7 Relationship between Filtered Acoustic (P-wave) Impedance and 

Porosity 

The relationship between filtered acoustic (P-wave) impedance and porosity is 

displayed  in  cross-plots  and  in  which  the x- and y-axes are  represented by  filtered  
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igure 4.6a A cross-plot showing a relationship between shear (S-wave) impedance (AI(Vs)) 
        and porosity in well NTM-C01 

igure 4.6b A cross-plot showing a relationship between shear (S-wave) impedance (AI(Vs)) 
        and porosity in well WTN-B01 
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igure 4.6c A cross-plot showing a relationship between shear (S-wave) impedance (AI(Vs))  
        and porosity in well NOH-A01 
igure 4.6d A cross-plot showing a relationship between shear (S-wave) impedance (AI(Vs))  
        and porosity in well NOH-A02 
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Figure 4.7a A cross-plot showing a relationship between Runsum seismic (AI(Seismic)) 

        and shear (S-wave) impedance (AI(Vs)) in well NTM-C01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.7b A cross-plot showing a relationship between Runsum seismic (AI(Seismic)) 

        and shear (S-wave) impedance (AI(Vs)) in well WTN-B01 
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igure 4.7c A cross-plot showing a relationship between Runsum seismic (AI(Seismic)) 
        and shear (S-wave) impedance (AI(Vs)) in well NOH-A01 
igure 4.7d A cross-plot showing a relationship between Runsum seismic (AI(Seismic)) 
        and shear (S-wave) impedance (AI(Vs)) in well NOH-A02 
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igure 4.8a A cross-plot showing a relationship between acoustic (P-wave) impedance (AI(Vp)) 
        and shear (S-wave) impedance (AI(Vs)) in well NTM-C01 

igure 4.8b A cross-plot showing a relationship between acoustic (P-wave) impedance (AI(Vp)) 
        and shear (S-wave) impedance (AI(Vs)) in well WTN-B01 
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Figure 4.8c A cross-plot showing a relationship between acoustic (P-wave) impedance (AI(Vp)) 
        and shear (S-wave) impedance (AI(Vs)) in well NOH-A01 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.8d A cross-plot showing a relationship between acoustic (P-wave) impedance (AI(Vp)) 

        and shear (S-wave) impedance (AI(Vs)) in well NOH-A02 
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acoustic (P-wave) impedance and porosity respectively (Figures 4.9a-4.9d). The result 

shows that there is no correlation between the two data types. All four wells show the 

correlation coefficient to be less than 0.1 for all rock types (Table 4.7). This implies 

that the filtered acoustic (P-wave) impedance cannot be correlated with differing 

porosity. 

 

4.1.8 Relationship between Runsum Seismic and Filtered Acoustic Impedance 

(P-wave) 

The dataset of the Runsum seismic and filtered acoustic (P-wave) impedance 

were cross-plotted and the x- and y-axes are represented by the Runsum seismic and 

filtered acoustic (P-wave) impedance respectively (Figures 4.10a-4.10d). The result 

shows that there is no correlation between two data types. All four wells show the 

correlation coefficient less than to be 0.1 for all rock types (Table 4.8). This implies 

that the Runsum data cannot be correlated with filtered acoustic (P-wave) impedance. 

 

4.1.9 Relationship between Filtered Shear (S-wave) Impedance and Porosity 

The relationship between filtered shear (S-wave) impedance and porosity is 

displayed and the x- and y-axes are represented by filtered shear (S-wave) impedance 

and porosity respectively (Figures 4.11a-4.11d). The result shows that there is no 

correlation between two data types. All four wells show the correlation coefficient 

less than 0.1 for all rock types (Table 4.9). This implies that the filtered shear (S-

wave) impedance cannot be correlated with the differing porosity. 

 

4.1.10 Relationship between Runsum Seismic and Filtered Shear (S-wave) 

Impedance  

The dataset of the Runsum seismic and filtered shear (S-wave) impedance 

were cross-plotted and the x- and y-axes are represented by the Runsum seismic and 

filtered shear (S-wave) impedance respectively (Figures 4.12a-4.12d). The result 

shows that there is no correlation between two data types. All four wells show the 

correlation coefficient less than 0.1 for all rock types (Table 4.10). This implies that 

the Runsum data cannot be correlated with the filtered shear impedance (S-wave). 
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igure 4.9a A cross-plot showing a relationship between filtered acoustic (P-wave) impedance 
         (AI(Vp)) and porosity in well NTM-C01 
igure 4.9b A cross-plot showing a relationship between filtered acoustic (P-wave) impedance 
        (AI(Vp)) and porosity in well WTN-B01 
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igure 4.9c A cross-plot showing a relationship between filtered acoustic (P-wave) impedance 
     (AI(Vp)) and porosity in well NOH-A01 
igure 4.9d A cross-plot showing a relationship between filtered acoustic (P-wave) impedance  
        (AI(Vp)) and porosity in well NOH-A02 
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igure 4.10a A cross-plot showing a relationship between Runsum seismic (AI(seismic)) and  
        filtered acoustic (P-wave) impedance (Filtered AI(Vp)) in well NTM-C01 
igure 4.10b A cross-plot showing a relationship between Runsum seismic (AI(seismic)) and  
          filtered acoustic (P-wave) impedance (Filtered AI(Vp)) in well WTN-B01 
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Figure 4.10c A cross-plot showing a relationship between Runsum seismic (AI(seismic)) and  

          filtered acoustic (P-wave) impedance (Filtered AI(Vp)) in well NOH-A01 
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igure 4.10d A cross-plot showing a relationship between Runsum seismic (AI(seismic)) and  
          filtered acoustic (P-wave) impedance (Filtered AI(Vp)) in well NOH-A02 
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igure 4.11a A cross-plot showing a relationship between filtered shear (S-wave) impedance 
        (Filtered AI(Vs)) and porosity in well NTM-C01 
igure 4.11b A cross-plot showing a relationship between filtered shear (S-wave) impedance 
          (Filtered AI(Vs)) and porosity in well WTN-B01 
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igure 4.11c A cross-plot showing a relationship between filtered shear (S-wave) impedance 
          (Filtered AI(Vs)) and porosity in well NOH-A01 
igure 4.11d A cross-plot showing a relationship between filtered shear (S-wave) impedance 
          (Filtered AI(Vs)) and porosity in well NOH-A02 
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igure 4.12a A cross-plot showing a relationship between Runsum seismic (AI(seismic)) and  
       filtered shear (S-wave) impedance (Filtered AI(Vs)) in well NTM-C01 
igure 4.12b A cross-plot showing a relationship between Runsum seismic (AI(seismic)) and  
          filtered shear (S-wave) impedance (Filtered AI(Vs)) in well WTN-B01 
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igure 4.12c A cross-plot showing a relationship between Runsum seismic (AI(seismic)) and  
          filtered shear (S-wave) impedance (Filtered AI(Vs)) in well NOH-A01 
igure 4.12d A cross-plot showing a relationship between Runsum seismic (AI(seismic)) and  
          filtered shear (S-wave) impedance (Filtered AI(Vs)) in well NOH-A02 
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 4.1.11 Relationship between Filtered Acoustic (P-wave) and Filtered Shear 

(S-wave) Impedance  

The dataset of filtered acoustic (P-wave) and filtered shear (S-wave) 

impedance were cross-plotted and the x- and y-axes are represented by filtered 

acoustic (P-wave) impedance and filtered shear (S-wave) impedance respectively 

(Figures 4.13a-4.13d). The cross-plots show that the correlation coefficients are, in 

general, greater than 0.5 (Table 4.11) and, therefore, there is a linear relationship 

between filtered acoustic (P-wave) and filtered shear (S-wave) impedance. 

 
4.2 Qualitative Analysis 
 

Due to the limited lateral extent and variable nature of the Pratu Tao 

Formation, there is no significant detail available for the sequence startigraphy study 

of in this area at Thai Shell. Moreover, it is very difficult to determine the sequence 

stratigraphy with any certainty in the wells drilled before 2001 as the sections are 

incomplete due to faulting, and the resultant log quality correlation is poor owing to 

wash-out. 

 In this study, the gamma ray, acoustic (P-wave) and shear (S-wave) 

impedance data from the four wells drilled in 2001, generally drilled parallel to the 

fault blocks, has been mainly used to determine the lihological units in the Pratu Tao 

Formation in the Greater Pratu Tao area. The porosity and Runsum seismic data has 

been employed as the supporting information. This data was cross-plotted on a graph, 

on which the x-axis represents the value of the gamma ray, acoustic (P-wave) and 

shear (S-wave) impedance, Runsum seismic and porosity data and the y-axis 

represents the depth. The lithological units can be sub-divided into subsidiary sub-

units using the break between shale trend lines displayed in the acoustic (P-wave) and 

shear (S-wave) impedance dataset. This break is also present in the gamma ray cross-

plot for the studied wells. Therefore, four distinct lithlogical units are recognised 

using this method (Tables 4.12-4.15). The ratios of net clean sand to shale and net 

clean sand to gross were also calculated for each unit (Tables 4.16-4.19). The 

lihological units for each well are as follows: 

 

Unit 1 

This unit is topmost of the Pratu Tao Formation. The gamma ray data shows 

very thin and spiky log characteristics with coarsening-upward and fining-upward  
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igure 4.13a A cross-plot showing a relationship between filtered acoustic (P-wave)  
iltered AI(Vp)) and filtered shear (S-wave) impedance (Filtered AI(Vs)) in well NTM-C01 
igure 4.13b A cross-plot showing a relationship between filtered acoustic (P-wave)  
iltered AI(Vp)) and filtered shear (S-wave) impedance (Filtered AI(Vs)) in well WTN-B01 
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Figure 4.13c A cross-plot showing a relationship between filtered acoustic (P-wave) 
(Filtered AI(Vp)) and filtered shear (S-wave) impedance (Filtered AI(Vs))  in well NOH-A01 
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igure 4.13d A cross-plot showing a relationship between filtered acoustic (P-wave)  
iltered AI(Vp)) and filtered shear (S-wave) impedance (Filtered AI(Vs)) in well 

OH-A02 
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profiles interbeded (Figures 4.14a, 4.15a, 4.16a and 4.17a). The shale trend lines, 

displayed on the cross-plots for acoustic (P-wave), and shear (S-wave) impedance 

data against depth, show a clear break between the unit 1 and 2 for the WTN-A01, 

NOH-A01 and NOH-A02 (Figures 4.15b-c, 4.16b-c and 4.17b-c). The ratios of net 

clean sand-to-gross and net clean sand-to-shale for these wells are generally greater 

than 0.13.  However, a break of the shale trend line is not seen clearly in NTM-C01 

(Figures 4.14b-c). The net clean sand-to-gross and net clan sand-to-shale ratios are 

less than 0.1. The Runsum seismic characteristics are displayed with various 

amplitudes (Figures 4.14d, 4.15d, 4.16d and 4.17d). The shale porosity for all wells is 

higher in the unit 1 than in the other units (Figures 4.14e, 4.15e, 4.16e and 4.17e). 

 

Unit 2 

This unit is underneath of the unit 1. The gamma ray data presents very thin 

and spiky log characteristics with fining-upward profile in WTN-B01, NOH-A01 and 

NOH-A02 (Figures 4.15a, 4.16a and 4.17a), but shows coarsening-upward trend in 

NTM-C01 (Figures 4.14a). The shale trend lines, displayed on the cross-plots for the 

acoustic (P-wave) and shear (S-wave) impedance data against depth, show a clear 

break between unit 2 and 3 for WTN-A01, NOH-A01 and NOH-A02 (Figures 4.15b-

c, 4.16b-c and 4.17b-c). The ratios of net clean sand-to-gross and net clean sand-to-

shale for these wells are generally between 0.14 to 0.34 and 0.10 to 0.18 respectively.  

However, the shale trend line in this unit is not been observed clearly in NTM-C01 

(Figures 4.14b-c). The net clean sand-to-gross and net clean sand-to-shale are less 

than 0.1. The Runsum seismic characteristic is displayed on one loop in WTN-B01 

and various amplitudes in the others (Figures 4.14d, 4.15d, 4.16d and 4.17d). The 

shale porosity for all wells is high in NOH-A01 and NOH-A02, but low in the NTM-

C01 and WTN-B01 (Figures 4.14e, 4.15e, 4.16e and 4.17e). 

 

Unit 3 

This unit is underneath of the unit 2. The gamma ray data shows very thin and 

spiky log characteristics with fining-upward profiles in the well NOH-A01 and NOH-

A02. (Figures 4.16a and 4.17a), but it is not clearly seen in the others (Figures 4.14a 

and 4.15a). The shale trend lines, displayed on the cross-plots for the acoustic (P-

wave) and shear (S-wave) impedance data against depth, show a clear break between  
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Figure 4.14a A cross-plot between gamma ray and depth showing the lighological units  
 in well NTM-C01 
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Shale’s trend line

UNIT 1
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UNIT 3

UNIT 4.1

UNIT 4.2

Shale’s trend line

igure 4.14b A cross-plot between acoustic (P-wave) impedance (AI(Vp)) and depth  
showing the lighological units in well NTM-C01 
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Shale’s trend line
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Shale’s trend line

igure 4.14c A cross-plot between shear (S-wave) impedance (AI(Vs)) and depth  
showing the lighological units in well NTM-C01 
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UNIT 1
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UNIT 4.2

igure 4.14d A cross-plot between Runsum seismic (AI(Seismic)) and depth  
showing the lighological units in well NTM-C01 
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igure 4.14e A cross-plot between porosity and depth showing the lighological units in  
well NTM-C01 
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Figure 4.15a A cross-plot between gamma ray and depth showing the lighological units  
 in well WTN-B01 
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Shale’s trend line

igure 4.15b A cross-plot between acoustic (P-wave) impedance (AI(Vp)) and depth  
showing the lighological units in well WTN-B01 
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Shale’s trend line

igure 4.15c A cross-plot between shear (S-wave) impedance (AI(Vs)) and depth  
showing the lighological units in well WTM-B01 
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UNIT 1
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UNIT 4.1

igure 4.15d A cross-plot between Runsum seismic (AI(Seismic)) and depth  
showing the lighological units in well WTN-B01 



 86

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F
 

UNIT 1

UNIT 2

UNIT 3

UNIT 4.1

UNIT 4.2

UNIT 1

UNIT 2

UNIT 3

UNIT 4.1

UNIT 4.2

igure 4.15e A cross-plot between porosity and depth showing the lighological units in  
well WTN-B01 
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Figure 4.16a A cross-plot between gamma ray and depth showing the lighological units  
 in well NOH-A01 
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igure 4.16b A cross-plot between acoustic (P-wave) impedance (AI(Vp)) and depth  
showing the lighological units in well NOH-A01 
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igure 4.16c A cross-plot between shear (S-wave) impedance (AI(Vs)) and depth  
showing the lighological units in well NOH-A01 
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igure 4.16d A cross-plot between Runsum seismic (AI(Seismic)) and depth  
showing the lighological units in well NOH-A01 
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igure 4.16e A cross-plot between porosity and depth showing the lighological units in  
well NOH-A01 
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Figure 4.17a A cross-plot between gamma ray and depth showing the lighological units  
 in well NOH-A02 
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igure 4.17b A cross-plot between acoustic (P-wave) impedance (AI(Vp)) and depth  
showing the lighological units in well NOH-A02 
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showing the lighological units in well NOH-A02 
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igure 4.17d A cross-plot between Runsum seismic (AI(Seismic)) and depth  
showing the lighological units in well NOH-A01 
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igure 4.17e A cross-plot between porosity and depth showing the lighological units in  
well NOH-A02 
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unit 3 and 4 for all wells (Figures 4.14b-c, 4.15b-c, 4.16b-c and 4.17b-c).  The ratios 

of net clean sand-to-gross and net clean sand-to-shale are high in NOH-A01 and 

NOH-A02 between 0.47 to 0.55 and 0.21 to 0.24 respectively. However, they show 

the lower net clean sand-to-gross and net clean sand-to-shale ratios between 0.08 to 

0.12 and 0.05 to 0.08 respectively in the others. The Runsum seismic characteristics 

are displayed with various amplitudes (Figures 4.14d, 4.15d, 4.16d and 4.17d). The 

shale porosity for all wells shows the same as the unit 2 (Figures 4.14e, 4.15e, 4.16e 

and 4.17e). 

 

Unit 4 

This unit is observed only in the well NOH-A01 and NOH-A02. The gamma 

ray of these wells shows coarsening-upward profiles (Figures 4.16a and 4.17a). The 

shale trend lines, displayed on the cross-plots for the acoustic (P-wave) and shear (S-

wave) impedance data against depth, show a clear break for these wells (Figures 

4.16b-c and 4.17b-c). The ratios of net clean sand-to-gross and net clean sand-to-shale 

are less than 0.07. The Runsum seismic characteristics are displayed with various 

amplitudes (Figures 4.16d and 4.17d). The shale porosity for these wells shows 

decreasing trend from top to bottom (Figures 4.16e and 4.17e). 

 

Unit 4.1 

This unit is found only in the well NTM-C01 and WTN-B01. The gamma ray 

of these wells shows fining-upward profiles. (Figures 4.14a and 4.15a. The shale trend 

lines, displayed on the cross-plots for the acoustic (P-wave) and shear (S-wave) 

impedance data against depth, show a clear break for these wells (Figures 4.14b-c and 

4.15b-c). The ratios of net clean sand-to-gross and net clean sand-to-shale are higher 

than 0.07. The Runsum seismic characteristics are displayed with various amplitudes 

(Figures 4.14d and 4.15d). The shale porosity for all wells shows the same as the unit 

3 (Figures 4.14e and 4.15e). 

 

Unit 4.2 

This unit is found only in the well NTM-C01 and WTN-B01. The gamma ray 

of these wells shows fining-upward profiles. (Figures 4.14a and 4.15a. The shale trend 

lines, displayed on the cross-plots for the acoustic (P-wave) and shear (S-wave) 

impedance data against depth, show a clear break for these wells (Figures 4.14b-c and 
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4.15b-c). The ratios of net clean sand-to-gross and net clean sand-to-shale are between 

0.20 to 0.29 and 0.12 to 0.20 respectively. The Runsum seismic characteristics are 

displayed with various amplitudes (Figures 4.14d and 4.15d). The shale porosity for 

these wells shows decreasing trend from top to bottom (Figures 4.14e and 4.15e).  



CHAPTER V 
 

DISCUSSION 
 
5.1 Discussion of the Quantitative Results 
 
 Comparison between the quality of logging data acquired in the 1980s and 2001 

The logging data acquired in the 1980s have been limited in use due to poor 

data quality caused by poor borehole condition. The data acquired in 2001 is of higher 

quality because these recent wells are drilled quickly, allowing logging before 

deterioration in borehole occurred. The type of drilling mud is another reason for the 

poor borehole condition. In the 1980s, water based drilling mud was used, which 

caused swelling in shale units. Due to the change to oil based drilling mud, shale 

swelling has been much reduced. The comparison between data acquired in the 1980s 

and 2001, represented by wells PTO-A03 and WTN-B01, can be observed in the 

Figures 4.3g and 4.3i respectively. 

 

 Relationship between the acoustic and shear impedances, Runsum seismic and 

porosity 

The results from the quantitative study, focusing on the Pratu Tao Formation 

in the Greater Pratu Tao area, show that there are linear relationships between the well 

impedance data, either from P- or S- waves, and porosity of all study wells. Moreover, 

the clear separation between clean sand and shale has been observed for each well. 

This implies that the porosity can be predicted from the acoustic impedances data, 

which are derived from both P- and S- wave sonic logging data. It suggests that 

further amplitude variation with offset study would be worthwhile. 

 

 However, a linear relationship between Runsum seismic data, porosity and 

acoustic impedance data, either from P- or S- waves, cannot be observed. This implies 

that the porosity, related to lithological variation, cannot be predicted from Runsum 

seismic data in this study. There are some limitations of using Runsum seismic data. 

Firstly, the Runsum data is a low grade seismic inversion. The completed seismic 

inversion needs to remove the earth’s wavelet, which can be estimated from the well 

acoustic impedance and band limited component. This has not been done in the 
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current Runsum processing. Moreover, the time-depth conversion could cause an 

effect. 

 

 Limitation of data caused by the reservoir geometry and thickness 

From this study, there are some limitations due to the physical properties of 

reservoir. In the Pratu Tao Formation, the thickness of sand reservoirs is normally 

lower than 10 m. Their geometry cannot be observed from Runsum seismic because 

they are below seismic resolution. However, there are two previous studies using 

Runsum seismic data that recognised the reservoir geometry and distribution. The first 

study, carried out by Lechner et al. (1994) of Shell UK Expro, aimed to enhance the 

interpretability of lithological packages for better understanding of the Nelson 

turbidite reservoir (Figure 5.1). The extremely good recognition and resolution of the 

lithological boundaries on impedance displays was observed on formation boundaries 

between more uniform packages on the Nelson survey. The reservoir comprises thick 

discrete sand packages and the frequency of lithology changes fall nicely within the 

observed seismic bandwidth. The second study was carried out by Muggli (2000) over 

the Barik reservoir in the Greater Makarem area, Oman.  The purpose of the study 

was to predict reservoir properties using generation of a Runsum bandlimited 

impedance cube. The impedance cube was a result of integration of the seismic data. 

The result presented a trend of sand distribution and was useful for reducing the 

uncertainty of the Barik reservoir property prediction. Figure 5.2 shows a map of 

Barik net sand thickness in the Greater Makarem area. However, this measure equates 

roughly to the whole Barik reservoir interval when the reservoir thickness is in the 

order of 40-50 m. 

 

This proves that the Rumsum seismic data works successfully with the 

reservoirs near tuning thickness. If the reservoirs are substantially thicker than the 

tuning thickness, then the Runsum data can cause interpretive difficulties. Therefore, 

the Runsum seismic data of the Greater Pratu Tao survey cannot be applied as a 

practical tool for quantitative interpretation due to limitation of data caused by 

reservoir geometry and thickness. However, they can be used as the supporting 

information for horizon interpretation together with the normal seismic data 

interpretation. 
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igure 5.1 Impedance (Runsum) attribute of Nelson survey displays reservoir  
architecture (Eocene channels) (Lechner et al.,1994). 

igure 5.2 M

 O
ap showing Barik net sand thickness in the Greater Makarem area,  

man (Muggli, 2000). 
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 Limitation of data caused by processing without earth’s wavelet removal 

 As mentioned in the Chapter III, the Runsum data are generated by the low 

grade seismic inversion without removing the earth’s wavelet. This would indicate 

that the Greater Pratu Tao 3D survey could be used for lithology prediction and 

reservoir distribution by applied completed inversion method. There is a study of 

acoustic impedance interpretation for sand distribution adjacent to a rift boundary 

fault by Ronghe and Surarat (2002). This reports on a seismic inverse modelling study 

from an oil-producing field in the Suphan Buri Basin, Thailand. Seismic data made 

the inverse modelling study feasible, with the objective of imaging distributions of 

lithology and/or hydrocarbons, depending on the data-specific discriminatory 

capability of acoustic impedance. This is a good example for a complete seismic 

inversion process. The study was applied the constrained sparse spike inversion, 

which resulted in good comparisons between the derived impedance traces and band-

filtered wire-line impedance. The outcomes from the study were the seismic-derived 

impedance maps imaging sand distribution, and the evaluation of the tectonic 

influences on sedimentation in the Suphan Buri Basin (Figure 5.3). For the filtering 

process, it was applied to the acoustic (P-wave) and shear (S-wave) impedance data. 

This process aimed to adjust the frequency resolution of the logging data by using the 

Runsum seismic bandwidth. However, this filtered data cannot be related to the 

Runsum seismic data. The log reflectivity normally contains all frequencies from 

lowest up to highest measurable with the logging tools, whereas seismic data is 

missing both high and low frequencies. This limits resolution achievable from 

filtering process. 

 

5.2 Discussion of the Qualitative Results 

 New approach to recognise lithological units 

 The impedance data reflects the physical properties of the rocks. A break of 

shale impedance trend line is a good indicator to recognise the lithological unit. There 

are at least 4 cycles of deposition observed from this method. The units 1, 2, and 3 

exist in the Nong Tum, Wat Taen and Nong Ooh area. The unit 4 is only found in 

Nong Ooh area, which is equivalent to units 4.1 and 4.2 in the Nong Tum and Wat 

Taen (Figure 5.4). This study can provide the supporting information for future 

detailed study in the sequence stratigraphy and can be a guidance of reservoir 

development in the Pratu Tao Formation. 
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igure 5.3   Impedance maps with line-drawing interpretations of sand distribution  

                  and the inferred directions of sediment transport in Suphan Buri Basin,  

                  Thailand (Ronghe and Surarat, 2002). 
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 The results from the qualitative study in the Pratu Tao Formation are 

significant. Four distinct lithlogical units are recognised using a cross-plot of the 

acoustic (P-wave) and shear (S-wave) impedance data against depth. Due to the 

limited lateral extent and variable nature of the Pratu Tao Formation, it is difficult to 

use the gamma ray data for lithological recognition. 

 

 New possible top Chum Saeng Formation 

In well NTM-C01, it is observed from the plot between acoustic and shear 

impedances data against depth that the top Chum Saeng Formation might be picked 

deeper than reality. The possible top Chum Saeng Formation could be picked 

shallower at 3090 mTVDSS (Figure 5.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 

depth o

 

The new possible top 
Chum Saneg Formation

5.5 The plots of gamma ray data against depth and acoustic impedance against 

f well NTM-C01 showing the new possible top Chum Saeng Formation. 
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 Depositional environment of Pratu Tao Formation 

Fluvial deposits can be observed from plots of gamma ray data against depth. 

This can be confirmed by the character of common idealised log curve shapes 

interpreted as facies succession (Walker, 1992). This is also related to the number of 

sand and shale dataset from the plots of acoustic and shear impedances data against 

depth (Figure 5.6). The net clean sand-to-gross of units 1, 2 and 3 are higher than 

units 4, 4.1 and 4.2 for all areas. This implies that the units 1, 2 and 3 could be 

deposited as the stacked channels, whereas the others could be deposited in the 

floodplain or overbank due to the lower net clean sand -to-gross presented. Moreover, 

the clean sand porosity trends in the units 1, 2 and 3 are also higher than the others. 

Most of clean sand porosity data in these units present value greater than 0.2, which 

indicate the good reservoir quality (Thai Shell, 2002). 
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Gamma Ray vs Depth AI(Vp) vs Depth AI(Vs) vs Depth Gamma Ray vs Depth AI(Vp) vs Depth AI(Vs) vs Depth AI(Vp) vs Depth AI(Vs) vs Depth 
ure 5.6 The plots showing the conformable pattern with the common 

lised log curve shapes interpreted as facies succession (Walker, 1992). 
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