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reflectivity, Khorat Basin, NE Thailand

v
2. siwunlasems  Dr. Helmut Duerrast

3, HUBUY

< a
4. Sendszasausslasing

4.1 Collecting representative rock samples from shallow
lithostratigraphic units of the Khorat Basin.

4.2 Geological investigations and laboratory measurements

of the physical properties.
4.3 Determine possible reflectivity values for an improved interpretation
of shallow seismic surveys.

Y
5. HHUMIANHLIIUAADANT TATINTS

Physical properties and the origin of shallow seismic

Institute of Engineering, School of Geotechnology

Project part

Jun

Jul

Aug

Sept

Oct

Nov

1. Sample collection

XXXX

2. Geological examination of
the samples

3. Laboratory measurements
of the physical properties

4. Calculation of the
reflectivity

5. Report preparation

° = =] g ' o 1 :!v
6. llﬂ'l—lﬂ'l‘iﬁl'll‘l-l‘l-l‘i"mﬂ?'é]ﬂﬂﬂ‘ii PR NI T 12 U 109u%

Several samples already collected and geological investigations and
measurements of the pgtrophysical properties are already done.

o o age o g U =
7. HAMIANUUITUIION 1R05Y

Still some samples have to be collected, and therefore the geological
investigations and the measurements of the physical properties.
Then determination of the possible reflectivity values and finally

interp{etatyio!l of the data.
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After completion publishing the results of the project in a national journal.

v
10. Jayw1gdassa uagiuamainly

Some samples are so weak that it will be difficult to determine the porosity.
‘I it will not be possible it will not have an influence on the main goal of the
project, the determination the reflectivities.

o =y =\ = q‘ ' 14 y ' !
11, unumsantusuvsefnssaReziluwisme 1d

11.1 Finishing sample collection, as well the geological investigations and the
laboratory measurements.

11.2 Determine the reflectivity values based on the laberatory data.

11.3 Interpretation of the reflectivity values for shallow seismic surveys
and compare the results with other studies in the region.

11.4 If possible, calculate a synthetic seismogram.
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Physical properties and the origin of shallow seismic reflectivity, Khorat Basin,
NZ Thailand

2. v uRase UL uaz ey
SURANAREE UNIVERSITY:OEEECHNOLOGY
Institute of Engineering/School. of Geotechnology
111 University Avenue, Muang District
MNzkhon Ratchasima 30000

3. AMzEIIY uazdamIuin1nulde (%)
Dr. Helmut Duerrast (100 %)

4. duaauniisvaslasanslugy /iilulasamsifon
Individual project

5. Tursdif InsansHoll ns 005w 11W00uDu Ti/sassy Tonuinay uas AnYMLIDINITIIUIIY

s #
ar

6. Ysztnvuasanddy (Tusaga1duog)
- Basic Research

‘e & o aw - o o
7. 1M1 1imsIde  (Tlsagmimue)
Geophysics

8. AT IAYVBUTOINMMITIY (keywords)  (1U5A9AI4)
Density - Porosity - Seismic properties - Reflectivity - Khorat Basin



9. ANuEIRY ANvaIdymIAma1s 190 uazmMsMUMIBNE1S NNEIVDI (reviewed literature)

Seismic reflection surveys are the most important and widely used geophysical technique for
the examination of the subsurface, for groundwater investigations as well as -for petroleum
exploration (e.g. Keary and Brooks, 1991). A critical point to the effective interpretation of
any seismic reflection record are a thorough knowledge of the stratigraphy of an area and tight
control on the physical properties of rocks within the stratigraphic section (e.g. Christensen
and Szymanski, 1991).

Previous work has shown that among the physical properties mineralogy and porosity of a
rock have the greatest influence on the seismic properties (e.g. Han et al., 1986; Schon, 1996).
In general the setsmic velocities decrease with increasing porosity (e.g. Simmons et al., 1975).
For the lithology, expressed by the density, some authors also suggest some order with respect
to the seismic velocities (e.g. Birch, 1961). But most of the authors only distinguish between
major rock groups, for example plutonic rocks and volcanic rocks (see Schon, 1996).

The objective in reflection surveys mainly 1s to map the depth, dip and strike of interfaces
which are usually parallel 10 the bedding. A second objective ts to define stratigraphic
variations from normal move-out measurements or from the amplitude and waveshape of
reflection events (Sheriff, 1991).

For a normal incident ray, the ratio of the amplitude of the reflected ray to the amplitude of
the incident ray is given by

_pVa-plV 22— 20

R =
Ve plV Z2s 2

where p V| and paVa are the products of density and velocity - the acoustic impedance (Z) -
above and below the interface separating two lithologies (layer 1 and 2), respectively. The
acoustic impedance 1s characteristic of lithology. The reflection coefficient, R, ranges from -1
to +1. [f R=+1 or -1, all the incident energy is reflected, whereas if R = 0, all of the energy is
transmitted. A negative value of R corresponds to a 180° phase change in the reflected
wavelet (see Sheriff, 1991; Johnston and Christensen, 1992).

The reflection cocflicients based on laboratory measurements of the physicahproperties can
be directly used for the understanding ot reflectivity in shallow seismic surveys in areas with

less stratigraphic control. Christensen and Szymanski (1991) have shown a detailed case

study on a Paleozoic sedimentary sequence in the southern Appalachians. The reflections of
real seismic surveys could be explained by synthetic seismograms based on laboratory
derived data from outcrop samples.

Aagszaanueslnsimsify

Seismic surveys are the main tool for the examination of the subsurface. In the Northwest
region of Thailand, especiaily in the Khorat Basin, shallow seismic data are used for
groundwater investigations. For an understanding and interpretation of such records the
knowledge of the origin of the reflectivities is essential. Carefully taken samples and precise
laboratory measurements of the physical properties are the essential base. This knowledge
becomes more important in regions where subsurface structures change the picture of the
more or less horizontal layers in the Khorat Basin, like salt domes, folds or solution caverns.
These caverns, which are of natural occurrence or due to salt production, sometime can lead
to hazardous sinkholes at the surface.



1. dszTorufimanee lafunansife - (Tsagidie
The main benefit of this study is a more thorough understanding of the origin of reflectivity
for shallow seismic surveys in the Khorat Basin, especially for further groundwater
investigations using seismic methods, and the detection of shallow subsurface salt solution
structures.

12, wuasafitwanis 3io ld ladse Tua
People and companies, who work on groundwater investigations, and organisations, like the
Department of Mineral Resources (DMR), which need or work with shallow seismic
information.
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13. NGBRMITONTOULUIRIVAALAZNS TTBRAIUEY nazAR 1B RINUOIUTTUANIUN (related work and similar

“studies)
A similar study was done in the Valley and Ridge province in the Southern Appalachians
(U.S.A)) on samples from a Paleozoic sedimentary sequence (see Christensen and
Szymanski, , 1991). They studied the reflectivity characteristics of a sedimentary sequence for
further assessments of the hydrocarbon potential of this region.
However, studies on shallow seismic reflectivity characteristics, outlined in this proposal, for
groundwater investigations and others, are not known for the Northeast region of Thailand.
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1. Sample collection
Rock samples “from the Upper Khorat Group and younger will be chosen for this study
(Tab. 1; see Sattayarak, 1983, Boonsener and Sonpirom, 1997). As far as possible they will be



taken from, field outcrops. The Khok Kruat Formation. for example, is exposed at the
Friendship Highway (km 207 to km 239). Whereas the uppermost member of the Khorat
Group and samples from the Quaternary were taken from outcrops along the street Pak Thong
Chai - Chok Chai (see Boonsener and Sonpirom, 1997). Samples of the Mahasarakham
Formation may be taken from boreholes, provided by companies.

.Some formations consist of more than one main lithological unit. Like the Mahasarakham
Formation, which includes mainly salt and clastic members. In such ¢ases, samples from both
main lithological units will be taken. But altogether the number of samples should be not
more than ten.

Tab. 1 Lithostratigrahtc units of the Khorat Group and above.
Formation | Age
Phu Kao Tong F'm. / Quaternary
Old Gravel Beds
Phu Tok Fm. / Upper Khorat Group | Tertiary

Mo Din Daeng Fm. /
Upper Claystone
Mahasarakham Fm.

Upper Khorat Group | Upper Cretaceous

Khok Kruat Fm.

Upper Khorat Group

Upper Cretaceous

Phu Phan Fm.

Middle Khorat Group

Lower Cretaceous

Sao Khua Fm.

Middle Khorat Group

Upper Jurassic

Phra Wihan Fm. Middle Khorat Group | Middle Jurassic
Phu Kradung Fm. Lower Khorat Group | Lower Jurassic
Nam Phong Fm. Lower Khorat Group | Upper Triassic
Hua Hin Lat Fm. Lower Khorat Group | Upper Triassic

2. Geological examination of the samples

The mineralogy will be examined macroscopically on the sample and the prepared cylindrical
specimens (see below) in the first place. Only if necessary thin sections will be made.
Additionally, the structural elements, such as sedimentary layering, fractures, stylolites, etc.,
will be determined. :

3. Laboratory measurement of the petrophysical properties

From each sample one to three cvlindrical specimens will be prepared in respect to the
sedimentary layering. The number of specimens depend on the homogeneity of the samples.
‘In homogenous samples only one, in more heterogeneous samples up to three specimens will
be prepared. Then the specimens will cut to a certain length, foflowed by a grinding and
‘polishing of the cylindrical end faces. )

From dimension (length, diameter) and weight of the cylindrical specimen the bulk density
(ppuk) can be calculated. With the knowledge of the porosity (see below) the matrix density
(Puwarrix} can be determined.

The same specimens are used for the measurement of the porosity (@) using the ACS
Porosimeter (ACS Laboratories Pty Ltd.). This measurement is non-destructive, so that in the
next step the same samples can be used to the determination of the compressional (Vp) and
shear-wave velocities (V). For each sample one P-wave velocity and the fastest shear-wave
velocity will be determine with the Sonicviewer 170 (OYO Corporation). All these
measurement will be carried out at no confining pressure (table-top measurements). For this
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kind ofmeasurements a simple devise holding the transducers and the sample will be made to
ensure the same guality of all the seismic data.

4. Calculation of the Reflectivity-

From the knowledge of the physical properties (density, seismic velocities) the acoustic
impedance (Z) can be calculated for each lithological unit. From this the reflection coefficient
(R) can be determined for each interface between two lithologies. Based on these data shallow
surface seismic records of the Khorat Basin gain better interpretation with respect to the
origin of the reflectivity. '

5. Report preparation

UDUUATDINTT 30

The project focuses on the Khorat Basin in NE Thailand and is restricted to the shallow
lithostratigraphic sequences, like the Upper Khorat Group and above. For similar
investigations of deeper horizons the seismic measurements have to be done under confining
pressure to simulate the depth (e.g. Christensen and Szymanski, 1991). At this time such
facility is not available at the Suranaree University of Technology.

The measurements of the petrophysical properties will be carried out on samples mainly
collected from outcrops. It is assumed that the physical properties of these samples do not
change much in each lithostratigraphic unit over of the whole basin. Therefore samples from
the outcrop can be taken instead of samples from the subsurface, and therefore samples can be
taken from different locations in the basin. This general assumption made here is possible
because this project focuses on the origin of reflectivity at basin scale.
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(1) core drilling and trimming machine (ACS Laboratories Pty. Lid.)
(2) polarization microscope
(3) porosimeter (ACS Laboratories Pty. Ltd.)
(4) sonicviewer 170 (Oyo Corporation)
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(1) to (4)

21.279 ﬂﬂjmmﬁ’mwmam'.nwmm

A devise holdmgj transducers and sample during the setsmic velocity measurements will be
build in the machine shop of the Suranaree University of Technology (see attachment).

22, swaz@sasnUsainameuevauasdieueve) muvuaadulszanae o (Tlseamdnng)

1. Labour
| graduate student 20 h/months for 6 months | 12,000 Baht
2 undergraduate students 20 h/months for 5 months | 15,000 Baht
Help for sample collection 2,500 Baht
2. Fieldtrip for sample collection 3 days 9,500 Baht
Photos, copies tor the report 4 500 Baht
3. Sample holder 6,500 Bahi
Total 50,000 Baht
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Postdoctoral Fellow, University of Goettingen/Germany, and University of
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PostDoc-Project (1998-2000), funded by Deutsche Forschungsgemeinschaft (DFG):
Fractures/Cracks in Oil and Gas reservoirs - Their contribution to the reservoir parameters
porosity and permeability and their seismic response under in situ-conditions.
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Duerrast, H., 2000. Elastic and transport properties of naturally fractured reservoirs rocks

under in situ conditions. Poster and abstract at the Workshop on 'Seismic Signatures of Fluid
Transport', 27-29 Feb 2000, Berlin, Germany,
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Attachments

Attachment 1 Schematic sketch of the sample/transducer holder.

Attachment 2 Detail of the sample/transducer holder.
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