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CHAPTER |
INTRODUCTION

1.1 General Information

Earthquake is a natural phenomenon which cannot be controlled and cannot
predict when and where it will occur. The earthquake has low probability of
occurrence but is highly damaging hazard as it can cause many casualties and
destroy properties. For examples, the earthquake on December 26, 2004 with
magnitude 9.1Mw along the northern Sumatra, Indonesia, caused more than 200,000
casualties in 14 countries.

For Thailand, from historical records, annals, stone inscription and chronicles
stated that it has experienced the effects from moderate earthquakes to major
earthquakes for many times, which caused damages to many regions within the
country especially in the north and the west, for examples, the earthquakes on April
22, 1983 at the edge of Sri Nakarind dam in Kanchanaburi with magnitude 5.9, the
earthquake on September 11, 1994 with magnitude 5.1 at Amphoe Mae Suai in
Chiang Rai, the earthquake on December 13, 2006 with magnitude 5.1 at Amphoe
Mae-Rim in Chiang Mai. Besides there are still earthquakes that have the epicenters
around neighboring countries but the motions also effect Thailand, for examples, the
earthquake on May 16, 2007 with magnitude 6.3 in the Democratic Republic of Laos,
which is 110 km far from Chiang Rai to the northeast, the citizens in the upper north
and in Bangkok could widely notice the motion of the earthquake. And for the latest
one; the earthquake on May 5, 2014 with magnitude 6.3 in Mae Lao, Chiang Rai
which caused great damage to more than 10,000 citizens households. Every time
there is an earthquake in Thailand, there are always questions about the stability and
safety of dams. Significant dams of the Royal Irrigation Department (RID) in northern
Thailand are the Mae Suai dam, the Mae Kuang dam, the Mae Ngad dam, and also
the Kaeng Sua Ten (KST) dam which hasn’t been constructed since there are
problems concerning earthquake. The dam is still under monitoring for earthquake,

with the setup of a local seismographic network to monitor the earthquake in the



area of 150 km around the location of the KST dam since 1999 until present.
However, the characteristic of data analysis is still manual, has no standard uniform
and lack continuity in data analysis, this makes it impossible to explain the
characteristics of the earthquakes those had occurred in northern Thailand, thus give
an disadvantage to perform the environmental impact assessment from the
earthquake on the RID’s dam. For this reason this research is expected to study the
earthquakes collected from the instruments from the KST seismographic network
during the year 1999 to 2010. The work included the review of the precision and
accuracy of analyses, by using the same data, analysis procedure, and assisting
analysis programs, but emphases on earthquake origin time calculation, and
comparison of analysis with the Thai Meteorological Department (TMD) data, and the
relation of earthquakes with geological structures is added.

1.2 Objective

The main purpose of this thesis is to study the characteristics of present-day
earthquakes in northern Thailand during the year 1999 to 2010 from instrumental
data recorded at the KST seismographic network. The main knowledge and
techniques used for this study include interpreting seismogram, analyzing magnitude-
epicenter-depth, calculating origin time, analyzing ground motion parameters, and
correlating the results of this study to the TMD data and the existing geological
structures maps. Results of thesis are to fulfill the following goals;

1. Identify characteristics of earthquakes before and after re-locating,

2. Explanation of relationship between frequency and magnitude (b-value)
before and after re-locating,

3. Scoping the area of high seismic hazard in the study area.

1.3 Study Area

The study area is located in the northern region of Thailand between the
latitude 17-20.50N and longitude 98.5-101.50E (Figure 1.1), and covered the area

around the KST seismographic network and the proposed KST dam in Phrae.
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Figure 1. 1. Epicentral map during the year 1999 to 2010 of the KST seismographic

network of this study.




1.4 Methodology

The methodology of this research can be listed into 5 steps (Figure 1.2) as
following:

1.4.1 Planning and Preparation

The first step involves collecting data for supporting further steps of
study. This data is composed of reviewing literatures for pervious work, collecting
earthquake epicenters and seismograms, selecting topographic maps and satellite
imageries, and other related technical and nontechnical documents.

1.4.2 Interpreting Seismograms

Interpreting all of seismograms from the seismograph stations of the
KST network during the year 1999 to 2010 for classifying natural earthquakes and
noise signal, and for re-checking the well-located earthquakes to locate epicenters,
and interpreting seismograms of the KST’s epicenters for screening of only well-
located earthquakes to re-locate.

1.4.3 Re-locating Earthquakes

Analyzing magnitude and epicenter and depth by using triangulation
(circle and cord) method and studying the arrival time of Primary (P) and Secondary
(S) waves of at least 3 stations. Analyzing peak ground acceleration, duration of
motion, and frequency content.

1.4.4 Comparison of Data from before and after Re-locating

Identify epicenter of earthquakes before and after re-locating, and
frequency and magnitude relation (b-value) before and after re-locating, and
relationship of earthquakes with geological structures, and correlation of the KST’s
epicenters with the TMD.

1.4.5 Discussion and Conclusion

Discussion related to the results from characteristics of seismicity
before and after re-locating, and frequency-magnitude distribution (b-value) along

with the existing previous works, for examples, the magnitudes and epicenter and



depth, and relationship of earthquakes with geological structures, and characteristics

of strong ground-motion earthquakes from ground motion parameters.

1. Planning and Preparation

® Epicenters and Seismograms during 1999-2010 of the KST network

® Topographic Maps
¢ Satellite Imageries

® Previous Works

Y

2. Interpreting Seismograms

® Classifying Natural Earthquakes and Noise Signal for Re-checking the well-located

Earthquakes to locate epicenters

® Screening Epicenters of only well-located Earthquakes to re-locate

3. Re-locating Earthquakes

® Analyzing Epicenter and Magnitude and Depth of well-located Earthquakes

® Calculating Origin Time

¢ Determining Geographic co-ordinate
® Analyzing Ground Motion Parameters (Peak Ground Acceleration, Duration of

Motion, and Frequency Content)

\4

4. Comparison of Data from before and after Re-locating

® Epicenter of Earthquakes before and after Re-locating

® Frequency and Magnitude Relation (b-value) before and after re-locating
® Relationship of Earthquakes with Geological Structures
® Correlation of the KST’s Epicenters with the TMD

Y

5. Discussion and Conclusion

® Characteristics of Seismicity in northern Thailand

® Frequency and Magnitude Distribution

Figure 1. 2. Flow chart showing the methodology used in this study.



1.5 Research output

The main output of this study is;

1. Characteristics of seismicity before and after re-locating.

2. Frequency-magnitude distribution (b-value) before and after re-
locating.

3. The earthquake catalogue during the year 1999 to 2010 after re-
locating of the KST seismographic network and seismicity map at a
scale1:2,500,000.

1.6 A Brief Guide to the Thesis

This thesis provides an emphasis on seismicity of central northern Thailand in
succession of Chapters as following:

Chapter | mentions about an introduction, objective, study area,
methodology and research output to the research project.

Chapter Il notifies the seismology and earthquakes, seismic wave, locating
earthquakes, origin time of earthquakes, measuring magnitudes, intensity of
earthquakes, the Gutenberg-Richter Recurrence Law, acceleration of ground shaking,
earthquakes study in northern Thailand and other areas.

Chapter [ll is the part of interpreting seismograms of the KST’s epicenters
for screening of only well-located earthquakes to re-locate, and classifying natural
earthquakes and noise signal of all seismograms during the year 1999 to 2010 for re-
checking the remaining well-located earthquakes to locate epicenters.

Chapter IV is the part of re-locating earthquakes which consist of
analyzing magnitude and epicenter and depth, calculating origin time, and analyzing
ground motion parameters.

Chapter V is the part of comparison of data from before and after re-
locating, epicenter of earthquakes before and after re-locating, relationship of
earthquakes with geological structures, and correlation of the KST’s epicenters with
the TMD.

Chapter VI is the part of discussion of characteristics of seismicity before

and after re-locating, frequency-magnitude distribution (b-value).



Chapter VIl is the conclusion deduced from the result of study project
research. The clearly-defined characteristics of seismicity in northern Thailand during
the year 1999 to 2010 and the seismicity map at a scale 1:2,500,000 form the main
output of this study.



CHAPTER Il
LITERATURE REVIEWS

2.1 Seismology and Earthquake

Seismology is the study of earthquakes and seismic waves that move through
and around the earth. A seismologist is a scientist who studies earthquakes and
seismic waves. Seismicity refers to the geographic and historical distribution of
earthquakes and the frequency or magnitude of earthquake activity in a given area
which seismic activity refers to the phenomenon of earthquake activity or the
occurrence of artificially produced earth tremors. Earthquake is ground shaking and
radiated seismic energy caused most commonly by sudden slip on a fault, volcanic
or magmatic activity, or any other sudden stress changes in the earthquakes in the
Earth.

Seismic waves are the waves of energy caused by the sudden breaking of
rock within the earth or an explosion. They are the energy that travels through the
earth and is recorded on seismographs. There are several different kinds of seismic
waves, and they all move in different ways. The two main types of waves are body
waves and surface waves. Body waves can travel through the earth's inner layers, but
surface waves can only move along the surface of the planet like ripples on water.
Earthquakes radiate seismic energy as both body and surface waves (Figure 2.1).

Body waves, emitted by an earthquake, which travelling through the interior
of the earth, arrive before the surface waves. These waves are of a higher frequency
than surface waves. The first kind of body wave is the P wave or primary wave. This
is the fastest kind of seismic wave and consequently the first to arrive at a seismic
station. The P wave can move through solid rock and fluids, like water or the liquid
layers of the earth. It pushes and pulls the rock it moves through just like sound
waves push and pull the air. P waves are also known as compression waves, because
of the pushing and pulling they do. Particles subjected to a P wave move in the
same direction that the wave is moving in, which is the direction that the energy is

traveling in, and is sometimes called the direction of wave propagation. The second



type of body wave is the S wave or secondary wave, which is the second wave that
is observed in an earthquake. An S wave is slower than a P wave and can only move
through solid rock, not through any liquid medium. It is this property of S waves that
led seismologists to conclude that the Earth's outer core is a liquid. S waves move
rock particles up and down, or side-to-side perpendicular to the direction that the

wave is traveling in (the direction of wave propagation).

P Wave Love Wave
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Figure 2. 1. Diagram illustrating the form of ground motion nears the ground surface

in four types of earthquake waves (http://geo.cormel.edu/).

Travelling only through the crust, surface waves are of a lower frequency than
body waves, and are easily distinguished on a seismogram as a result. Though they
arrive after body waves, it is surface waves that are almost entirely responsible for
the damage and destruction associated with earthquakes. Earthquakes occur all the
time all over the world, both along plate edges and along faults. Most earthquakes
occur along the edge of the oceanic and continental plates. The earth's crust (the
outer layer of the planet) is made up of several pieces, called plates (Figure 2.2). The
plates under the oceans are called oceanic plates and the rest are continental
plates. The plates are moved around by the motion of a deeper part of the earth

(the mantle) that lies underneath the crust. These plates are always bumping into
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each other, pulling away from each other, or past each other. The plates usually
move (Figure 2.3) at about the same speed that finger nails grow. Earthquakes
usually occur where two plates are running into each other or sliding past each

other.

Figure 2. 2. An Image of the world’s plates and their boundaries

(http://www.usgs.gov/).

Figure 2. 3. Map of the major tectonic plates with arrows showing directions of
movement. Amounts of movement are shown in centimeters per year

(Abbott, 2004).
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Earthquakes can also occur far from the edges of plates, along faults (Figure
2.4). Faults are cracks in the earth crust where sections of a plate (or two plates) are
moving in different directions. Faults are caused by all that bumping and sliding the
plates do. They are more common near the edges of the plates. Earthquakes occur

when a fault ruptures and stored energy is released as seismic waves.

Normal fault Reverse fault Strike slip fault
Fault plane Hanging wall
"

Compressive "
stress 4%

Figure 2. 4. Type of faults (http://www.geosci.usyd.edu.au/)

Normal faults are the cracks where one block of rock is sliding downward and
away from another block of rock. These faults usually occur in areas where a plate is
very slowly splitting apart or where two plates are pulling away from each other. A
normal fault is defined by the hanging wall moving down relative to the footwall,
which is moving up.

Reverse faults are cracks formed where one plate is pushing into another
plate. They also occur where a plate is folding up because it is being compressed by
another plate pushing against it. At these faults, one block of rock is sliding
underneath another block or one block is being pushed up over the other. A reverse
fault is defined by the hanging wall moving up relative to the footwall, which is
moving down.

Strike-slip faults are the cracks between two plates that are sliding past each
other. Strike-slip faults occur when the displacement is horizontal and parallel to the
trend or strike of the fault. This type of fault trends to be very large and linear
consisting of several parallel fractures. Strike-slip faults extend through the

lithosphere and have motion between two plates is transformed faults.
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Earthquakes are usually caused when rock underground suddenly breaks
along a fault. This sudden release of energy causes the seismic waves that make the
ground shake. When two blocks of rock or two plates are rubbing against each other,
they stick a little. They do not just slide smoothly; the rocks catch on each other.
The rocks are still pushing against each other, but not moving. After a while, the
rocks break because of all the pressure that is built up. When the rocks break, the
earthquake occurs. During the earthquake and afterward, the plates or blocks of rock
start moving, and they continue to move until they get stuck again. The spot
underground where the rock breaks is called the focus of the earthquake. The place
right above the focus (on top of the ground) is called the epicenter of the

earthquake (Figure 2.5).

Figure 2. 5. The point on the fault that first ruptures is the focus. The point on the
Earth's surface directly above the focus is the epicenter

(http://www.sci.tsu.ac.th).
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Earthquake-like seismic waves can also cause by explosions underground. The
largest underground explosions, from tests of nuclear warheads (bombs), can create
seismic waves very much like large earthquakes. This fact has been exploited as a
means to enforce the global nuclear test ban, because no nuclear warhead can be
detonated on earth without producing such seismic waves.

Seismologists study earthquakes by going out and looking at the damage
caused by the earthquakes and by using seismographs. A seismograph is an
instrument that records the shaking of the earth's surface caused by seismic waves.
The term seismometer is also used to refer to the same device, and the two terms
are often used interchangeably. The first seismograph was invented in 132 A.D. by
the Chinese astronomer and mathematician Chang Heng. Most seismographs today
are electronic, but a basic seismograph is made of a drum with paper on it (Figure
2.6), a bar or spring with a hinge at one or both ends, a weight, and a pen. The one
end of the bar or spring is bolted to a pole or metal box that is bolted to the
ground. The weight is put on the other end of the bar and the pen is stuck to the
weight. The drum with paper on it presses against the pen and turns constantly.
When there is an earthquake, everything in the seismograph moves except the
weight with the pen on it. As the drum and paper shake next to the pen, the pen
makes squiggly lines on the paper, creating a record of the earthquake called a

seismogram.

Support Spring

Based anchored
into bedrock and 7

Figure 2. 6. Seismometer recording horizontal and vertical ground -motion

(http://www.yorku.ca/).
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By studying the seismogram, the seismologist can tell how far away the
earthquake was and how strong it was. This record does not tell the seismologist
exactly where the epicenter was, just that the earthquake happened so many miles
or kilometers away from that seismograph. To find the exact epicenter, it needs to
know what at least two other seismographs in other parts of the country or world
recorded.

When look at a seismogram (Figure 2.7), there will be wiggly lines all across it.
These are all the seismic waves that the seismograph has recorded. Most of these
waves were so small that nobody felt them. These tiny microseisms can be caused
by heavy traffic near the seismograph, waves hitting a beach, the wind, and any
number of other ordinary things that cause some shaking of the seismograph. There
may also be some little dots or marks evenly spaced along the paper. These are
marks for every minute that the drum of the seismograph has been turning. How far

apart these minute marks are will depend on kind of seismograph.

Seismograph paper moves in this direction

=i
P wave Then Surface
armves S wave WAVES
firsk arrives arrive |ast

Time S-P time
— P plf—
interval

Figure 2. 7. A typical seismogram (http://samjshah.comy).

The P wave will be the first wiggle that is bigger than the rest of the little
ones (the microseisms). Because P waves are the fastest seismic waves, they will
usually be the first ones that a seismograph records. The next set of seismic waves
on a seismogram will be the S waves. These are usually bigger than the P waves. The

surface waves (Love and Rayleigh waves) are the other, often larger, waves marked
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on the seismogram. They have a lower frequency, which means that waves (the
lines; the ups-and-downs) are more spread out. Surface waves travel a little slower
than S waves (which, in turn, are slower than P waves) so they tend to arrive at the
seismograph just after the S waves. For shallow earthquakes (earthquakes with a
focus near the surface of the earth), the surface waves may be the largest waves
recorded by the seismograph. Often they are the only waves recorded a long
distance from medium-sized earthquakes.

2.1.1 Locating Earthquakes

In general to figure out just where that earthquake happened, it needs to
look at a seismogram and need to know what at least two other seismographs
recorded for the same earthquake. It will also need a map of the world, a ruler, a
pencil, and a compass for drawing circles on the map.

Procedure for finding the distance to the epicenter and the earthquake's
magnitude (Figure 2.8)

Step 1. Measure the distance between the first P wave and the first S
wave. In this case, the first P and S waves are 24 seconds apart.

Step 2. Find the point for 24 seconds on the left side of the chart and
mark that point. According to the chart, this earthquake's epicenter was 215
kilometers away.

Step 3. Measure the amplitude of the strongest wave. The amplitude is
the height (on paper) of the strongest wave. On this seismogram, the
amplitude is 23 millimeters. Find 23 millimeters on the right side of the
chart and mark that point.

Step 4. Place a ruler (or straight edge) on the chart between the points
one marked for the distance to the epicenter and the amplitude. The point
where the ruler crosses the middle line on the chart marks the magnitude

(strength) of the earthquake. This earthquake had a magnitude of 5.0.
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Figure 2. 8. Using the amplitude to derive the magnitude of the earthquake, and the

distance from the earthquake to the station (Bolt, 1978).

Procedure for finding the distance to the epicenter (Figure 2.9).

Step 1. Check the scale on the map. It should look something like a

piece of a ruler. All maps are different. On the map, one centimeter could

be equal to 100 kilometers or something like that.

Step 2. Figure out how long the distance to the epicenter (in centimeters)

is on the map. For example, say the map has a scale where one centimeter

is equal to 100 kilometers. If the epicenter of the earthquake is 215

kilometers away, that equals 2.15 centimeters on the map.

Step 3. Using the compass, draw a circle with a radius equal to the

number that came up with in Step #2 (the radius is the distance from the



17

center of a circle to its edge). The center of the circle will be the location of
the seismograph. The epicenter of the earthquake is somewhere on the
edge of that circle.

Step 4. Do the same thing for the distance to the epicenter that the
other seismograms recorded (with the location of those seismographs at the
center of their circles). All of the circles should overlap. The point where all

of the circles overlap is the approximate epicenter of the earthquake.

Figure 2. 9. The point where the three circles intersect is the epicenter of the
earthquake. This technique is called triangulation

(https://sites.google.com).
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Havskov and Ottemoller (2008) described that the earthquake location is
defined by the earthquake hypocenter and the origin time. The hypocenter is the
physical location, usually longitude, latitude and depth below the surface. The
epicenter is the projection of the earthquake location on the Earth’s surface. The
epicentral distance is the distance from the epicenter to the station along the
surface of the earth. Generally, the distance can be obtained from the difference in

arrival time of two phases, usually P and S, and the distance can be calculated as

VpVs
Vp-Vs

A = (i) (2.1)
where t, and t; are the P and S-arrival times (s) respectively,
Vp and v, are the P and S velocities respectively and
A is the epicentral distance (km).
The equation (2.1) is applicable for the travel-time difference between Sg
and Pg, i.e., the direct crustal phases of S and P, respectively (Figure 2.10). They are
first onsets of the P-and S-wave groups of local events only for distance up to about

100-250 km, depending on crustal thickness and source depth.

Surface
Pg, Sg
Conrad Pb, Sb
PmP, SmS
Moho Pn, Sn

Figure 2. 10. A simplified model of the crust showing the most important crustal

phases observed at local and regional distances (Bormann, 2012).
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The basic method for determining the epicenter of local or regional seismic
sources by hand, using the triangulation (circle and chord) method.
Procedures for finding the epicenter from the triangulation method are as
following:
1. First, identify the seismic phases of earthquakes;
2. If no local travel-time curves are available, a first rough estimate of
the hypocenter distance d or of the epicentral distance (both in km) may

be found using the following “rules-of-thumb”

d = t(Sg-Pg) x 8 (2.2)

Which t as the travel-time difference in seconds between the respective
seismic phases. These rules are approximations for a single layer crust
with an average Pg-wave velocity of 5.9 km/s and a sub-Moho velocity of
8 km/s and a velocity ratio Vy/V,, = V3;

3. Draw circles with a compass around each station Si, which is marked
on a distance-true map projection, with the radius di determined from
the records of each station;

4. The circles will usually cross at two points, not one point (the thought
epicenter) thus forming an area of overlap (Figure 2.11, shaded area)
within which the epicenter most probably lies;

5. Usually, it is assumed, that the best estimate of the epicenter position
is the center of gravity of this shaded area of overlap. The best estimate
of the epicenter is found by drawing so-called “chords”, i.e., straight lines
connecting the two crossing points of each pair of circles. The crossing
point (or smaller area of overlap) of the chords should be the best

estimate of the epicenter (Figure 2.11).
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\

Figure 2. 11. Principle of epicenter estimation by using the “circle and chord”
method. S - station sites and d — distance of the event determined for
each station (Bormann, 2012).

The location of earthquake can be located when at least 3 seismic stations
are available, a simple manual location can be made from drawing circles with the
center at the station locations and the radii equal to the epicentral distances
calculated from the S-P times.

The origin time or the actual time that the earthquake occurred at the

source can be defined by the formula;

Oime = P-[(S-P)x1.37] (2.3)
When Otime Is the occurrence time for the earthquake.
P is the arrival time of the primary wave.
S is the arrival time of the secondary wave.

1.37 is the constant value if Poisson’s ratio is equal to 0.25

(Richter, 1958)



21

2.1.2 Measuring Magnitudes

Magnitude is an estimation of the energy release or the size of an
earthquake. The estimates are generally calculated from the amplitude of wave
energy on a seismograph adjusting for the magnification of the seismograph and the
distance of the seismograph station from the earthquake. The first magnitude scale
was defined by (Richter, 1935) for Southern California. The Richter magnitude is
calculated from the amplitude of the largest seismic wave recorded for the
earthquake, no matter what type of wave was the strongest. The Richter magnitudes
are based on a logarithmic scale (base 10). What this means is that for each whole
number one go up on the Richter scale, the amplitude of the ground motion
recorded by a seismograph goes up ten times. Using this scale, a magnitude M5
earthquake would result in ten times the level of ground shaking as a magnitude M4
earthquake (and 32 times as much energy would be released). Most of the
earthquakes that occur each year are magnitude M2.5 or less, too small to be felt by
most people (Figure 2.12). The Richter magnitude scale can be used to describe
earthquakes so small that they are expressed in negative numbers. The scale also
has no upper limit, so it can describe earthquakes of unimaginable and (so far)

inexperienced intensity, such as magnitude 10.0 and beyond.

Earthquakes Energy equivalents
10 + Chile (1960) =+ 56,000,000,000,000
g+ Alaska (1964) -+ 1,800,000,000,000
great earthquake Krakatoa eruption
8 <+ 3 @World's largest nuclear test (USSR) - 56,000,000,000

major earthquake 530 Francisco, CA (1906)

le . n
New Madrd, MO (1812) Mount St Helens eruptior

v 71 Loma Prieta, CA (1989) @ 20 -+ 1,800,000,000
© strong earthquake Kobe, Japan (1995)
2 Northridge, CA (1994) 56.000.000
(=) 6 _modcrazf: earthquake 200 Hiroshima atomsc bomb ¢ ¢
S Long Island, NY (1884)
< 5 2,000 — -+ 1,800,000
light earthquake Average tornado
4 - 12,000 -+ 56,000

minor earthquake
Large lightning bolt
3T Oklahoma City bombing T 1,800

Moderate lightning bolt

100.000

1,000,000
Number of earthquakes per year (worldwide)

2T

Energy release (equivalent kilograms of explosive)

Figure 2. 12. Comparison of frequency magnitude and energy release

(http://www.iris.edu/).
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Although Richter originally proposed this way of measuring an earthquake's
size, which only used a certain type of seismograph and measured shallow
earthquakes in Southern California. Scientists have now made other magnitude
scales, all calibrated to Richter's original method, to use a variety of seismographs
and measure the depths of earthquakes of all sizes. All other magnitude scales are

related to this scale. The local magnitude M, is defined as shown in equation (2.4)

M, = log(A)-Q4A) (2.4)

Where A is the maximum amplitude on a Wood-Anderson seismograph

(which measures displacement for f >1.25 Hz)

Q4A) is a distance correction function

Several magnitude scales use maximum amplitude and often the
corresponding period. There are two ways of doing this;

a) Read the amplitude from the base line and the period from two peaks.
However this might be difficult, at least when done manually, due to the
location of the base line.
b) Read the maximum peak to peak amplitude and divide by 2. This is
the most common practice and the simplest to do both manually and
automatically. The period can be read either from two peaks or as half

the period from the two extremes.
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a) b)
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2A i:/\_/\mﬁ
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T2

Figure 2. 13. Reading amplitudes. a) Reading the amplitude A from the base line and
the period T from two peaks b) Reading the amplitude peak to peak
(2A) (Havskov & Ottemoller, 2008).

2.1.3 Intensity of Earthquakes

Another way to measure the strength of an earthquake is to use the Mercalli
scale. Invented by Giuseppe Mercalli in 1902, this scale uses the observations of the
people who experienced the earthquake to estimate its intensity. The Mercalli scale
is not considered as scientific as the Richter scale, though. Some witnesses of the
earthquake might exaggerate just how bad things were during the earthquake and
one may not find two witnesses who agree on what happened; everybody will say
something different. The amount of damage caused by the earthquake may not
accurately record how strong it was either.

Although numerous intensity scales have been developed over the last
several hundred years to evaluate the effects of earthquakes, the one currently used
in the United States is the Modified Mercalli Intensity (MMI) Scale. It was developed
in 1931 by the American seismologists Harry Wood and Frank Neumann. This scale,
composed of 12 increasing levels of intensity that range from imperceptible shaking
to catastrophic destruction, is designated by Roman numerals. It does not have a
mathematical basis; instead it is an arbitrary ranking based on observed effects.

The MMI value assigned to a specific site after an earthquake has a more

meaningful measure of severity to the nonscientist than the magnitude because


http://www.geo.mtu.edu/UPSeis/Mercalli.html
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intensity refers to the effects actually experienced at that place. The maximum
observed intensity generally occurs near the epicenter (Figure 2.14). The lower
numbers of the intensity scale generally deal with the manner in which the
earthquake is felt by people. The higher numbers of the scale are based on

observed structural damage.

wl - 3 et (|

&

Lituya Bay, Alaska LR Y

July 9, 1958 - Magnitude 7.9 R ¢ As;‘
R 148 Vo l;\S - 1%
Modified Mercalli Intensity
[ || ‘ 1 Iv ¥¢ Epicentre

Figure 2. 14. Isoseismal map showing the distribution of Modified Mercalli intensities

for the 1958 Lituya Bay, Alaska earthquake M7.9 (http://www.usgs.gov/).

The first main earthquake hazard (danger) is the effect of ground shaking.
Buildings can be damaged by the shaking itself or by the ground beneath them
settling to a different level than it was before the earthquake (subsidence). The
second main earthquake hazard is ground displacement (ground movement) along a
fault. The third main hazard is flooding as an earthquake can rupture (break) dams or

levees along a river. The fourth main earthquake hazard is fire. However most of the
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hazards to people come from man-made structures themselves and the shaking they
receive from the earthquake. The real dangers to people are being crushed in a
collapsing building, drowning in a flood caused by a broken dam or levee, getting
buried under a landslide, or being burned in a fire.

2.1.4 The Gutenberg-Richter Recurrence Law

In order to analyze seismic hazard of an areas, it is necessary to evaluate
the frequencies of earthquakes that occur in that specific area, this can be calculated
from the Gutenberg-Richter Recurrence Law (Gutenberg & Richter, 1944), which is the
study of the numbers of the opportunity of earthquakes with different magnitudes
occurrences within the specific area. The resulting Gutenberg-Richter law for

earthquake recurrence was expressed as
log Ay = a-bm (2.5)

where A, is the mean annual rate of exceedance of magnitude m,
10° is the mean yearly number of earthquakes of magnitude
greater than or equal to zero,
b (the b value) describes the relative likelihood of large and

small earthquakes.

The Gutenberg-Richter law is illustrated schematically in Figure 2.15a. As the
b value increases, the number of larger magnitude earthquakes decrease compared
to those of smaller magnitudes. The Gutenberg-Richter law is not restricted to the
use of magnitude as a descriptor of earthquake size; epicentral intensity has also
been used. Worldwide recurrence data are shown in Figure 2.15b.

The Gutenberg-Richter law described a pattern in the seismic data that
related the number of earthquakes in a given area (or around the entire world) over
a fixed period of time to the magnitude of those earthquakes. As it turns out, when
Gutenberg-Richter plots are made for various data sets all over the world, most end
up having a b value very close to 1, usually slightly less. This basic relation seems to

be a universal property of seismicity.
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Figure 2. 15. (a) Gutenberg-Richter recurrence law, showing meaning of a and b
parameters; and (b) application of Gutenberg-Richter law to worldwide
seismicity data (Esteva, 1970).
2.1.5 Acceleration of Ground Shaking

(Bolt, 1999) described ground acceleration as another measure of size of
earthquakes. The notion of acceleration is of key importance when trying to measure
any type of varying motion such as strong ground shaking. The strong-motion
seismographs have been specially designed to record the high-amplitude shaking of
the ground. The records obtained can be directly read as acceleration, velocity, or
displacement of the ground. Strong-motion seismographs are designed to record the
strongest shaking and thus tell us about the felt and damaging motion near the
source of the shaking. It is useful to scale acceleration against a value with which
everyone is familiar. The magnitude of accelerations when stated in physical terms
often expressed as a centimeter per second per second, or cm/sec’. This base
reference is the acceleration due to gravity; that is, the acceleration with which a ball
falls if released at rest in vacuum (to eliminate wind resistance), and will call this
acceleration 1.0g. Although acceleration of seismic motion is important, a full

understanding of vibratory effects also requires an understanding of the velocity and
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displacement of the ground and such wave properties as frequency. In earthquakes,
the values of ground acceleration, velocity, and displacement vary a great deal,
depending on the frequency of the wave motion. High-frequency waves (higher
frequencies than 10 hertz) tend to have high amplitudes of acceleration but small
amplitudes of displacement, compared with long-period waves, which have small
accelerations and relatively large velocities and displacement. Although peak or
maximum, acceleration values are important, another point to recognize is that the
damage to structures may be occurring throughout the entire period of strong ground
shaking. Indeed, the overall damage may be more closely correlated to the total
duration of the strong motion than to any particular peak on the record. For this
reason, the second parameter of importance in acceleration records is the duration
of strong shaking. A useful measure of duration is called the bracketed duration. This
is the duration of shaking above certain threshold acceleration value, commonly
taken to be 0.05¢ (Bolt, 1969) and is defined as the time between the first and last
peaks of motion that exceed this threshold value. Studies indicate that damage is
often attributable to the speed of the back-and-forth motion of the foundation
rather than to its peak acceleration. Consequently, in general, the higher the seismic
intensity, the higher the average velocity of the shaking. Nevertheless, the mean
accelerations have much bearing on the forces affecting a structure (Table 2.1).

(Bolt, 1969) proposed bracketed duration, the duration at a particular
frequency is the elapse time between the first and last acceleration excursion greater
than a given level (0.05¢). Due to duration of strong seismic shaking is a sensitive
function of wave frequency, amplitude threshold, and Richter magnitude. The
magnitude dependence arises from the finite geometry of fault rupture. Frequency
dependence enters through the exponential attenuation law for rock; for larger
earthquakes (greater fault breakage), duration of higher frequency (>1 Hz) horizontal
wave with amplitudes above 0.05¢ ground acceleration is unlikely to exceed 35 to 40

sec. Lack of precise definition has led to exaggerated estimates of duration for some
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acceleration and velocity values for the wave motion are for firm ground

but vary greatly depending on type of earthquake source. (Bolt, 1999).

Average peak
velocity
(centimeter per

second)

Intensity value

and description

Average peak

acceleration

(g is gravity = 9.80
meter per second

squared)

20 - 30

45 -55

More than 60

VI.

VIIL.

Vil

XI.

XIl.

. Not felt except by a very few under especially favorable circumstances. (I Rossi-Forel scale)

. Felt by only a few persons at rest, especially on upper floors of buildings; delicately

suspended object may swing. (I to Il Rossi-Forel scale)

Felt quite noticeably indoors, especially on upper floors of buildings, but many people do
not recognize it as an earthquake; standing motor cars may rock slightly; vibrations like

passing of a truck; duration estimated. (lll Rossi-Forel scale)

. During the day felt indoors by many, outdoors by few; at night some awakened; dishes,

windows, doors disturbed; walls make cracking sound; sensation like heavy truck striking

building; standing motor cars rocked noticeably. (IV to V Rossi-Forel scale)

. Felt by nearly everyone, many awakened; some dishes, windows, etc., broken; a few

instances of cracked plaster; unstable objects overturned; disturbances of trees, piles, and
other tall objects sometimes noticed; pendulum clocks may stop. (V to VI Rossi-Forel scale)
Felt by all, many frightened and run outdoors; some heavy furniture moved; a few

instances of fallen plaster or damaged chimneys; damage slight. (VI to VIl Rossi-Forel scale)

Everybody runs outdoors; damage negligible in buildings of good design and construction;
slight to moderate in well-built ordinary structures; considerable damage in poorly built or
badly designed structures; some chimneys broken; noticed by persons driving motor cars.

(VIIl Rossi-Forel scale)

Damage slight in specially designed structures; considerable in ordinary substantial
buildings, with partial collapse, great in poorly built structures; panel walls thrown out of
frame structures; fall of chimneys, factory stacks, columns, monuments, walls; heavy
furniture overturned; sand and mud ejected in small amount; changes in well water;

person driving motor car disturbed. (VIll+ to IX Rossi-Forel scale)

. Damage considerable in specially designed structures; well-designed frame structures

thrown out of plumb; great in substantial building, with partial collapse; buildings shifted

off foundations; ground cracked conspicuously; underground pipes broken. (IX+ Rossi-

. Some well-built wooden structures destroyed; most masonry and frame structures

destroyed with foundations; ground badly cracked; rails bent; landslides considerable from
river banks and steep slopes; shifted sand and mud; water splashed over banks. (X Rossi-
Few, if any (masonry) structures remain standing; bridges destroyed; broad fissures in
ground; underground pipelines completely out of service; earth slumps and land slips in
soft ground; rails bent greatly.

Damage total; practically all works of construction are damaged greatly or destroyed;
waves seen on ground surface; lines of sight and level are distorted; objects thrown into

the air.

0.015g - 0.02g

0.03¢ - 0.04g

0.06g - 0.07g

0.10g - 0.15¢

0.25¢ - 0.30g

0.5¢ - 0.55¢

More than 0.60g
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design purposes. Filtered records of ground acceleration yield a table for “bracketed
duration” as a function of magnitude and source-to-site distance.

(Kramer, 1996) stated that the dynamic response of compliant objects, be
they buildings, bridge, slopes, or soil deposits, is very sensitive to the frequency at
which they are loaded. Earthquakes produce complicated loading with components
of motion that span a board range of frequencies. The frequency content describes
how the amplitude of ground motion is distributed among different frequencies.
Since the frequency content of an earthquake motion will strongly influence the
effects of that motion, characterization of the motion cannot be complete without
consideration of its frequency content. The frequency content of a ground motion
can also be described by a power spectrum or power spectral density function. The
power spectral density function can also be used to estimate the statistical
properties of a ground motion and to compute stochastic response using random
vibration techniques (Clough & Penzien, 1975; Vermarcke, 1976; Yang, 1986); Power
spectral density (PSD) function shows the strength of the variations (energy) as a
function of frequency. In other words, it shows at which frequencies variations are
strong and at which frequencies variations are weak.

2.2 Earthquakes Study in Northern Thailand and Other Areas

Earthquake in Northern Thailand have been recognized for long time since
the past historical period until present day but these earthquakes are just small to
moderate levels. Although in this region great earthquakes have not been recorded,
most of strong earthquakes have been reported frequently in Myanmar Andaman-
Sumatra belt.

In an attempt to understand characteristics of earthquake ground motion of
central northern Thailand in this research study, the results of related documents
and papers from previous studies are necessary. They are listed below.

(Gutenberg & Ritchter, 1954) reported that there are two earthquake
epicenters with M6 in Lao PDR, in December 22, 1925 and February 12, 1934.
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(Bolt & Miller, 1971) studied seismicity of northern and central California
during the period of 1965 to 1969. The results of this study found nine of the largest
earthquakes with magnitudes 5-6.

(Nutalaya, Sodsri, & Arnold, 1985) studied the seismology of Thailand and
structure framework of the Chao Phaya Basin and seismotectonic source zones are
subsequently delineated. The seismic source zones in mainland Southeast Asia can
be separated into twelve zones. Zones F and G on the west and the north are
located within Thailand, respectively (Figure 2.16). The area of this study is situated in
the zone G (Northern Thailand).

(Siribhakdi, 1986) studied seismogenic in Thailand and periphery and reported
earthquakes in Thailand throughout her past 1,500 year history. Many of the
earthquakes found have closed relation with four major faults including the Three
Pagoda, the Si Sawat, the Moei-Uthai-Thani, and the Mae Hong Son-Mae Sariang
Faults. He mentioned that the earthquakes in Thailand are associated with
tectonism, interpreted to be related to subduction and spreading ridge in the
Andaman Sea. Furthermore, the most seismicity area in Thailand is located in the
west, and the present day seismicity might be related to the opening activities of
Cenozoic basins.

(Hinthong, 1991) investigated the role of tectonic setting in earthquake events
in Thailand. He reported that earthquakes in Thailand are closely related to two
seismic source zones, Zone F of the Tenasserim Range and Zone G of the Northern
Thailand (Nutalaya et al., 1985). The faults within zone F are interpreted to be more
active than those of zone G which are inferred to be possibly potentially active
faults.

(WCFS, 1996) estimated earthquake recurrence in northern Thailand (the
project region of the KST dam site). The b-value of 0.92+ 0.12 appears reasonable
based on comparison with other estimates. The estimated recurrence for the project
region suggests that M6 and grater earthquakes occur once every 56 years on average

although the uncertainty in this return period is large.
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Figure 2. 16. Seismic source zones of Burma, Thailand and Indochina (Nutalaya et al,,

1985). Noted that seismic source zones were recognized only in the

Northern and western parts of Thailand.
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(Charusiri, Daorerk, & Supajanya, 1996) applied several remote sensing
techniques to study geolosgical structures related to earthquakes in Thailand and
neighboring countries. The results are useful in determining the seismic source zones
to indicate the earthquake-prone areas and proposed a new seismotectonic (or
seismic-source) map.

(Hinthong, 1997) studied the project entitled “Study of Active Faults in
Thailand”. According to various authors, three approaches to define active faults can
be distinguished and applied, as general definition, engineering definition, and
regulatory definition. Those three applications of definitions were discussed, based
primarily on its original definition which was proposed in the context of a two-fold
classification of dead and alive or active faults, and with respect to their potential for
recurrence of displacement or offset. Based upon available data, and with the
exclusion of the tentatively inactive and inactive classification, fault activity can be
classified as three classes namely, active, potentially active, and tentatively active.
Basically, there are three major criteria for recognition of active faults viz, geolosgic,
historic, and seismologic criteria (Figure 2.17).

(Bott et al., 1997) mentioned that northern Thailand is similar to the Basin
and Range province in the western United States of America in term of earthquake
processes and tectonics. In northern Thailand, seismicity is diffusely distributed, of
low to moderate levels, is generally not associated with known faults with surficial
expression, and is probably confined to the upper 15 to 20 km of the crust, similar to
the Basin and Range province. However, the largest known earthquake in the north
has not exceeded magnitude 6.5Ml compared to the Basin and Range province in
which record on paleoseismic investigation indicated maximum capable earthquake
is about magnitude 6.75Mw and greater. The result based on focal mechanisms
reveals that both regions have been formed by undergoing E-W extension resulting in

active normal and oblique-slip faulting (Figure 2.18).
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(C.H. Fenton, Charusiri, Hinthong, Lumjuan, & Mangkonkarn, 1997) studied on
late Quaternary faulting in northern Thailand. Several tectonic geomorphological
features, which indicate recent movements, had been observed along seven faults.
These faults are the Phrae, the Phrae basin, the Long, the Nam Pat and the Phayao
faults. The recurrence intervals of these faults range from thousand to tens of
thousands years. These faults are capable to generate earthquakes equal or greater
than magnitude 7Mw.

(Hongjatsee, 1999) investigated the major faults and seismic hazard in
northern Thailand. Based on tectonic morphology of faults, such as stream offsets,
triangular facets, and canyon shapes, the high slip rates of the Mae Chan and Wang
Nua faults are given as 0.1-3.7 and 0.8-3.5 mm/yr, respectively. The Thoen and Phrae
faults were assigned a low slip rates, in the range of about 0.01-0.1 mm/yr.

(Kosuwan, Saithong, A., Takashima, & Charusiri, 1999) applied remote-sensing,
field investigation, dating data to evaluate paleoseismology of the Mae Chan Fault in
the northern most part of Thailand. Based on dating result, fault movements gave
rise to earthquake of about 92,000, 67,000, 48,000, 25,000 and 1,600 years in age.
The 1,600 years ago event probably caused a characteristic earthquake with a
magnitude greater than magnitude7Mw.

(Charusiri et al,, 2001) published the map of seismically active belts (SAB)
including active fault zones in Thailand. They classified the fault zone into 3 groups
based mainly on the plenty TL dates of fault activities; active, potentially active, and
tentatively active. Three new fault zones were proposed in this map; The Pua and
Payao Faults in the north and the Tha Kheak Fault in the northeast. Note that, the
Mae Hong Son Fault Zone in this map and the Mae Sariang Fault Zone proposed
previously is identical.

(Rhodes, Perez, Lamjuan, & Kosuwan, 2002) studied kinematics of the Mae
Kuang Fault and evidences from satellite images and aerial photographs. They
suggested that the Mae Kuang fault accommodates the transfer of extension
between Chiang Mai basin and Wiang
Pa Pao basin which is sinistral offset between 400 and 700 m and the slip rate must

be between 0.175 and 0.7 mm/yr.
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(Udchachon, 2002) investigated the neotectonics of the Phrae basin with
integration of data from remote-sensing interpretation, field investigation, seismic
profiles, and focal mechanism data. He estimated that the southeastern segment of
the Phrae fault system is a potentially active fault with maximum slip-rate of 0.06
mm/yr. This evidence is consistent with the study on contemporary stress axis
orientation in this area which reveals a roughly east-west trend and north-south
trend of extensional and compressional axes, respectively.

(C. H. Fenton, Charusiri, & Wood, 2003) conducted the investigation of recent
paleoseismic and identified a number of active faults in Northern and Western
Thailand. Mae Chan fault and the Three Pagodas fault zones are determined as
strike-slip faults, with slip rates 0.1-0.3 mm/yr and damage earthquake of magnitude
7.5. In the northern part of Thailand, six major faults show sense of movements as
slip-rates between 0.5-2.0 mm/yr in normal-oblique fault, and damage earthquake
about magnitude 7 (Figure 2.19).

(Charusiri et al., 2006) studied paleoearthquake along Mae Yom Fault Zone
from the evidences of remote-sensing interpretation, field investigation, and GPR
profiles. The appearances of sharp lineaments are well observed and they indicate
the oblique-left-lateral sense of movement. The slip-rate of fault movement is 0.14-
0.8 mm/yr and paleoearthquake magnitude using surface rupture length is magnitude
6.3-6.7 Mw.

(Harnpattanapanich, 2006a, 2006b, 2006¢) studied macroseismic of a) Nam Pat
in Uttaradit earthquake on June 5, 2005 , and b) Lampang earthquake on June 29,
2005 and ¢) Mae Suai in Chiang Rai earthquake on December 7, 2005. The intensity
(isoseismal line) with the most severe (meizoseismal area) is consistent with the
orientation of the main structure and along faults in the study area (Figure 2.20).

(Khaowiset, 2007) studied neotectonics along the Pua Fault in Nan. Based on
remote-sensing and thermoluminescence dating , the Pua Fault is north-south
trending, oblique-slip fault with a total length of about 130 km. The slip rate of this
fault segment is estimated as 0.3 mm/yr and maximum paleoearthquake of

magnitude 6.79 Mw.
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Northern Basin and Range seismotectonic province. Figure modified from

(Bott et al., 1997; C.H. Fenton et al., 1997).
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Figure 2. 20. Isoseismal Map of a) Nam Pat in Uttaradit earthquake on June 5, 2005,
and b) Lampang earthquake on June 29, 2005, and ¢) Mae Suai in
Chiang Rai earthquake on December 7, 2005 (Harnpattanapanich, 2006a,
2006b, 2006¢).

(Khamkom, 2014) studied peak ground acceleration, peak ground velocity,
duration of motion, and frequency content of main shock with magnitude 6.3 and
aftershocks with magnitude 5-6 and magnitude 4-5 for the purpose to describe the
characteristics of strong ground motion and to evaluate the seismic hazard of the
Mae Suai dam by using more than one ground motion parameters since using of only
peak ground acceleration is unable to describe clearly. The peak ground acceleration
at the Mae Suai dam site of main shock with magnitude 6.3 on May 5, 2014 is 0.33 ¢
in the East-West component which is the highest value from the instrumental data
that have been recorded in Thailand. The earthquakes that affected the Mae Suai
dam based on the PGA and bracketed duration (usually 0.05¢) were earthquakes with

magnitudes about 3.8 and greater.



CHAPTER IlI
INTERPRETING SEISMOGRAMS

In this step all of seismograms which were collected from the KST
seismographic network was screening, and classifying for only the completed one

that will be used in re-locating process and epicenter determination in the next step.

3.1 The KST Seismographic Network

The KST seismographic network of the RID was established with the objective
for studying, observing, and recording local earthquakes, and the earthquakes that
may occur from reservoir triggered seismicity (RTS) in the area of 150 km from the
KST dam which is a construction project for enclosing the Mae Yom River around
latitude 18.646N and longitude 100.168E with the location far from Phrae to the
North about 50 km. The KST seismographic network comprised of the followings;

3.1.1 Seismograph Stations
3.1.1.1 The MYOA and the MYOM Stations

The MYOA and the MYOM stations were located in the area of Mae
Yom National Park in Amphoe Song, Phrae and on the left side of the Mae Yom River
which far from the proposed KST dam site about 3.5 km, between latitude 18.62N
and longitude 100.16E at the elevation +200 m (MSL).
3.1.1.2 The KAEW Station

The KAEW station was located in the north of the proposed KST dam
site in the area of Doi Kiew Kaew, Amphoe Chun in Pa-Yao between latitude 19.40N
and longitude 100.10E, at the elevation +630 m (MSL).

3.1.1.3 The MONT Station

The MONT station was located in the west of the proposed KST dam
site in the area of Mon Talai Non, Amphoe Ngao in Lumpang between latitude

18.70N and longitude 100.00E, at the elevation +370 m (MSL).
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3.1.1.4 The HTUM Station

The HTUM station was located in the east of the proposed KST dam
site in the area of Kao Huai Tum, Amphoe Baan Luang in Nan between latitude
18.87N and longitude 100.50E, at the elevation +750 m (MSL).

3.1.2 Types of Instruments

The instruments used at the KST seismographic network were
manufactured by Kinemetrics.Inc in USA, which composed of 2 instruments;
seismograph and accelerograph.

3.1.2.1 Seismograph

A seismograph, or seismometer, is an instrument used to detect
and record earthquakes. Generally, it consists of a mass attached to a fixed base.
During an earthquake, the base moves and the mass does not. The motion of the
base with respect to the mass is commonly transformed into an electrical voltage.
The electrical voltage is recorded on paper, magnetic tape, or another recording
medium. This record is proportional to the motion of the seismometer mass relative
to the earth, but it can be mathematically converted to a record of the absolute

motion of the ground (http://earthquake.usgs.gov/learn/glossary).

The seismograph was designed to be set in the 4 seismic stations;
the MYOM, the KAEW, the MONT, and the HTUM stations around the KST dam site
and also covered the reservoir area of the KST dam (Figure 1.1). Each of the station
will be set with 1 seismograph comprised of the K2 recorder and the SS-1 uniaxial
short period sensor (Table 3.1), which can be set both vertically and horizontally, but
for the KSTSN the seismographs will be set vertically to record the seismic data
which are perpendicular to the Earth’s surface.

3.1.2.2 Accelerograph

An accelerograph is a seismograph whose output is proportion to
ground acceleration (in comparison to the usual seismograph whose output is
proportional to ground velocity). Accelerographs are typically used as instruments

designed to record very strong ground motion useful in engineering design;


http://earthquake.usgs.gov/learn/glossary
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seismographs commonly record off scale in these circumstances. Normally, strong
motion instruments do not record unless triggered by strong ground motion (Noson,
Qamar, & Thorsen, 1988). The accelerograph was designed to be set at the MYOA
station around the proposed KST dam site (Figure 1.1), which comprised of the ETNA
recorder and the FBA-2g sensor (Table 3.1).

Table 3. 1 The information of the seismograph stations and types of instruments of

this study.
Recording
Station Latitude Longitude Elevation
Location Recorder Sensor Operation Date
Name (N) (E) (m, MSL) Type Serial No. Serial No.
Model Model
Accelerograph
Mae Yorn National Park MYOA 18.63 100.16 200 L ETNA 1474 FBA-2g 47336 1999-Present
Amphoe Song in Phrae Seismograph SS-1
MYOM  18.62 100.16 200 K2 1141 3014 1999-Present
Uniaxial Velocity
Doi Kiew Kaew Seismograph Ss-1
. KAEW 19.40 100.10 630 K2 1139 3013 1999-Present
Amphoe Chun in Phayao Uniaxial Velocity
Doi Mon Talai Non Seismograph SS-1
. MONT 1870 100.00 370 K2 1138 3012 1999-Present
Amphoe Ngao in Lampang Uniaxial Velocity
Khao Ban Huai Tum Seismograph 5S-1
Amphoe Ban Luang in Nan HTUM 18.87 100.50 750 Uniaxial K2 1140 Velocity 2787 1999-Present

Digital Recorder:K2

Digital Recorder:ETNA
Sensor: FBA-2g

Accelerograph

Sensor:SS-1

Seismograph

Figure 3. 1. The instruments types of the KST seismographic network.
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3.2 Seismograms of the KST Network

The seismograms during the year 1999 to 2010 used in this study were
collected from the KST seismographic network of the RID. There were 11,510
seismograms which can be categorized by stations; the HTUM for 901 seismograms,
the KAEW for 697 seismograms, the MONT for 2,076 seismograms, the MYOM for
6,571 seismograms, and the MYOA for 1,265 seismograms (Figure 3.2). Typically, to
collect seismograms (seismic data) of the KST network must g¢o to collect the
recorded data from seismograph stations in the field every month, by connecting the
PC or laptop to the Kinemetrics Altus recorder via an RS 232 cable and using the KMI

QuickTalk software to transfer files between the recorder and the PC (Figure 3.3).

Numbers of Seismograms / Stations

14,000

12,000 11,510
wv
£ 10,000 -
[
g

8,000 |
& 6,571
(]
(%3]
% 6,000
i3
c 4,000 -
>
= 2,076

2,000 | 1,265

’ 901 697

0
HTUM KAEW MONT MYOM MYOA TOTAL
Stations / Total

Figure 3. 2. The number of seismograms from each stations and the total number

during the year 1999 to 2010 of this study.
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Local

Sensor .| Digitizer | Computer

=

Laptop with
QuickTalk/Look Software

Epi-Sensor

ETNA
Digital Recorder

Force Balance
Accelerometer

(a)

L Local
Sensor »| Digitizer |e > Computer
Laptop with
QuickTalk/Look Software
S$S-1 (1 unit)
Short-Period K2

Digital Recorder

Seismometer

(b)

Figure 3. 3. The method used to retrieve seismic data from (a) accelerometer of the
MYOA station and (b) seismometer of the MYOM, the KAEW, the MONT
and the HTUM stations of the KST seismographic network by using KMI
QuickTalk/Look program.
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The data storage of recorded data is split into individual stations - year —
month, to make it easier to analyze the data and prepare a report. In the first step, it
is necessary to study the waveform (interpreting seismograms) of recoded data. The
task was performed by using KMI QuickLook, and KMI Power Spectral Density program
to separate natural earthquakes signal from noises signals based on the
characteristics of typical frequencies from different seismic sources, and then to
classify grade of natural earthquakes from the arrival time of P- and S-waves by using
the criteria for considering from Table 3.2, and the natural earthquakes seismograms
which used in locating epicenter and make a report of the KST network are the grade

Al only.

Table 3. 2 Description of seismograms and accelerograms and grade of data of this

study.
Grade/File No. Description

Al seismogram of 3 stations which can read the arrival time of primary and secondary wave, and used to

A2 seismogram of 3 stations which can read the arrival time of primary or secondary wave

B1 seismogram of 2 stations which can read the arrival time of primary and secondary wave

B2 seismogram of 2 stations which can read the arrival time of primary or secondary wave

C1 seismogram of 1 station which can read the arrival time of primary and secondary wave

c2 seismogram of 1 station which can read the arrival time of primary or secondary wave

SMA accelerogram of strong ground-motion earthquakes

Red seismogram of natural earthquakes which can read the arrival time of primary and secondary wave
Green seismogram of natural earthquakes which can read the arrival time of primary or secondary wave
Blue accelerogram of strong ground-motion earthquakes which used to calculate the peak ground acceleration
Black seismogram and accelerogram of noise signal

(Bolt, 1999) stated that a seismogram appear to be no more than a
complicated series of wavy lines, but from these lines a seismologist can determine
the hypocenter location, magnitude, and source properties of an earthquake.
Although experience is essential in interpreting seismograms, the first step in
understanding the lines is to remember the following principles. First, earthquake
waves consist predominantly of three types - P and S waves, which travel through

the Earth, and a third type, surface waves, which travel around the Earth. Second,
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the arrival of seismic wave produces certain telltale changes on the seismogram
trace. The trace is written more slowly or rapidly than just before; there is also an
increase in amplitude; and the wave rhythm (frequency) changes. Third, from past
experience with similar patterns, the reader of the seismogram can identify the
pattern of arrivals of the various phases.

Due to signals that are commonly visible on seismographs may not be the
one that caused by earthquakes or it may be caused by other seismic sources that is
not an earthquake, such as explosions. These signals are often referred to as noise
and come from many possible sources. Noise on the seismograph record can
significantly affect the ability to detect or recognize an earthquake signal. The factors
that affect the characteristics of the seismogram consist of earthquake epicenter to
station distance, earthquake magnitude, earthquake depth, earthquake mechanism,
propagation path, instrument response, noise level, seismograph sensitivity and gain,
and site response. Earthquake seismograms can usually be recognized by fairly
distinctive characteristics that result from the effects of the source, propagation path
and seismograph response. Many of these distinctive characteristics are visible on the
seismograms. With some experience, it is generally fairly easy to recognize
earthquake or explosion seismic sources from background noise or other noise
sources. The well-known noise sources are wind, trucks, machinery, walking,
electronic, spikes, and dropout. Some example of interpreting natural earthquakes

and noise signal with typical frequencies are shown in Figure 3.4-Figure 3.13.



a6

s 7552 8EP 09 (353) 2TNT5m3 0005 ATOMFIVERT ]
HTUNK2VERT
0007
0073
20000
1‘)ﬂ1-I1E 05 IE\‘HIU 05 |Eﬂ1;[| (s IEm;[I 05
(a)
Station ID: HTUM Channel 1: vERT 9/10/2009 (253) 21:15:33.000

7.0e-011 [

5.60-011 ‘
g 4.26-011
Q
£
?
@ 236011

1 h |
1.4e-011 || l | || .J
LR
I l
il \\‘II\_JJ ll
0.0e+000 N
0.0 200 40.0 60.0 80.0 100.0
Frequency (Hz)
(b)

Figure 3. 4. (a) Seismogram of Amphoe Wiang Sa, Nan earthquake on September 10,
2009, M2.4, source-to-site HTUM 22.86 km, Azimuth 157.5433 degree

(b) PSD and typical frequencies of seismic wave.
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Figure 3. 9. (a) Seismogram of Local noise with 50Hz spike on September 13, 2009 at
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Figure 3. 11. (a) Seismogram of Car noise on September 12, 2009 source-to-site MONT

3.0 m (b) PSD and typical frequencies of Car noise.
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Figure 3. 12. (a) Seismogram of High Frequency noise + 50Hz spike on September 30,
2009 at MONT station (b) PSD and typical frequencies of High Frequency

noise.
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Figure 3. 13. (a) Seismogram of explosion on July 12, 2009 source-to-site KKWN 2.0

km, Azimuth 108.8628 degree at MONT station (b) PSD and typical

frequencies of explosion noise.
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After separating of 11,510 seismograms, there were 2,321 seismograms from
natural earthquakes (or 20 %) and 9,095 seismograms from noise (or 80 %) (Figure
3.14) which can be categorize natural earthquakes seismograms by stations; the
HTUM for 481 seismograms, the KAEW for 616 seismograms, the MONT for 806
seismograms, the MYOM for 398 seismograms, and the MYOA for 20 seismograms
(Figure 3.15). The grade of natural earthquakes seismograms can be classified
according to the description in Table 3.2 as follow; Al for 128 events, A2 for 193
events, B1 for 85 events, B2 for 202 events, C1 for 290 events, C2 for 321 events, and
SMA for 20 events (Figure 3.16). The natural earthquakes seismograms of the grade
Al or well-located earthquakes of 128 events can be classified according to year; in
1999 for 6 events, in 2000 for 2 events, in 2001 for 2 events, in 2002 for 9 events, in
2003 for 5 events, in 2004 for 6 events, in 2005 for 13 events, in 2006 for 14 events,
in 2007 for 39 events, in 2008 for 9 events, in 2009 for 18 events, and in 2010 for 5
events (Figure 3.17). The strong ground-motion earthquakes or the grade of SMA of
20 events can be classified according to year; in 1999 for 2 events, in 2002 for 2
events, in 2003 for 1 events, in 2004 for 8 events, in 2006 for 2 events, in 2007 for 2
events, in 2008 for 1 event, and in 2009 for 1 event (Figure 3.18 and Table 3.). The
details of 11,510 seismograms of the KST network with 5 seismograph stations are
summarized in the table include date, time, file name, grade of seismogram and

events in the example shown in Table 3.4.
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Figure 3. 17. The number of well-located earthquakes during the year of 1999 to
2010.
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Figure 3. 18. The number of strong ground-motion earthquakes during the year of

1999 to 2010.

Table 3. 3 Details of the 20 strong ground-motion earthquakes of this study.
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Starting Time

No Date Station File name Lat Long M Region
(uTO)
1 10-Aug-1999 23:14:37 MYOA AKO26 18950 100.040 3.10 Amphoe Mueang, Phayao
2 19-Nov-1999 23:21:49 MYOA  AO006 19790 100.110 290 Amphoe Phaya Meng Rai,
3 26-Apr-2002 20:31:54 MYOA BJOO3 18910 99.080 4.48 Amphoe San Sai, Chiang Mai
4 2-Jul-2002 03:54:31 MYOA BMO004 19610 99.380 4.97 Amphoe Mae Suai, Chiang Rai
5 7-Sep-2002 06:11:33 MYOA BNOO8 18580 100.300 3.50 Amphoe Song, Phrae
6 21-Sep-2003 18:18:14 MYOA BROO9 19900 95730 6.60 Myanmar
7 26-Dec-2004 01:08:28 MYOA BZ012 3316 95854 9.10 Sumatra lsland, Indonesia
8 26-Dec-2004 01:9:30 MYOA BZ013 3316 95854 9.10 Sumatra Island, Indonesia
9 26-Dec-2004 01:11:11 MYOA BZ014 3316 95854 9.10 Sumatra Island, Indonesia
10 26-Dec-2004 01:11:36 MYOA BZ015 3316 95854 9.10 Sumatra Island, Indonesia
11 26-Dec-2004 01:13:05 MYOA BZ016 3316 95854 9.10 Sumatra Island, Indonesia
12 26-Dec-2004 01:13:43 MYOA BZO17 3316 95854 9.10 Sumatra lIsland, Indonesia
13 26-Dec-2004 01:14:34 MYOA BZ018 3316 95854 9.10 Sumatra Island, Indonesia
14 26-Dec-2004 01:31:12 MYOA BZ019 21630 103300 6.60 Myanmar
15 18-Oct-2006 12:01:01 MYOA CS011 18945 100.116 3.23 Amphoe Dok Kam Tai, Phayao
16 12-Dec-2006 17:02:44 MYOA CT012 18934 99.245 4.70 Amphoe Doi Saket, Chiang Mai
17 16-May-2007 08:56:34 MYOA CZ004 20646 101.445 6.13 Laos
18 19-Jun-2007 05:06:36 MYOA DAO06 18931 99.178 4.40 Amphoe Doi Saket, Chiang Mai
19 2-Mar-2008 03:22:59 MYOA DI009 18707 100.088 3.13 Amphoe Ngao, Lampang
20 1-Jun-2009 12:43:53 MYOA  DZ003 18815 100578 3.12 Amphoe Ban Luang, Nan




Table 3. 4 Examples of the detailed summary table of the KST’s seismograms, and

grades of data.

HTUM Station KAEW Station MONT Station MYOM Station MYOA Station
Date Start Time Start Time Start Time Start Time Start Time Grade
File No. File No. File No. File No. File No.
(uTO) (uTO) (uTO) (UTO) (uTO)
1-Jul-2002
2-Jul-2002 EG005 3:54:04 AGO012 3:54:00 HZ114 3:54:10 GKO013 3:54:10 BMO004 3:54:31 Al
EG006 5:01:39 AGO013 5:01:46 B1
EGO07 8:03:49 AGO014 8:03:54 HZ115 8:03:53 Al
GKO014 8:57:09
EG008 17:55:19 AGO15 17:55:16 HZ116 17:55:24 GKO015 17:55:24 Al
3-Jul-2002 EG009 0:17:48 AGO16 0:17:44 HZ117 0:17:53 GKO016 0:17:54 Al
GKO017 7:25:14
GKO018 8:45:53
4-Jul-2002 GKO019 4:39:06
5-Jul-2002 AGO17 13:33:56 Cc1
6-Jul-2002
7-Jul-2002
8-Jul-2002 GK020 11:14:42
9-Jul-2002
10-Jul-2002
11-Jul-2002
12-Jul-2002 AG018 5:50:19 HZ118 5:50:18 B1
HZ119 5:50:37 c2
13-Jul-2002
14-Jul-2002 EGO010 1:16:59 c2
15-Jul-2002 GK021 9:27:20
GLOO1 9:33:36
GL002 9:34:43
GMO001 9:52:27
BMO005 9:58:26
BNO0O1 10:00:29
BNO002 10:04:32
GMO004 10:07:00 BNO004 10:13:33
16-Jul-2002 1A001 5:30:47
17-Jul-2002 1A002 1:02:39
18-Jul-2002 EGO11 9:51:55 AGO019 9:51:02 |1A003 9:51:11 GMO005 9:51:54 A2
AG020 15:53:15 1A004 15:53:24 B2
EG012 15:54:12 AGO021 15:53:46 GMO006 15:54:15 A2
19-Jul-2002 AG022 5:40:05 IA005 5:40:14 B2
AG023 5:40:35 1A006 5:40:54 B2
EG013 18:40:29 1A007 18:40:20 B2
IA008 18:40:41 c2
20-Jul-2002
21-Jul-2002 EGO14 22:49:46 AG024 22:49:41 1A009 22:49:51 GMO007 22:49:52 Al
GM008 22:50:10 C1
22-Jul-2002 GMO009 1:37:45
AGO025 1:53:11 IA010 1:53:14 B1

GMo010 2:44:06

23-Jul-2002
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3.3 Seismograms of the KST’s Epicenters

The KST’s epicenters during the year 1999 to 2010 which collected from the
RID consist of 181 events (Figure 1.1, Figure 3.19 and Table 3.5). Before re-locating
earthquakes, interpreting seismogram is needed first in order to screening off the
only well-located earthquake events that can read out the arrival time of P and S-
wave (Figure 3.20) from at least 3 seismic stations (Figure 3.25). In this study the KMI
QuickLook program which belongs to the Kinemetrics.Inc, is used to display the
event files of seismograms, which then can be used to study waveform, and to read
the arrival time of P and S-wave. In each earthquake events from No 1 to 181
already have the details of date and time, name of seismic stations, and file name of
seismograms has been provided, which is used in the interpreting work in this step.
Example of typical seismograms which was used for screening waveform are shown

in Figure 3.20-Figure 3.28.
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Figure 3. 19. Number of earthquakes and magnitude of the KST’s epicenters before

screening.



Table 3.5 The 181 KST’s epicenters during the year 1999 to 2010 of this study.

Start Time (UTC) Location
No Date ———— Station File name —m8@ ™M M Region
hr  min sec Lat Long

15 23 31 MYOM BY080
1 22-May-1999 15 23 33 KAEW AX010 18.900 100.200 2.0 Amphoe Chiang Muan, Phayao
15 23 33 HTUM CZ006
14 16 16 KAEW AX012
2 27-May-1999 14 16 17 MONT Cl106 18.900 98.500 4.2 Amphoe Mae Chaem-Sa Moeng, Chiang Mai
14 16 21  MYOM CB001
23 14 30 MONT Cl185
3 10-Aug-1999 23 14 33 KAEW AYO011 18.950 100.040 3.1  Amphoe Mueang, Phayao
23 14 34 HTUM Cz015
23 19 31 MONT CPOO1
4 15-Aug-1999 ;: iz 3;2 ;?Z\:\VA ﬁ;\(’g;: 18.900 100.00 5.9 Amphoe Ngao, Lampang
23 19 57 HTUM FW001
9 19 34 KAEW BA002
5 23-Aug-1999 9 19 a2 HTUM FWO006 20.180 100.540 4.0 Laos
9 19 45 MONT CQ006
23 21 46 MONT ESO11
6 19-Nov-1999 23 21 47  MYOM 0OX002 19.790 100.110 2.9 Amphoe Phaya Meng Rai, Chiang Rai
23 21 57 KAEW BC002
17 22 56 KAEW BG001
7 27-Feb-2000 17 23 5 HTUM MKO003 23.040 94.270 4.9 Myanmar
17 23 13 MONT KHO003
22 16 13 HTUM NU001
8 3-Mar-2000 22 16 14 MYOM AL126 18.810 100.180 2.6 Amphoe Song, Phrae
22 16 15 MONT NPO0O1
8 57 13 HTUM NU004
9 7-Mar-2000 8 57 18 KAEW BV001 19.800 101.100 3.3 Laos
8 57 27 MONT NP002
13 13 50 HTUM NUo014
10 13-Apr-2000 13 13 56 KAEW BV006 19.310 100.480 3.0 Amphoe Pong, Phayao
13 14 6 MONT NP029
4 4 13 MYOM AL255
11 4-May-2000 4 4 20 MONT 0G004 17.423 101.500 4.2  Amphoe Phu Ruea, Loei
4 27 24 HTUM NU022
22 33 20 KAEW WKO001
12 27-May-2000 22 33 40  MONT QWO003 19.022 100.200 2.9 Amphoe Chiang Muan, Phayao
23 33 40 HTUM SV001
19 41 16 MONT QWo004
13 28-May-2000 19 41 19 MYOM AL285 18.767 100.300 3.5 Amphoe Song, Phrae
19 41 44  HTUM SV002
7 35 45 KAEW KNO0O1
14 28-Jun-2000 7 35 55 MONT RFO01 18.910 100.180 2.9 Amphoe Chiang Muan, Phayao
7 36 26 MYOM AL336
7 33 45 MYOM AL413
7
7

15 6-Aug-2000 33 45 KAEW GF001 18.970 100.270 3.1 Amphoe Chiang Muan, Phayao
33 45 MONT RMO003
19 19 50 KAEW JVoo1
16 19-Aug-2000 19 20 26 MONT RMO006 18.290 100.680 3.5 Amphoe Na Noi, Nan
19 20 27 HTUM TZ003
11 44 24 KAEW MZ002
17 5-Sep-2000 11 44 28 MONT RO001 19.150 100.050 3.2 Amphoe Dok Kham Tai, Phayao
11 44 36 MYOM AMO31
4 3 20 KAEW HU002
4 3 33 MONT uUL012
18 4-Jan-2001 21.400 98.600 5.2 Myanmar
4 3 33 HTUM uoo004
4 3 36 MYOM AO071-2
17 52 55 HTUM uo007
19 13-Jan-2001 17 52 56 KAEW kaoo1 19.230 100.130 3.5 Amphoe Chun, Phayao
17 52 57 MONT ULO15
17 52 58 MYOM AO076
19 33 26 MYOM AS046
20 13-Feb-2001 19 33 27  MONT UL036 17.220 100.080 4.2 Amphoe Phi Chai, Uttaradit
19 33 30 HTUM UQo02
14 22 15 KAEW ZU001-2
14 22 15 HTUM  UQ006-7
21 26-Feb-2001 14 22 21 MYOM AS062 19.170 100.200 3.0 Amphoe Pong, Phayao
14 22 21 MONT UL054-5
1 4 14 MYOM EI045
22 7-May-2001 1 4 15 HTUM AL004 18.310 100.440 3.3 Amphoe Rong Kwang, Phrae
1 4 18 MONT WZ002




Table 3.5 The 181 KST’s
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epicenters during the year 1999 to 2010 of this study (cont.).

Start Time (UTC) Location
No Date ————— Station  File name M Region
hr  min sec Lat Long
13 17 36 HTUM AL020
13 17 37 MONT XA096 .
23 3-Jul-2001 13 17 39 MYOM EJOT1 18.890 100.180 2.9 Amphoe Chiang Muan, Phayao
13 17 39 KAEW TPOO1
22 14 52 HTUM ANO012-3
24 19-Jan-2002 22 14 56 MONT HY006 19.300 100.080 3.4 Amphoe Dok Kham Tai, Phayao
22 14 57 MYOM Gl129
11 49 33 MONT HZ073
25 25-Apr-2002 11 49 42 MYOM GI315 18.910 99.080 3.6 Amphoe San Sai, Chiang Mai
11 49 52 HTUM AO009
20 31 37 MONT HZ076
26 26-Apr-2002 20 31 40 MYOM GI316 18.910 99.080 4.5 Amphoe San Sai, Chiang Mai
20 31 a7 HTUM AOO011
6 35 54 HTUM EF004
27 24-May-2002 Z 22 ;? ;ﬁzﬁl 2:22(1) 20.110 99.880 3.7 Amphoe Mueang, Chiang Rai
6 36 23 MONT HZ083
17 25 21 KAEW AGO009
28 28-Jun-2002 :; 22 ii '\j-IY—LCJ)'\MA E?((())(ﬁ 20.010 100.080 4.7 King Amphoe Wiang Chiang Rung, Chiang Rai
17 25 26 MONT HZ112
3 54 0 KAEW AGO012
29 2-Jul-2002 : 2: 141 ;Igm (Eii?)(iz 19.610 99.380 5.0 Amphoe Mae Suai, Chiang Rai
3 54 10 MONT HZ114
0 17 44 KAEW AGO016
30 3-Jul-2002 g 1; :2 ::\I)%ﬁ :26201297 19.810 100.280 3.7 Amphoe Khun Tan, Chiang Rai
0 17 54 MYOM GKO016
22 49 41 KAEW AG024
22 49 46 HTUM EGO014
31 21-Jul-2002 22 49 51  MONT 1A009 19.920 100.900 4.1 Laos
22 50 10 MYOM GMO008
11 12 35 HTUM EGO17
32 19-Aug-2002 E 12 2; ':‘ng-vr /l\BGOOC;IO 19.040 100.200 3.5 Amphoe Pong, Phayao
11 12 40 MYOM GMO016
11 19 a7 HTUM EG018
33 19-Aug-2002 ii i; :2 ':‘Egv-vr /I\Z%zzl 19.010 100.200 3.4 Amphoe Chiang Muan, Phayao
11 19 52 MYOM GMO017
6 11 29 MYOM GMO035
6 11 31 HTUM EHO003
34 7-Sep-2002 6 1 32 MONT 1R0O1 18.580 100.300 3.5 Amphoe Song, Phrae
6 11 58 KAEW AGO033
22 31 4 MYOM GMO038
35 13-Sep-2002 22 30 38 KAEW AGO034 19.050 99.170 3.7 Amphoe Phrao, Chiang Mai
22 30 28 HTUM EHO04
14 27 36 KAEW AGO039
36 25-Sep-2002 12 ;{ :‘11 :AAS;:; é;oo();“ 19.390 99.400 3.6 Amphoe Wiang Pa Pao, Chiang Rai
14 27 a7 HTUM EI001
21 56 a5 MYOM GM200
37 24-Oct-2002 21 56 52 KAEW AG042 19.060 100.130 3.0 Amphoe Pong, Phayao
21 56 50 HTUM EI006
5 21 10 MONT OE001
38 6-Nov-2002 5 21 12 MYOM GM221 18.670 99.980 2.9 Amphoe Ngao, Lampang
5 21 29 HTUM EI009
5 1 24 KAEW AG044
39 17-Nov-2002 5 ! 25 HTUM Eio12 18.940 100.300 3.9 Amphoe Chiang Muan, Phayao
5 1 28 MYOM GM248
5 1 28 MONT 0OX003
5 5 40 MONT  QQ001-2
40 6-Dec-2002 2 Z iz ;égx QI\GAZZ 18.450 99.600 4.0 Amphoe Mueang, Lampang
5 6 48 HTUM EI015
13 47 10 KAEW AG048
41 18-Dec-2002 :3 2; 1523 m?g; 2':‘/\2%27 19.390 98.800 4.9 Amphoe Chiang Dao, Chiang Mai
13 47 19 HTUM EI016
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Table 3.5 The 181 KST’s epicenters during the year 1999 to 2010 of this study (cont.).

Start Time (UTC) Location
No Date ——  Station  File name M Region
hr  min sec Lat Long
7 14 20 KAEW AGO058
42 29-Jan-2003 7 14 32  MONT UMO001 19.760 100.600 3.9 Laos
7 14 33 MYOM GNO042
10 22 36 MYOM GNO088
43 20-Feb-2003 10 22 36 MONT Vo037 19.650 100.280 3.6 Amphoe Thoeng, Chiang Rai
10 23 5 KAEW AG060
8 57 38 MYOM GQO45
a4 23-Aug-2003 8 57 28 KAEW AGO79 18.577 99.244 3.5 Amphoe Mueang, Lamphun
8 57 23 MONT ENOO1
11 4 15 KAEW AGO080
45 18-Sep-2003 11 4 26 MONT FV001 20.547 100.057 4.5 Myanmar
11 4 28 MYOM GQO96
12 31 21 KAEW AG094
46 16-Oct-2003 12 31 44  MYOM GR035 19.157 101.300 39 Laos
12 31 46 MONT HJ0O1
15 23 27 MYOM GRO77
47 30-Oct-2003 15 23 17 KAEW AG096 - - 57
15 23 a7 HTUM ONO001
15 8 20 KAEW AG100
48 23-Nov-2003 15 8 25 HTUM ONO002 20.480 101.350 4.5 Laos
15 8 32  MYOM GR096
20 22 22 KAEW AG103
49 7-Dec-2003 20 22 50 MYOM GR165 19.060 99.630 3.6 Amphoe Wang Nuea, Lampang
20 23 3 HTUM ONO005
5 49 35 KAEW AG114
50 14-Mar-2004 i ZZ ZZ hHAIlCJ)m GROZVZSE)_:OO 20.174 100.000 3.9 Amphoe Mae Chan, Chiang Rai
5 49 44 MONT MEOQ06
4 5 26 KAEW AG117
51 27-Mar-2004 4 5 3 MONT ME009 19.720 99.800 3.7 Amphoe Phan, Chiang Rai
4 5 36 MYOM GR324
4 5 37 HTUM OWO006
14 39 8 MYOM GR605
52 25-Jul-2004 14 bt 10 MONT Mroo7 18.950 99.900 3.8 Amphoe Ngao, Lampang
14 39 15 KAEW AG123
14 39 17 HTUM 0OX003
18 54 6 HTUM 0OX007
53 17-Aug-2004 12 i: 270 :AA‘?C,)\‘; '\GA-FI;S;S 17.320 100.650 4.1  Amphoe Chat Trakan, Phitsanulok
18 54 46 KAEW AG125
1 31 56 MONT MTO015
54 11-Sep-2004 1 32 18  MYOM GR651 18.810 98.800 3.6 Amphoe Hang Dong, Chiang Mai
1 32 18 KAEW AG126
20 56 41 KAEW AG135
55 13-Dec-2004 28 ?3 23 LA'?LTI\-; ,\:;/8;11 19.308 99.149 3.9 Amphoe Phrao, Chiang Mai
20 57 33 MYOM GR908
1 2 28 MYOM GR946
56 26-Dec-2004 : 2 23; :A?)ENV'\II' Q(\s/éiz 3.300 95.940 9.0 Sumatra Islands, Indonesia
1 2 34 HTUM PB002
1 30 20 MYOM GR953
1 30 10 KAEW AG143
57 26-Dec-2004 1 30 16  MONT MV022 21.630 103.300 6.6 Myanmar
1 30 19 HTUM PB006
7 13 14 KAEW AG148
58 26-Dec-2004 7 13 20 MONT MV031 19.094 99.500 3.4 Amphoe Wiang Pa Pao, Chiang Rai
7 13 27 MYOM GR957
23 55 9 KAEW AG157
23 55 10 MONT MVO053
59 30-Dec-2004 23 55 18 HTUM PBO11 20.940 97.750 6.4 Myanmar
23 55 23 MYOM GR965
6 29 7 MONT MVO055
60 1-Jan-2005 6 29 12 MYOM GR969 18.210 99.631 3.4 Amphoe Mae Tha, Lampang
[3 29 16 HTUM PB012
16 31 19 KAEW AG160
61 25-Jan-2005 16 31 32 MONT MV063 22.520 100.740 4.9 Myanmar
16 31 29 HTUM PEOO1
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Table 3.5 The 181 KST’s epicenters during the year 1999 to 2010 of this study (cont.).

Start Time (UTC) Location
No Date ————— Station File name M Region
hr  min sec Lat Long
12 27 56 HTUM PE003
62 5-Feb-2005 12 27 58  MONT MV068 18.623 100.417 3.3 Amphoe Wiang Sa, Nan
12 28 1 KAEW AG166
10 48 56 HTUM PF0O1
63 2-Mar-2005 18 22 i; '\'\//\‘\é?\‘vr C,-\;AR;(lolgf 18.858 100.900 3.7 King Amphoe Phu Phiang-Santi Suk, Nan
10 49 2 KAEW AG1T71
16 13 25 MONT MX011
64 28-Mar-2005 12 12 ig '\HAigm GPR:()ZO()45 2.074 97.013 8.7 Sumatra Islands, Indonesia
16 13 35 KAEW AG176
7 18 13 KAEW AG185
65 1-Apr-2005 7 18 18  MONT MY001 19.398 99.399 3.7 Amphoe Wiang Pa Pao, Chiang Rai
7 18 23 HTUM PFO17
17 22 12 KAEW AG186
66 2-Apr-2005 17 22 24 MONT MY002 19.450 99.341 3.6 Amphoe Wiang Pa Pao, Chiang Rai
17 23 7 HTUM PF018
10 33 35 HTUM PF019
67 10-Apr-2005 10 33 36 MONT MY004 19.496 100.094 3.5 Amphoe Chun, Phayao
10 33 38 MYOM GR1243
23 1 39  MYOM GU029
68 4-Jun-2005 23 1 40 HTUM PF031 17.817 100.706 3.8 Amphoe Nam Pat, Uttaradit
23 1 41 MONT NA013
21 7 40  MYOM GU036
69 9-Jun-2005 21 7 42 MONT NB002 18.544 100.259 2.4 Amphoe Song, Phrae
21 7 48 HTUM PF032
0 38 41 MONT NC002
70 29-Jun-2005 g zz :i ?_’:_T_Sx (;L;é:: 18.815 99.500 3.1  Amphoe Mueang Pan, Lampang
0 39 5 KAEW AJOO1
15 45 8 MONT NC005
71 24-Jul-2005 1'; :i lé 'E:(E)\:\VA GALJJOZ(:; 7.900 92.100 7.2 Nicobar Islands, India Region
15 45 17 HTUM PG001
9 34 33  MONT NIO15
72 4-Dec-2005 9 34 36 MYOMm GuS91 18.770 99.000 4.2 Amphoe Mueang, Chiang Mai
9 34 38 KAEW AJO22
9 34 43 HTUM QKO004-5
9 0 52 KAEW AJO51
9 1 2 MONT NI017 o .
73 7-Dec-2005 19.720 99.500 3.6 Amphoe Mae Suai, Chiang Rai
9 1 4 HTUM QKO006-7
9 1 24  MYOM GU605
6 48 22 KAEW AJO53
6 48 34 MONT NI018 .
74 15-Dec-2005 19.450 100.300 4.1 Amphoe Chiang Kham, Phayao
6 48 35 HTUM QL002
6 48 36 MYOM GU639
23 13 0 KAEW AJO55
75 15-Dec-2005 23 13 14 MONT NI019 19.490 99.900 3.0 Amphoe Phan, Chiang Rai
23 13 27 HTUM QL003
2 13 30 KAEW AJO57
2 13 41 MONT NI020 . .
76 16-Dec-2005 19.490 99.830 3.6 Amphoe Phan, Chiang Rai
2 13 43 MYOM GU640
2 13 45 HTUM QL005
2 15 24 KAEW AJO58
2 15 36 MONT NI021 . .
7 16-Dec-2005 19.490 99.930 3.7 Amphoe Pa Daed, Chiang Rai
2 15 38 MYOM GuU641
2 13 37 HTUM QL006
10 59 1 KAEW AJO65
78 17-Dec-2005 10 59 27 HTUM QJoo7 19.610 100.150 3.2 Amphoe Thoeng, Chiang Rai
10 59 33 MONT NI022
11 47 50 KAEW AJO66
79 17-Dec-2005 1 a8 3 MONT NI023 19.460 100.000 3.3 Amphoe Pa Daed, Chiang Rai
11 48 4 MYOM GU672
11 48 5 HTUM QL008
13 42 25 KAEW AJO81
80 24-Jan-2006 13 42 33 MONT NI036 20.890 98.460 5.5 Myanmar
13 42 38 HTUM QLo14
16 3 1 KAEW AJO91
81 1-Feb-2006 16 3 8 HTUM QLo19 20.534 99.849 4.2  Myanmar
16 3 13 MONT NI039
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Table 3.5 The 181 KST’s epicenters during the year 1999 to 2010 of this study (cont.).

Start Time (UTC) Location
No Date —————— Station File name M Region
hr  min sec Lat Long
0 32 43 KAEW AJ092
82 3-Feb-2006 0 32 50 HTUM QL021 20.190 100.969 3.8 Laos
0 32 55 MONT NI1041
16 54 2 KAEW AJO94
83 15-Feb-2006 16 54 5 MONT Nl044 19.134 100.207 3.4 Amphoe Pong, Phayao
16 54 6 MYOM Gv147
18 33 a7 KAEW AJO98
84 20-Feb-2006 18 33 51 MONT N1045 19.138 100.221 2.8 Amphoe Pong, Phayao
18 33 51 MYOM GV156
15 35 7 KAEW AKO005
85 13-Oct-2006 15 35 21 MONT NYO003 20.229 100.157 3.7 King Amphoe Doi Luang, Chiang Rai
15 35 35 HTUM UF001
12 0 35  MONT NY005
12 0 37 MYOM HD143 .
86 18-Oct-2006 18.945 100.116 3.2 Amphoe Dok Kham Tai, Phayao
12 0 39 HTUM UF002
12 0 39 KAEW AK006
1 58 31 KAEW AKOO07
87 21-Oct-2006 ! 58 39 HTUM UF003 20.325 100.846 4.2 Laos
1 58 42 MONT NYO006
1 58 44 MYOM HD144
18 38 32 KAEW AKO13
88 16-Nov-2006 12 z: 2: :A‘I(')L,J\‘J Uggéz 19.540 99.999 3.7 Amphoe Pa Daed, Chiang Rai
18 38 a7 MYOM HEO21
19 32 32 HTUM uGo04
89 26-Nov-2006 1; zi z? m\é?:ylr :;sz 19.069 101.239 3.8 Amphoe Bo Kluea, Nan
19 32 41 KAEW AKO014
4 1 12 MONT NZ002
90 1-Dec-2006 4 2 17 MYOM HEO037 19.033 99.806 3.0 Amphoe Ngao, Lampang
a 2 24 KAEW AKO15
17 2 6 MONT NZ006
91 12-Dec-2006 1 2 8 KAEW AK016 18.934 99.245 4.7 Amphoe Doi Saket, Chiang Mai
17 2 9 MYOM NB0O1
17 2 14 HTUM UGo007
17 2 6 MONT NZ006
92 12-Dec-2006 17 4 45 KAEW AKO17 19.009 99.644 3.0 Amphoe Wang Nuea, Lampang
17 4 48  MYOM NB002
19 49 15 MONT NZz011
93 12-Dec-2006 19 49 30 KAEW AKO019 18.965 99.189 3.8 Amphoe Doi Saket, Chiang Mai
19 49 42 HTUM UG008
22 21 33 MONT NZ012
94 12-Dec-2006 22 21 36 KAEW AK020 19.008 99.144 3.6 Amphoe Doi Saket, Chiang Mai
22 22 2 HTUM UG009
5 48 41 MONT NZ014
95 13-Dec-2006 5 48 56 KAEW AK022 18.899 99.256 3.9 Amphoe Doi Saket, Chiang Mai
5 48 58 MYOM NOO001
11 48 56 MONT OA008
96 23-Dec-2006 11 49 13 KAEW AK025 18.880 99.638 3.2 Amphoe Chae Hom, Lampang
11 49 15 MYOM VW001
11 33 30 HTUM UH003
97 21-Jan-2007 11 33 35 MYOM XY015 19.841 99.856 3.9 Mueang, Chiang Rai
11 33 37  MONT 0OB003
22 29 37 MONT 0B007
98 25-Jan-2007 22 29 43 KAEW AK032 18.824 99.387 3.2  Amphoe Mueang Pan, Lampang
22 29 44 MYOM XY187
8 52 23 HTUM u1001
99 18-Feb-2007 8 52 25 MYOM YB006 18.555 100.582 3.1 Amphoe Wiaeng Sa, Nan
8 52 28 MONT 0B013
8 5 36 KAEW AKO035
100 20-Feb-2007 8 5 57 MONT oBo14 19.047 100.031 3.2 Amphoe Mueang, Phayao
8 5 38 MYOM YB0OO7
8 5 39 HTUM uloo2
6 17 31 KAEW AK045
6 17 39 MONT 0OD009 . .
101 22-Apr-2007 19.427 99.838 4.0 Amphoe Pa Daed, Chiang Rai
6 17 42 MYOM YB139
6 17 43 HTUM uJood
6 17 31 KAEW AK045
6 17 39  MONT 0D009 X . .
102 22-Apr-2007 19.413 99.562 3.6 Amphoe Wiaeng Pa Pao, Chiang Rai
6 17 42 MYOM YB139
6 17 43 HTUM UJoo4
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Table 3.5 The 181 KST’s epicenters during the year 1999 to 2010 of this study (cont.).

Start Time (UTC) Location
No Date —————— Station File name M Region
hr  min sec Lat Long
14 28 33 KAEW AKO51
14 28 37 HTUM uJoo9
103 15-May-2007 14 28 54  MONT OE002 20.489 100.579 4.7 Laos
14 28 56 MYOM YCO005
8 55 58 KAEW  AK052(1)
104 16-May-2007 8 56 4 HTUM uJo10(1) 20.646 101.445 6.1 Laos
8 56 8 MONT OE003(1)
8 56 8 MYOM  YCO007(1)
8 55 58 KAEW  AK052(2)
8 56 4  HTUM UJ010(2) R .
105 16-May-2007 20.108 99.986 4.9 Amphoe Mae Chan, Chiang Rai
8 56 8 MONT OE003(2)
8 56 8 MYOM  YC007(2)
8 55 58 KAEW  AK052(3)
8 56 4  HTUM  UJO10(3) .
106 16-May-2007 20.294 100.525 4.3 Thai-Laos Border
8 56 8 MONT OE003(3)
8 56 8 MYOM  YC007(3)
9 7 36 KAEW AKO054
9 7 41 HTUM uJo11
107 16-May-2007 9 7 a5 MONT OE005 20.102 101.512 4.2 Laos
9 7 48 MYOM YC008
9 8 23 MYOM YC009
108 16-May-2007 9 o 54 KAEW AKO55 20.421 101.440 3.9 Laos
9 10 29 HTUM uJo12
9 10 32 MONT OE006
9 13 14 KAEW AKO056
9 13 19 HTUM uJo13
109  16-May-2007 9 13 25 MONT OE007 20.361 100.962 4.0 Laos
9 13 54 MYOM YCO010
9 16 52 KAEW AK059
110 16-May-2007 9 17 2 MONT OE008 20.504 100.805 3.9 Laos
9 17 3 HTUM uJoi4
9 28 8 KAEW AK062
111 16-May-2007 9 28 26 HTUM uJo15 20.317 99.936 4.3 Amphoe Chiang San, Chiang Rai
9 28 41  MONT OEO011
9 30 49 KAEW AK063
9 31 1 MONT OE012
112 16-May-2007 20.234 100.611 3.8 Laos
9 31 19 HTUM uJo1é
9 31 31 MYOM YCO11
10 4 23 KAEW AK066
10 4 30 HTUM uJo18
113 16-May-2007 10 4 35 MONT OE013 21.003 100.514 4.0 Laos
10 5 9 MYOM YCo12
10 15 31 KAEW AKO067
10 15 36 HTUM uJo19
114 16-May-2007 10 15 42 MONT OEO14 20.666 100.934 4.0 Laos
10 16 10 MYOM YC013
10 25 49 KAEW AK068
115 16-May-2007 10 25 55 HTUM uJo20 20.581 101.070 4.1 Laos
10 25 58 MONT OE015
11 15 a7 KAEW AK069
11 15 53 HTUM uJo21
116  16-May-2007 1 15 57 MONT OE016 20.420 101.197 4.2 Laos
11 15 59 MYOM YCo14
11 35 3 KAEW AKO71
117 16-May-2007 11 35 9 HTUM uJoz22 20.533 100.822 3.9 Laos
11 35 15 MONT OE017
11 43 42 KAEW AKO072
11 43 48 HTUM uJo23
118 16-May-2007 1 43 51 MONT OE018 20.716 101.214 4.1 Laos
11 43 57 MYOM YCo15
13 17 56 KAEW AKO74
13 18 2 HTUM uJoz4
119 16-May-2007 13 18 6 MONT OE019 20.540 101.051 4.5 Laos
13 18 8 MYOM YCO016
15 22 17 KAEW AKO76(1)
15 22 59 MONT OE020
120  16-May-2007 15 23 13 HTUM UJ026 20.424 101.436 3.8 Laos
15 23 25 MYOM YCo17
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Table 3.5 The 181 KST’s epicenters during the year 1999 to 2010 of this study (cont.).

Start Time (UTC) Location
No Date ————— Station File name M Region
hr  min sec Lat Long
17 8 43 KAEW AKO78
17 8 48 HTUM uJoz27
121 16-May-2007 17 8 53 MONT OF021 20.309 101.364 4.1 Laos
17 8 55 MYOM YC018
3 25 32 KAEW AK081
3 25 39  HTUM uJo29
122 17-May-2007 3 25 3 MONT OE023 20.029 101.416 4.1 Laos
3 26 11 MYOM YCO019
0 1 44  KAEW AK082
123 18-May-2007 ° ! 4 HTUM uJoso 20.087 101.254 3.9 Laos
0 2 21 MONT OE024
0 2 25 MYOM YC022
1 41 3 KAEW AKO083
124  18-May-2007 1 41 9 HTUM uJo31 20.253 100.798 39 Laos
1 41 24 MONT OE025
13 5 4 KAEW AK087
125 18-May-2007 13 5 11 HTUM uJo32 20.612 101.232 4.2 Laos
13 5 16 MONT OE026
1 21 7 KAEW AK089
126 20-May-2007 1 21 14 HTUM uJo33 20.441 100.812 3.9 Laos
1 21 32 MONT OE027
17 6 15 KAEW AK096
127 23-May-2007 17 6 21 HTUM uJo34 20.434 100.781 4.0 Laos
18 6 26  MONT OE030
11 15 4 KAEW AL001
128 24-May-2007 11 15 10 HTUM UKO002 20.507 100.666 3.9 Laos
11 15 17 MONT OF001
17 20 54  KAEW ALOO7
17 21 0 HTUM UKO011
129 7-Jun-2007 20.606 100.879 4.7 Laos
17 21 3 MONT OF006
17 21 6 MYOM YF002
5 6 19  MONT OF008
5 6 21  KAEW AL010 . . .
130 19-Jun-2007 18.931 99.178 4.4  Amphoe Doi Saket, Chiang Mai
5 6 22 MYOM YF008
5 6 29 HTUM UK013
6 53 54 KAEW AMO01
6 54 7 MONT 0G001
131 23-Jun-2007 19.629 96.758 4.9 Myanmar
6 54 8 HTUM UL001
6 54 43 MYOM YG003
6 57 39 KAEW AMO002
132 23-Jun-2007 6 58 24 HTUM uLo02 19.698 97.331 4.6 Myanmar
6 58 29 MONT 0G002
6 59 4 MYOM YG004
8 17 13 KAEW AMO003
133 23-Jun-2007 8 17 21 HTUM uL003 20.887 98.861 5.9 Myanmar
8 17 23 MONT 0G003
8 17 24 MYOM  YGO005-6
8 27 a4 KAEW AMO004
8 27 51 HTUM uUL004
134 23-Jun-2007 s 27 53 MONT 06004 21.461 99.352 5.8 Myanmar
8 28 1 MYOM YGO007
21 33 45 KAEW ANO0O5
135 28-Jul-2007 21 33 56 MONT 01006 20.576 100.153 4.3 Laos
21 33 58 HTUM UMO003
22 42 32 KAEW ANO006
136 30-Jul-2007 22 42 a4 MONT 01008 19.186 112.033 6.3
22 42 49 MYOM YHO028
22 42 57 HTUM UMO004
6 53 40 KAEW ANO10
6 53 46 HTUM UMO006
137 6-Aug-2007 20.501 100.814 4.1 Laos
6 53 52 MONT 01013
6 54 17 MYOM YH032
8 50 39 KAEW ANO11
138 6-Aug-2007 8 50 53 MONT olo14 20.327 100.704 3.8 Laos
8 51 8 HTUM UMO0O07
8 53 18 KAEW ANO12
8 53 26 HTUM UMO008
139 7-Aug-2007 20.490 101.172 4.3 Laos
8 53 29 MONT 0l1015
8 53 34 MYOM YH033
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Table 3.5 The 181 KST’s epicenters during the year 1999 to 2010 of this study (cont.).

Start Time (UTC) Location
No Date ———  Station  File name M Region
hr  min sec Lat Long
9 15 18 KAEW AO001
140 8-Aug-2007 9 15 25 HTUM OMO009 20.320 100.441 3.9 Laos
9 15 30 MONT 0Joo1
9 15 56 MYOM Y1002
17 9 24  MYOM Y1003-4
141 8-Aug-2007 17 o 25 MONT ©J002-3 16.934 95.918 5.6
17 9 31 KAEW AO002
17 9 34 HTUM UNO001
11 16 43 KAEW AO007
11 16 49 MONT 0J006 .
142 19-Aug-2007 19.815 98.775 3.8 Thai-Laos Border
11 17 14 MYOM Y1007
11 17 19 HTUM UNO002
7 12 39 KAEW AP0O1
143 8-Sep-2007 7 12 a4 HTUM UNOO1 20.466 100.783 4.1 Laos
7 12 50 MONT 0Joo7
7 12 52 MYOM Y1024
2 38 a7 MYOM YJOO5
144 16-Oct-2007 2 38 53 MONT 0J028 18.661 100.142 2.5 Amphoe Song, Phrae
2 38 54 HTUM UP003
6 46 42 KAEW APO11
145 16-Oct-2007 6 46 48 HTUM UP004 20.512 100.808 4.5 Laos
6 46 52 MONT 0J029
6 46 54 MYOM YJ006
19 5 33 KAEW AR004
19 5 39 HTUM UP006
146 1-Nov-2007 19 5 a2 MONT 0J035 20.234 100.460 4.6 Laos
19 5 46 MYOM YJo18
11 18 57 HTUM UPO16
147 23-Dec-2007 11 19 4 MONT 0Jo4é 18.652 100.655 3.1 Amphoe Mueang, Nan
11 19 7 MYOM EF243
3 22 17 MONT 0OK016
148 2-Mar-2008 3 22 58 MYOM AJO27 18.707 100.088 3.1 Amphoe Ngao, Lampang
3 23 5 HTUM uQoo7
15 a7 a4 MONT OMO001
149 9-Apr-2008 15 49 5 KAEW AY001 19.394 99.620 3.2  Amphoe Wang Nuea, Lampang
15 49 22 MYOM ALO11
6 28 36 MONT OMO007
6 30 31 HTUM Uso005 .
150 12-May-2008 33.371 141.658 8.1 China
6 30 38 KAEW AY006
6 30 48 MYOM AY109
21 35 17 MONT 00004
151 10-Jun-2008 21 57 28 KAEW BA002 20.652 100.794 4.8 Laos
21 37 34 HTUM uuo002
21 37 39 MYOM ANO006
9 42 45 MONT 00006
152 1-Jul-2008 z 2? i; AECZ\:\VA iﬁggz 19.420 99.538 3.8 Amphoe Wiaeng Pa Pao, Chiang Rai
9 45 34 HTUM uu005
4 36 22 MONT OP004
153 9-Jul-2008 4 39 11 MYOM AO008 18.701 100.248 2.2 Amphoe Song, Phrae
4 39 19  HTUM uvo03
12 25 25 KAEW BB006-7
154 21-Aug-2008 12 25 33 HTUM uvo11 23.135 99.769 6.5 Myanmar-China Border
12 26 0 MYOM AP020
8 5 35 MONT XY013
155  25-Nov-2008 8 10 18 HTUM UY009 18.816 100.277 2.6 Amphoe Chiaeng Muan, Phayao
8 10 18 MYOM ATO17
8 1 32 MONT XY012
156 29-Nov-2008 8 6 12 KAEW BFO04 20.630 100.890 4.0 Laos
8 6 18 HTUM uYo10
8 6 29 MYOM ATO19
7 54 22 MONT XZ005
157 31-Dec-2008 7 59 26 HTUM uzoo4 18.653 100.650 3.7 Amphoe Mueang, Nan
7 59 55 KAEW BG004
7 58 32 MONT XZ006
158 31-Dec-2008 8 3 36 HTUM UZzo05 18.694 100.642 3.7 Amphoe Mueang, Nan
8 4 5 KAEW BG005
23 23 52 MONT AC006
159 29-Jan-2009 23 23 57 KAEW BI002 19.039 100.317 2.8 Amphoe Chiaeng Muan, Phayao
23 23 58 HTUM VC002
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Table 3.5 The 181 KST’s epicenters during the year 1999 to 2010 of this study (cont.).

Start Time (UTC) Location
No Date —————— Station File name M Region
hr  min sec Lat Long
1 38 35 KAEW BI1003
160 6-Feb-2009 1 38 59 HTUM VC005 19.505 99.717 2.8 Amphoe Phan, Chiang Rai
1 39 3 MONT AD001
7 57 48 KAEW BL003
7 57 57  MONT AZ005
161  22-May-2009 7 58 3 HTUM VEO13 20.294 101.086 43 Laos
7 58 25 MYOM NOO010
18 50 28 KAEW BLOO4
18 50 37  MONT AZ006
162 22-May-2009 18 50 40 HTUM VEO16 20.984 102.471 5.1 Laos
18 50 42 MYOM NOO11
12 43 46 MYOM NO 015
12 43 49 MONT AZ 013
163 1-Jun-2009 18.815 100.578 3.1 Amphoe Ban Luang, Nan
12 43 50 HTUM VE 021
12 44 [3 KAEW BL 009
0 23 14 MYOM NOO017
164 10-Jun-2009 0 23 15 MONT AZ015 18.798 100.269 2.7 Amphoe Song, Phrae
0 23 24 HTUM VE022
0 24 20 MYOM NO018
0 24 21 MONT AZ016 .
165 10-Jun-2009 18.829 100.277 2.7 Amphoe Chiang Muan, Phayao
0 24 30 HTUM VE023
0 24 33 KAEW BLO11
19 49 31 MYOM NP006
19 49 32 MONT BA004 .
166 18-Jun-2009 18.890 100.330 2.6 Amphoe Chiang Muan, Phayao
19 49 41 HTUM VF004
19 49 44 KAEW BMO005
19 56 53 MONT GU003
167 10-Aug-2009 1; :; i '\:;SV,\\;I g‘vi%%i 14.967 94.629 6.8 Andaman Islands, India Region
19 57 14 HTUM VHO003
17 56 59 MONT INOO4
168 16-Aug-2009 17 57 1 MYOM NRO11 20.535 100.288 4.2 Loas-Mynmar Border
17 57 4 HTUM VHO010
11 56 31 KAEW DX001
169 1-Oct-2009 11 56 41 HTUM V1026 20.022 103.047 4.1 Loas
11 56 44 MONT JT018
1 58 30 KAEW ELOO1
170 14-Oct-2009 ! 58 38 MONT Jveor 20.205 102.039 4.8 Loas
1 58 41 HTUM VLO001
1 59 11 MYOM PP001
3 55 21 KAEW FJOO1
171 7-Nov-2009 3 55 30 HTUM WKO001 20.377 101.304 3.9 Loas
3 55 35 MONT JV036
7 36 45 KAEW FM002
172 10-Nov-2009 7 36 9 MONT JWoo1 20.590 102.088 4.8 Loas
7 36 18 HTUM WNO002
7 37 13 MYOM QR003
8 2 6 MONT Jwo002
173 10-Nov-2009 8 2 9 KAEW FMO003 20.109 101.440 4.3 Loas
8 2 18 HTUM WNO003
8 40 50 KAEW FM004
174 10-Nov-2009 8 41 4 HTUM WNO004 20.276 101.413 4.1 Loas
8 41 2 MONT JW003
7 2 32 KAEW GJoo1
7 2 32 MONT Jwo14 . .
175 2-Dec-2009 19.310 99.203 3.3 Amphoe Phrao, Chiang Mai
7 2 52 MYOM RNOO1
7 3 7 HTUM XK001
1 11 31 KAEW HHO001
176 26-Dec-2009 1 11 40 MONT JX008 20.695 99.665 4.0 Myanmar
1 12 23 HTUM Y1001
13 3 6 KAEW KCO001
177 9-Mar-2010 13 3 15 MONT KA004 20.508 99.383 4.2  Myanmar
13 3 18 MYOM VP003
2 23 32 KAEW 01001
178  26-Jun-2010 2 24 6 MONT KC009 20.183 99.524 3.9 Thai-Myanmar Border
2 24 13 HTUM FT002
15 23 25 HTUM GDO001
179 6-Jul-2010 1; zz 136 :Agi‘v;l_ (K)(s:(?(())ll 20.004 99.054 4.1  Thai-Myanmar Border
15 23 40 MYOM AHO001
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Table 3.5 The 181 KST’s epicenters during the year 1999 to 2010 of this study (cont.).

Start Time (UTC) Location
No Date ——— Station  File name M Region
hr  min sec Lat Long
12 53 14 HTUM GP001
180 18-Jul-2010 12 53 18  KAEW PE0OO1 20.249 100.978 3.8 Loas
12 53 11 MONT KD001
8 18 46 HTUM D001
8 18 24  KAEW QuUoo1 P .
181 29-Aug-2010 8 18 33 MONT KD0O9 19.520 99.540 3.4 Amphoe Mae Suai, Chiang Rai
8 18 50 MYOM C0001
counts L2542 MAY 22 (142) 15h23m33.0008 KAEW.K2Vert, (0)
KAEWKZ2Velt Z T T

5000.07

-500007

23m35.0s

23m40.0s

23m45.0s

23m50.0s 23mb5.0s

Figure 3. 20. Typical of seismogram which can read the arrival time of P- and S-wave

(P: primary wave and S: secondary wave).
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Figure 3. 21. Typical seismogram of teleseismic earthquake.
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Figure 3. 22. Typical of seismogram which can read the arrival time of P-wave only

(P: primary wave).
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Figure 3. 23. Typical of seismogram which can read the arrival time of S-wave only

(S: primary wave).
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Figure 3. 24. Typical seismogram of long period wave.
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Figure 3. 25. Seismograms of earthquake on May 22, 1999 which the HTUM, the MYQO,

and the KAEW stations can read the arrival time of P-and S-wave.



75

counts L2547 DEC 27 (361) 01h02m22.000s MONT:K2:Vert: (0)
MONT:-K2Mert Z ' '

' s |

01h05m 01h10m 01h15m 01h20m
counts 2547 DEC 27 (361) 01h02m22.000s MYOKZVert; (1)
MY K2 et Z ' ' '

50000.
ﬂ- Ao
-50000.
| | | |
01h0Sm 01h10m D1h15m D1h20m
counts | 2547 DEC 27 (361) 01h02m22.000s HTUMKZVERT: (2)
"HTUMK2ZVERT: Z ' '
50000.
0 Wﬁ}mﬁwﬁw
-50000.
| I | | |
01h05Sm 01h10m D1h15m D1h20m
counts L2547 DEC 27 (361) 01h02m22.000s KAEW-K2Vert: (3)
KAEW-KZNert Z ' '
50000.
g s
-50000.

1 1 | 1
01hd5m 01n10m 01h15m 01h20m

Figure 3. 26. Seismograms of teleseismic earthquake on December 26, 2004.
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Figure 3. 27. Seismograms of earthquake on February 27, 2000 which the KAEW and

the HTUM stations cannot read the arrival time of S-wave, and the

MONT station cannot read the arrival time of P-wave.
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Figure 3. 28. Seismograms of long period earthquake on March 4, 2000.
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After interpreting and screening seismograms of the 181 KST’s epicenters,
there were 118 events (Figure 3.29 and Table 3.6) of well-posted earthquakes data to

be re-locating on the next step.

Number of Earthquakes / Magnitude

200

180

160
[%2]
g -
5 190 - .
=1 1
£ ] 7
S 100 -
‘46 .
. 80 -
)
o] ] 55
e 0 - 40
:5 -
Z 40 -

o0 | 18 ] ,

| —
O 1 1 T T
229 339 449 559 669 779 889 999 Total
Magnitude

Figure 3. 29. Number of earthquakes and magnitude of the KST’s epicenters after

screening.



Table 3. 6 The 118 KST’s epicenters of well-located earthquakes after screening.

Start Time (UTC) Location
No Date ———— Station Filename —m— M Region
hr  min sec Lat Long

15 23 31 MYOM BY080

1 22-May-1999 15 23 33 KAEW AX010 18.900 100.200 2.0 Amphoe Chiang Muan, Phayao
15 23 33 HTUM CZ006
23 14 30 MONT C1185
2 10-Aug-1999 23 14 33 KAEW AY011 18.950 100.040 3.1 Amphoe Mueang, Phayao
23 14 34 HTUM CZ015
23 21 46 MONT ESO11
3 19-Nov-1999 23 21 a7 MYOM 0OX002 19.790 100.110 29 Amphoe Phaya Meng Rai, Chiang Rai

23 21 57 KAEW BC002
13 13 50 HTUM NU014
4 13-Apr-2000 13 13 56 KAEW BV006 19.310 100.480 3.0 Amphoe Pong, Phayao
13 14 6 MONT NP029
11 44 24 KAEW MZ002
5 5-Sep-2000 11 44 28 MONT RO001 19.150 100.050 3.2 Amphoe Dok Kham Tai, Phayao
11 44 36 MYOM AMO031
1 4 14  MYOM El045
6 7-May-2001 1 4 15 HTUM ALOO4 18.310 100.440 3.3 Amphoe Rong Kwang, Phrae
1 4 18 MONT WZ002
20 31 37 MONT HZ076

7 26-Apr-2002 20 31 40 MYOM GI316 18.910 99.080 4.5 Amphoe San Sai, Chiang Mai

20 31 47 HTUM AOO011

3 54 0 KAEW AGO012

3 54 4 HTUM EG005 . .
8 2-Jul-2002 19.610 99.380 5.0 Amphoe Mae Suai, Chiang Rai

3 54 11 MYOM GK013

3 54 10 MONT HZ114

0 17 44 KAEW AG016

0 17 48 HTUM EG009 . .
9 3-Jul-2002 19.810 100.280 3.7 Amphoe Khun Tan, Chiang Rai

0 17 53 MONT HZ117

0 17 54  MYOM GK016

22 49 41 KAEW AG024

22 49 46 HTUM EGO14

10 21-Jul-2002 19.920 100.900 4.1 Laos
49 51 MONT IA009

22 50 10 MYOM GMO008
6 11 29 MYOM GMO035
6 11 31 HTUM EHO003
11 7-Sep-2002 18.580 100.300 3.5 Amphoe Song, Phrae
6 11 32 MONT IROO1
6 11 58 KAEW AG033
14 27 36 KAEW AGO039
14 27 a1 MONT LF001

N
N

12 25-Sep-2002 19.390 99.400 3.6 Amphoe Wiang Pa Pao, Chiang Rai
14 27 44  MYOM GMO084
14 27 47 HTUM EI001
5 21 10 MONT OE001
13 6-Nov-2002 5 21 12 MYOM GM221 18.670 99.980 2.9 Amphoe Ngao, Lampang
21 29 HTUM EI009

13 47 10 KAEW AG048
13 47 12 MONT RM002
14 18-Dec-2002 19.390 98.800 4.9 Amphoe Chiang Dao, Chiang Mai
13 47 15 MYOM GM287
13 47 19 HTUM El016
7 14 20 KAEW AG058
15 29-Jan-2003 7 14 32 MONT UMO001 19.760 100.600 3.9 Laos
7 14 33 MYOM GNO042
8 57 38 MYOM GQo45
8 57 28 KAEW AGO79 18.577 99.244 3.5 Amphoe Mueang, Lamphun

8 57 23 MONT ENOO1

16 23-Aug-2003

11 4 15 KAEW AG080
17 18-Sep-2003 11 4 26 MONT FV001 20.547 100.057 4.5 Myanmar
11 4 28 MYOM GQ096
15 8 20 KAEW AG100
18  23-Nov-2003 15 8 25 HTUM ONO002 20.480 101.350 4.5 Laos
15 8 32  MYOM GR096

5 49 35 KAEW AG114

5 49 39 HTUM Oowo001 .
19  14-Mar-2004 20.174 100.000 3.9 Amphoe Mae Chan, Chiang Rai

5 49 a4 MYOM  GR299-300

5 49 a4 MONT ME006

4 5 26 KAEW AG117

4 5 33 MONT ME009
20  27-Mar-2004 19.720 99.800 3.7 Amphoe Phan, Chiang Rai

4 5 36 MYOM GR324

4 5 37 HTUM OWO006
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Table 3.6 The 118 KST’s epicenters of well-located earthquakes after screening

(cont.).
Start Time (UTC) Location
No Date ——— Station  File name M Region
hr  min sec Lat Long
18 54 6 HTUM OX007
18 54 7 MONT MTO010 .
21 17-Aug-2004 17.320 100.650 4.1 Amphoe Chat Trakan, Phitsanulok
18 54 20 MYOM GR632
18 54 46 KAEW AG125
1 31 56 MONT MTO15
22 11-Sep-2004 1 32 18 MYOM GR651 18.810 98.800 3.6 Amphoe Hang Dong, Chiang Mai
1 32 18 KAEW AG126
1 30 20 MYOM GR953
1 30 10 KAEW AG143
23 26-Dec-2004 21.630 103.300 6.6 Myanmar
1 30 16 MONT MV022
1 30 19 HTUM PB006
23 55 9 KAEW AG157
23 55 10 MONT MV053
24  30-Dec-2004 20.940 97.750 6.4 Myanmar
23 55 18 HTUM PBO11
23 55 23 MYOM GR965
16 31 19 KAEW AG160
25  25-Jan-2005 16 31 32 MONT MV063 22.520 100.740 4.9 Myanmar
16 31 29 HTUM PE0OO1
7 18 13 KAEW AG185
26 1-Apr-2005 7 18 18 MONT MYO001 19.398 99.399 3.7 Amphoe Wiang Pa Pao, Chiang Rai
7 18 23 HTUM PFO17
23 1 39  MYOM GU029
27 4-Jun-2005 23 1 40 HTUM PF031 17.817 100.706 3.8 Amphoe Nam Pat, Uttaradit
23 1 41 MONT NA013
21 7 40 MYOM GU036
28 9-Jun-2005 21 7 42 MONT NB002 18.544 100.259 2.4 Amphoe Song, Phrae
21 7 48 HTUM PF032
0 38 41 MONT NC002
0 38 43  MYOM GU126
29  29-Jun-2005 18.815 99.500 3.1 Amphoe Mueang Pan, Lampang
0 38 51 HTUM PF033
0 39 5 KAEW AJOO1
9 34 33 MONT NI015
9 34 36 MYOM GU591
30 4-Dec-2005 18.770 99.000 4.2 Amphoe Mueang, Chiang Mai
9 34 38 KAEW AJ022
9 34 43 HTUM QK004-5
9 0 52 KAEW AJO51
9 2 MONT NI017 Lo .
31 7-Dec-2005 19.720 99.500 3.6 Amphoe Mae Suai, Chiang Rai
9 1 a4 HTUM QKO006-7
9 1 24  MYOM GU605
6 48 22 KAEW AJO53
6 48 34 MONT NI018 )
32 15-Dec-2005 19.450 100.300 4.1 Amphoe Chiang Kham, Phayao
6 48 35 HTUM QL002
6 48 36 MYOM GU639
23 13 0 KAEW AJO55
33 15-Dec-2005 23 13 14 MONT NI019 19.490 99.900 3.0 Amphoe Phan, Chiang Rai
23 13 27 HTUM QL003
2 13 30 KAEW AJO57
2 13 41 MONT NI020
34  16-Dec-2005 19.490 99.830 3.6 Amphoe Phan, Chiang Rai
2 13 43  MYOM GU640
2 13 45 HTUM QLO05
2 15 24 KAEW AJO58
2 15 36 MONT NI021 . .
35  16-Dec-2005 19.490 99.930 3.7 Amphoe Pa Daed, Chiang Rai
2 15 38 MYOM GU641
2 13 37 HTUM QL006
10 59 1 KAEW AJO65
36  17-Dec-2005 10 59 27 HTUM QJoo7 19.610 100.150 3.2 Amphoe Thoeng, Chiang Rai
10 59 33 MONT NI022
11 a7 50 KAEW AJO66
11 48 3 MONT NI023
37  17-Dec-2005 19.460 100.000 3.3 Amphoe Pa Daed, Chiang Rai
11 48 4 MYOM GU672
11 48 5 HTUM QLo08
13 42 25 KAEW AJ081
38 24-Jan-2006 13 42 33 MONT NIO36 20.890 98.460 5.5 Myanmar
13 42 38 HTUM QLo14
16 54 2 KAEW AJ094
39 15-Feb-2006 16 54 5 MONT Nlo44 19.134 100.207 3.4 Amphoe Pong, Phayao
16 54 MYOM GV147
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Table 3.6 The 118 KST’s epicenters of well-located earthquakes after screening

(cont.).
Start Time (UTC) Location
No Date ——— Station Filename ——mmMm M Region
hr  min sec Lat Long

18 33 47 KAEW AJ098

40  20-Feb-2006 18 33 51 MONT NI045 19.138 100.221 2.8 Amphoe Pong, Phayao
18 33 51 MYOM GV156
15 35 7 KAEW AK005
41 13-Oct-2006 15 35 21 MONT NY003 20.229 100.157 3.7 King Amphoe Doi Luang, Chiang Rai

15 35 35 HTUM UF001
12 0 35 MONT NY005
12 0 37  MYOM HD143 .
42  18-Oct-2006 18.945 100.116 3.2 Amphoe Dok Kham Tai, Phayao
12 0 39 HTUM UF002
12 0 39 KAEW AK006
1 58 31 KAEW AK007
1 58 39 HTUM UF003
43 21-Oct-2006 20.325 100.846 4.2 Laos
1 58 42 MONT NY006
1 58 44  MYOM HD144
18 38 32 KAEW AKO013
18 38 44 MONT NY013
44  16-Nov-2006 19.540 99.999 3.7 Amphoe Pa Daed, Chiang Rai
18 38 46 HTUM UG002
18 38 47  MYOM HE021
19 32 32 HTUM UG004
19 32 38  MYOM HE036
45  26-Nov-2006 19.069 101.239 3.8 Amphoe Bo Kluea, Nan
19 32 41 MONT NZ001
19 32 41 KAEW AKO014
17 2 6 MONT NZ006
17 2 8 KAEW AKO16 X X .
46  12-Dec-2006 18.934 99.245 4.7 Amphoe Doi Saket, Chiang Mai
17 2 9 MYOM NB0O1
17 2 14 HTUM uGoo7
19 49 15 MONT NZO011
47  12-Dec-2006 19 49 30 KAEW AKO19 18.965 99.189 3.8 Amphoe Doi Saket, Chiang Mai
19 49 42 HTUM UG008
22 21 33 MONT Nz012
48  12-Dec-2006 22 21 36 KAEW AK020 19.008 99.144 3.6 Amphoe Doi Saket, Chiang Mai
22 22 2 HTUM UG009
5 48 41 MONT Nzo014
49  13-Dec-2006 5 48 56 KAEW AK022 18.899 99.256 3.9 Amphoe Doi Saket, Chiang Mai
5 48 58  MYOM NO001
11 48 56 MONT OA008
50  23-Dec-2006 11 49 13 KAEW AK025 18.880 99.638 3.2 Amphoe Chae Hom, Lampang
11 49 15  MYOM VW001

22 29 37 MONT 0OB007

51 25-Jan-2007 22 29 43 KAEW AK032 18.824 99.387 3.2 Amphoe Mueang Pan, Lampang
22 29 44 MYOM XY187
8 52 23 HTUM uioo1
52 18-Feb-2007 8 52 25 MYOM YB006 18.555 100.582 3.1 Amphoe Wiaeng Sa, Nan
8 52 28 MONT 0OB013
6 17 31 KAEW AK045
6 17 39 MONT 0OD009
53  22-Apr-2007 19.427 99.838 4.0 Amphoe Pa Daed, Chiang Rai
6 17 a2 MYOM YB139
6 17 43 HTUM uJoo4
14 28 33 KAEW AKO51
54 14 28 37 HTUM UJoo9
15-May-2007 20.489 100.579 4.7 Laos
14 28 54 MONT OE002
14 28 56 MYOM YC005
8 55 58 KAEW AK052(1)
8 56 a4 HTUM uJo10(1)
55  16-May-2007 20.646 101.445 6.1 Laos
8 56 8 MONT  OE003(1)
8 56 8 MYOM YC007(1)
9 30 49 KAEW AK063
9 31 1 MONT OE012
56 16-May-2007 20.234 100.611 3.8 Laos
9 31 19 HTUM uJo1ié
9 31 31 MYOM YCO11
10 4 23 KAEW AK066
10 30 HTUM uJo18
57  16-May-2007 21.003 100.514 4.0 Laos

4
10 4 35 MONT OEO013
5 9 MYOM YC012
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Table 3.6 The 118 KST’s epicenters of well-located earthquakes after screening

(cont.).
Start Time (UTC) Location
No Date ——— Station  File name M Region
hr  min sec Lat Long
10 15 31 KAEW AKO67
10 15 36 HTUM uJo19
58  16-May-2007 20.666 100.934 4.0 Laos
10 15 42 MONT OE014
10 16 10 MYOM YC013
10 25 49 KAEW AK068
59  16-May-2007 10 25 55 HTUM uJo20 20.581 101.070 4.1 Laos
10 25 58 MONT OEO015
11 15 47 KAEW AKO069
11 15 53 HTUM uJo21
60  16-May-2007 20.420 101.197 4.2 Laos
11 15 57 MONT OEO016
11 15 59 MYOM YCo14
1 35 3 KAEW AKOTL
61  16-May-2007 1 35 9 HTUM uJ022 20.533 100.822 3.9 Laos
1 35 15 MONT OE017
11 43 42 KAEW AKO72
11 43 48 HTUM uJo23
62  16-May-2007 20.716 101.214 4.1 Laos
11 43 51 MONT OE018
11 43 57 MYOM YC015
13 17 56 KAEW AKO74
13 18 2 HTUM uJo24
63  16-May-2007 20.540 101.051 4.5 Laos
13 18 MONT OE019
13 18 8 MYOM YC016
17 8 43 KAEW AKO78
17 8 48 HTUM uJo27
64  16-May-2007 20.309 101.364 4.1 Laos
17 8 53 MONT OE021
17 8 55 MYOM YC018
3 25 32 KAEW AKO81
3 25 39 HTUM uJo29
65  17-May-2007 20.029 101.416 4.1 Laos
3 25 43 MONT OE023
3 26 11 MYOM YC019
0 1 44 KAEW AKO082
0 49 HTUM uJo30
66  18-May-2007 20.087 101.254 3.9 Laos
0 2 21 MONT OE024
0 2 25 MYOM YC022
1 41 3 KAEW AKO083
67  18-May-2007 1 41 HTUM uJo31 20.253 100.798 3.9 Laos
1 41 24 MONT OE025
13 5 4 KAEW AKO87
68  18-May-2007 13 5 11 HTUM uJo32 20.612 101.232 4.2 Laos
13 5 16 MONT OE026
1 21 7 KAEW AKO89
69  20-May-2007 1 21 14 HTUM uJo33 20.441 100.812 3.9 Laos
1 21 32 MONT OE027
17 6 15 KAEW AK096
70  23-May-2007 17 6 21 HTUM uJo34 20.434 100.781 4.0 Laos
18 6 26 MONT OE030
11 15 4 KAEW ALOO1
71 24-May-2007 11 15 10 HTUM UK002 20.507 100.666 3.9 Laos
11 15 17 MONT OF001
17 20 54 KAEW ALOO7
7 21 0 HTUM UKO11
72 7-Jun-2007 20.606 100.879 4.7 Laos
7 21 3 MONT OF006
17 21 MYOM YF002
5 6 19 MONT OF008
5 6 21 KAEW ALO10
73 19-Jun-2007 18.931 99.178 4.4 Amphoe Doi Saket, Chiang Mai
5 6 22 MYOM YF008
5 6 29 HTUM UK013
6 53 54 KAEW AMO001
6 54 7 MONT 0G001
74 23-Jun-2007 19.629 96.758 4.9 Myanmar
6 54 8 HTUM UL001
6 54 43 MYOM YG003
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Table 3.6 The 118 KST’s epicenters of well-located earthquakes after screening

(cont.).
Start Time (UTC) Location
No Date ———  Station  File name M Region
hr  min sec Lat Long
8 17 13 KAEW AMO003
8 17 21 HTUM uL003
75 23-Jun-2007 20.887 98.861 5.9 Myanmar
8 17 23 MONT 0G003
8 17 24 MYOM YG005-6
8 27 44 KAEW AMO004
8 27 51 HTUM uULo04
76  23-Jun-2007 21.461 99.352 5.8 Myanmar
8 27 53  MONT 0G004
8 28 1 MYOM YG007
21 33 45 KAEW ANOO5
77 28-Jul-2007 21 33 56  MONT 0l006 20.576 100.153 43 Laos
21 33 58 HTUM UMO003
3 53 40 KAEW ANO10
6 53 46 HTUM UMO006
78 6-Aug-2007 20.501 100.814 4.1 Laos
3 53 52 MONT 0ol013
6 54 17 MYOM YH032
8 50 39 KAEW ANO11
79 6-Aug-2007 8 50 53  MONT olo14 20.327 100.704 3.8 Laos
8 51 8 HTUM UMO007
8 53 18 KAEW ANO12
8 53 26 HTUM UMO008
80 7-Aug-2007 20.490 101.172 4.3 Laos
8 53 29  MONT olo15
8 53 34  MYOM YH033
9 15 18 KAEW AO001
9 15 25 HTUM OMO009
81 8-Aug-2007 20.320 100.441 3.9 Laos
9 15 30  MONT 0Jo01
9 15 56  MYOM Y1002
11 16 43 KAEW AO007
11 16 49  MONT 0Jo06 .
82  19-Aug-2007 19.815 98.775 3.8 Thai-Laos Border
11 17 14  MYOM Y1007
11 17 19 HTUM UN002
7 12 39 KAEW AP001
7 12 44 HTUM UN001
83  8-Sep-2007 20.466 100.783 4.1 Laos
7 12 50  MONT 0Jo07
7 12 52 MYOM Yl024
2 38 47  MYOM YJO05
84  16-Oct-2007 2 38 53  MONT 0J028 18.661 100.142 2.5 Amphoe Song, Phrae
2 38 54 HTUM UP003
6 46 42 KAEW APO11
6 46 48 HTUM UP004
85  16-Oct-2007 20.512 100.808 4.5 Laos
6 46 52 MONT 0J029
6 46 54  MYOM YJ0O06
19 5 33 KAEW AR004
19 5 39 HTUM UP006
86 1-Nov-2007 20.234 100.460 4.6 Laos
19 5 42 MONT 0J035
19 5 46  MYOM YJ018
11 18 57 HTUM UPO16
87  23-Dec-2007 11 19 4 MONT 0Jo46 18.652 100.655 3.1 Amphoe Mueang, Nan
11 19 7 MYOM EF243
3 22 17 MONT OKO016
88  2-Mar-2008 3 22 58 MYOM AJ027 18.707 100.088 3.1 Amphoe Ngao, Lampang
3 23 5 HTUM UQoo7
15 47 44  MONT OMO001
89 9-Apr-2008 15 a9 5 KAEW AY001 19.394 99.620 3.2 Amphoe Wang Nuea, Lampang
15 49 22 MYOM ALO11
21 35 17 MONT 00004
21 37 28 KAEW BA002
90  10-Jun-2008 20.652 100.794 4.8 Laos
21 37 34 HTUM uu002
21 37 39  MYOM AN006
9 42 45  MONT 00006
9 45 24 KAEW BA003 . . .
91 1-Jul-2008 19.420 99.538 3.8 Amphoe Wiaeng Pa Pao, Chiang Rai
9 45 32  MYOM ANO86
9 45 34 HTUM uuoo05
4 36 22 MONT OP004
92 9-Jul-2008 4 39 11 MYOM AO008 18.701 100.248 2.2 Amphoe Song, Phrae
4 39 19 HTUM uvoo3
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Table 3.6. The 118 KST’s epicenters of well-located earthquakes after screening

(cont.).
Start Time (UTC) Location
No Date ———  Station  File name M Region
hr  min sec Lat Long
8 5 35 MONT XY013
93  25-Nov-2008 8 10 18 HTUM UYo09 18.816 100.277 2.6 Amphoe Chiaeng Muan, Phayao
8 10 18 MYOM ATO17
8 1 32 MONT XY012
94  29-Nov-2008 8 6 12 KAEW BF004 20.630 100.890 4.0 Laos
8 6 18 HTUM uYo1o
8 6 29 MYOM ATO19
7 54 22 MONT XZ005
95  31-Dec-2008 7 59 26 HTUM uzoo4 18.653 100.650 3.7 Amphoe Mueang, Nan
7 59 55 KAEW BG004
7 58 32 MONT XZ006
96  31-Dec-2008 8 3 36 HTUM Uzo05 18.694 100.642 3.7 Amphoe Mueang, Nan
8 4 5 KAEW BG005
23 23 52 MONT AC006
97 29-Jan-2009 23 23 57 KAEW BI002 19.039 100.317 2.8 Amphoe Chiaeng Muan, Phayao
23 23 58 HTUM VC002
1 38 35 KAEW BIO03
98 6-Feb-2009 1 38 59 HTUM VC005 19.505 99.717 2.8 Amphoe Phan, Chiang Rai
1 39 3 MONT ADO001
7 57 48 KAEW BLO0O3
7 57 57 MONT AZ005
99  22-May-2009 20.294 101.086 4.3 Laos
7 58 3 HTUM VEO13
7 58 25 MYOM NOO010
18 50 28 KAEW BLO0O4
18 50 37 MONT AZ006
100 22-May-2009 20.984 102.471 5.1 Laos
18 50 40 HTUM VEO16
18 50 42 MYOM NOO11
12 43 a6 MYOM NO 015
12 43 49 MONT AZ 013
101 1-Jun-2009 18.815 100.578 3.1 Amphoe Ban Luang, Nan
12 43 50 HTUM VE 021
12 44 6 KAEW BL 009
0 23 14 MYOM NOO017
102 10-Jun-2009 0 23 15 MONT AZ015 18.798 100.269 2.7 Amphoe Song, Phrae
0 23 24 HTUM VE022
0 24 20 MYOM NOO018
0 24 21 MONT AZ016
103 10-Jun-2009 18.829 100.277 2.7 Amphoe Chiang Muan, Phayao
0 24 30 HTUM VE023
0 24 33 KAEW BLO11
19 49 31 MYOM NP006
104  18-Jun-2009 19 49 32 MONT BAOO4 18.890 100.330 2.6 Amphoe Chiang Muan, Phayao
19 49 41 HTUM VF004
19 49 a4 KAEW BMO005
17 56 59 MONT INOO4
105 16-Aug-2009 17 57 1 MYOM NRO11 20.535 100.288 4.2 Loas-Mynmar Border
17 57 4 HTUM VHO10
11 56 31 KAEW DX001
106 1-Oct-2009 11 56 41 HTUM VI026 20.022 103.047 4.1 Loas
11 56 a4 MONT JT018
1 58 30 KAEW ELOO1
1 58 38 MONT Jvoo7
107  14-Oct-2009 20.205 102.039 4.8 Loas
1 58 41 HTUM VLOO1
1 59 11 MYOM PP001
3 55 21 KAEW FJOO1
108  7-Nov-2009 3 55 30 HTUM WKO001 20.377 101.304 3.9 Loas
3 55 35 MONT V036
7 36 a5 KAEW FM002
109  10-Nov-2009 7 36 ° MONT Jwooi 20.590 102.088 4.8 Loas
7 36 18 HTUM WNO002
7 37 13 MYOM QR003
8 2 6 MONT JW002
110  10-Nov-2009 8 2 9 KAEW FMO003 20.109 101.440 4.3 Loas
8 2 18 HTUM WNO003
8 40 50 KAEW FM004
111 10-Nov-2009 8 41 4 HTUM WNO004 20.276 101.413 4.1 Loas
8 41 2 MONT JW003
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Start Time (UTC) Location
No Date ———  Station  File name M Region
hr min sec Lat Long
7 2 32 KAEW GJoOo1
112 2-Dec-2009 ! 2 32 MONT Jwoi4 19.310 99.203 3.3 Amphoe Phrao, Chiang Mai
7 2 52  MYOM RN0OO1
7 3 7 HTUM XK001
1 11 31 KAEW HHO001
113 26-Dec-2009 1 11 40  MONT JX008 20.695 99.665 4.0 Myanmar
1 12 23 HTUM Y1001
13 3 6 KAEW KC001
114 9-Mar-2010 13 3 15 MONT KA004 20.508 99.383 4.2 Myanmar
13 3 18  MYOM VP003
2 23 32 KAEW 0l001
115 26-Jun-2010 2 24 6 MONT KC009 20.183 99.524 3.9 Thai-Myanmar Border
2 24 13 HTUM FT002
15 23 25 HTUM GD001
116 6-Jul-2010 15 2 g KAEW osoot 20.004 99.054 4.1 Thai-Myanmar Border
15 23 16 MONT KC001
15 23 40 MYOM AHO001
12 53 14 HTUM GP001
117 18-Jul-2010 12 53 18 KAEW PEOO1 20.249 100.978 3.8 Loas
12 53 11 MONT KD001
8 18 46 HTUM D001
8 18 24  KAEW QU001 oo .
118  29-Aug-2010 19.520 99.540 3.4 Amphoe Mae Suai, Chiang Rai
8 18 33 MONT KD009
8 18 50 MYOM CO001
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To re-check the well-posted earthquake events that may remain or missed
from the previous analysis work. There were 10 well-located earthquakes which
remain in these seismograms list (Table 3.7 and Figure 3.30-Figure 3.39) that need to
be re-located for the epicenters. Thus from Table 3.6 and Table 3.7 there were a
total of 128 well-located earthquakes that can be used to re-locate epicenters, and
20 strong ground-motion earthquakes (Figure 3.18) that can be used to analyze

ground motion parameters in the next step.

Table 3. 7 The 10 new well-located earthquakes after interpreting seismograms.

Start Time (UTC) Location
No Date ————— Station Filename —mmMm M Region
hr  min sec Lat Long
6 39 1 MYOM CP0O1
1 29-Jun-1999 6 38 55 KAEW AY003
6 39 9 MONT Cl149
17 35 a8 KAEW AY006
2 15-Jul-1999 17 36 2 MONT Cl175
17 36 1 HTUM CZ010
23 15 21 KAEW AY012
3 10-Aug-1999 23 15 1 MONT Cl186
23 15 15 HTUM CZ016

1 4 18 MONT WZ002
5 36 34 MYOM GH029

4 7-Nov-2001 5 36 36 KAEW VD002
5 36 36 MONT CZ001
17 55 16 KAEW AGO015
5 2-Jul-2002 17 55 24 MONT HZ116
17 55 19 HTUM EG008
4 29 40 MYOM GO022
6 15-Mar-2003 4 29 32 KAEW AG062
4 29 37 MONT WQ001
5 15 33 MYOM HDO61
7 6-Aug-2006 5 15 30 MONT NW002
5 15 a2 HTUM RP002
14 16 44 MYOM YB143
8 23-Apr-2007 14 16 33 KAEW AKO46
14 16 41 MONT 0OD010
14 16 a5 HTUM UJoos
8 29 6 KAEW AN003
9 14-Jul-2007 8 29 17 MONT 0OH002
8 29 12 HTUM UM001
18 5 36 KAEW BMO006
10 21-Jun-2009 18 5 48 MONT BA0O7

18 5 57 HTUM VF005
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Figure 3. 30. Seismograms of well-located earthquake on June 29, 1999 from

seismograph at the KAEW, the MONT and the MYOM stations.
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Figure 3. 31. Seismograms of well-located earthquake on July 15, 1999 from
seismograph at the KAEW, the HTUM and the MONT stations.
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Figure 3. 32. Seismograms of well-located earthquake on August 10, 1999 which can
read the arrival time of P and S-wave from 3 stations (the MONT, the

KAEW, and the HTUM).
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Figure 3. 33. Seismograms of well-located earthquake on November 6, 2001 which

can read the arrival time of P and S-wave from 3 stations (the MONT,

the MYOM, and the KAEW).
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Figure 3. 34. Seismograms of well-located earthquake on July 2, 2002 which can read
the arrival time of P and S-wave from 3 stations (the KAEW, the HTUM,
and the MONT).
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Figure 3. 35. Seismograms of well-located earthquake on March 15, 2003 which can

read the arrival time of P and S-wave from 3 stations (the KAEW, the

MONT, and the MYOM).
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Figure 3. 36. Seismograms of well-located earthquake on August 6, 2006 which can

read the arrival time of P and S-wave from 3 stations (the MONT, the

MYOM, and the HTUM).
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counts L2550 APR 23 (113) 14n16m33.000s KAEW:KZ Vert, (0)
KABWEKZ Vet Z ! ' ' '

E-D[]DEI.O‘I
0.0
-E-DGDEI.CJ

16md0.0s 17m0.0s 1Tm20.0s 17md0.0s 18m0.0s
counts (2950 APR 23 (113) 14h16m33.000s MONT K2 Vert:; (1)
MONT:KZVert Z ' ' ' '
20000. r
10000, B
0. e
-10000. -
| | | | |
16md0.0s 17m0.0s 1Tm20.0s 17md0.0s 18m0.0s
counts | 2050 APR 23 (113) 14h16m33.000s WY OcK2Vert: (2)
MY T K2 Vet Z ' ' ' '
&000.
0.
-5000.
| | | | |
16m40.0s 17m0.0s 17Tm20.0s 17m40.0s 18m0.0s
counts L2950 APR 23 (113) 14h16m33.000s HTUM K2 vERT:; (3)
HTUM:K2vERT: Z T ' ' '
&000.
0.
-5000.

| | | | |
16md0.0s 17m0.0s 1Tm20.0s 17md0.0s 18m0.0s

Figure 3. 37. Seismograms of well-located earthquake on April 23, 2007 which can
read the arrival time of P and S-wave from 4 stations (the KAEW, the

MONT, the MYOM, and the HTUM).
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counts L2550 JUL 14 (195) 08h29m0é. nnns KAEWK2Vert: (D)
KAEW-KZVert Z '

-2000.
-4000.
| | | | |
29m20.0s 29md0 0s 30md.0s 30mz20.0s 30m40.0s
counts (2950 JUL 14 (195) 08h29m0&. EID[Js HTUMEZVERT (1)
HTUMKZVERT: Z ' ' '
2000.07 r
0.07 B
-2000.07 -
| | | | |
29m20.0s 29m40.0s 30m0.0s 30mi20.0s 30m40.0s
counts L2950 JUL 14 (195) 08h29m0s. EID[Js MONT K2 Vert: (2)
MONT:K2:Wert: Z ' '
4000,
2000,
0. o
-2000.

| | | | |
29m20.0s 29m40.0s 30m0.0s 30mi20.0s 30m40.0s

Figure 3. 38. Seismograms of well-located earthquake on July 14, 2007 which can

read the arrival time of P and S-wave from 4 stations (the KAEW, the

HTUM, and the MONT).
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counts L2952 JUN 20 (172 18h05m36.000s
Ikz""u T

KAEW K2 Vert: (D)
KAEW:KZ Vet 7 ' ' ' '

EDGDD.U“

a

=1

-20000.

-40000.

| | | | | | | |

05md0.0s  06m0.0s  06m20.0s 06m400s Ofm00s O07ym20.0s 07md00s 08m0.0s
counts (2952 JUN 20 (172) 18h05m36.000s MONT K2 Vert:; (1)
MONTKZ: Vet Z ' ' ' ' ' '

4000.07

2000.07

0.0

-2000.07

-4000.0—

| | | | | | | |

05md00s 06m00s 06m20.0s 06md00s O7m00s O0/m200s 07md00s 08m0.0s
counts L2952 JUN 20 (172) 18h05m36.000s HTUMEZVERT: (2)
HTUMK2ZVERT: Z ' ' ' ' '

2000.

-2000.

-4000.

| | | | | | | |
05md00s 06m00s 06m20.0s 06md00s 0O7m00s 0O/m200s 07md00s 08m0.0s

Figure 3. 39. Seismograms of well-located earthquake on June 20, 2009 which can
read the arrival time of P and S-wave from 3 stations (the KAEW, the

MONT, and the HTUM).



CHAPTER IV
RE-LOCATING EARTHQUAKES

In this chapter the re-locating earthquake is described. It consists of analyzing
magnitude and epicenter and depth, calculating origin time, the results of analyzing
magnitude and epicenter and depth and origin time, earthquakes catalogue and
epicentral map of the KST, frequency and magnitude relation (b value), analyzing

ground motion parameters, and the results of analyzing ground motion parameters.

4.1 Analyzing Magnitude and Epicenter and Depth

Magnitude is an estimation of the energy release or the size of an earthquake.
The estimates are calculated from the amplitude of wave energy on a seismograph
adjusting for the magnification of the seismograph and the distance of the
seismograph station from the earthquake. The first magnitude scale was defined by
(Richter, 1935) for Southern California. The Richter magnitude is calculated from the
amplitude of the largest seismic wave recorded for the earthquake, no matter what
type of wave was the strongest. The Richter magnitudes are based on a logarithmic
scale (base 10); meaning that for each whole number goes one unit up on the
Richter scale, the amplitude of the ground motion recorded by a seismograph goes
ten times up. The formula is:

A
ML = Log (4.1)

Ao
Where ML is local magnitude
A'is the maximum amplitude on a Wood-Anderson seismograph
A, is the empirical function that depend on the epicentral distance
of the stations
The Standard Torsion Seismometer, Ks

Ks (magnification) = A (amplitude)

D (ground displacement)



A = KsD
From equation 4.1

KsD
ML >

Ao

Log (4.2)

The Seismometer of Kinemetrics, K2

K2 (magnification) Vp-p /2 (amplitude)

D (ground displacement)

D — Vp-p /2
K2

From equation 4.2

ML

Ks x Vp-p /2
K2

Log

Ao

The magnification of standard torsion seismograph, Ks

g )

Ks = VX - )
E+2h(x)ﬂS+COn J

r 2
= 2.800 (27tf,)

(Q'(Dn)2+2xhx2ﬂ',fn jO,+2Tf.)’

4 (2><TE><1.25)2 w

= 2,800

(j0D,) +2%0.8x2TTx1.25 j(Dm+(27'C><1.25)2J

-

e 2
_ 2,800 (2xTTx1.25)

), H(2XTTX1.25) + (2x0.8x2TTx1.25x(,) J
N

[
(2xTix1.25)°
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5

= 2,800 5 ) 5
\/(—O)n +(2xTTx1.25)") +j(2x0.8x2Ttx1.25x(M,,)
~

Ks - 2,800 TF1]

~




Which; V
fs
h
J
S
0,
T,

= displacement sensitivity + 2,800 (Table 4.1)
= natural frequency = 1/To =1/0.8 = 1.25 H;
= damping ratio = 0.8 (Table 4.1)

- V-1

j® = Laplace Operator

= 2T,
= transfer function

4 A

(2xTtx1.25)

Ve’ + (2XTTx1.25) +(2x0.8x27Tx1.25x @)
N y,

The magnification of seismometer of Kinemetrics, K2

K2

From equation 4.3

ML

R (02
X @|x a x Gy

Ra+ Re S* 4 2h®,S + O,

G.® x TF,

generator constant (v/m/s) (Table 4.2)

= amplifier board gain = 1.00

= displacement sensitivity (v/m)

natural frequency of seismometer K, (Table 4.2)
= damping ratio of seismometer K, (Table 4.2)

(v/m/s)

X

Ry + Re

= velocity sensitivity = G, X

= transfer function
- ( (2x7txfn)2

b/(—(x)2 + (2x7‘fon)2)2+ (2xhx27‘Exfnx(,0)2J

o (Vp-p /2 x 2,800 x TFJ
LGLXO\)XTF2XAO J
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Table 4. 1 Logarithms of the amplitude (in millimeters) which the standard torsion
seismometer (To = 0.8, V = 2,800, h = 0.8) should register a shock
registered at A = 100 kilometers with an amplitude 0.01 millimeters (1
micron) (RID, 2000).

A (km) Log Ao A (km) Log Ao A (km) Log Ao A (km) Log Ao

25 -1.90 170 -3.38 315 -4.10 460 -4.64
30 2.10 175 -3.40 320 -4.12 465 -4.66
35 -2.32 180 -3.43 325 -4.15 470 -4.68
40 -2.43 185 -3.45 330 -4.17 475 -4.69
45 -2.54 190 -3.47 335 -4.20 480 -4.70
50 -2.63 195 -3.50 340 -4.22 485 -4.71
55 -2.70 200 -3.53 345 -4.24 490 -4.72
60 -2.77 205 -3.56 350 -4.26 495 -4.73
65 -2.79 210 -3.59 355 -4.28 500 -4.74
70 -2.83 215 -3.62 360 -4.30 505 -4.75
75 -2.87 220 -3.65 365 -4.32 510 -4.76
80 -2.90 225 -3.68 370 -4.34 515 -4.77
85 -2.94 230 -3.70 375 -4.36 520 -4.78
90 -2.96 235 -3.72 380 -4.38 525 -4.79
95 -2.98 240 -3.74 385 -4.40 530 -4.80
100 -3.00 245 -3.77 390 -4.42 535 -4.81
105 -3.03 250 -3.79 395 -4.44 540 -4.82
110 -3.08 255 -3.81 400 -4.46 545 -4.83
115 -3.10 260 -3.83 405 -4.48 550 -4.84
120 -3.12 265 -3.85 410 -4.50 555 -4.85
125 -3.15 270 -3.88 415 -4.51 560 -4.86
130 -3.19 275 -3.92 420 -4.52 565 -4.87
135 -3.21 280 -3.94 425 -4.54 570 -4.88
140 -3.23 285 -3.97 430 -4.56 575 -4.89
145 -3.28 290 -3.98 435 -4.57 580 -4.90
150 -3.29 295 -4.00 440 -4.59 585 -4.91
155 -3.30 300 -4.02 445 -4.61 590 -4.92
160 -3.32 305 -4.05 450 -4.62 595 -4.93

165 -3.35 310 -4.08 455 -4.63 600 -4.94
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Table 4. 2. Ranger seismometer model SS-1 of this study (RID, 2000).

Seismograph Stations R R G, h fa G, =G, x R
(Ohms) (Ohms)  (V/m/s) Damping Ratio  (Hz) Rt Re
MYOM 5708 5466 343.0 0.7 0.984 167.78
KAEW 5751 4640 341.0 0.7 1.014 152.27
MONT 5730 5466 339.0 0.7 0.965 165.50
HTUM 5911 4754 337.8 1.0 0.988 150.57
Which R. = coil resistance, ohms
Ry = external damping resistance, ohms
Go = open circuit generator constant in volts/meter/second
H = damping ratio
f, = natural frequency of the seismometer in Hertz

G, = generator constant



For example, to calculate earthquake magnitude and epicentral distance

(source-to-site the KAEW station) of an earthquake on December 7, 2005.

38

[F-\EARTHQ- 1\ EARTRQ- 3101 KSTSH\ 02TDD3~ L RECVKAEW, 2005 2008~ 121 hJ081.EVT 12/7/2008 (341) 03:00: 52000

Al il
Vet Bt L)

BZ 17.6700

IZ 48.6700 E 62.0000

iP-time = 20.145 sec. S-time = 29.5 sec.

I — 9.355 sed. —

Vp-p = 0.0077784 V.
hN
~
N
hN
S

Ch. 1 Vet
0.0033236Vmax
-0, 0005655Umid
-0, 00445480min

A 0.00977840pp

f =714 H, = 1/(34.755-34.615)

JRel, to Ch )

Figure 4. 1. Details of P and S-times, and time difference, and amplitude peak to

peak (V p-p), and frequency (f) of an earthquake on December 7, at the

KAEW station 2005 (file name AJO51).
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The epicentral distance is the distance from the epicenter to the station

along the surface of the earth. Generally, the distance can be obtained from the

difference in arrival time of two phases, usually P and S, and the distance can be

calculated as

V.V,

A = (ttp) (4.5)

VoV

where t, and t; are the P and S-arrival times (s) respectively,
Vp and V, are the P and S velocities respectively and

A is the epicentral distance (km).

oo A = HS,-P)x8 (4.6)
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These rules are approximation for a single layer crust with an average Po-wave
velocity of 5.9 km/s and a sub-Moho velocity of 8 km/s and a velocity ratio Vy/V, =
V3 (and Sg-wave velocity will be 3.4 km/m).

From equation 4.5 and P-time = 20.145 s, S-times = 29.500 s (Figure 4.1), and

Pg-wave velocity = 5.9 km/s, and and Sg-wave velocity = 3.4 km/s, the epicentral

distance of an earthquake on December 7, 2005 to the KAEW station is

(5.9 x 3.4)
(5.9-3.4)

A = (29.5-20.145) x

_ (29.5-20.145) x 2006

2.5
= (29.5-20.145) x 8.024
= 9.355 x 8.024
=75 km

Magnitude of an earthquake from equation 4.4

&p—p/Z x 2,800 x TF}
ML = Log
LGL x M x TF, x AOJ

Where Vp-p/2 = 0.0077784/2 = 0.0038892 V (Figure 4.1)

f = 1/(34.755-34.615) = 7.14 H, (Figure 4.1)

f, =1.014 H, (Table 4.2)

h = 0.7 (Table 4.2)

Log A, = -2.87 (Table 4.1, where A = 75 km)

A, =13Gx10 mm =134x10°m

G, = 152.27 (Table 4.2)

M = 2Tf= 2x22/7x7.14 = 44.88

T ( (2xTTx1.25)° A

1 =
b/(-of + (2xT0x1.25) ) +(2x0.8x2TxL.25x ) )



TF,

e 2
(2x22/7x1.25)

t 61.73 W
" Wi2018.21461.73%4(564.205%)
_ ( 61.73 w

2 2
\\/(2,075.94) +(564.205d

( 61.73

Q/4,309,526.884+324,148.036J

61.73

2,152.60

0.028

( (2><7I><fn)2 w
L\/(—(Der(2><7I><1‘r1)2)2 + (2xh><2><7'txfn><0)j

( (2xTTx1.014)°

) L\/(—602+(2x7tx1.014)2)2+(2><h><2><7't><1.Olde;))ZJ

4 40.624 W

Q/(ZO 14.21 +4O.624)2+(2XO.7><2><TC><1 .01 4><44.88)2J

g 40.624 W

(2014.21 + 40.624) + (400.473))

40.624

) L\/(4,222,342.768) + (160,378.624J

Q/(-44.88)2+(2x22/7x1.25)2)2+(2x0.8x2x22/7x1.25x44.88)2
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40.624
2,093.49
= 0.019

i )
ML = Log 0.0038892x2,800x0.028

\152.27x44.88x0.019x1.34x10>6j

(" 0.305
= Log
0.000174
~

= Log (1,752.873)

ML = 33

As the earthquake’s magnitude is calculated according to the Richter scale, in
case of hand calculation, the procedure would be complex. The KST seismographic
network has formulated various calculations on spread sheet programs using the
Microsoft Excel, named as the Magnitude and Epicenter and Depth.xls. The software
is used to determine the size of the earthquake, and to plot the radial distance
between stations, and to identify the location of the earthquake’s epicenter which
uses the same basic circle and chord or triangulation method. When drawing a circle
on the map around seismograph stations with different radial distance, the points of
intersection of the three circles are a focus of an earthquake.

Data file of seismic wave can be opened by the KMI QuickLook software. The
file consists of 2 parts of data; the header contains details of events include date,
start time, latitude and longitude of seismograph, peak amplitude and etc., the
second part is digital data which QuickLook uses to plot the seismogram for
analyzing parameters and calculating magnitude, epicenter. In this study QuickLook is
used to obtain the arrival time of P-and S-wave, and amplitude of maximum peak.

The analysis assistant program named Magnitude and Epicenter and Depth

has an easy and convenient principle of usage as same as Microsoft Excel where in
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Magnitude and Epicenter and Depth analysis can be operated by running Microsoft
Excel, then open the file named Magnitude and Epicenter and Depth.xls. After that,
fill in the time of arrival of the primary waves in the P- time, time of arrival of the
secondary wave in the S-time, voltage peak to peak value in the Vp-p, together with
the start time of the highest wave in the T1 and the ending time of the highest wave
in the T2 which were read from the seismogram (graph of seismic data) recorded at
each station, the start time of the recording in the start-time, and date of
earthquakes in the date box. After filling in all data from 3 stations, the program will
calculate the value of the Magnitude, Distance, and Frequency of each station. Then
consider the Code 1-4, putting the code into the Station code box based on the
name of seismograph stations seismic data was recorded. Finally, the program will
calculate the average magnitude of the earthquake, latitude, longitude, and depth.
The output is in the Average Magnitude, Lat, Long, and Depth boxes. Epicenter map
is displayed in the work sheet Name Location 2; showing the location of stations on
the map along with the radical detect of seismic waves. Points of intersection of the
radii from the 3 rings (the intersection point) is the projection of a point on the earth
called the earthquake epicenter, where work sheet 1 and 2 are linked together;
making it convenient to consider. In the case where the 3 circles do not intersect, or
if the program is unable to calculate the average magnitude of the earthquake,
latitude, longitude, and depth, make sure to read the time of arrival of a wave of
primary and secondary sources of each station again, until the program allows
calculation of Average Magnitude, Lat, Long, Depth, which requires a work sheet 1
with the work sheet 2 into consideration simultaneously. The results from the
analysis can be printed out by a printer using the print command in the menu bar as
usual.

For this project, the above mentioning task was performed in detailed
according to Table 3.2 on 118 events and, as indicated in Table 3.3, on addition of 10
events; in all totals of 128 events. Figure 4.3 to Figure 4.21 show an example of the

analysis of the earthquake on December 7, 2005.
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Magnitude & Epicenter & Depth

Station : | MYOM |
Date(dd/mmm/Yr) : Start-Time:
Ampitude (V) : 0.000000 V. Vpp: V.
GainK : T owvior -
P - time : sec.
S - time : —sec. T, S.
- T, —S.
Magnitude (ML) : #DIV/0! Richter Scale Frequency : #DIV/O! Hz.
Distance : 0 km Ground Velocity 8 km/s
staton: | Kkaew |
Date(dd/mmm/Yr) : Start-Time:
Ampitude (V) : 0.000000 V. Vpp: V.
GainK : #DIV/0!
P - time : sec.
S - time : sec. T, s.
T, : S.
Magnitude (ML) : #DIV/0! Richter Scale Frequency : #DIV/O! Hz.
Distance : 0 km Ground Velocity Tkm/s
Station : | MONT |
Date(dd/mmm/Yr) : Start-Time:
Ampitude (V) : 0.000000 V. Vpp: V.
GainK : 938.575
P - time : sec.
S - time : sec. T, : s.
T, : s.
Magnitude (ML) : #NUM! Richter Scale Frequency : #DIV/O! Hz.
Distance : 0 km Ground Velocity 8 km/s
staton: | HTUM |
Date(dd/mmm/Yr) : Start-Time:
Ampitude (V) : 0.000000 V. Vpp: V.
GainK : 920.83521
P - time : sec.
S - time : sec. T, s.
T, : s.
Magnitude (ML) : #NUM! Richter Scale Frequency ZWHZ.
Distance : 0 km Ground Velocity 8 km/s
AVERAGE MAGNITUDE #DIV/0! Epicenter LAT #NUM! Degree
STATION CODE Epicenter LONG #NUM! Degree
3 Depth #NUM! km
ENUMI km
Code 1 KAEW , MONT , MYOM
Code 2 KAEW , MONT , BHT
Code 3 KAEW , MYOM , BHT
Code 4 MONT , MYOM , BHT

Figure 4. 2. The Microsoft Excel which using to analyze Magnitude and Epicenter and

Depth in this study.
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F:\EARTHQ- I\EARTHQ- 3\ 01 KSTSM\ 02FDDS- 1. REC\KAEW, 2005}, 2005-124 AJ051. VT 12/7/2008 (341) 09:00: 52.000 Display 9/1
20 R1 DO VO
#1 VAJ A Cond 14.14:1
ZCond  0.43:1
BZ 13.6500 £z 21.5300 E 62.0000

Ch. 1 Vert

0.0010329max
=0.0000504Umid
-0.0011337min

0.0021666Vpp

Rel. to Ch L

Figure 4. 3. The arrival time of P-wave at the KAEW station is 20.145 sec.

F:\EARTHQ- 1\EARTHQ~3\ 01 KSTSW\02FDD3~1.REC\KAEWA 2005 2005-124AJ051.EUT 12/7/2005 (341} 09:00:52.000

Display 9/1

A0 RL DO VO
g1 Vod) Cond 14.14:1
ZCond 0.22:1

Bz 29.1150 L2 30.0850 I 62.0000

S = 29.500 sec.

Ch. 1 Vext

0.00243070max
-0.0000644umid
=0.0025534%min

0.00493010pp

Rel. to Ch L

Figure 4. 4. The arrival time of S-wave at the KAEW station is 29.500 sec.
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7 \EARTHQ~ 1\ EARTHQ~3} 01 KSTSN\02FDD3~1.REC\KAL 2005, 2005~ 12\ AJ051_EWT 12/7/2005 (341) 03:00: 52.000 Display 9/1
A0 R1 DL WO
#1 Cond 14.14:1
2Cond 6.92:1
BZ 17.6700 EZ 48.8700 I 62.0000

Vp-p = 0.0077784

Ch. 1 Vert
0.00332386Ym:

-0.0005656Umid)

| -0.0044543Umin

0.0077784Upp

Rel. to Ch 1

Figure 4. 5. The maximum amplitude of peak to peak at the KAEW station, Vp-p is
0.0077784 V.

F:\EARTHQ~ 1\ EARTHQ~3\ 01 KSTSI\ 027003~ 1. RECYKAEW, 20084 2005-12\ AJ0S1. EVT 12/7/ 2005 (341) 09:00:2.000 Display 3/1
A0 R1 DO WO
#L WA Cond 14.14:1
Zfond 0.22:1
BZ 34.2150 EZ 35.1850 LI 62.0000

T,= 34.615 sec.

Ch. 1 Vert
0.0031330Umax
-0.0006309Umid
=0.0044543Umin

«—— T./= 34.755 sec.

0.0076473Upp

Rel. to Ch 1

Figure 4. 6. The period of maximum amplitude at the KAEW station, T1 = 34.615 sec,
T2 = 34.755 sec.
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Ampitude (V) :
GainK :
P -time :

S -time:

Magnitude (ML) :

Distance :

Date(dd/mmm/Yr) :

Station : KAEW AJ051
07-Dec-05 Start-Time: 9:00:52
0.003889 V. Vpp: 0.0077784
159.002
20.1450 sec.
29.5000 sec. Ty : 34.6150
T, : 34.7550
3.2 Richter Scale Frequency : 7.1429
75 km Ground Velocity 8

V.

S.

Hz.

km/s

Figure 4. 7. The analysis of the results from KAEW station, earthquake magnitude is

3.2, and epicentral distance is 75 km.
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Figure 4. 8. Epicentral map of earthquake on December 7, 2005 from the KAEW

station. Note; epicenter is a point on the radius of 75 km (pink circle), but

the location and direction were not clear.
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F:\EARTHQ~ I\EARTRQ~34 01 KSTSM\ 02FDDS~1. RECKHONTY 20084 2005-124 1017 .EVT 12/7/2008 (341) 09:01: 02.000 Display 9/1
20 R1 D0 0
#1 Cond 15.74:1

ZCond 0.96:1

BZ 17.5450 EZ 21.8850 I §9.0000 |

<— P = 18.825 sec.

1
1
1
1
1
1
1
0
1
1
1
1
1
1
!
: Ch. 1 Uext

| 0.0018501%max
1 0.0001910Umid
, -0.0014681%min
1

0.0033182Vpp

Rel. to Ch 1

Figure 4. 9. The arrival time of P-wave at the MONT station is 18.825 sec.

T:\EARTHQ~1\EARTHQ~3} 01 KSTSN\027DD3~1. RECLMONT 20085\ 2008-12\W1017. EUT 12/7/2008 (341) 03:01:02.000 Display 9/1
40 RL DO V0
#1 Cond 15.74:1
i 2Cond 0.24:1
BZ 34.6150 20 35.0450 EZ 35.6350 I 69.0000

<«<—— $§=35.045 sec.

Ch. 1 Uerr
0.00031080max
-0.0001239%mid
-0.0011706%min
-0.000202702c
0.00208140pp

Rel. to Ch 1

Figure 4. 10. The arrival time of S-wave at the MONT station is 35.045 sec.
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F: \EARTHQ~I\EARTHQ~ 3 01 KSTSM\ 02FDDS~1. RECYMONTY 2005} 2008~ 12\ NI017.EUT 12/7/2005 (341) 09:01:02.000 Display 3/1
40 R1 DO GO
#1 Cond 15.74:1

ZCond 7.7L:1

BZ 18.0200 EZ 52.5800 I §3.0000

Vp-p = 0.0084907

Ch. 1 Wert

0.0048306%m:
0.0006452Umid
-0.0036001%min

0.0084307%pp

Rel. to Ch L

Figure 4. 11. The maximum amplitude of peak to peak at the MONT station, Vp-p is
0.0084907 V.

F:\EARTHQ~ \EARTHQ~3101 KSTSH\02FDD3~1. REC\MONT\ 2005\ 2005~ 12\ K1017. EWT 12/7/2005 (341} 03:01:02.000 Display 9/1
30 R1 DO VO
1 Cond 15.74:1

2Cond 0.12:1

BZ 29.2150 EZ 39.7550 E £3.0000

<«—— T, = 39.575 sec.

Ch. 1 Vext
0.0048906Umax
0.0013959%mid
=0.002098TWmin

0.00633920pp

T1= 39.370 sec.

Rel. to Ch 1

Figure 4. 12. The period of maximum amplitude at the MONT station, T1 = 39.370

sec, T2 = 39.575 sec.
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Station : MONT NI017

Date(dd/mmm/Yr) : 07-Dec-05 Start-Time: 9:01:02

Ampitude (V) : 0.004245 V. Vpp: 0.0084907 V.

GainK : 938.575

P -time : 18.8250 sec.

S -time : 35.0450 sec. T, : 39.370 S.
T, : 39.575 s.

Magnitude (ML) : 4.1 Richter Scale Frequency : 4.8780 Hz.

Distance : 130 km Ground Velocity 8 km/s

Figure 4. 13. The analysis of the results from MONT station, earthquake magnitude is

4.1, and epicentral distance from. source-to-site is 130 km.
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Figure 4. 14. Epicentral map of earthquake on December 7, 2005 from the KAEW and
the MONT stations. Note; epicenter is one of the two points on the ray

intersects the 75 km radius (pink circle) of 130 km (red circle).
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T:\EARTHQ~I\EARTHQ~3\ 01 KSTSM\02FDD3~1.REC\NTUIM\ 2005, 2005~-12\QK007.EUT 12/7/2005 (341) 03:01:23.000 Display 3/1
A0 R1 DO W0
#£1 Cond 9.12:1
ZCond 0.28:1
BZ  0.0300 EZ  1.3500 L 40.0000

<——P = 0.520 sec.

Ch. 1 vERT

0.00048520max
-0.0001988Umid
-0.0008827%min

0.0013673Upp

Rel. to Ch L
Figure 4. 15. The arrival time of P-wave at the HTUM station is 0.520 sec.

F:\EARTHQ~ I\EARTHQ~3\ 01 KSTSN\02FDD3~1.REC) KTUM\ 2005\ 2005=121 QK007 .EUT 12/7/2005 (341) 038:01:23.000 Display 9/1
(A0 R1 DO WO

1 _|lcona s.12:1
ZCond 0.28:1

BZ 18.2400 ZC  18.7300 EZ 19.4300 I 40.0000

S = 18.73 sec.

Ch. 1 VERT

0.0004643Umax
-0.0002056Umid
-0.0008762Umin
0.0004631Wz¢
0.00134114pp

Rel. to Ch L

Figure 4. 16. The arrival time of S-wave at the HTUM station is 18.730 sec.
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[F: \EARTHQ~ I\ EARTHQ -3\ 01 KSTSH\ 02FDDY~ L. REC\RTUM 2005 2005-124 QK007 VT 12/7/2005 (341) 03:01:23.000 Display 9/1
40 R1 DO W0
#1 Cond 9.12:1
ZCond 3.93:1
Bz 0.0000 EZ  40.0000 I 40.0000

Vp-p = 0.0041568

0.00242 N¥max
0.00034750gid

0.00415680pp

Figure 4. 17. The maximum amplitude of peak to peak at the HTUM station, Vp-p is
0.0041568 V.

T:\ EARTHQ~ 1\ EARTHQ~2\ 01 KSTSN\ 02FDD3~1.REC) HTUM\ 2005\ 2005-12\, QK007 EUT 127772005 (341) 09:01:23.000 Display 3/1
A0 R1 DO O
g1 Cond 9.12:1

ZCond 0.14:1

BZ  1.4000 2 2.0300 I 40.0000

<«—— T,= 1.770 sec.

Ch. L vERT
0.0024253Umax
0.0003475Umid

-0.0017309Umin

0.0041568Upp

Rel. to Ch 1

Figure 4. 18. The period of maximum amplitude at the HTUM station, T1 = 1.550 sec,
T2 = 1.770 sec.
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Ampitude (V) :
GainK :
P -time :

S -time :

Magnitude (ML) :

Distance :

Date(dd/mmm/YTr) :

Station : HTUM QK007
07-Dec-05 Start-Time: 9:01:23
0.002078 V. Vpp: 0.0041568
920.835
0.5200 sec.
18.7300 sec. Ty : 1.5500
T, : 1.7700
3.9 Richter Scale Frequency : 4.5455
146 km Ground Velocity 8

S.

Hz.

km/s

Figure 4. 19. The analysis of the results from HTUM station, earthquake magnitude is

3.9, and epicentral distance from. source-to-site is 146 km.
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Figure 4. 20. Epicentral map of earthquake on December 7, 2005 from the KAEW, the

MONT and the HTUM stations. Note; epicenter is the point of

intersection of the radius 75 km (pink circle), 130 km (red crcle) and 146

km radius (green circle).
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Station : | MYOM |
Date(dd/mmm/Yr) : Start-Time:
Ampitude (V) : 0.000000 V. Vpp: V.
GainK : #DIV/O!
P - time : sec.
S - time : sec. Ty s.
T, : s.
Magnitude (ML) : 0.00 Richter Scale Frequency : #DIV/0! Hz.
Distance : 0 km Ground Velocity 8 km/s
Station : | KAEW | AJ051
Date(dd/mmm/Yr) : 07-Dec-05 Start-Time: 9:00:52
Ampitude (V) : 0.003889 V. Vpp: 0.0077784 V.
GainK : 1569.002
P - time : 20.1450 sec.
S -time : 29.5000 sec. Ty 34.6150 s.
T, 34.7550 s.
Magnitude (ML) : 3.2 Richter Scale Frequency : 7.1429 Hz.
Distance : 75 km Ground Velocity 8 km/s
Station : | MONT | NIO17
Date(dd/mmm/Yr) : 07-Dec-05 Start-Time: 9:01:02
Ampitude (V) : 0.004245 V. Vpp: 0.0084907 V.
GainK : 938.575
P -time : 18.8250 sec.
S -time : 35.0450 sec. Ty : 39.370 S.
T, : 39.575 s.
Magnitude (ML) : 4.1 Richter Scale Frequency : 4.8780 Hz.
Distance : 130 km Ground Velocity 8 km/s
Station : | HTUM | QK007
Date(dd/mmm/Yr) : 07-Dec-05 Start-Time: 9:01:23
Ampitude (V) : 0.002078 V. Vpp: 0.0041568 V.
GainK : 920.835
P - time : 0.5200 sec.
S -time : 18.7300 sec. Ok 1.5500 s.
T, : 1.7700 s.
Magnitude (ML) : 3.9 Richter Scale Frequency : 4.5455 Hz.
Distance : 146 km Ground Velocity 8 km/s
AVERAGE MAGNITUDE 3.8 Epicenter LAT 19.734  Degree
STATION CODE Epicenter LONG 99.544  Degree
2 Depth km
8 km
Code 1 KAEW , MONT , MYOM
Code 2 KAEW , MONT , HTUM
Code 3 KAEW , MYOM, HTUM
Code 4 MONT , MYOM, HTUM

Figure 4. 21. The results of analyzing earthquake on December 7, 2005 of the KAEW,

the MONT and the HTUM stations; average magnitude M3.8, latitude

19.73N, longitude 99.54E, and depth 8 km.
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4.2 Calculating Origin Time

Together with re-locating epicenters of the well-located earthquakes the
origin time, is calculated for correction and comparison the earthquake events with
other organizations such as the TMD. The origin time is the actual time that the

earthquake occurred at the source. The origin time can be defined by the formula;

Otme = P-[(S-P)x1.37] (4.1)
When Oyime is the occurrence time for the earthquake.

P is the arrival time of the primary wave.

S is the arrival time of the secondary wave.

1.37 is the constant value if Poisson’s ratio is assumed equal
to 0.25 (Richter, 1958)
An example of calculation of the origin time of earthquake on December 7,
2005
1. The KAEW station has start time of recorded data at 09:00:52 UTC.
P wave arrival time is 09:01:12.145 UTC (09:00:52 + 20.145 sec)
S wave arrival time is 09:01:21.50 UTC (09:00:52 + 29.50 sec)
S-Piime = (29.5-20.145) = 9.355 sec
= 9.355 x 1.37 = 12.81635 sec
Subtract of 12.81635 sec from 09:01:12.145 UTC to give origin time
Origin time = 09:01:12.15 UTC - 12.81635 sec = 09:00:59.32865 UTC
2. The MONT station has start time of recorded data at 09:01:02 UTC.
P wave arrival time is 09:01:20.825 UTC (09:01:02 + 18.825 sec)
S wave arrival time is 09:01:37.045 UTC (09:01:02 + 35.045 sec)
S-Piime = (35.045-18.825) = 16.22 sec
=16.22 x 1.37 = 22.2214 sec
Subtract of 22.2214 sec from 09:01:20.825 UTC to give origin time
Origin time = 09:01.58.62045 UTC.
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3. The HTUM station has start time of recorded data at 09:01:23 UTC.
P wave arrival time is 09:01:23.520 UTC (09:01:23 + 0.520 sec)
S wave arrival time is 09:01:41.730 UTC (09:01:23 + 18.730 sec)
S-Piime = (18.730-0.520) = 18.210 sec
= 18.210 x 1.37 = 24.9477 sec
Subtract of 24.9477 sec from 09:01:23.520 UTC to give origin time
Origin time = 09:01:58.5723 UTC.
The average origin time from 3 stations is = (59.32865 + 58.62045 + 58.5723)/3
= 58.84 sec
= 09:01:58.84 UTC
In this study, Microsoft Excel program is used to assist in the calculation of
the origin time (Figure 4.22) which must be considered in conjunction with the
Magnitude and Epicenter and Depth. The origin time of the same events when
calculate must be fixed the time difference of 3 stations to less than 3 second. If
some stations have time difference more than 3 second, the arrival time of P-and S-

wave of those stations must go back to read again.

Date 7-Dec-05 Amphoe Mae Suai, Chiang Rai

Start Time 9 O 52 9 0 62 9 0 83

Station KAEW MONT HTUM

P-time 20.145 72.145 18.835 80.835 0.520 83.52
S-time 29.500 81.5000 35.045 97.0450 18.730 101.7300
(S-P) 9.355 74.84 16.21 129.68 18.210 145.68
(S-P) x 1.37 12.816 5.63 22.2077 5.90 24.948 5.90
Origin Time 59.33 3.30 58.627 3.39 58.57 3.40
58.84275 Average Origin Time

Figure 4. 22. An example of using Microsoft Excel program to calculate the origin time
of an earthquake on December 7, 2005. Note: each station has time

difference not more than 2 seconds.
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4.3 Results of Analysis Magnitude and Epicenter and Depth and Origin Time
4.3.1 Earthquakes Catalogue and Epicentral Map of the KST

The results of analyzing 128 well-located earthquakes are date and time of
earthquakes occurrence, magnitude, latitude and longitude, depth, and region of
earthquakes which summarized in Table 4.1 and display in epicentral map after re-
locating (Figure 4.23) using ArcGIS program with legend of difference magnitude to
facilitate the consideration. In Table 4.1, from 128 well-located earthquakes only 99
events of earthquake that occurred in the study area can be extracted, which can be
divided into various magnitudes as follows: M2-2.9, 14 events, M3-3.9, 54 events, and
Mad-4.9, 31 events (Figure 4.24). The earthquakes which mostly occur in the study
area are the earthquakes with M3-3.9 and M4-4.9 respectively. They are all shallow
earthquakes with depth less than 70 km. There are various depths as follows: below
a depth of 0-5 km, 39 events, a depth of 6-10 km, 19 events, a depth of 11-15 km,
19events, a depth of 16-20 km, 5 events, a depth of 21-25 km, 6 events, a depth of
26-30 km, 5 events, a depth of 31-35 km, 4 events, a depth of 36-40 km, 1 event,
and a depth of 61 km, 1 events (Figure 4.25). The earthquakes with magnitudes 4-4.9
from this study usually occur in Changwat Chiang Rai and Chiang Mai. It can be
concluded that these two areas are the areas of higher seismic risk than others in
northern Thailand. The earthquakes occurring within the area of the KST
seismographic network or the reservoir area of the KST dam mostly have the
magnitudes of 2-3.9, and the nearest earthquake to the KST dam is the earthquake
on March 2, 2008 with magnitude of 3.1 and source-to-site is 15 km.



121

Table 4. 3 The 128 well-located earthquakes during the year 1999 to 2010 after re-
locating in this study.

o Date Origin Time (UTC) Location Depth " Region
hr  min sec Lat Long (km)

1 22-May-1999 15 23 28 18919 100.196 - 2.6 Amphoe Chiang Muan, Phayao

2 29-Jun-1999 6 38 16 21.042 98.35 19 5.6 Northem Myanmar

3 15-Jul-1999 17 35 11 21.386 100.529 33 52 Northem Laos

4 10-Aug-1999 23 14 34 18.933 99.955 11 3.4 Amphoe Ngao, Lampang

5 10-Aug-1999 23 15 16 18.929 100.087 9 2.9 Amphoe Chiang Muan, Phayao

6 19-Nov-1999 23 21 53  18.791 100.12 - 3.0 Amphoe Ngao, Lampang

7 13-Apr-2000 13 13 52 19.274 100.474 3 3.1 Amphoe Pong, Phayao

8 5-Sep-2000 11 a4 28 19.147 100.184 4 3.1 Amphoe Pong, Phayao

9 7-May-2001 1 4 26 18.448 100.484 1 3.1 Amphoe Rong Kwang, Phrae

10 7-Nov-2001 5 36 39 18.775 99.551 5 3.2 Amphoe Mueang Phan, Lampang
11 26-Apr-2002 20 31 41 19.145 99.314 - 4.3 Amphoe Phrao, Chiang Mai

12 2-Jul-2002 3 54 4  19.898 100.6 3 5.0 Northemn Laos

13 2-Jul-2002 17 55 17 19.91 100.57 3 3.7 Northemn Laos

14 3-Jul-2002 0 17 46 19.902 100.64 2 3.9 Northem Laos

15 21-Jul-2002 22 49 45 19.777 100.837 9 3.9 Northemn Laos

16 7-Sep-2002 6 11 44 18578 100.361 3 3.2 Amphoe Song, Phrae

17 25-5ep-2002 14 27 46 19.296 99.587 8 3.6 Amphoe Wiang Pa Pao, Chiang Rai
18 6-Nov-2002 5 21 21 18.676 99.921 - 2.9 Amphoe Ngao, Lampang

19 18-Dec-2002 13 47 11 19.395 99.196 5 a.7 Amphoe Phrao, Chiang Mai

20 29-Jan-2003 7 14 30 19.729 100.449 7 38 Amphoe Thoeng, Chiang Rai

21 15-Mar-2003 4 29 42 19.329 99.566 2 3.2 Amphoe Wiang Pa Pao, Chiang Rai
22 23-Aug-2003 8 57 30 18.849 99.39 8 3.3 Amphoe Mae On, Chiang Mai

23 18-Sep-2003 11 4 15 19.915 100.888 1 4.4 Northemn Laos

24 23-Nov-2003 15 8 9 20.405 100.982 19 4.5 Northem Laos

25 14-Mar-2004 5 49 37 19.9 100.563 7 3.9 Northem Laos

26 27-Mar-2004 q 5 35 19.497 99.63 5 3.7 Amphoe Mae Saruai, Chiang Rai
27 17-Aug-2004 18 53 54 17.465 100.819 61 4.1 Amphoe Chat Trakan, Phitsanulok
28 11-Sep-2004 1 31 56  18.787 98.978 7 3.4 Amphoe Mueang, Chiang Mai

29 26-Dec-2004 1 29 28 21412 98.107 34 6.5 Norther Myanmar

30 30-Dec-2004 23 54 21 21.254 97.761 18 6.3 Northern Myanmar

31 25-Jan-2005 16 30 21 22608 100.677 23 5.7 Northemn Laos

32 1-Apr-2005 7 18 20 19.412 99.421 3 3.7 Amphoe Wiang Pa Pao, Chiang Rai
33 4-Jun-2005 23 1 37 17.909 100.669 34 3.8 Amphoe Tha Pla, Uttaradit

34 9-Jun-2005 21 7 56  18.656 100.249 0 2.3 Amphoe Song, Phrae

35 29-Jun-2005 0 38 52 18.604 99.611 10 3.7 Amphoe Chae Hom, Lampang
36 4-Dec-2005 9 34 32 18.769 98.972 13 3.9 Amphoe Mueang, Chiang Mai

37 7-Dec-2005 9 0 58 19.734 99.544 8 3.8 Amphoe Mae Saruai, Chiang Rai
38 15-Dec-2005 6 48 37 19.553 99.946 11 4.0 Amphoe Pa Daed, Chiang Rai

39 15-Dec-2005 23 13 17 19.492 100.037 8 3.0 Amphoe Pa Daed, Chiang Rai

40 16-Dec-2005 2 13 45 19.601 99.899 15 3.5 Amphoe Phan, Chiang Rai

a1 16-Dec-2005 2 15 40 19.564 99.892 11 3.7 Amphoe Phan, Chiang Rai

42 17-Dec-2005 10 59 15 19.639 99.986 22 3.3 Amphoe Pa Daed, Chiang Rai

43 17-Dec-2005 11 48 6 19.505 99.947 4 3.3 Amphoe Pa Daed, Chiang Rai
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Table 4.3. The 128 well-located earthquakes during the year 1999 to 2010 after re-

locating in this study (cont).

o Date Origin Time (UTC) Location Depth " Region
hr  min sec Lat Long (km)
44 24-Jan-2006 13 41 59 20.611 98.418 1 5.6 Northern Myanmar
a5 15-Feb-2006 16 54 16 19.132 100.244 8 3.6 Amphoe Pong, Phayao
46 20-Feb-2006 18 34 1 19.129 100.152 1 2.9 Amphoe Dok Kam Tai, Phayao
a7 6-Aug-2006 5 15 23 19.641 99.053 3 4.3 Amphoe Chiang Dao, Chiang Mai
a8 13-Oct-2006 15 35 28  20.077 100.479 19 3.7 Amphoe Wiang Kaen, Chiang Rai
49 18-Oct-2006 12 1 10 18.95 100.049 4 3.4 Amphoe Dok Kam Tai, Phayao
50 21-Oct-2006 1 58 47 20.32 100.511 22 4.3 Northem Laos
51 16-Nov-2006 18 39 3 19.675 100.023 36 4.0 Amphoe Thoeng, Chiang Rai
52 26-Nov-2006 19 32 57 19.02 101.207 q 3.8 Amphoe Bo Kluea, Nan
53 12-Dec-2006 17 2 29 18.967 99.193 7 4.9 Amphoe Doi Saket, Chiang Mai
54 12-Dec-2006 19 49 37 19.004 99.125 4 3.9 Amphoe Doi Saket, Chiang Mai
55 12-Dec-2006 22 21 55  18.989 99.139 13 3.6 Amphoe Doi Saket, Chiang Mai
56 13-Dec-2006 5 49 4 18.921 99.268 12 3.3 Amphoe Doi Saket, Chiang Mai
57 23-Dec-2006 11 49 17 18.909 99.12 9 3.2 Amphoe Doi Saket, Chiang Mai
58 25-Jan-2007 22 29 47  18.834 99.191 7 33 Amphoe Doi Saket, Chiang Mai
59 18-Feb-2007 8 52 55 18.548 100.606 6 3.1 Amphoe Wiang Sa, Nan
60 22-Apr-2007 6 18 3 19.4 99.536 3 4.1 Amphoe Wiang Pa Pao, Chiang Rai
61 23-Apr-2007 14 17 6 19.464 99.769 16 3.7 Amphoe Phan, Chiang Rai
62 15-May-2007 14 35 45 20.622 100.327 3 4.8 Northern Laos
63 16-May-2007 8 56 10 20.657 100.678 24 6.2 Northem Laos
64 16-May-2007 9 31 3 20.232 100.743 29 3.9 Northem Laos
65 16-May-2007 10 5 35 20.621 100.855 23 4.1 Northem Laos
66 16-May-2007 10 15 41 20.548 100.587 24 4.1 Northem Laos
67 16-May-2007 10 26 1 20.488 100.894 15 4.1 Northern Laos
68 16-May-2007 11 15 56  20.458 100.867 13 4.4 Northem Laos
69 16-May-2007 11 35 12 20.53 100.79 19 4.0 Northem Laos
70 16-May-2007 11 43 52 20.4 100.697 29 4.1 Northem Laos
71 16-May-2007 13 18 7 20.495 100.64 33 4.6 Northem Laos
72 16-May-2007 17 8 54 20.547 100.774 10 4.2 Northern Laos
73 17-May-2007 3 25 40  20.652 100.379 36 4.2 Northem Laos
74 18-May-2007 0 1 53 20.42 100.708 25 4.1 Northem Laos
75 18-May-2007 1 40 55 20.458 100.67 20 4.0 Northem Laos
76 18-May-2007 13 5 16 20.465 100.659 17 4.2 Northem Laos
7 20-May-2007 1 21 21 20.268 100.747 24 3.9 Northern Laos
78 23-May-2007 17 6 27 20.399 100.633 32 4.1 Northern Laos
79 24-May-2007 11 15 17 20.31 100.746 24 4.0 Northem Laos
80 7-Jun-2007 17 21 4  20.673 100.73 21 4.8 Northem Laos
81 19-Jun-2007 5 6 42 18983 99.154 2 4.5 Amphoe Doi Saket, Chiang Mai
82 23-Jun-2007 6 53 45  21.468 99.552 4 5.1 Myanmar
83 23-Jun-2007 8 17 7 21412 99.32 2 5.9 Myanmar
84 23-Jun-2007 8 27 37 21.324 99.316 12 5.7 Myanmar
85 14-Jul-2007 8 29 18 20.357 100.783 17 3.8 Northem Laos
86 28-Jul-2007 21 33 49  20.651 99.144 17 4.5 Myanmar
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Table 4.3. The 128 well-located earthquakes during the year 1999 to 2010 after re-

locating in this study (cont).

Origin Time (UTC)

Location

Depth

No Date M Region
hr  min sec Lat Long (km)
87 6-Aug-2007 6 53 52 20.475 100.493 25 4.3 Northem Laos
88 6-Aug-2007 8 50 50  20.507 100.573 28 3.9 Northern Laos
89 7-Aug-2007 8 53 23 20.866 100.114 26 4.6 Northem Laos
90 8-Aug-2007 9 15 32 20.408 100.726 26 4.2 Northem Laos
91 19-Aug-2007 11 16 56  19.921 98.93 10 3.9 Myanmar-Thai Border
92 8-Sep-2007 7 12 46 20.59 100.674 29 4.2 Northem Laos
93 16-Oct-2007 2 39 24 18.73 100.246 1 24 Amphoe Song, Phrae
94 16-Oct-2007 6 46 53 20.483  100.727 13 4.7 Northemn Laos
95 1-Nov-2007 19 5 47 20.374 100.722 25 4.6 Northem Laos
96 23-Dec-2007 11 19 31  18.655 100.654 3 3.2 Amphoe Wiang Sa, Nan
97 2-Mar-2008 3 23 35  18.736 100.113 1 3.1 Amphoe Song, Phrae
98 9-Apr-2008 15 a9 24 19.3 99.266 13 3.2 Amphoe Phrao, Chiang Mai
99 10-Jun-2008 21 37 43 20.112 100.858 13 4.7 Northem Laos
100 1-Jul-2008 9 a5 51  19.219 99.345 3 3.9 Amphoe Wiang Pa Pao, Chiang Rai
101 9-Jul-2008 4 39 48 18.689 100.253 2 2.2 Amphoe Song, Phrae
102 25-Nov-2008 8 10 52 18.905 100.167 2 2.5 Amphoe Chiang Muan, Phayao
103 29-Nov-2008 8 6 25 20.289 100.658 32 4.0 Northem Laos
104 31-Dec-2008 8 0 1 18.67 100.616 4 3.6 Amphoe Wiang Sa, Nan
105 31-Dec-2008 8 [ 11 18.674 100.611 5 3.6 Amphoe Wiang Sa, Nan
106 29-Jan-2009 23 24 33 19.045 100.318 4 2.8 Amphoe Chiang Muan, Phayao
107 6-Feb-2009 1 39 18 19.547 99.759 7 2.8 Amphoe Phan, Chiang Rai
108 22-May-2009 7 58 9 20.464 100.796 12 4.4 Northem Laos
109 22-May-2009 18 50 15 21.318 102.01 8 5.0 Northem Laos
110 1-Jun-2009 12 44 27 18.821 100.707 11 3.1 Amphoe Mueang, Nan
m 10-Jun-2009 0 23 59 18.848 100.286 1 2.6 Amphoe Chiang Muan, Phayao
112 10-Jun-2009 0 25 5 18.899 100.242 0 2.7 Amphoe Chiang Muan, Phayao
113 18-Jun-2009 19 50 16 18.892 100.309 6 2.6 Amphoe Chiang Muan, Phayao
114 21-Jun-2009 18 6 20 19.588 99.977 14 3.6 Amphoe Thoeng, Chiang Rai
115 16-Aug-2009 17 57 11 20.231 100.746 10 4.2 Northem Laos
116 1-Oct-2009 11 56 2 20.836 101.689 4 4.1 Northem Laos
117 14-Oct-2009 1 59 31 20.811 101.498 21 4.8 Northem Laos
118 7-Nov-2009 3 54 55 20.458 101.793 18 3.9 Northem Laos
119 10-Nov-2009 7 36 51  20.815 101.763 31 4.7 Northemn Laos
120 10-Nov-2009 8 1 44 20.802 101.243 27 4.2 Northem Laos
121 10-Nov-2009 8 40 23 20.844 101.418 25 4.1 Northem Laos
122 2-Dec-2009 7 3 5  19.232 99.209 14 3.3 Amphoe Phrao, Chiang Mai
123 26-Dec-2009 1 11 49 20.376 98.944 3 4.1 Northern Myanmar
124 9-Mar-2010 13 3 24 20.323 99.168 30 4.2 Northern Myanmar
125 26-Jun-2010 2 23 59 20.354 99.827 10 3.9 Northern Myanmar-Thai
126 6-Jul-2010 15 23 29 20.362 99.614 30 4.1 Northern Myanmar-Thai
127 18-Jul-2010 12 53 19 20.263 101.272 4 3.9 Northem Laos
128 29-Aug-2010 8 19 2 19.516 99.512 6 3.4 Amphoe Mae Suai, Chiang Rai




124

97 00E WOTE @B A0E @ OTE 9300 10000°E 100300 10100°E 1014300
1 1 L 1 1 1 1 1 1
z
] 0
=
- @
4 O 2
= MYANMAR
:Z
=
s |
o ‘IAAE B
& i =
)3 g
o
=z g &
fo “
2 \J 2
@ a
2 N
&
-
=
£
S - N
& \#{
!
4
z 1{
s |
2 kY i
z
e
< SUKHOTHAI 7
z g oo ® PHITSANULOK -
2 ] 2T [ONERY 3 Q) &)
= T T 1 T T T T T T
97*300E B OTE B D0E B OTE 9*00E 100°00E 100“300"E 10100 1014300
Legend
Magnitude after re-locating A MYOA, MYOM, KAEW, MONT, and HTUM
(1998-2010) are seismograph stations of the Kaeng Sua Ten
A 2-29 seismographic network
@ 3-39 * The proposed Kaeng Sua Ten dam
D 4-49 [] Studyarea
() s-s50 Active Fault (DMR, 2010)
RiGreters [ 6-89 (*) Large Ciy
0 50 100

17730 0"N 18°0°0"N 18730 0"N 19°0°0"N 19730 0"N 20°0'0"N 20730 0"N 21°0°0"N 21°300"N

170°0"N

Figure 4. 23. Epicentral map of 128 well-located earthquakes during the year 1999 to

2010 after re-locating.
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Figure 4. 24. Number of earthquakes and magnitude of the total 128 events in this

study, and the only 99 events in the study area.
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Figure 4. 25. Number of earthquakes and depth of 99 events in the study area.
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4.3.2 Frequency and Magnitude Relations (b-value)

Evaluate the frequencies of earthquakes that occur in any specific area is
necessary for the seismic hazard analysis that area. It can be calculated from the
Gutenberg-Richter’s Recurrence Law (Gutenberg & Richter, 1944). This will allow for
the studying of the numbers of the opportunity of earthquakes with different
magnitudes to be occurred within the specific area.

To obtain the Gutenberg-Richter law (b-value) for this study, the data from
Table 4.1, Figure 4.23, and Figure 4.24 must undergo the process of declustering
according to the following guidelines, the outcome was shown in Table 4.2:

1) Start date: May 22, 1999; End date: August 29, 2010.

2) Northern Thailand" is defined as that area between latitude 17-20.5
and longitude 98.5-101.5.

3) Only earthquakes of magnitude 2.0 and greater were used, because
the earthquake catalogue of the KST is almost certainly incomplete
below this magnitude for the area, as outlined above.

4) Preliminary, there are only 69 earthquake events which can be applied

to study for the b-value.

Table 4. 4. Earthquake Numbers in Northern Thailand, during the year 1999 to 2010.

Cumulative Total
Magnitude (M) Range  Count per M Range Annual Rate
Above Lower M in Range

20-24 3 69 5.75
25-29 11 66 5.50
30-34 20 55 458
35-39 21 35 292
40-44 11 14 1.17
45-49 3 3 0.25

By plotting, on a logarithmic scale, the number of earthquakes greater than or
equal to a given magnitude in a set period of time against the magnitude, a basic

characteristic of the seismicity rate in an area or the b value can be determined.
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1. Firstly, choose a simple x-y plot, with magnitude M as the x-axis and
number of earthquakes greater than magnitude M as the y-axis. Then plot this data
set on a logarithmic-linear graph. In roughly, an approximate linear arrangement of
points is shown. Using a straight edge, draw a single line that best represents the set
of points that have plotted. That line does not need to run through the center, or
even touch, all of the points. There is now a line that represents the data - the
numbers of earthquakes with respect to magnitude over 12 years in northern
Thailand (1999-2010). The equation for a line on a simple x-y plot is y = bx + a,
where 3, is the y-intercept and b represents the slope of the line. To keep b positive
at all times, think of the above equation as true for positive-sloping lines (going up as
when move left-to-right), and the equation y = a — bx as true for negative-sloping
lines.

2. The graph has a y-axis that is logarithmic. Thus, a negative-sloping line on
this graph would be described as log y = a - bx. Indeed, instead of calling it the y-
axis, think of it as a function N of the magnitude, M, which itself can be substituted
for x (since the x-axis is magnitude). Make these substitutions in the equation given
above. There is now a mathematical expression that represents the Gutenberg-
Richter relation, the correlation between the magnitude of earthquakes and their
relative numbers. It should look something like

3. Use a ruler to actually measure the slope of the line. Pick any segment of
the line and sketch out a right triangle, with the legs parallel to the axes, and the
line itself forming the hypotenuse. Measure the height of the vertical side of the
triangle and divide this by the length of the horizontal side. The answer will be the
slope of the line, otherwise known as the b value.

4. Another way to find the b value is to note the value of N(M) at each of
two points along the line, exactly one magnitude unit (i.e. in the x-direction) apart.
Divide the larger number (the point on the left) by the smaller number (the point on
the right), and then take the logarithm of this quotient. That answer is the b value of
this line.

Therefore, the b-value of northern Thailand for 12 years from the method

that described above is 0.59 (Figure 4.26), if an annual rate is required, calculating by
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using the number of the cumulative total by 12, the b value obtained is also 0.59
(Figure 4.26). According to the Gutenberg-Richter relation, the b value from this study
can be used to assess the seismic hazards such as the opportunity on earthquakes
with different magnitudes occurrences within northern Thailand. The results from
Figure 4.26 show that the earthquakes with magnitude 3 could occurred at least 4
per year, and the earthquakes with magnitude 3.5 could occurred at least 2.5 per

year, and the earthquakes with magnitude 4 could occurred at least 1.5 per year.

The Gutenberg-Richter Law

1000
) Northern Thailand Seismicity,
1 i
00 ] PS 1999-2010 after re-locating
| b= 059
10

1 Northern Thailand Seismicity,

1 year average after re-locating

Cumulative toatal above lower M in range

o

Magnitude

Figure 4. 26. The Gutenberg-Richter law for the northern Thailand seismicity period of
1999 to 2010, and for 1 year average the b value is 0.59.
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4.4 Analyzing Ground-motion Parameters

For the earthquake study in northern Thailand, understanding the behavior
and characteristics of earthquake ground motion is necessary, which is very useful for
design engineers, and for structural design to withstand earthquakes. Ground motion
during an earthquake is measured by strong motion seismograph (accelerograph),
which records the acceleration of the ground. Since ground motion at particular site
due to earthquakes is influenced by source, travel path and local site condition.
Strong ground shaking can causes severe damages to man-made structure and
unfortunately, sometimes, induce losses of human lives. The characteristics of
ground motion that are important in earthquake engineering applications are peak
ground motion (peak ground acceleration (PGA), peak ground velocity (PGV), and
peak ground displacement (PGD)), and duration of strong motion, and frequency
content. Each of these parameters influences the response of structure. Peak ground
motion primarily influences the vibration amplitudes. Duration of strong motion has a
pronounced effect on the severity of shaking. A ground motion with moderate peak
acceleration and a long duration may cause more damage than a ground motion
with a larger acceleration and a shorter duration. Frequency content strongly affects
the response characteristics of a structure. In a structure, ground motion is amplified
the most when the frequency content of the motion and the natural frequencies of
the structure are close to each other (Mohraz & Sadek, 2001). Because of the
complexity of earthquake ground motions, identification of single parameter that
accurately describes all important ground motion characteristics is regarded as
impossible (Jennings, 1985; Joyner & Boore, 1988).

4.4.1 Peak Ground Acceleration

The PGA is a measure of earthquake acceleration on the ground and an
important input parameter for earthquake engineering. Unlike the Richter magnitude
scale, PGA is not a measure of the total size of the earthquake but rather how hard
the earth shakes in a given geographic area. Unlike the MMI scale, PGA is measured

by instruments, not from personal reports, althougsh PGA generally correlates well
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with the MMI scale. The PGA can be expressed in g (the acceleration due to Earth’s
gravity) or in m/s” (1 g =9.381 m/s).

In this study, the Kinematics Strong Motion Analyst program is used to
analyze the PGA from 20 strong ground-motion earthquakes. This program can use to

determine acceleration, velocity, and displacement of ground motion.

Station ID: MYO Channel 1: NORT 3/2/2008 (62) 3:22:59.000
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Figure 4. 27. Reading the PGA = 0.003858¢ at 03:23:39.755 UTC in north-south
direction of Amphoe Ngao-Song border earthquake on March 2, 2008,
M3.10 and source-to-site the MYOA station 15 km.
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Station ID: MYO Channel 1: NORT 12/26/2004 (361) 1:08:28.000
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Figure 4. 28. Reading the PGA = 0.000557¢g at 01:08:43:825 UTC in north-south
direction of Sumatra Indonesia earthquake on December 26, 2004, M9.1
and source-to-site the MYOA station >1,500 km.

4.4.2 Duration of Motion

(Kramer, 1996) described that the duration of strong ground motion can
have a strong influence on earthquake damage. Many physical processes, such as the
degradation of stiffness and strength of certain types of structures and the build-up
of pore water pressure in loose, saturated sands, are sensitive to the number of load
or stress reversals that occur during an earthquake. A motion of short duration may
not produce enough load reversals for damaging response to build up in a structure,
even if the amplitude of the motion is high. On the other hand, a motion with
moderate amplitude but long duration can produce enough load reversals to cause
substantial damage

Due to no standard definition of strong motion duration, the selection of
procedure for computing the duration for a certain study depends on the purpose of
the intended application. There are different definitions of the duration of strong
ground motion.(Bolt, 1969) proposed bracketed duration, which is defined as the
time between the first and last exceedance of threshold acceleration (usually 0.05¢)

(Figure 4.29).



132

0.300000

0.200000

First exceedances

0.100000
\i | H: H i& ek

0.000000 vivh H

Last exceedance

Acceleration [g)

-0.100000

—
I =i
|——=—t=

<0.200000

40.000 42,000 44.000 46.000 48.000 50.000 52,000 54,000 56.000
Time (sec)

Figure 4. 29. Bracketed duration obtained graphically from the accelerogram based
on the threshold acceleration of 0.05g.

4.4.3 Frequency Content

In case of frequency content, (Kramer, 1996) stated the dynamic response of
compliant objects, be they buildings, bridge, slopes, or soil deposits, is very sensitive
to the frequency at which they are loaded. Earthquakes produce complicated
loading with components of motion that span a board range of frequencies. The
frequency content describes how the amplitude of ground motion is distributed
among different frequencies. Since the frequency content of an earthquake motion
will strongly influence the effects of that motion, characterization of the motion
cannot be complete without consideration of its frequency content. The frequency
content of a ground motion can also be described by a power spectrum or power
spectral density function. The power spectral density function can also be used to
estimate the statistical properties of a ground motion and to compute stochastic
response using random vibration techniques (Clough & Penzien, 1975; Vermarcke,
1976; Yang, 1986). Power spectral density (PSD) function shows the strength of the
variations (energy) as a function of frequency. In other words, it shows at which

frequencies variations are strong and which frequencies variations are weak.
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Figure 4. 30. The PSD and frequency content of Amphoe Ngao-Song earthquake on
March 2, 2008, M3.10 and source-to-site the MYOA station 15 km.
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Figure 4. 31. The PSD and frequency content of Sumatra Indonesia earthquake on

December 26, 2004, M9.1 and source-to-site the MYOA station >1,500

km.
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4.5 Results of Ground Motion Parameters Analysis

The PGA of 20 strong ground-motion earthquakes during the year 1999 to
2010 is summarized in Table 4.4. There are no earthquakes with ground-motion
greater than 0.05¢ at the MYOA station (the proposed KST dam). In case of duration
of motion, by using the criteria of bracketed duration (Bolt, 1969), the results of this
study showed that there was no earthquakes which have the ground-motion more
than 0.05g. The characteristics of earthquake ground motion of northern Thailand
from the PGA, duration of motion, and frequency content can be summarized that
the PGA value at the site depends on the earthquake’s magnitude and the epicentral
distance (source-to-site). The earthquakes with smaller magnitude have shorter
duration of motion and higher frequency content than the earthquakes with larger
magnitude vice versa the earthquakes with larger magnitude have longer duration of

motion and lower frequency content than the earthquakes with smaller magnitude.
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Table 4. 5. The PGA and frequency content of 20 strong ground-motion earthquakes
at the MYOA station during the year 1999 to 2010 in this study.

Peak Ground Acceleration (PGA) Location
Distance to
No Date Frency
Component Time (UTC) cm/st g Lat Long M Region the MYOA
content (Hz)
station (km)
N-S 23:14:48.280 0.878847 0.0009 3-50
1 10-Aug-1999 Vertical ~ 23:14:46.920 0373286  0.0004 3-50 18933 99.955 342  Amphoe Ngao, Lampang a8
E-W 23:14:48.275  0.657851  0.0007 3-50
N-S 23:22:00.055  1.858995 0.0019 1-50
2 19-Nov-1999 Vertical ~ 23:21:59.335  0.708568  0.0007 1-60 18791 100.120 3.03  Amphoe Ngao, Lampang 19
E-W 23:21:59.470 2530054  0.0026 1-50
N-S 20:32:14.555  0.750442  0.0008 1-30
3 26-Apr-2002 Vertical ~ 20:32:15320  0.232761  0.0002 1-30 19.145 99314 432 Amphoe Phrao, Chiang Mai 112
E-W 20:32:14.760  0.440160  0.0004 1-30
N-S 3:54:50.430 0345154  0.0004 0.2-20
a 2-Jul-2002 Vertical ~ 3:54:31.360 0.237727  0.0002 0.2-20 19.898 100.600 497 Laos 154
E-W 3:54:51.270 0471349  0.0005 0.2-20
N-S 6:11:52680  1.055612 0.0011 1-50
5 7-Sep-2002 Vertical ~ 6:11:52.740  0.475629  0.0005 1-50 18578 100361 3.18  Amphoe Song, Phrae 26
E-W 6:11:53.700 0945668 0.0010 1-50
N-S 18:18:44.980  2.558666 0.0026 0.2-3
6 21-Sep-2003 Vertical 18:18:47.815 0.932354 0.0010 0.2-4 19.900 95730  6.60 Myanmar 430
E-W 18:18:41.465  0.928094  0.0009 0.2-5
N-S 1:08:43.825 0546100 0.0006 0.2-06
7 26-Dec-2004 Vertical ~ 1:08:49.585  0.735392  0.0008 0.2-0.6 3316 95854 9.10  Sumatra Islands, Indonesia > 1500
E-W 1:09:10.700 0576617  0.0006 0.2-0.6
N-S 1:10:24.055  0.625202  0.0006 0.2-1
8  26-Dec-2004 Vertical  1:10:02.660  0.803384  0.0008 0.2-1 3316 95854 9.0  Sumatra Islands, Indonesia > 1500
E-W 1:10:46.300  0.523906  0.0005 0.2-1
N-S 1:11:20830  0.384166  0.0004 0.2-1
9 26-Dec-2004 Vertical ~ 1:11:47510  0.362633  0.0004 0.2-1 3316 95854 9.0  Sumatra Islands, Indonesia > 1500
E-W 1:11:32.135 0422176  0.0004 0.2-1
N-S 1:12:13760  0.535636 0.0005 0.2-1
10 26-Dec-2004 Vertical ~ 1:12:19.475  0.860398  0.0009 02-1 3316 95854 9.10  Sumatra Islands, Indonesia > 1500
E-W 1:12:51.470 0857780  0.0009 0.2-1
N-S 1:13:38515  0.530924  0.0005 0.2-0.6
11 26-Dec-2004 Vertical ~ 1:13:07.840 0550147  0.0006 0.2-06 3316 95854 9.0  Sumatra Islands, Indonesia > 1500
E-W 1:13:28.205  0.783146  0.0008 02-06
N-S 1:14:20.180  0.590484  0.0006 0.2-0.6
12 26-Dec-2004 Vertical ~ 1:14:14.845  0.617070  0.0006 02-06 3316 95854 9.0  Sumatra Islands, Indonesia > 1500
E-W 1:13:55970  0.586001 0.0006 0.2-0.6
N-S 1:14:34.455  0.355073  0.0004 02-06
13 26-Dec-2004 Vertical ~ 1:15:00.475 0533855  0.0005 0.2-0.6 3316 95854 9.10  Sumatra Islands, Indonesia > 1500
E-W 1:15:13.780 0562801 0.0006 0.2-0.6
N-S 1:31:39.040  0.560553  0.0006 0.2-10
14  26-Dec-2004 Vertical 1:31:38.320 0.486190  0.0005 0.2-10 21412 98.107 653 Myanrmar 306
E-W 1:31:33.010 0486191  0.0005 0.2-10
N-S 12:01:21.965 0897797  0.0009 1-50
Amphoe Dok Kam Tai,
15  18-Oct-2006 Vertical ~ 12:01:21.880  0.464508 0.0005 1-50 18.950 100.049 3.35 36
EW 12:01:22.555 0780996  0.0008 1-50 Phayao
N-S 17:03:05.055 1.288414 0.0013 0.2-40
Amphoe Doi Saket,
16  12-Dec-2006 Vertical ~ 17:03:04.375  0.446271  0.0005 0.2-40 18967 99.193 4386 117
EW 170305995 0.763968 0.0008 0.2-40 Chiang Mai
N-S 857:31.770  1.023331  0.0010 0.2-10
17 16-May-2007 Vertical ~ 8:57:22.295 1.118008 0.0011 0.2-10 20540 100.350 6.21 Laos 225
E-W 857:26.980  1.412541 00014 0.2-10
N-S 507:16.470  0.862205 0.0009 0.2-40
Amphoe Doi Saket,
18 19-Jun-2007 Vertical ~ 5:07:17.535 0.281525 0.0003 0.2-40 18950 99.190 4.44 112

EW 5:07:18010  0.612953 0.0006 0.2-40 Chiang Mai
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Table 4.5. The PGA and frequency content of 20 strong ground-motion earthquakes

at the MYOA station during the year 1999 to 2010 in this study (cont).

Peak Ground Acceleration (PGA) Location
Distance to
No Date Frency
Component Time (UTC) /s’ Lat Long M Region the MYOA
content (Hz)
station (km)
N-S 3:29:39.665 3.783707 0.0039 3-50
Amphoe Ngao-Song,
19 2-Mar-2008 Vertical ~ 3:23:39.665 2208710 0.0023 3-50 18.740 100.110 3.10 15
EW  3:23:39.755  3.848810 0.0039 3-50 Lampang-Phrae
N-S 12:44:43505 0.374622 0.0004 0.2-80
20 1-Jun-2009 Vertical ~ 12:44:36.850  0.179374  0.0002 0.2-80 18.806 100.593 3.10  Amphoe Wiang Sa, Nan 53
E-W 12:44:36.915  0.253605 0.0003 0.2-80




CHAPTER V
COMPARISON OF DATA FROM BEFORE AND AFTER RE-LOCATING

These steps consist of comparison of data from before and after re-locating
well-located earthquakes such as the epicenter of earthquakes, the frequency and
magnitude relation (b-value), the relationship of earthquakes with geological

structures, and the correlation of the KST’s epicenters with the TMD.

5.1 Epicenter of Earthquakes before and after Re-locating

The comparison of KST’s epicenters before and after re-locating can be
summarized as follows:
Before relocating, the KST network has 118 events with magnitude 2.0-6.6
(Table 3.2) that can be categorized in northern Thailand, 62 events with magnitude
2.0-5.0 and in neighboring countries, 56 events with magnitude 3.9-6.6, and mostly
scattered between Lat.18.5- 20.0 N Long.99.0-101.5 E (Figure 5.2). After relocating, the
KST network has 128 well-located earthquakes with magnitude 2.2-6.5 (Table 4.1). 67
events are categorized to be in northern Thailand with magnitude range of 2.2-4.9
and in the neighboring countries 61 events with magnitude 3.9-6.5 (additional of 10
events are added, with 2 events of magnitude 3-3.9, and with 7 events of magnitude
4-4.9, and 1 event at magnitude 6-6.9 (Table 3.2 and Table 4.1)). The epicenters are
mostly scattered along the Lat.18.0-20.5 N and Long.99.0-100.5 E (Figure 5.2). The
depths of earthquakes are shallow with focal depth less than 70 km (Figure 4.25).
There are earthquakes with magnitudes 2-3.9 occurred near the reservoir
area and around the seismographic stations of the KST network but no earthquakes
occurred at the proposed KST dam in Phrae (Figure 5.3). The earthquake that
occurred nearest the proposed KST dam is at Amphoe Song in Phrae on June 9, 2005
with magnitude 2.34, with epicenter at Lat.18.656 N and Long. 100.249 E, about 11.2
km to the northeast from the proposed KST dam (Figure 5.3 and Table 4.1).
The regions where the earthquakes with magnitude 4-4.9 mostly occur are in

Chiang Mai and Chiang Rai. They were found in Amphoe Doi Saket (near the Mae



138

Kuang dam), Amphoe Phrao, and Amphoe Chiang Dao in Chiang Mai (Figure 5.4,
Figure 5.5, and Table 4.1), and Amphoe Thoeng, Amphoe Wiang Pa Pao in Chiang Rai
(Figure 5.6 and Table 4.1).

The earthquakes before and after re-locating have difference in the
magnitude about +0.00-0.57 unit and the location about +2.0-125 km (Table 5.1).
The original pre-relocating earthquake epicenters do not have any relation with
existing geologic structure. This may be due to the manually analysis, not automatic,
which did not have uniform standard procedure in the analysis. It was depended on
the operator judgment to pick the phase of P or S-wave. However, the epicenters of
128 events after re-locating based on the criteria that were used in this study are
more reliable and have better accuracy than before the re-locating, owing to the
new epicenters were obtained from the intersection of 3 circles from at least 3
epicentral distances (Figure 5.7 - Figure 5.10). Together all events’ origin times have
been revised, as the difference in occurrence time from each station have been fixed
to be less than 2 seconds error.

Figure 5.7 is the examples compares earthquake’s locations from before and
after re-locating on July 2, 2002. Before re-locating the location is at Amphoe Mae
Suai Changwat Chiang Rai (Figure 5.7a) but after re-locating the location is in Northern
Laos (Figure 5.7b). Figure 5.8 is the earthquake’s locations from before and after re-
locating which occurred on July 3 2002. Before re-locating, the location is at Amphoe
Kun Tan Changwat Chiang Rai (Figure 5.8a) but after re-locating, the location is in
Northern Laos (Figure 5.8b). Figure 5.9 is the earthquake’s locations from before and
after re-locating for September 18, 2003. Before re-locating, the location is in
Myanmar (Figure 5.9a) but after re-locating the location is moved to Northern Laos
(Figure 5.9b). Figure 5.10 is the earthquake’s locations from before and after re-
locating for March 14, 2004. Before re-locating, the location is in Amphoe Mae Chan,
Changwat Chiang Rai (Figure 5.10a) but after re-locating the location is in Northern

Laos (Figure 5.10b).



Table 5. 1. The KST’s epicenters before and after re-locating.
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Start Time Origin Time

before re-locating after re-locating

No. Date (UTQO) No. Date (UTQ)
hr  min Lat Long M hr min sec Lat Long M
1 22-May-1999 15 23 18.900  100.200 2.0 1 22-May-1999 15 23 28 18919 100.196 2.6
2 29-Jun-1999 6 38 16 21.042 98.35 5.6
3 15ul-1999 17 35 11 21.386 100.529 5.2
2 10-Aug-1999 23 14 18.950  100.040 3.1 4 10-Aug-1999 23 14 34 18.933 99.955 3.4
5 10-Aug-1999 23 15 16 18.929 100.087 2.9
3 19-Nov-1999 23 21 19.790  100.110 2.9 6 19-Nov-1999 23 21 53 18.791 100.12 3.0
4 13-Apr-2000 13 13 19.310  100.480 3.0 7 13-Apr-2000 13 13 52 19.274 100.474 3.1
5 5-Sep-2000 11 44 19.129  100.110 3.2 8 5-5ep-2000 11 44 28 19.147 100.184 3.1
6 7-May-2001 1 4 18.310  100.440 3.3 9 7-May-2001 1 4 26 18.448 100.484 3.1
10 7-Nov-2001 5 36 39  18.775 99.551 3.2
7 26-Apr-2002 20 31 18.910 99.080 4.5 11 26-Apr-2002 20 31 41 19.145 99.314 4.3
8 2-Jul-2002 3 54 19.668 99.432 5.0 12 2-Jul-2002 3 54 4 19.898  100.6 5.0
13 2-Jul-2002 17 55 17 19.91  100.57 3.7
9 3-Jul-2002 0 17 19.860 100.280 3.7 14 3-Jul-2002 0 17 46 19.902 100.64 3.9
10 21-Jul-2002 22 49 19.920  100.900 4.1 15 21-Jul-2002 22 49 45 19.777 100.837 3.9
11 7-Sep-2002 6 11 18.580  100.320 3.5 16 7-Sep-2002 6 11 44 18.578 100.361 3.2
12 25-S5ep-2002 14 27 19.390 99.350 3.6 17 25-5ep2002 14 27 46 19.296 99.587 3.6
13 6-Nov-2002 5 21 18.670 99.980 2.9 18 6-Nov-2002 5 21 21 18.676 99.921 29
14 18-Dec-2002 13 a7 19.390 98.800 4.9 19 18-Dec-2002 13 47 11 19.395 99.196 4.7
15 29-Jan-2003 7 14 19.750  100.566 3.9 20 29-Jan-2003 7 14 30 19.729 100.449 3.8
21 15-Mar2003 4 29 42 19.329 99.566 3.2
16 23-Aug-2003 8 57 18.599 99.216 3.5 22 23-Aug-2003 8 57 30 18.849  99.39 3.3
17 18-Sep-2003 11 4 20.407  100.129 4.5 23 18Sep2003 11 4 15 19.915 100.888 4.4
18  23-Nov-2003 15 8 20.320  101.206 4.5 24 23-Nov-2003 15 8 9 20.405 100.982 4.5
19  14-Mar-2004 5 49 20.174  100.044 Y0 25 14-Mar-2004 5 49 37 19.9  100.563 3.9
20  27-Mar-2004 4 5 19.466 99.583 3.6 26 27-Mar-2004 4 5 35 19.497  99.63 3.7
21 17-Aug-2004 18 54 17.353  100.553 4.1 27 17-Aug-2004 18 54 54 17.465 100.819 4.1
22 11-Sep-2004 1 31 18.812 98.844 3.6 28 11-Sep-2004 1 31 56 18.787 98.978 34
23 26-Dec-2004 1 30 21.627  103.341 6.6 29 26-Dec-2004 1 30 28 21.412 98.107 6.5
24 30-Dec-2004 23 55 21.335  100.377 6.4 30 30-Dec2004 23 55 21 21.254 97.761 6.3
25 25-Jan-2005 16 31 23.507 99.749 6.0 31 25-Jan-2005 16 31 21 22608 100.677 5.7
26 1-Apr-2005 7 18 19.386  99.431 3.7 32 1-Apr2005 7 18 20 19.412 99.421 3.7
27 4-Jun-2005 23 1 17.859  100.676 3.8 33 4-Jun-2005 23 1 37 17.909 100.669 3.8
28 9-Jun-2005 21 7 18.575 100.240 2.3 34 9-Jun-2005 21 7 56 18.656 100.249 2.3
29 29-Jun-2005 0 38 18.815 99.504 3.1 35 29-Jun-2005 0 38 52 18.604 99.611 3.7
30 4-Dec-2005 9 34 18.773 98.992 4.2 36 4-Dec-2005 9 34 32 18.769 98.972 3.9
31 7-Dec-2005 9 0 19.722 99.478 3.6 37 7-Dec-2005 9 0 58 19.734  99.544 3.8
32 15-Dec-2005 6 48 19.452  100.269 4.1 38 15-Dec-2005 6 48 37 19.553  99.946 4.0
33 15-Dec-2005 23 13 19.490 99.922 3.0 39 15-Dec-2005 23 13 17 19.492 100.037 3.0
34 16-Dec-2005 2 13 19.488 99.826 3.6 40 16-Dec-2005 2 13 45 19.601 99.899 3.5
35 16-Dec-2005 2 15 19.494  99.927 3.7 41 16-Dec2005 2 15 40 19.564 99.892 3.7
36 17-Dec-2005 10 59 19.608  100.147 3.2 42 17-Dec-2005 10 59 15 19.639 99.986 3.3
37 17-Dec-2005 11 47 19.466 100.011 3.3 43 17-Dec2005 11 47 6 19.505 99.947 3.3
38 24-Jan-2006 13 42 20.898 98.464 55 44 24-Jan-2006 13 42 59 20.611 98.418 5.6
39  15-Feb-2006 16 54 19.134  100.207 3.4 45 15Feb-2006 16 54 16 19.132 100.244 3.6
40  20-Feb-2006 18 33 19.138  100.221 2.8 46 20-Feb-2006 18 33 1 19.129 100.152 2.9
a7 6-Aug-2006 5 15 23 19.641 99.053 4.3
41 13-Oct-2006 15 35 20.229  100.157 3.7 48 13-Oct-2006 15 35 28 20.077 100.479 3.7
42 18-Oct-2006 12 0 18.945 100.116 3.2 49 18-Oct-2006 12 0 10 18.95 100.049 3.4
43 21-Oct-2006 1 58 20.325 100.846 4.2 50 21-Oct-2006 1 58 47 20.32 100.511 4.3
44 16-Nov-2006 18 38 19.540 99.999 3.7 51 16-Nov-2006 18 38 3 19.675 100.023 4.0
45 26-Nov-2006 19 32 19.069 101.239 3.8 52 26-Nov-2006 19 32 57 19.02 101.207 3.8
46 12-Dec-2006 17 2 18.934 99.245 4.7 53 12-Dec-2006 17 2 29 18.967 99.193 4.9
47 12-Dec-2006 19 49 18.965 99.189 3.8 54 12-Dec-2006 19 49 37 19.004 99.125 3.9
48 12-Dec-2006 22 21 19.008 99.144 3.6 55 12-Dec-2006 22 21 55 18.989 99.139 3.6
49 13-Dec-2006 5 48 18.899 99.256 3.1 56 13-Dec-2006 5 48 4 18.921 99.268 3.3
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Start Time Origin Time

before re-locating after re-locating

No. Date (UTQO) No. Date (UTQ)
hr  min Lat Long M hr min sec Lat Long M
50  23-Dec-2006 11 a8 18.880 99.638 3.2 57 23-Dec-2006 11 48 17 18909 99.12 3.2
51 25-Jan-2007 22 29 18.824 99.387 3.2 58 25-Jan-2007 22 29 47 18.834 99.191 3.3
52 18-Feb-2007 8 52 18555 100.582 3.1 59  18Feb-2007 8 52 55 18.548 100.606 3.1
53 22-Apr-2007 6 17 19.427 99.838 4.0 60 22-Apr-2007 6 18 3 19.4 99.536 4.1
61 23-Apr-2007 14 17 6 19.464  99.769 3.7
62 15-May-2007 14 35 45 20.622 100.327 4.8
54 16-May-2007 8 56 20.646  101.445 6.1 63 16-May-2007 8 56 10 20.657 100.678 6.2

55 16-May-2007 9 10 20.421  101.440 3.9

56 16-May-2007 9 31 20.234  100.611 3.8 64 16-May-2007 9 31 3 20.232 100.743 3.9
57 16-May-2007 10 q 21.003  100.514 4.0 65 16-May-2007 10 5 35 20.621 100.855 4.1
58  16-May-2007 10 15 20.666  100.934 4.0 66 16-May-2007 10 15 41 20.548 100.587 4.1
59 16-May-2007 10 25  20.581 101.070 4.1 67  16-May2007 10 26 1 20483 100.894 4.1
60  16-May-2007 11 15 20.420  101.197 4.2 68 16-May-2007 11 15 56 20.458 100.867 4.4
61  16-May2007 11 35 20533 100.822 3.9 69  16-May2007 11 35 12 2053 100.79 4.0
62 16-May-2007 11 43 20.716  101.214 4.1 70 16-May-2007 11 43 52 20.4  100.697 4.1
63 16-May-2007 13 18 20.540  101.051 4.5 71 16-May-2007 13 18 7 20.495 100.64 4.6
64 16-May-2007 17 8 20.309  101.364 4.1 72 16-May2007 17 8 54 20.547 100.774 4.2
65  17-May-2007 3 25 20.029  101.416 4.1 73 17-May-2007 3 25 40 20.652 100.379 4.2
66  18-May-2007 0 1 20.087  101.254 3.9 74 18-May-2007 0 1 53 20.42 100.708 4.1
67  18-May-2007 1 41 20.253  100.798 3.9 75 18-May-2007 1 40 55 20.458 100.67 4.0
68  18-May-2007 13 5 20.612 101232 4.2 76 18-May-2007 13 5 16 20.465 100.659 4.2
69  20-May-2007 1 21 20.441  100.812 3.9 7 20-May-2007 1 21 21 20.268 100.747 3.9
70 23-May-2007 17 6 20.434  100.781 4.0 78  23-May2007 17 6 27 20.399 100.633 4.1
71 24-May-2007 11 15 20.507  100.666 B! 79 24-May-2007 11 15 17 20.31 100.746 4.0
72 7-Jun-2007 17 21 20.606  100.879 4.7 80 7-Jun-2007 17 21 4 20.673 100.73 4.8
73 19-Jun-2007 5 6 18.931 99.178 4.4 81 19-Jun-2007 5 6 42 18.983 99.154 4.5
74 23-Jun-2007 6 54 19.629 96.758 4.9 82 23-Jun-2007 6 53 45 21.468 99.552 5.1
75 23-Jun-2007 8 17 20.887 98.861 59 83 23-Jun-2007 8 17 7 21.412  99.32 5.9
76 23-Jun-2007 8 27 21.461 99.352 5.8 84 23-Jun-2007 8 27 37 21.324 99.316 5.7
85 14-Jul-2007 8 29 18 20.357 100.783 3.8
7 28-Jul-2007 21 33 20.578  100.153 4.3 86 28-Jul-2007 21 33 49 20.651 99.144 4.5
78 6-Aug-2007 6 53 20501 100.814 4.1 87 6-Aug-2007 6 53 52 20.475 100.493 4.3
79 6-Aug-2007 8 50 20.327  100.704 3.8 88 6-Aug-2007 8 50 50 20.507 100.573 3.9
80 7-Aug-2007 8 53 20.490 101.172 4.3 89 7-Aug-2007 8 53 23 20.866 100.114 4.6
81 8-Aug-2007 9 15 20.320  100.441 3.9 90 8-Aug-2007 9 15 32 20.408 100.726 4.2
82 19-Aug-2007 11 16 19.815 98.775 3.8 91 19-Aug-2007 11 16 56 19.921 98.93 3.9
83 8-Sep-2007 7 12 20.466  100.783 4.1 92 8-Sep-2007 7 12 46 20.59 100.674 4.2
84 16-Oct-2007 38 18.661  100.142 25 93 16-Oct-2007 39 24 18.73 100.246 2.4
85 16-Oct-2007 6 46 20.512  100.808 4.5 94 16-Oct-2007 [ 46 53 20.483 100.727 4.7
86 1-Nov-2007 19 5 20.234  100.460 4.6 95 1-Nov-2007 19 5 47 20.374 100.722 4.6
87  23-Dec-2007 11 19 18.652 100.655 3.1 96  23-Dec2007 11 19 31 18.655 100.654 3.2
88 2-Mar-2008 3 22 18.707  100.088 3.1 97 2-Mar-2008 3 23 35 18.736 100.113 3.1
89 9-Apr-2008 15 a7 19.394 99.620 3.2 98 9-Apr-2008 15 49 24 19.3 99.266 3.2
90 10-Jun-2008 21 37 20.652  100.794 4.8 99 10-Jun-2008 21 37 43 20.112 100.858 4.7
91 1-Jul-2008 9 45 19.420 99.538 3.8 100 1-Jul-2008 9 45 51  19.219 99.345 3.9
92 9-Jul-2008 4 39 18.701  100.248 2.2 101 9-Jul-2008 4 39 48 18.689 100.253 2.2
93 25-Nov-2008 8 10 18.816  100.277 2.6 102 25-Nov-2008 8 10 52 18.905 100.167 2.5
94 29-Nov-2008 8 6 20.630  100.890 4.0 103 29-Nov-2008 8 6 25 20.289 100.658 4.0
95  31-Dec-2008 7 59 18.653  100.650 3.7 104 31-Dec-2008 8 0 1 18.67 100.616 3.6
96  31-Dec-2008 8 4 18.694  100.642 3.7 105  31-Dec-2008 8 4 11 18.674 100.611 3.6
97 29-Jan-2009 23 23 19.039  100.317 2.8 106 29-Jan-2009 23 24 33  19.045 100.318 2.8
98 6-Feb-2009 1 39 19.505  99.717 2.8 107 6Feb2009 1 39 18 19.547 99.759 2.8
99  22-May-2009 7 58 20.294  101.086 4.3 108  22-May-2009 7 58 9 20.464 100.796 4.4
100  22-May-2009 18 50 20.984  102.471 5.1 109  22-May-2009 18 50 15 21.318 102.01 5.0
101 1-Jun-2009 12 43 18815 100578 3.1 110 1Jun2009 12 44 27 18.821 100.707 3.1
102 10-Jun-2009 0 23 18.798  100.269 2.7 111 10-Jun-2009 0 23 59 18.848 100.286 2.6




Table 5.1. The KST’s epicenters before and after re-locating (cont).
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Start Time Origin Time
before re-locating after re-locating
No. Date (UTQO) No. Date (UTO)
hr  min Lat Long M hr min sec Lat Long M
103 10-Jun-2009 0 24 18.829  100.277 2.7 112 10Jun2009 0 25 5 18899 100.242 2.7
104 18-Jun-2009 19 49 18.890 100.330 2.6 113 18Jun2009 19 50 16 18892 100.309 2.6
114 21Jun2009 18 6 20 19.588 99.977 3.6
105  16-Aug2009 17 57 20.535 100.288 4.2 115 16-Aug2009 17 57 11 20.231 100.746 4.2
106 1-Oct-2009 11 56 20.022 103.047 4.1 116 1-0ct-2009 11 56 2  20.836 101.689 4.1
107 14-Oct-2009 1 58 20.205 102.039 4.8 117 14-0ct2009 1 59 31 20.811 101.498 4.8
108 7-Nov-2009 3 55 20.377 101304 3.9 118 7-Nov2009 3 54 55 20.458 101.793 3.9
109 10-Nov-2009 7 36 20590 102.088 4.8 119 10Nov2009 7 36 51 20.815 101.763 4.7
110 10-Nov-2009 8 2 20109 101440 4.3 120 10-Nov-2009 8 1 44 20.802 101.243 4.2
111 10-Nov-2009 8 40 20.276 101413 4.1 121 10-Nov-2009 8 40 23 20.844 101.418 4.1
112 2-Dec-2009 7 2 19.310  99.203 3.3 122 2Dec2009 7 3 5 19.232 99.209 3.3
113 26-Dec-2009 1 11 20.695  99.665 4.0 123 26-Dec2009 1 11 49 20376 98.944 4.1
114 9-Mar-2010 13 3 20.508  99.383 4.2 124 9-Mar2010 13 3 24 20323 99.168 4.2
115 26-Jun-2010 2 24 20183  99.524 3.9 125  26Jun2010 2 23 59 20354 99.827 3.9
116 6-Jul-2010 15 23 20004  99.054 4.1 126 6-ul-2010 15 23 29 20.362 99.614 4.1
117 18-Jul-2010 12 53 20.249 100978 3.8 127 18Jul2010 12 53 19 20.263 101.272 3.9
118 29-Aug-2010 8 18 19520 99.540 3.4 128 29-Aug2010 8 19 2 19516 99.512 3.4
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Figure 5. 1. Number of earthquakes and magnitude before and after re-locating.
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Figure 5. 9. Location of an earthquake with a magnitude of 4.4 on September 18

2003 (a) before re-locating; Myanmar (b) after re-locating; Northern Laos,

based on data of KST network.



148

T
e U / (
I =~ ) TasavemrrnTans muhoupuidneau
" e o S Rnzani T
By | 57 pEmavimvoinn Mbetn
| _ 4 lne .
' AN R\'ﬂn Jreilmarunsgoe
9 R
. PRI DR gl
/ M ) SORN .
od - A
' {' f LEE)
L ' I
N 1 kS )
B il '} —
== T P . J wwm [3- 40 Tfinet ~
.- /o P —
R - ey ﬂ
% v i feri?] s ’
A8 C A VgasAaa /
- Iy ’\ 3 . i b Y ) » $ v
I gy, f Ef”' RN 2 WA
{ \% SEIb ™ w4 =
I} A i b ; s H 2 e
! ~ soT w fo 78 e | e ———
551
2533 3733 2333 39.33 2038 0133 2233

) 7
' 1
.- u / i
208 - 7 ; v 0 v
— L ™ - - - T ﬂ
— N Ll TarangazreTanmuiu e uridmau
. P )l'-’ ... 2 '\,_(1[ . w  guilarniavsnugaiineie
lmsgss | 7 f* o1 e Tmvoan ik ega
' - R .
! R aviarn Tmusalassevainainimg
I -
9.51 : wr 4
r e
; #
(LI DEG
7 MA W SORN L —_—llyz
,‘] j A vltuonnmmuﬂ.‘lﬂ
& L —_— .
| < S Slwm e S —Ha=
, 4 \t, o am 1020 Tmey
o M 4 i wiew 2030 T — Mot
o T ) W 31 -40 3fiAeT
\ o / e
,
Wy :
g, ;
B an
e o
i, . \
7.81 I'\t"ﬂ\\ 3
[ AT
t1 ‘\ Slilu- 3 0 W
’ A . ™ ™™ ™ KL
85
26.38 87.38 55.38 §9.38 00.38 01.38 0z2.38

(b)
Figure 5. 10. Location of an earthquake with a magnitude of 3.9 on March 14 2004 (a)
before re-locating; Amphoe Mae Chan Changwat Chiang Rai (b) after re-

locating; Northern Laos, based on data of KST network.
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5.2 Frequency and Magnitude Relation (b-value) before and after re-locating

The relationship between the frequency and magnitude of earthquakes
before re-locating the b-value is 0.52 (Figure 5.11), and after re-locating the b-value is
0.59 (Figure 5.12). The b-value has a little difference as the number of earthquakes
before and after re-locating which were used in this study is different. Table 5.2
shows the earthquake numbers in northern Thailand during the year 1999 to 2010.
Before re-locating, the cumulative earthquake above lower M in range of the
earthquake magnitude 2.0-2.4 is 74, magnitude 2.5-2.9 is 70, magnitude 3.0-3.4 is 60,
magnitude 3.5-3.9 is 40, magnitude 4.0-4.9 is 18, and magnitude 4.5-4.9 is 7. Table 5.3
shows the earthquake numbers in northern Thailand during the year 1999 to 2010
after re-locating, the cumulative earthquake above lower M in range of the
earthquake magnitude 2.0-2.4 is 69, magnitude 2.5-2.9 is 66, magnitude 3.0-3.4 is 55,
magnitude 3.5-3.9 is 35, magnitude 4.0-4.9 is 14, and magnitude 4.5-4.9 is 3.

The Gutenberg-Richter Law
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Figure 5. 11. Northern Thailand seismicity during the year 1999 to 2010 before re-
locating, b-value = 0.52.
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Table 5. 2. Earthquake Numbers in Northern Thailand, during the year 1999 to 2010

before re-locating.

Magnitude Count per M Cumulative Total
Annual Rate
(M) Range Range Above Lower M in Range
20-24 4 74 6.2
25-29 10 70 5.8
30-34 20 60 50
35-39 22 40 33
40 -44 11 18 1.5
45-49 6 7 0.6
50-54 1
The Gutenberg-Richter Law
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Figure 5. 12. Northern Thailand seismicity during the year 1999 to 2010 after re-
locating, b-value = 0.59.
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Table 5. 3. Earthquake Numbers in Northern Thailand, during the year 1999 to 2010

after re-locating.

Cumulative Total
Magnitude (M) Range  Count per M Range Annual Rate
Above Lower M in Range

20-24 3 69 5.75
25-29 11 66 550
30-34 20 55 4.58
35-39 21 35 292
40-44 11 14 1.17
45-49 3 3 0.25

5.3 Relationship of Earthquakes with Geological Structures

In the interpretation part, detailed geomorphology was used to identify
geologic features those are associated with active tectonic landforms for strike-slip
faulting (Keller & Pinter, 1996). There were several features of each tectonic landform
associated with active fault as explained below (Figure 5.13).

(1) Linear valleys was generated from a transform faulting (strike-slip fault),
which controls the flow of stream channels in a straight form.

(2) Shutter ridge is a long and narrow mound that obstructs stream flow.
The shutter ridge effected the hill ridge by cutting through it and gave the
appearance that the ridge moved out from the originally mountain line. This is
common evident for strike-slip fault.

(3) Offset stream which was a result of strike-slip fault cutting through the
stream. It cut and displaced the stream channel, which originally was flowing in
straight line. The distance of movement from the originally stream line can be
referred to displacement of fault movement.

(4) Beheaded stream, one of the causes of strike-slip fault, affecting the form
of stream. The originally straight-continuous stream was cut by fault displacement

and the new stream upper end shows no connection with the main stream.
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Offset drainage channel Linear Offset drainage channel
ridge
Shutter

Bench Scarp ridge

Linear valley Linear valley

Figure 5. 13. Assemblage of landforms associated with active tectonic strike - slip

faulting (Keller & Pinter, 1996).

(5) Fault scarp, the characterized slanting cliff, was caused by fault cutting
through the area. This may be caused by both normal fault and strike-slip fault. It is
commonly appear in the topography that showed steep cliff next to the basin and
indicated distinctly by rows of fault trace movement.

(6) Sag pond, which was effected by strike-slip fault and caused the
subsidence of the land in the area. Water is ponding in the fault-developed basin.
Both normal fault and strike-slip fault can be caused of this.

(7) Spring and hot spring are fault generated open gap of fracture in the
subsurface rock and consequently underground water in that area flows out from
subsurface. Hot spring is related to hydrothermal activity in the subsurface rock.

(8) Triangular facet is the result of vertical movement of normal fault. After
faulting it was affected by surface erosion until it has the triangle cliff character.

(9) Bench is the topography landform that was developed as a consequent

of triangular facet landform. The normal fault causes this step-like feature.
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(10) Wine glass canyon is the affected from normal fault, which cut through
a stream channel and continue with vertical erosion that is faster than its horizontal
erosion, resulted into a valley that is resemble to wine glass, that is to say, the top of
the valley is rather wide and the lower part is narrow and deep.

In this study, the Digital Elevation Models (DEM) which created from SRTM
was used to create contour line to study the relationship between earthquake’s
epicenters with geological structures. DEMs are gray scale images wherein the pixel
values are actually elevation numbers. The pixels are also coordinated to world
space (longitude and latitude), and each pixel represents some variable amount of
that space (foot, meter, mile, etc.) depending on the purpose of the model and land
area involved. They produced using elevation data derived from existing contour
maps, digitized elevations and photogrammetric stereo-models based on aerial
photographs and satellite remote sensing images.

The results of this study (Figure 5.3-Figure 5.6 and Figure 5.14-Figure 5.16)
found that some epicenters after re-locating were associated with mapped faults
with surficial expression, but some epicenters were not. However, (Bott et al.,, 1997)
mentioned that northern Thailand is similar to the Basin and Range province in the
western United States of America in term of earthquake processes and tectonics. In
the Basin and Range province background earthquakes as large as M6-6.5 can occur
on buried faults with no surface expression or apparent geological association
(dePolo, 1994). Therefore some epicenters probably associated with faults which

have no surficial expression might be background earthquakes.
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Figure 5. 14. Epicenters of earthquake on June 9, 2005, before (green triangle) and

after (yellow triangle) re-locating, plotting in Google map. Note:

epicenter after re-locating on fault scarp.
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Epicenters of earthquake on October 16, 2007, before (green triangle)
and after (yellow triangle) re-locating, plotting in Google map. Note:

epicenter after re-locating on fault scarp.
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Figure 5. 16. Topographic map shows the epicenters of earthquakes after re-locating
(yellow circles and squares) near the Mae Kuang dam site. Note:

epicenters associated with and closely to mapped fault.
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5.4 Correlation of the KST’s Epicenters with the TMD

In earthquake study, it is necessary to recheck the KST’s events with the TMD
recorded events, such as when and where the earthquakes have occurred, and to
check the accuracy of the events. The information of the TMD’s epicenters in this
study mostly comes from the catalogue and the website of the TMD
(http://www.seismology.tmd.go.th/home.html).

The first seismograph station of the TMD was set up in 1963 in Chiang Mai,
northern Thailand. At first, this station is the participation of the Worldwide
Standardized Seismograph Network: WWSSN, and thereafter has transferred to
participate with the Incorporated Institution of Seismology: IRIS. Later the TMD has
set up more seismograph stations in many provinces cover all parts of Thailand as
listed in Table 5.4.

Comparing the KST’s epicenters of this study with the TMD’s epicenters was
rather difficult due to the lack of local earthquakes reported in TMD bulletin. Since
TMD stations is regional stations, they were sparse and reported only large to
medium earthquakes with some small local events. There were only 45 events or 35
percent of the KST’s events (Table 5.5) to compare with. In conclusion, the
epicenters of the two networks show not the same location and magnitude (Figure
5.17), which may be due to the instrument types (shot period and broadband), the
operators, and the computer program that used in the analyses.

However, in the study, it has been tried to compare the KST’s epicenters with
the TMD’s epicenters for the recorded during the year 1978 to 1998 (Table 5.6) or
the year before the set-up of the KST network, and the epicenter of earthquake with
magnitude 6.3 on May 5, 2014, in order to identify the area of high seismicity from
the past, and present earthquakes. The results from past and present earthquakes of
this study indicates that the earthquakes with magnitudes 4-4.9 frequently occurred
in Chiang Mai, and Chiang Rai between latitude 18.75-19.75 and longitude 98.75-99.75
(Figure 5.18 and Figure 5.19).



Table 5. 4. Details of the TMD’s seismic stations all part of Thailand.
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Network  Station
Seismic Station List Lat Long Elevation (m) Sensor Digitizer
Code Code
Kirithan Dam, Chanthaburi ™ CHBT 102.33 12.7526 4 Trillium 120 sec taurus, trident
Doi Suthep, Chiang Mai ™ CMMT 98.95 18.8128 399.7 Trillium 120 sec taurus, trident
Wachiralongkorn Dam, Kanchanaburi ™ KHLT 98.5893 14.7970 164 Trillium 40 sec taurus, trident
Lumpraplueng Dam, Nakhonratchasima ™ KRDT 104.8442 14.5905 266 Trillium 40 sec taurus, trident
The Immigration Checkpoint, Mae Hong Son ™ MHIT 97.9632 19.3148 270 Trillium 120 sec taurus, trident
Sariang Meteorological Station, Mae Hong Son ™ MHMT 97.931 18.1764 164 Trillium 40 sec taurus, trident
Khao Kho, Phetchabun ™ PBKT 100.9687 16.5733 8 Trillium 120 sec taurus, trident
Bangwaad Dam, Phuket ™ PKDT 98.335 7.8920 53 Trillium 40 sec taurus, trident
Ranong ™ RNNT 98.4778 9.3904 38 Trillium 40 sec taurus, trident
Songkhla ™ SKLT 100.6188 7.1735 145 Trillium 120 sec taurus, trident
Srinakarintara Dam, Kanchanaburi ™ SRDT 98.1212 14.3945 122 Trillium 40 sec taurus, trident
Ratchaprapa Dam, Surat Thani ™ SURT 98.795 8.9577 26 Trillium 40 sec taurus, trident
Pak Mun Dam, Ubon Ratchathani ™ UBPT 105.4695 15.2773 120 Trillium 120 sec taurus, trident
Nampoong, Sakon Nakhon ™ SKNT 103.9815 16.9742 254 Trillium 40 sec taurus, trident
Tha Ngiu Dam, Trang ™ TRTT 99.6912 7.8362 71 Trillium 40 sec taurus, trident
Kwae-noi Dam,Phitsanulok TMD PHIT 100.416499 17.189269 113.5 SP -S13-1HZ smart24
Huai Tha Phrae Reservoir, Sukhothai TMD SUKH 99.631013 17.482143  58.0294 SP -S13-1HZ smart24
Sirikit Dam, Uttaradit TMD UTTA 100.554083 17.744258 62.61 SP -813-1HZ smart24
Namsong Reservoir, Phrae T™MD PHRA 100.229325 18.498912  186.83564 BB KS2000M 120 sec smart24
Kiewlom Dam, Lampang TMD LAMP 99.632246 18.522614 246.655 SP -S13-1HZ smart24
Namkorn Dam, Nan T™MD NAN 100.911631 19.283535  261.711992  SP -S13-1HZ smart24
Mae Puem Reservoir, Phayao TMD PAYA 99.869172 19.360284  408.264 SP -S13-1HZ smart24
Huai Chang Reservoir TMD CRAI 100.373434 20.228927 356.746966 BB KS2000M 120 sec smart24
Doi Ang Khang Meteorological Station, Chiang Mai ~ TMD CMAI 99.04526 19.932477 1502.668207 BB KS2000M 120 sec smart24
Umphang Meteorological Station, Tak TMD UMPA 98.86035 16.20572 403.234 BB KS2000M 120 sec smart24
Pranburi Dam, Prachuap Khiri Khan District TMD PRAC 99.79288 12.47263 53.63791 BB KS2000M 120 sec smart24
Thap Salao Dam, Uthaithani TMD UTHA 99.445133 15.558565 128.607 SP -S13-1HZ smart24
Kaeng-Krachan Reservoir, Phetchaburi TMD PHET 99.62675 12.91331 100.6704 SP -S13-1HZ smart24
Pattaya Meteorological Station, Chon Buri TMD PATY 100.865694 12.923188 39.190244 SP -S13-1HZ smart24
Klong Din Daeng Reservoir, Nakhon Si Thammarat TMD SRIT 99.60196 8.59549 58.4626 BB KS2000M 120 sec smart24
Tha-Thong Dam, Surat-Thani TMD SURA 99.62945 9.16634 -5.54492 BB KS2000M 120 sec smart24
Choraka Reservoir, Chaiyaphum TMD CHAI 101.9864 15.9018 198.9548 SP -813-1HZ smart24
Huai Plew Nguek Reservoir, Nong Khai T™MD NONG 103.1457 18.06346 140.47 BB KS2000M 120 sec ~ smart24
Huai Khan Reservoir, Nakhon Phanom TMD PANO 104.6122 17.1476 135.5955 BB KS2000M 120 sec smart24
Tha-Phra Agricultural weather station, Khon Kaen TMD KHON 102.823 16.33778 134.6877 SP -S13-1HZ smart24
Khlong Tha Dan Reservoir, Nakhon Nayok TMD NAYO 101.3209 14.31523 106.293 BB KS2000M 120 sec smart24
Um-Puem Reservoir, Surin TMD SURI 103.5529 14.7688 125.908 SP -813-1HZ smart24
Huai Yang Reservoir, Sa-Kaew TMD SRAK 102.0425 14.012 96.90778 SP -813-1HZ smart24
Huai Nam Man Reservoir, Loei TMD LOEI 101.2644 17.50928 305.5835 BB KS2000M 120 sec smart24
Bang-Kamprud Reservoir, Krabi TMD KRAB 99.631013 17.482143  58.0294 SP -S13-1HZ smart24




Table 5. 5. Correlation of the KST’s epicenters with the TMD.
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Earthquake Data of the KST

Earthquake Data of the TMD

No. Origin Time No. Origin Time
Location Date Location
Date (UTO) M (Local, UTC+7) M
hr min sec Lat Long hr min sec Lat Long

1 22-May-1999 15 23 28 18.919 100.196 2.6
2 29-Jun-1999 6 38 16 21.042 98.35 5.6
3 15-Jul-1999 17 35 11 21.386 100.529 52
4 10-Aug-1999 23 14 34 18.933 99.955 3.4
5 10-Aug-1999 23 15 16 18.929 100.087 29
6 19-Nov-1999 23 21 53 18.791 100.12 3.0
7 13-Apr-2000 13 13 52 19.274 100.474 3.1
8 5-Sep-2000 11 44 28 19.147 100.184 3.1
9 7-May-2001 1 4 26 18.448 100.484 3.1
10 7-Nov-2001 5 36 39 18.775 99.551 3.2
11 26-Apr-2002 20 31 41 19.145 99.314 4.3 1 26-Apr-2002 20 31 40 18.80 99.20 53
12 2-Jul-2002 3 54 4 19.898 100.6 5.0 2 2-Jul-2002 3 54 5 20.18 100.17 5.1
13 2-Jul-2002 17 55 17 19.91 100.57 3.7 3 2-Jul-2002 17 55 20 19.83 100.65 3.1
14 3-Jul-2002 0 17 46 19.902 100.64 3.9 4 3-Jul-2002 0 17 49 19.83 100.69 33
15 21-Jul-2002 22 49 45 19.777 100.837 3.9 5 21-Jul-2002 22 49 50 19.72 100.61 3.9
16 7-Sep-2002 6 11 44 18.578 100.361 3.2 6 7-Sep-2002 6 11 42 17.89 100.04 33
17 25-Sep-2002 14 27 46 19.296 99.587 3.6
18 6-Nov-2002 5 21 21 18.676 99.921 2.9
19 18-Dec-2002 13 47 11 19.395 99.196 4.7 7 18-Dec-2002 13 47 15 19.06 98.95 4.3
20 29-Jan-2003 7 14 30 19.729 100.449 3.8
21 15-Mar-2003 4 29 42 19.329 99.566 3.2
22 23-Aug-2003 8 57 30 18.849 99.39 33 8 23-Aug-2003 15 57 19.00 99.20 2.5
23 18-Sep-2003 11 4 15 19.915 100.888 4.4 9 18-Sep-2003 18 4 20.50 100.90 55
24 23-Nov-2003 15 8 9 20.405 100.982 4.5
25 14-Mar-2004 5 49 37 19.9 100.563 319
26 27-Mar-2004 4 5 35 19.497 99.63 CHlL 10 27-Mar-2004 3 0 19.43 99.46 3.4
27 17-Aug-2004 18 54 54 17.465 100.819 4.1
28 11-Sep-2004 1 31 56 18.787 98.978 3.4 11 11-Sep-2004 8 30 18.70 98.70 3.7
29 26-Dec-2004 1 30 28 21.412 98.107 6.5 12 26-Dec-2004 8 30 20.70 98.00 6.4
30 30-Dec-2004 23 55 21 21.254 97.761 6.3
31 25-Jan-2005 16 31 21 22.608 100.677 5.7
32 1-Apr-2005 7 18 20 19.412 99.421 257
33 4-Jun-2005 23 1 37 17.909 100.669 3.8 13 5-Jun-2005 6 17 17.80 100.60 3.8
34 9-Jun-2005 21 7 56 18.656 100.249 2.3
35 29-Jun-2005 0 38 52 18.604 99.611 3.7
36 4-Dec-2005 9 34 32 18.769 98.972 3.9 14 4-Dec-2005 16 34 18.70 98.50 4.1
37 7-Dec-2005 9 0 58 19.734 99.544 3.8 15 7-Dec-2005 16 2 19.70 99.60 3.9
38 15-Dec-2005 6 48 37 19.553 99.946 4.0 16 15-Dec-2005 13 48 19.43 100.18 4.1
39 15-Dec-2005 23 13 17 19.492 100.037 3.0
40 16-Dec-2005 2 13 45 19.601 99.899 3.5 17 16-Dec-2005 9 13 19.43 99.96 3.8
41 16-Dec-2005 2 15 40 19.564 99.892 3.7 18 16-Dec-2005 9 14 19.43 99.96 3.9
42 17-Dec-2005 10 59 15 19.639 99.986 3.3
43 17-Dec-2005 11 47 6 19.505 99.947 3.3
a4 24-Jan-2006 13 42 59 20.611 98.418 5.6 19 24-Jan-2006 20 42 20.53 98.69 5.7
45 15-Feb-2006 16 54 16 19.132 100.244 3.6
46 20-Feb-2006 18 33 1 19.129 100.152 2.9
a7 6-Aug-2006 5 15 23 19.641 99.053 4.3 20 6-Aug-2006 12 15 19.15 98.92 3.4
48 13-Oct-2006 15 35 28 20.077 100.479 3.7
49 18-Oct-2006 12 0 10 18.95 100.049 3.4
50 21-0ct-2006 1 58 47 20.32 100.511 4.3
51 16-Nov-2006 18 38 3 19.675 100.023 4.0 21 17-Nov-2006 1 39 19.50 99.60 4.4
52 26-Nov-2006 19 32 57 19.02 101.207 3.8
53 12-Dec-2006 17 2 29 18.967 99.193 4.9 22 13-Dec-2006 0 2 18.93 98.97 5.1
54 12-Dec-2006 19 49 37 19.004 99.125 3.9
55 12-Dec-2006 22 21 55 18.989 99.139 3.6
56 13-Dec-2006 5 48 4 18.921 99.268 3.3
57 23-Dec-2006 11 48 17 18.909 99.12 3.2 23 23-Dec-2006 18 51 19.00 99.00 3.6
58 25-Jan-2007 22 29 47 18.834 99.191 3.3




Table 5.5. Correlation of the KST’s epicenters with the TMD (cont).

159

Earthquake Data of the KST

Earthquake Data of the TMD

No. Origin Time No. Origin Time
Location Date Location
Date (UTO) M (Local, UTC+T7) M
hr  min sec Lat Long hr  min sec Lat Long

59 18-Feb-2007 8 52 55 18.548 100.606 3.1
60 22-Apr-2007 6 18 3 19.4 99.536 4.1 24 22-Apr-2007 13 18 0 19.40 99.36 4.5
61 23-Apr-2007 14 17 6 19.464 99.769 3.7 25 23-Apr-2007 21 18 0 19.60 99.20 4.0
62 15-May-2007 14 35 45 20.622 100.327 4.8
63 16-May-2007 8 56 10  20.657 100.678 6.2
64 16-May-2007 9 31 3 20.232 100.743 3.9
65 16-May-2007 10 5 35 20.621 100.855 4.1 26 16-May-2007 17 4 0 21.00 100.50 4.7
66 16-May-2007 10 15 41 20.548 100.587 4.1
67 16-May-2007 10 26 1 20.488 100.894 4.1
68 16-May-2007 11 15 56 20.458 100.867 4.4
69 16-May-2007 1 35 12 20.53 100.79 4.0
70 16-May-2007 11 43 52 20.4 100.697 4.1
71 16-May-2007 13 18 7 20.495 100.64 4.6
72 16-May-2007 17 8 54  20.547 100.774 4.2
73 17-May-2007 3 25 40  20.652 100.379 4.2
74 18-May-2007 0 1 53 20.42 100.708 4.1
75 18-May-2007 1 40 55 20.458 100.67 4.0
76 18-May-2007 13 5 16 20.465 100.659 4.2
7 20-May-2007 1 21 21 20.268 100.747 39
78 23-May-2007 17 6 27 20.399 100.633 4.1
79 24-May-2007 11 15 17 20.31 100.746 4.0
80 7-Jun-2007 17 21 4 20.673 100.73 4.8
81 19-Jun-2007 5 6 42 18.983 99.154 4.5 27 19-Jun-2007 12 6 0 18.90 99.00 4.5
82 23-Jun-2007 6 53 45 21.468 99.552 5 ol
83 23-Jun-2007 8 17 7 21.412 99.32 59 28 23-Jun-2007 15 17 0 21.27 99.82 5.0
84 23-Jun-2007 8 27 37 21.324 99.316 ¥
85 14-Jul-2007 8 29 18 20.357 100.783 3.8
86 28-Jul-2007 21 33 49 20.651 99.144 4.5
87 6-Aug-2007 6 53 52 20.475 100.493 4.3
88 6-Aug-2007 8 50 50 20.507 100.573 3.9
89 7-Aug-2007 8 53 23 20.866 100.114 4.6
90 8-Aug-2007 9 15 32 20.408 100.726 4.2
91 19-Aug-2007 11 16 56 19.921 98.93 3.9
92 8-Sep-2007 7 12 46 20.59 100.674 4.2
93 16-Oct-2007 2 39 24 18.73 100.246 24
94 16-Oct-2007 6 46 53 20.483 100.727 4.7 29 16-Oct-2007 13 47 0 20.80 100.93 5.0
95 1-Nov-2007 19 5 a7 20.374 100.722 4.6 30 2-Nov-2007 2 5 0 21.57 100.92 5.7
96 23-Dec-2007 11 19 31 18.655 100.654 3.2
97 2-Mar-2008 3 23 35 18.736 100.113 3.1 31 2-Mar-2008 10 23 0 18.99 99.97 2.5
98 9-Apr-2008 15 49 24 19.3 99.266 3.2
99 10-Jun-2008 21 37 43 20112 100.858 a7 32 10-Jun-2008 4 38 0 20.67 97.44 5.1
100 1-Jul-2008 9 45 51 19.219 99.345 3.9
101 9-Jul-2008 4 39 48 18.689 100.253 2.2
102 25-Nov-2008 8 10 52 18.905 100.167 2.5
103 29-Nov-2008 8 6 25 20.289 100.658 4.0 33 29-Nov-2008 15 6 15 21.25 101.41 4.5
104 31-Dec-2008 8 0 1 18.67 100.616 3.6
105 31-Dec-2008 8 4 11 18.674 100.611 3.6
106 29-Jan-2009 23 24 33 19.045 100.318 2.8
107 6-Feb-2009 1 39 18 19.547 99.759 2.8
108 22-May-2009 7 58 9 20.464 100.796 4.4 34 22-May-2009 14 58 14 20.64 100.60 4.5
109 22-May-2009 18 50 15 21.318 102.01 5.0 35 23-May-2009 1 50 24 2137 102.00 5.1
110 1-Jun-2009 12 44 27 18.821 100.707 3.1
111 10-Jun-2009 0 23 59 18.848 100.286 2.6
112 10-Jun-2009 0 25 5 18.899 100.242 2.7
113 18-Jun-2009 19 50 16 18.892 100.309 2.6
114 21-Jun-2009 18 6 20 19.588 99.977 3.6 36 22-Jun-2009 1 6 19 19.67 100.04 3.6
115 16-Aug-2009 17 57 11 20.231 100.746 4.2 37 17-Aug-2009 0 57 13 20.57 100.85 4.7
116 1-Oct-2009 11 56 2 20.836 101.689 4.1
117 14-Oct-2009 1 59 31 20.811 101.498 4.8
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Earthquake Data of the KST

Earthquake Data of the TMD

No. Origin Time . No. Origin Time .
Location Date Location
Date (UTO) M (Local, UTC+7) M
hr  min sec Lat Long hr  min sec Lat Long
118 7-Nov-2009 3 54 55 20.458 101.793 3.9 38 7-Nov-2009 10 55 9 20.63 101.54 3.9
119 10-Nov-2009 7 36 51 20.815 101.763 a7
120 10-Nov-2009 8 1 a4 20.802 101.243 4.2
121 10-Nov-2009 8 40 23 20.844 101.418 4.1
122 2-Dec-2009 7 3 5 19.232 99.209 3.3 39 2-Dec-2009 14 3 q 19.26 99.18 3.3
123 26-Dec-2009 1 11 a9 20.376 98.944 4.1 a0 26-Dec-2009 8 11 52 20.56 99.12 4.2
124 9-Mar-2010 13 3 24 20.323 99.168 4.2 a1 9-Mar-2010 20 3 29 20.33 98.95 4.4
125 26-Jun-2010 2 23 59 20.354 99.827 3.9 a2 26-Jun-2010 9 24 2 20.37 99.77 4.0
126 6-Jul-2010 15 23 29 20.362 99.614 4.1 a3 6-Jul-2010 22 23 32 20.42 99.83 4.5
127 18-Jul-2010 12 53 19 20.263 101.272 3.9 a4 18-Jul-2010 19 53 13 21.30 101.27 4.5
128 29-Aug-2010 8 19 2 19.516 99.512 3.4 a5 29-Aug-2010 15 19 q 19.57 99.63 3.3
98°95" 99°11"
19°03" 19°03'
‘J|.\n after KST
M4.86_after_KST
B
M4.73 before KST
The Mae Kuang Dam 5 =
18°85" 18°85"
98°95" 99°11”
Figure 5. 17. Epicenters of the KST before (green square) and after (yellow square) re-

locating and the TMD’s epicenter (purple square) of earthquake on

December 12, 2006, plotting in Google map. They are all difference in

magnitudes and locations of earthquakes.
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Table 5. 6. Details of the TMD’s epicenters with magnitude greater than 4 during the

year 1978 to 1998.

No Date Lat Long M Region

1 26-May-1978 19.27 99.06 4.8 Amphoe Phrao, Chiang Mai
2 10-Feb-1980 19.35 99.23 4.2 Chiang Mai

3 20-Jun-1982 18.92 99.18 43 Chiang Mai

il 19-Feb-1988 18.87 99.17 4.2 Chiang Mai

5 8-May-1994 18.3 99.2 4.5 Chiang Mai

6 11-Sep-1994 19.46 99.6 5.1 Amphoe Mae Suai, Chiang Rai
7 5-Nov-1995 19.8 98.8 4.0 Amphoe Fang, Chiang Mai

8 9-Dec-1995 18.2 99.8 5.1 Amphoe Rong Kwang, Phrae
9 21-Dec-1995 19.7 99 52 Amphoe Phrao, Chiang Mai
10 2-Feb-1997 18.4 99.9 4.0 Amphoe Song, Phrae

11 13-Jul-1998 19.7 99.1 4.1 Amphoe Fang, Chiang Mai
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epicenters (purple) during the year 1978 to 1998.
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CHAPTER VI
DISCUSSION

In this chapter, a main point is described for the discussion related to the
results from location of earthquakes after re-locating along with the previous works.
The discussion comprised of characteristics of seismicity in northern Thailand, and

frequency and magnitude distribution.

6.1 Characteristics of Seismicity in Northern Thailand

The newly located earthquake location of earthquakes of the size ranging
from M2.2-6.2 (Table 4.1) during 1999-2010, recorded by the KST network, a local
seismograph network in this study, confirms that the earthquake in the study area
consist of minor to light magnitude ranges between M3-4.9 (Figure 4.23 and Figure
4.24) local earthquake. They are shallow earthquakes with depth less than 70
kilometer (Table 4.1 and Figure 4.25). The earthquake’s locations are clearly and
significantly have some epicenters after re-locating, were associated with mapped
faults with surficial expression, but some epicenters were not (Figure 5.3- Figure 5.6).

Upon reviewing the result of this study with that of (Bott et al., 1997), there is
both consistence and inconsistence issues. The consistence is that the seismicity is of
low to moderate level. The obvious significantly inconsistence conclusion by (Bott et
al., 1997), is that the relation of some earthquake hypocenter with mapped faults of
the site. The data source used by (Bott et al., 1997) in their review and this study are
different. This study used data obtain from local seismograph network. It consists of
shot period seismometer which is appropriated to study small local earthquake. The
distance between stations is 20-80 kilometer. However, (Bott et al., 1997), utilized
earthquake achieve from global seismograph network maintains by the TMD. The
network may not be appropriated for monitoring the local-small earthquake. This
achieve might not be completed for small earthquake occurred in the northern
Thailand. The error in reading of phase times may lead to incorrectly determination

of earthquake location. Also the magnitude that has been used may be of different
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scale, leading to the inconsistent in magnitude conversion. All of these factors made
it difficult to come up with the correlation of earthquake location with structural
geology of northern Thailand.

Because of the highly uncertainty in the earthquake location determination
which is clearly mention by (Bott et al., 1997), the type of the network and
instrument is therefore important for the determination of earthquake. This study is
strongly supplemented of the work by (Bott et al.,, 1997). It complements the study
of small local earthquake data such as M3-3.9 and M4-4.9, with data from more
suitable seismograph. To study small local earthquake magnitude smaller than M3 to
understand the earthquake pattern in northern Thailand, it is necessary to install
more of short period seismograph with separation distance between stations at not
more than 50 kilometer, so that more of the smaller earthquake epicenter can be
detected and be located correctly.

Macroseismic survey should also be carried out whenever an earthquake of
M3 or greater occur. Macroseismic study can provide an accurate result for
earthquake such that relationship to the geological structure can be determined e.s.
(Harnpattanapanich, 2006c) which was used to study the December 7, 2005, Mae
Suai, Chiang Rai earthquake. With the help of epicenter determined from the KST
local network, the intensity map, in MMI scale obtained from macroseismic survey
from population around the epicenter, GPS located and displayed on 1:50,000 scale
topographic map, showed the good correlation of Isoseismal line and the drawn
Meizoseismal area to the geologic formations and structure of the area.

One of the most important factor that cause the differing in the epicenter
location determination among the agency or network is the error from the operators
themselves i.e. the error in reading phases time. When these data are different the
located earthquake epicenter would be in error. When more data are available
rereading of the phases data or using other earth velocity model in the analysis can
help verifying the correct epicenter. In order to explain the characteristic and relation
of earthquakes, it is necessary for the seismologist to correctly determine the

earthquake location.
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From this research, it can be observed that the evaluation of small local
earthquake recorded by a local network such as the KST network, at a rather short
period of only 12 years, however, the characteristic of earthquakes in the area can be
identified and correlated well with distribution of earthquake of M4 to M5.2 between
1978-1998 (Table 5.6) obtained from the TMD network and the earthquake of M6.3 at
Amphoe Mae Lao, Chiang Rai on May 5, 2014 and with active fault zone in map
produced by the DMR. The result can be used to delineate high risk zone for
earthquake hazard in Amphoe Mae Suai, Chiang Rai, and Amphoe Phrao, Chiang Mai
where major active fault i.e. the Phayao fault and the Mae Tha fault are located. The
area is covered by latitudes 18.75-19.75N and longitudes 98.75-99.75E (Figure 6.1). It
can be identified that the Mae Suai dam, the Mae Kuang dam and the Mae Ngad
dam are all located in the high earthquake hazard zone. The study for the effect of

earthquake to these dams should be a priority for the RID.
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Figure 6. 1. Epicentral map shows the area of high seismic hazard between Lat 18.75-

19.75 Long 98.75-99.75 estimated from present and historical seismicity.
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6.2 Frequency and Magnitude Distribution

Gutenberg-Richter Recurrence Law is used for the estimation of earthquake
hazard level of the study area. The new b-value from this study, covered the period
1999-2010, is 0.59 (Figure 6.2) where average earthquake occurrence for M3 is 4 per
year, M3.5 is 2.5 per year and M4 is 1.5 per year. This statistic help identify the
number and size of future small earthquake. The information can support the work
by WCFS (1996) in the evaluation of earthquake risk to the KST dam.

With the available of higher intensity, more damages medium size earthquake
e.g. M5-6.5, the data set is used to compare with (WCFS, 1996) result. B value from
(WCFS, 1996) is -0.92 + 0.12, where average earthquake recurrence for M5 is 7 year,
M5.5 is 20 year, M6 is 56 year and M6.5 is 163 year. When included the earthquake of
M6.3 at Amphoe Mae Lao, Chiang Rai on May 5, 2014 in the data set, the event is the
largest ever for the period of 163 year and is the largest ever recorded by instrument
for Thailand. The maximum intensity at the epicenter, reported by the DMR is VIl on
MMI scale. The accelerograph recorded at the MYOA station for the KST dam at 130
km from the epicenter gave maximum ground acceleration of 0.0052g. However, the
strong motion recorded study by (Khamkom, 2014) obtained from the instrument at
the MSAC station, located at the right abutment of the Mae Suai dam, which is only
15 km from the epicenter, gave maximum ground acceleration of 0.33g. This is the
highest value ever recorded in Thailand. There was continuous strong ground
vibration (more than 0.05¢) for more than 7 second. It is likely that the strong
vibration from main shock and the aftershocks are the causes of damages affected
more than 10,000 houses and buildings situated in the Mae Lao flood plain. The
results show that the size and the distance from the epicenter of earthquakes
affecting the level of violence or damage to occur. Due to the statistic of
earthquakes with magnitudes 3.5 are likely to occur in the study area average 2.5 per
year, and may cause the structure to damage. If it happened near the community
such as the impact of earthquake on March 27, 2005 with M3.73 to the Mae Suai
dam, the report of (Harnpattanapanich, 2005) stated that found crack of lift joint at

upstream left gallery about 12 meter long. Hazard evaluation from Gutenberg-Richter
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Law obtained in this study and the study by WCFS, 1996 will help clarifying and

complementing the statistics analyses of earthquake study in northern Thailand.

The Gutenberg-Richter Law

1000 -
&
< Northern Thailand Seismicity,
c 100 E 7S 1999-2010 after re-locating
=
0]
2
L
v 0.59
3 10 -
e} 3
© ||
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Figure 6. 2. Northern Thailand seismicity during the year 1999 to 2010 and for 1 year

average b-value = 0.59.

Table 6. 1. Recurrence intervals for earthquakes in the KST project (WCFS, 1996).

M Intervals (yrs)*
5 702-27)
55 20 (4 - 89)

6 56 (11 - 296)
6.5 163 (27 - 979)

* Range of interval when incorporating the standard error of b-value



CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

Based on the results of re-locating the KST’s epicenters during the year 1999
to 2010 by using the arrival times of P-and S- waves and triangulation method,
calculating the origin time, determining the result and summarizing from the study
with other previous studies, for examples, the magnitudes, the focal depths, the
relationship with geological structures, the b value, and the characteristics of
earthquake ground motion, the conclusions can be drawn below.

1. Before relocating, the KST network has 118 events with magnitude 2.0-6.6
that can be categorized in northern Thailand, 62 events with magnitude
2.0-5.0 and in neighboring countries, 56 events with magnitude 3.9-6.6,
and mostly scattered between latitudes 18.5- 20.0N longitudes 99.0-
101.5E. After relocating, the KST network has 128 well-located
earthquakes with magnitude 2.2-6.5. The 67 events are categorized to be
in northern Thailand with magnitude range of 2.2-4.9 and in the
neighboring countries 61 events with magnitude 3.9-6.5. The epicenters
are mostly scattered along the latitudes 18.0-20.5N and longitudes 99.0-
100.5E. The depths of earthquakes are shallow with focal depth less than
70 km.

2. The epicenters of 128 events after re-locating based on the criteria that
were used in this study are more reliable and have better accuracy than
before the re-locating, owing to the new epicenters were obtained from
the intersection of 3 circles from at least 3 epicentral distances. Together
all events’ origin times have been revised, as the difference in occurrence
time from each station have been fixed to be less than 2 seconds error.

3. The earthquakes before and after re-locating have difference in the
magnitude about +0.00-0.57 unit and the location about +2.0-125 km.
This may be due to the manually analysis, not automatic, which did not
have uniform standard procedure in the analysis. It was depended on the

operator judgment to pick the phase of P or S-wave.
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There are earthquakes with magnitudes 2-3.9 occurred near the reservoir
area and around the seismograph stations of the KST network, but no
earthquakes occurred at the proposed KST dam in Phrae. The earthquake
that occurred nearest the proposed KST dam is at Amphoe Song in Phrae
on June 9, 2005 with magnitude 2.34, with epicenter at latitudes 18.656N
and longitudes 100.249E, about 11.2 km to the northeast from the
proposed KST dam.

There are no earthquakes with ground-motion greater than 0.05¢ at the
proposed KST dam (the MYOA station). The characteristics of earthquake
ground motion of this study from the PGA, duration of motion, and
frequency content can be summarized that the PGA value at the site
depends on the earthquake’s magnitude and the epicentral distance
(source-to-site).

The regions where the earthquakes with magnitude 4-4.9 mostly occur are
in Chiang Mai and Chiang Rai. They were found in Amphoe Doi Saket (near
the Mae Kuang dam), Amphoe Phrao, and Amphoe Chiang Dao in Chiang
Mai, and Amphoe Thoeng, Amphoe Wiang Pa Pao in Chiang Rai.

The correlation of the KST’s epicenters with the TMD’s epicenters for the
recorded during the year 1978 to 1998 or the year before the set-up of
the KST network, and the epicenter of earthquake with magnitude 6.3 on
May 5, 2014, in order to identify the area of high seismicity from the past,
and present earthquakes. The result from past and present earthquakes of
this study indicates that the earthquakes with magnitudes 4-4.9 frequently
occurred in Chiang Mai, and Chiang Rai between latitudes 18.75-19.75N
and longitudes 98.75-99.75E.

The results of the KST’s epicenters of this study show that some
epicenters after re-locating were associated with mapped faults with
surficial expression, but some epicenters were not. However, (Bott et al,,
1997) mentioned that northern Thailand is similar to the Basin and Range
province in the western United States of America in term of earthquake

processes and tectonics. In the Basin and Range province background
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earthquakes as large as M6-6.5 can occur on buried faults with no surface
expression or apparent geological association (dePolo, 1994). Therefore
some epicenters probably associated with faults which have no surficial
expression might be background earthquakes.

9. The epicenters of the KST and the TMD networks are not plotted in the
same location and with varying magnitudes. This may be due to the
instrument types (shot period and broadband), the operators, and the
computer program that used in the analyses.

10. The b-value before re-locating is 0.52, and after re-locating the b-value is
0.59. The b-value has a little difference as the number of earthquakes
before and after re-locating which were used in this study is different.

Recommendations

To study small local earthquake magnitude smaller than M3 to understand
the earthquake pattern in northern Thailand, it is necessary to install more of short
period seismograph with separation distance between stations at not more than 50
kilometer, so that more of the smaller earthquake epicenters can be detected and
be located correctly.

There should be a detailed study on the intensity of the earthquakes using
macroseismic method. So, in the case, the earthquakes with the magnitudes >3 on
the Richter scale need to be corrected and relocated in order to emphasize the

importance of that active-fault segment.
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ABSTRACT
The study of peak ground acceleration, peak ground velocity, duration of motion, and frequency content of main
shock with M6.3 and aftershocks with M5-6 and M4-5 has the purpose to describe the characteristics of strong
ground motion and to evaluate the seismic hazard of the Mae Suai dom by using more than one ground motion
parameters since using of only the peak ground acceleration is unable to describe clearly. The peak ¢round
acceleration at the Mae Suai dam site of main shock with M6.3 on May 5, 2014 is 0.33 g in the East-West
component which is the highest value from the instrumental data that have been recorded in Thaitand. However
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coefficient of 0.10 that raises the questions of concern about stability and safety of the Mae Suai dam. in order
to describe the characteristics of strong ground motion thoroughly and clearly, the necessity to use at least two
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KEYWORDS: ground motion parameters, peak ground acceleration, peak ground velocity, duration of motion,
frequency content, response spectrum, local site effect



.

| Sl omato p— = Y
90+ mMIvsrpdnuEes “unisuwivivbnisian Wemme ATORNGRT" 20 wpRinieu 2557 > ¥

*2

"

1. umh

muilfAnusiuiulm vuin 63 detufl 5 wauniau 2557 1aan 18:08:42 . AULTTBNHLRLINAMaNsENY
sefruuasinnudemslifulasaduemaduninunin Taudeuwiane Smindueme dudeunililidtunime
Feglifusanssnuiipuusanmsdulm Wasneglndeudnanwiuiulmn Ussanu 15 Alawns :1nn1sseaauann
doumsndimsaifausiuiulinmanienméeaem [1] voudmihitfifeades linuinlarmdensfisuussonmsdu
Tnvesudufivlv widasnaseuteyeilénnedodionnainmgfinssudou wuhiinsdsusasivesteyalutsi
Winvmmsaiudufloudn waswsiuiulma waneess [2) Taedrussiuiugean ftuiinldniafasdetarauds
(accelerograph) fiessogilanil MSAC Uinmguduilinueaiouniary fAviatu 0.33 g (ukuanyTusen-ngunn)
Fefodndudriiunian fwsiinisnsreiaussnsziveuduiulnalsluyszmelng Weuwlasisuaniounen
gaUsymudrulngldunisesnsuuiilofumiuusausuiylun #1698 pseudo static AmunArdNUsEANIYDINTT
duaniiou wiiy 0.10 AnfudnduidusAvdvesnrduasiouililunsesnuuurermmmissiufugerinsiaiald
vnussnseyhesuulmluadl e Yssana 13 vh lfAsd o wwaresdnnfnalud ssmudunway
Uaenseveadouwians Fanfuimsuandmiidifedeweinsumaysemy nassauusrsuiioguinasinethues
Weuuslasie deauwiasisldfunisdisin uaresnuuulasuisv COYNE ET BELLIER Bureau d’Ingenieurs Conseils Uax
V3 iy Aoudais Wudideds weud wiwswudt S Judeursuninundanautuideudu augs 59 wns anm
ssdmeunnuinaiinudoutuiugalegdou-iladou Gui 1 duiunsieatddag Ramsiud SC Ussnoudie
Ui Auaanislus (1979) $aif 530U China National Water Resources and Hydropower Engineering Corporationdl
FuFnwimuaunuraaite Usenausay U3SM COYNE ET BELLIER Bureau d'Ingenieurs Conseils uag U3wh iy AoudaRs
BuAdiets woud s $afn Tudnszdrusemsneaihaiiuguuuy (Ful Supenvision) feadraudaiaiaiielna.
2546 Ml TngUszasfodnwdnvurnsdulnvesiuiuresuiuiulnwdn aun 63 sasudufulmaug 5-
6 uarnn 45 AT TnoTtesmIdN Useneuiae mmusaiuiugean rruiiuAugege ssesnatmsduln
uprdrserarudnnmsdulniisuus Weussdiunansenuresusiuiulmitidedausiane

' - X a
2. msdulwaiiguussvesiiufiu
° oa a1 & ' a4 v - - < e o o o
nsfinwkssnssivawutivdulnifrodouwianeviolasaind g dwniimeivamsduiminddgdmiu
a Ioa dv e a o - - ° s & oA
Nusidmnssuiuulniseniuiasudsgnauiu 3 Usens Ao (1) tuinuesussinsesi (Enuisenuiivges,
& a a i o ' ' - v - v ‘
AvuiIufiugaan, narfiouiifiuiugean) (2) Tadimmivesnisaulmfiquuss (3) sverianvesnsdulwarisulse3
- - o y - A A ave v v v ~ . - ~ vy
dalumsaiuredneusnisaulmfijuusvesivivlidasussdeddediaios 2 winiiwed Tunsdinwilldlddaya
[y s oy P LY & e d = a v . = ' 4 -
wduulmfituiinlinniaiesdensiniadinaissituAuiiantil MSAC B¥e Kinemetrics $u Basalt, FBA-2¢ Falluantd
asaedauduRulmvesnsuvaysenu Aldduiiumsindueiodiauaranoindianudiuiududifouiaey 2555
i.da A - o T ) P ' ]
Tugheifnmanisaiuiuinln @wzdeuwqumay 2557 annsansiaiadianussiuauliuanni 1,000 A3 udwudnd
- v o yo gl v o a °
dymuaiasiansiolaiu 2 ass As 929dufl 5-7 nquanau 2557 wastudi 13 fquisn-26 nsngiax 2557 vinldideya
wsdalsiauysal uaelufitoysludael ﬂauveuaqmuunammuﬁulvn §redadayaainnsugailonivgn uaznsugun
mans nasimie 'lum'smﬂzummmmwumuamn mqmsqwumuqqam unesvoriawosms AUl Wlusunsy
Kinemetrics Strong Motion Analyst '{mussuanawaamsaulmmuusu (& Banlddn bracketed duration [5.6] Fels

oo A
ssunefatiesewinnmiudfuasnangminofidafudiaudanasidimn el vinty 0.05¢) Wessnlduls

fofign uariuagiunaaniBvosmausaitufinldlnens: dunsiereitanruiesmsdulm Walusunsukm
Power Spectral Density Taesha 2 Tusunsy iuwss U3 Kinemetrics UseivAanigauinmanisiesieiawiniives
nmsdulmvssukudulvingn vuna 6.3 wuiwdamwniaﬁuﬁuqaqa ﬂdwmnﬁam‘luuuami’uaan-mz’)’uwn iy
0.329356 ¢ (3Uf 2) wohfiueh o A 11:08:51.820 UTC eharmidaiufugeas vihiu 2aimuduss/Aundt (Uil 3) w nan
11:08:51.8 UTC seagmavaamsdulwaiiyuussiiiiiniu 0.05 ¢ wifu 7 5unfi (Uil aidasdmnadainmsdulwiyuuss
wuhﬂﬁwmm’iqmﬁmmﬁ 2.5 185m% (gﬂﬁ 5) Tunsdveausuiulviniy wuim 5-6 uazouna 4-5 (A15199 1) wuia
winAulmfisvinanssvudedeuntlane Ae wivdulmifvwedud 4 smuuinsiinmes Suly uavdoslyagudnansey
Wamnfinadsuniasathifiu 10 Alawns

180



=W\

¥
S
v

G o a ) i . - v a vo -
"\%; asUsEsu@nyEes “mitasiibrwiam Fome SeRdEhas" 20 ngplnceu 2557

U 1 anmesdfimeinaidalouwsians wanfourainmmaysm gudnansusiuiulm vun 6.3
v o -~ - a e w & -
Ui 5 nquaiau 2557 naugalisaiven uay USGS uazsouideuiings nsuvminennsasd

Station ID: MSAC Channel 3: €3 5/5/2014 (125) 11:08:05.000

0200000 —

0100090 —

Acceleration (¢)
g

-0.100000 —

0200000

26,000 45000 50000 55000 50.000
Time (sec)

Peak Ground Accelemtion (PGA) = 0.334 ‘

S52014

| :
m | qﬁ‘ﬂﬂ’l’ﬂ?&w{’ﬁﬁ‘l‘#‘\*’h‘\w\

1:08:81.820

w
Ey

o ' -
$UR 2 Arwsafiudiugagn

Wi 0.3293565 Tilaan 11:08:51.820 UTC (18:08:51.820 11.) Tunwaneiuoan-nxiuan (C3)

91

181



182

$a Y

™

nUsvmdanFes “umGausuinubnuiam W SefdRlade” 20 weRne 2557 -~

Station ID: MSAC Channel 3: C3 05/052014 11:08:05 (GMT)

Paeak Greund Velocity (PGV) = 24 em/s

2000000 ‘\
4
10.00000 — |
£ i
: A et
§ 0.00000 W w | '\"r \ f ;1‘( ;f‘f,(%..js‘-m/"m\,vxwmﬂ
> ( i
|
~10.00000
-20.00000 . 1 ! | L
40000 45000 50.000 $6.000 €0.000 65000
Time (sec)
Uit 3 rnadiuAugege vy 24 wudm/Auni finen 11:08:51.8 UTC (e Tusen-azfunn)
Station ID: MSAC Channel 3:C3 5572014 (125) 11:08:05.000
0:300000 ssusiammvdulen = 7 3Uni (50.54 - 43.54)
0.200000
VIRHINPY = 43,540 sco ‘ 3R = 50.540 see
B 0.100000 N,
: i
g 0000000 i Mgu,':”dgwm\mm%m
-0.05¢
£.100000 |-
0200000 |-
) I S U T T~ i i 1
40,000 500 50,000 56,000 50.000
Time (sec)

- a i e P— a “
U 4 szezpnsaulrafiguuss viniy 7 3unf (huneuoan-nyuan)



A\

&

8)
O

v - - s ' - o a e -
ArsUTgudnGes “undtasiviuliasian Gewe AelUalnda" 20 worRniu 2557

Station ID: MSAC Channel 3: C3  §/52014 (125} 11:08:05.000

10°

68er001 - : " —
\ Frequency range = 0.2-30 Hz
i Max at 2.5 Hz (0.4 5)
5464001 : l‘ ]\
| B
‘i' 4.7¢+001 - lf !
: P
-E' | | ] 1 T
=] [ { | f[
g’. 2.7e+001 4‘] - I_
r‘. i t | e o =
| \ l|
™ } 1|
B v A1
s 11/ %1 %“ t | G
/ | y ﬂ [
VW‘
S R iy
Oﬂe"m’lb T A it ,10'77_; o L
Frequency (H2)

d ' = " “ 1, a - . o
Uit 5 Aemudvesnsdulinityuussitan wiriu 2.5 Bsnd (uuwnesTuaan-refumn)

SA (em/w’)

104
10?

}
w0 |
i
\

Station ID: MSAC Channgl 3: C3 05/0572014 11:08:05 {GMT)

!
|
|
|
|

1

w'

10!

104

10t
Frequency (Hz)

10"

102

o a . 2 Y " .
Ui 6 avanduenunsinevavadlusuany Tusen-nziunn (damping ratio 0,2,5,10 uaz 20%)

93

183



94 musegudannGes “wnBuseiuiubsian durny AeRvFnddR" 20 weeR men 2557

e ' & oa 1o v ooa
MSNN 1 AIANUTINUAUGIER yoduduAulnvdn am 6.3 u.azmuﬂu'l,mmu UM 5-6 wazaun 4-5

PGA (g i
T = < 4 - A MSAC
il un vt "9 mediyn | e0¥ge | mwan uian Component a i3 vt (UTCH
y (EauusiaTon
5/5/2014 18:08:42 % Vertical -0.215158
L 63 1968 | w69 7 funenwn Savindes e NS 0.271973
5/5/2014 11:08:42 UTC
EwW 0,329356
vertical -0.132732
2 = 1968 93.43 DunuiaTIy Jowimdeesy NS -0.150293
EW -0.172678 11:12:37.325
Wertical -0.042319 11:1%36.850
3 N-S -0.034268 11:13:26,440
EW £.039301
5/5/2014 18:14:32 u, Verficat 0031970 11:14:34.050
B a3 19.64 9365 ourevens e NS 0.033858 11:14:39.030
5/5/2014 11:14:32 UTC
EW 0.069984 11:18:38.035
Yerticat Q047155 111542170
5 &/5/2014 181540 u N-S 0.038218 11:15:42015
EW 0.054985 11:1542.175
5/5/2014 Verticak 0.020066
6 51 19.71 99.71 5 enne Sawded NS 0.028459
121:19:37 UTC
EW 0,029538
Vertical -0,035684
7 5/5/2014 18:20:20 U, 0.039146
0.057750
1822184 0.021581
8 a6 19.73 9955 6 DINGRIET TS "5 0022630
5/5/2014 112218 UTC
E-W 0.024013
19:06:19 % Vertical 0035268 1206:25.615
9 51 19.70 99.62 5 ANNDUNATID DINIRNBITE NS 0026977 12:06:26.035
5/5/2014 12:06:19 UTC
EW -0,059189 12:06:25.545
19:20:57 W 0.024966
10 52 1986 | 99.68 Fwnadla Javandivss NS 0.035148
5/5/2014 12:20:57 UTC
E-W -0.045865
5/5/2014 19:20:5% % -0.027308
11 51 19.78 99.74 DUNDULDTS IR NS 0.027586
572014 12:20:59 UTC
EW 0032721
5/52014 19:25:05 % Vertical 0.009630
12 g 19.72 96 6 DIOUUATIV TINIENITL NS 0.013675
5/5/2014 1225105 UTC
EW 0.015384
S/57a014 Vertical 0004459
13 I 1986 59.7 5 swnades fevmiditey NS 0.003834
w5/2014 12,40:09 UTC
EW 0007086 124016900
5/5/2014 19:09:23 W Vertical 0.025386 1249:26.430
1a 8.2 19.72 99.91 E] ginewssm semadvry N-S 0.018200 12:4%:28.815
12:4%:23 UTC
E-WY 0.018100 12:65:-26 665
200045 4 Vertical 0.015621 304:49.775
15 as 1967 9974 7 ewronn flndvere NS 13:08:49.660
5/5/201d
EW 13.04:49.720
5/5¢201 1802 u Vertical 0.009553 1%18:08.880
16 43 197 99.73 7 NS 13:18:08.525
5/5/2018 utc
EW -0.0109%0 1%18:08.795

VBTN L lF’JB&W\’

184



185

W\
|

-~ o . ey ' - o aml Ve - A
nsusygadanniios “urdoweivibnisiam G Sefialae” 20 ngadneu 2557 95

fl it uan R Aasign | Arwin vhu Companent S JNIGREE (Ut
dauwavin)
20:34:29 1 Vertical -0.020795 1334:33.650
1 a7 19.69 99.65 B oo Smiadusy NS -0.023411 1%:30:33,850
1334:23 UTC
EW 0021037 13:34:33.645
21:26:52 U, Verncal 0409300
18 ad 19.67 %9.65 7 unowy Tawiadusm NS 0.006969
5/5/2019
EW 0005746
5/5/2014 21:51:02 W Vertical 0003857
19 i 1983 | 9959 6 eunadles fidnduisn NS 0.005495 14:51:08.205
5/5/2014
EW 0.003624 14:51:08.305
2 vertical
2223420 %
x* o - 19.7 93.63 6 NS
15:34:20 UTC 3
EY
Lres Vertical
4 5/5/2014 23:03:06 W fies 2 . PO 2
ar 4 1947 95.72 EWNINY TIWMTDITD NS
/572018 16:03:06 UTC S
EW
23.07:25 Vertical
23:07:25 u.
2z - 4.5 19.6 9862 - N-S
25 UTC =
E-w
vartical
3 45 19.6% 5 dnewy ardmdoe NS
EW
Vertical
6/5/2015 . : e &
2° 4 19.68 W57 L3 Ewnmainn Yaniaduise NS
S/5/2014
Ew
Vertical
03528 U ' =
25 X a8 1972 4 i Yavdadivisy NS
35:28 UTC
Vertical
6/5/2014 038:12 u . e :
26* & = 2 a1 1978 93.62 2 l 3 Jrmindeee NS
5/5/2014 17:38:12 UTC -
EW
(i Vertical
. 6752014 = 5 PSR
2 a1 1966 95,64 14 dunan Ty NS
d5/a0ie 4
W
Vertical
1:0233 u S
8 e AT 4.1 19468 93.73 WY VAT N-5
18:02:33 UTC i
W
Vertical
6/5/2014 . e koa
29 41 19.82 99.71 [ ATHADUUAT TINFRTY NS
5/5/2016
&w
Vertical
_ 3:05:225 u " Do :
30 5 44 1961 a6 62 0 OUASWATE WIS N-S
20:08:25 UTC
EW
Vertical
31° 5.1 19.65 99.66 23 SUNOWIL FNTuase NS
E-W
Vertical
6/5/2014 5:10:56 u. o
32 : a1 19,68 99.65 i Wiy NS
£/5/2014 22:10:56 UTC 35
EW

WUIUWE: * AT



96

o ' v A oa ‘e @ . a '
ANTNN 1 ATAUIINUAUGIERN maqwumu“lmvzan A 6.3 uaauuuw‘lmmu YUIM 5-6 uazaum 4-5 (#a)
PG4 ()
W un [l 2 = ol MSAC "
WA nEAgA | AENRT Uik Companent (Suaian IE Wt
Vertical
£5/2018 60455 A PR i
33 X 52 1970 | 5962 7 Funousiasiy Yeriaduane NS
5/5/201  2%:04:55 UTC Eot
-\
Vertical
&5/2014  T:50:16 v, £ s . ) »:
3a 59 1973 99.69 20 DWNDUUTTI PINIUTHIT Y NS
00:50:16 UTC
EW
Yertical
/52018 T:58:19 w o . Yoy = b
35 56 13.70 92.53 2 BIUNBULRNITE N TALILITIY N-5
6/5/2018  D0:58:19 UTC
E-W
Vertical
6/5/2014  11:45:14 %, i _
36 43 19.66 | 9965 sunewu Smdmdues NS
6/5/201¢  04:.45:14 UTC e
W
6/5/2014 162035 . , oo
37 : 4.2 1977 | 9964 snawlam Sviadorsy
&/5/2018  09:20:35 UTC
Vertical
6/5/2014  19:42:12 u i 4 ek
38 47 19.63 | 9962 4 DURATWIL TN TMTEITD NS
EW
6/5/2018 204701 W. o . o
39" ai 19.75 9.7 é BwnousnT S Iniuayy
&/5/2018  13:47:01 UTC hsia
£V
Vertical
&/5/2014  21:50:12 u. o s JR— i
= a9 19,78 99.59 1 BUNBULATIN FINTALISIZTE N-S
6/5/2014  18:50:12 UTC
EW
Vertical
225732 u. - ; —— (i
as" 5 46 19.67 9367 9 anaww Imiate sy N-5
15:£7:32 UTC
E-W
B vertical
1:29:39 W, . . -~
az - 42 1973 | 9962 | 1z funausiens S NS
18:29:39 UTC
EW
35226 Vartical
1226 W. . ' e X &
a3 “ 48 9.7 .59 T ennawiaie dmiaduine N-S
20:52:26 UTC
E-W
i TR Vertical 0,008975
/27201 DT/ PO =)
a4 R s a 19.60 99.62 ? AWTENTL VEMIATOITE N-5
7/5/2018  18:37:35 UTC P
34338 Vertical 0.0350¢ 20:43:42,420
&332 u . -
as 2 a7 1969 | 99.63 2 Frngusiriie 9’ 0.030308
20:43:38 UTC
0.065275
9/5/2014  9:68:24 u. o veen oy
£a Grroie DA T 4.1 1964 99.74 5 gunen L Jxinde N-S -0,008155
G/5/2018  (2:08:28 UTC
W -0.009507
104931 Vertical 0.065256 07:12:32.130
31U . , v
a7 a7 1962 | 957 7 Zunawsiayst Sbadeany NS -0.113121
9/5/2014  07:12:31 UTC
E-W -0.112382
T Vertical -0.013294 05:56:47.485
/201 :56:47 W, B
48 2 " 4 19.65 99.58 2 TUrowiasIE 3l NS 05:56:48 485
10/5/2014  05:56:67 UTC
0.023615 05:56:05.850

WY

* wipady

186



/
L
¢ - - ‘om ' - v “ a®
-~ @ MUsrydamEas “unGeusitiulrizn Semo SeEndsa” 20 wernou 2557 g7
foz
# ' T ) " oa 9 e '
M3 1 A sfiuAugage voswiuRulnavian 1um 6.3 wewiuiulnnie vuin 5-6 warua 4-5 (o)
PGa o)
fl A wn & 5 2 a0 MSAC _
W fege | moeIgm | AuEn i Component Ve e (T
(A ouusan)
12/5/2014 SAT27 W Vertical 0000663 02:27:31510
a9 J 196 | w71 5 oy fiviadosie NS 0000479 02:27:33.060
12/5/2014  02:47:27 UTC
EW 0000757 02:27:32.795
12/5/2014  18:0529 4 Vertical 0025988 11:05:36.350
0 5 1980 | 99712 8 dwnamsian wmbdumne N-S 0016686
12/5/2014  11:05:29 UTC
EW 0063418 11:05:36.226
15/5/2014 0:23:57 u. Vertical -0.015910 17:24:00.220
51 14 15.57 | 99.67 L} aunewm S iaduasy nN-5 -0.015525 17:28:00.380
14/5/2014  17:23557 UTC
Ew 0019685 17:2400.620
16/5/2014 11:31:38 W Vertical -0.017894 04:31:24.510
52 48 | 1966 | 9963 1 aunon wrindumy NS <0.015304 04:31:30.835
16/5/2018  (4:31:38 UTC
EW 0016873 04:31:36.295
21/5/2014 17:19:49 1. Vertical -0.002002 10:19:56.255
53 a1 19.64 99.7 7 awnew Tl NS 0.002418 10:19;55.865
21/5/2014  10:19:49 UTC
E-W -0.002191 10:19:56.270
/52018 19226, Vertical 0.03¢109 12:22:23.110
54 a6 19.89 9972 ) onaidies Swindusy N-S -0.024143 12:22:23.160
2045/2018  12:22:16 UTC
EW -0.030852 12:22:22.705
26/6/2018 142935y Yarke,
6/ 20! Y. 5 . D
55 % 45 1971 | 9967 rnawiat: fewwidlluase s
260642014 7:29:35 UTC i
Vertical
e | 15ENE 230830 5 % 3 oy Sarie N
¥ R 7 R gunowy SanieSipeny 'S
15/1/2014 133053 UTC > AR Ao
o
14/8/2013 14:03:18 vertical -0.066798 07:03:20.335
57 38 | 1949 196 dunzwiany Ymiadusie N-S 0.027879 07:03:20.415
16/8/201¢  OT:03:18 UTC
W 0.160529 07:03:20.375
16/8/2018 15:25:25 W, Vertical 0.053734 08:25:26.100
58 a1 1968 | 5.6t gnnewlar Slaiduany N-S -0.053289 08:25:26.140
16/8/2018  08:25:25 UTC
E-W -0.128819 08:25:26.040
25/8/2014  05:3245u Vertical 0.147961 22:3247.3
59 43 19.71 99.55 dnnowieyiu SwinSueny NS 0.216523 22:32:47.340
20/8/2018  22:32:45 UTC
E-W -0.212339 22:32:47,865

4 -
VRIAMR: ¢ WATENF

3. &g

ynmsAnnimmniimeivsinisdulniiuusweusiulrdnun 6.3 ww'whﬂm«.s'avfuﬁugae!ﬂ fifundian
Tuswnziugen-nyTuan iy 0.329356 ¢ usiduen o vian 11:08:51.820 UTC windu Avnsudaivuiiugage winfu 20
iwudlns/Auni a a1 11:08:51.8 UTC WuiRenfu sepmvaamsdulwifizuuniidaniu 0.05 ¢ wihiu 7 Sunit 1420
AAnufinnmsdulmndiguuss Samanfigaianaued 2.5 Esed sz MIAnATTweTYB s AulTiuLs sva s
ruAUlnInm Y 5-6 wavuue 4-5 annsoaguldduwiviulmiasiinansenusadouniasy Wefnisaurane
auissitupugeanituinn 0.05 ¢ sraenanvesnisdulm uaztaemminnmsdulmfipuus Ao windubnitioun
Feud & ananasinmed Tuly LLa:ﬁaaﬂaﬂ@uﬂ'nawawwmnﬁﬁ«Lﬁauusjanaunﬁu 10 Alawwns aseininilnig
wiruuasvesdayaiildaniriediannsianginssudou Mnmsnsnasuioumiasenevdinisiiauduiuluans
nenmdsanuen linuhdeuldfuarudemedussmnuiuiuln fendmuduiiFdesndeuntanslédiy
n1saenuuUiaRuuMsInTEYivakuiuing A18%8 pseudo static AnduuseAriveanisduanifio whfv 0.10 uae
Weuwianseguuanmmwsadinngrunnfduiugalegdou-iadou ddumessdinedadufiuifrouinadusinn

187



A

98 nsUsegudin@es “onGossiiubmeiam o SeRUETNT" 20 weRnu 2557

&

s~a..nmmsa't’u'lwruaawuﬂuvnwLm nawuiun‘nmmﬂ" sumuunwmmmﬂuwawaqmuﬁaamamumumuaw‘dw
Lmasmuazqmuwmaqmumwaumuuaﬂ ﬂoehu‘lvnmL{lumunaumuqa{]wuumdqum Alusnadiduifes
wvu’lﬂsumwuﬁwmmﬂmmnununulwman wazueiuulmy vuam'mQne‘(ulmamamawmuazu-nmun‘n Usens
anmemmmu fio mmmnﬁﬁzm°‘lunﬁe‘(ulmmmwammas'waww‘Luaamnaaqnumnwnnmnmsa‘fulmwsuuw;aa
weiudulm immun\‘sﬁnmamaa"mamanmwvm wiiterinanudeiuludewmuaenie twaﬂumwuqu'lwnuswgs
ma-qwuwaqusmummauuuasw uasmamuﬂsuawsn"m'lun153numm11vvmaﬁsvﬂwamnumu'lmﬁumawauuu
aneliaedy 3ldaustiinisdaaoslonseamuisiufuiudy Uinnfudounlase 8n 2 n flo vugsn
Filuiiu 1 9n wasgrusnfiduiu 1 yn mamnnmmumwumuwmnm‘lmwn amil MSAC araiduriiiimsvsntluan
avfuade Vseina 13 wh Sudusaidannananmgivsvmauinaddaniodionsaeie dvfreguududouniasii
gauseann 59 WA

2\

3
2
v

AnAnssuussnd
wpraURNNGULARINamanikazsTiimnTTdwAdon dnidmnssused dntindrandnimnasuuaysTidine
nsuvalsynIu nsuRrdasive uagnsugnamans naimia Ratuayutoyalumsiemed

na158198a

[11  ICOLD Bulletin 62. Inspection of dams following earthguake-guidelines. Committee on Seismic Aspects of Dam Design, Paris, 1988
and 2007 Revision.

21 nswwavszau, MuruasUnamsaTITasuaiusmiauwiasis sunawiasis Jewinduene waedausinag snaanszuas
wiuivbm dla¥udl 5 wqwne 2557, 2557

[3] Kramer, S. L. Geotechnical Earthquake Engineering. Prentice Hall, New Jersey, 1996, pp. 54-105.

[4] ICOLD Bulletin 72. Selecting seismic parameters for large dams. Committee on Seismic Aspects of Dam Design, Paris, 1989 and
2010 Revision.

[5] Bolt, B. A Duration of strang motion, Proceeding of the 4th World Conference on Earthquake Engineering, Santiago, Chile,
1969,pp.1304-1315.

[6] Federal Emergency Management Agency. Federal Guidelines for Dam Safety: Earthquake Analyses and Design of Dams, FEMA
65, May 2005.

188



189

VITA

Mrs. Watana Khamkom was born on January 13, 1962 in Buriram,
northeastern Thailand. She studied at Baan Krasang primary school from grade
one to grade seven, and graduated at high school level from Burirampittayakom
school, Buriram, in 1980. In 1984, she received a B.Sc. degree in Geology from the
Department of Geology, Faculty of Science, Khon Kaen University, Thailand. After
her graduation, she started to work as a research assistant at the Department of
Geology, Faculty of Science, Khon Kaen University, Thailand. From 1987 to 1989,
she worked as a government employee at the Regional Irrigation Office 4 (former),
Khon Kaen. Hereafter, she has moved to work as a government official at the
Engineering Geology Group, Geotechnical Division, the Royal Irrigation Department
and has been employed until present at the Engineering Geology Division, Office
of Engineering Topographical and Geotechnical Survey. She enrolled as a graduate
student of Geology program at Graduate School, Chulalongkorn University,

Bangkok, Thailand in 2006 and again in 2010.



	THAI ABSTRACT
	ENGLISH ABSTRACT
	ACKNOWLEDGEMENTS
	CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER I INTRODUCTION
	1.1 General Information
	1.2 Objective
	1.3 Study Area
	1.4 Methodology
	1.4.1 Planning and Preparation
	1.4.2 Interpreting Seismograms
	1.4.3 Re-locating Earthquakes
	1.4.4 Comparison of Data from before and after Re-locating
	1.4.5 Discussion and Conclusion

	1.5 Research output
	1.6 A Brief Guide to the Thesis

	CHAPTER II LITERATURE REVIEWS
	2.1 Seismology and Earthquake
	2.1.1 Locating Earthquakes
	2.1.2 Measuring Magnitudes
	2.1.3 Intensity of Earthquakes
	2.1.4 The Gutenberg-Richter Recurrence Law
	2.1.5 Acceleration of Ground Shaking

	2.2 Earthquakes Study in Northern Thailand and Other Areas

	CHAPTER III INTERPRETING SEISMOGRAMS
	3.1 The KST Seismographic Network
	3.1.1 Seismograph Stations
	3.1.1.1 The MYOA and the MYOM Stations
	3.1.1.2 The KAEW Station
	3.1.1.3 The MONT Station
	3.1.1.4 The HTUM Station

	3.1.2 Types of Instruments
	3.1.2.1 Seismograph
	3.1.2.2 Accelerograph


	3.2 Seismograms of the KST Network
	3.3 Seismograms of the KST’s Epicenters

	CHAPTER IV RE-LOCATING EARTHQUAKES
	4.1 Analyzing Magnitude and Epicenter and Depth
	4.2 Calculating Origin Time
	4.3 Results of Analysis Magnitude and Epicenter and Depth and Origin Time
	4.3.1 Earthquakes Catalogue and Epicentral Map of the KST
	4.3.2 Frequency and Magnitude Relations (b-value)

	4.4 Analyzing Ground-motion Parameters
	4.4.1 Peak Ground Acceleration
	4.4.2 Duration of Motion
	4.4.3 Frequency Content

	4.5 Results of Ground Motion Parameters Analysis

	CHAPTER V COMPARISON OF DATA FROM BEFORE AND AFTER RE-LOCATING
	5.1 Epicenter of Earthquakes before and after Re-locating
	5.2 Frequency and Magnitude Relation (b-value) before and after re-locating
	5.3 Relationship of Earthquakes with Geological Structures
	5.4 Correlation of the KST’s Epicenters with the TMD

	CHAPTER VI DISCUSSION
	6.1 Characteristics of Seismicity in Northern Thailand
	6.2 Frequency and Magnitude Distribution

	CHAPTER VII CONCLUSIONS AND RECOMMENDATIONS
	REFERENCES
	VITA

