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Abstract

Hat Yai Basin is a Quaternary sediment basin in the southern part of
Songkhla lake basin. The geological structure is thought to be graben and horst
structure. Understanding subsurface of this area is important because it is located in
the economic zone. Seismic reflection and multichannel analysis of surface wave
(MASW) method were conducted nearby the boundary of the Hat Yai basin to
characterize the subsurface geological structure and to determine the depth to
bedrock. Two survey lines, locating in the east and west of the basin, were
investigcated nearby the boundary of the Hat Yai Basin with a total length of 5.3
kilometers.

The study shows that the seismic sections, seismic tomography and Vi
sections could assist in the delineation of subsurface at about 150 m depth. The
thickness of Quaternary sedimentary layers of the first survey and the second survey
line is about 50 m and 70 m, respectively. The depth of bedrock is approximately
more than 100 m. The appearance of seismic discontinuities in seismic section is
interpreted to be paleochannel in the shallow subsurface of Quaternary sediment.

This study can develop more details of the hydrogeological structure.
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1.2.3 nuijitugnu

nnufadulmaziiiou

AUN15AAY (Wave equation)

mMsdrsafeadulmaniiouduitmsivszgndanmaiumdlulusanas

(lan) vespdu Bsn1iumeesnduilannsneduedsaunisvesadu Tngldndnnsiugiu
maiand meldauyAgiulvieuniaidng Innsnszdaiiasuldidlefiusannseyih anunsa
figeilngorfovdnnisvoaseis quauifnnudangu nguesgn uagngdefasswosiiaiu
dnunnAumsesaiusssusituiasdudouduogien madumsveadulidnne
Hushnanailodentu wazlienufendu annmsnsgdaveninesansadeudauns

U =(u,v,w):

o%u ,

dlo A uay 4 @ Lame elastic properties 4az 0 AoAMUVUILIY
.0 .0 0 ou ov ow 2 2 2
Vai—+]j—+k— A=—+—+— pazV’ = 82 + 2 -+ 82
oXx "oy oz ox oy oz ox® oy~ oz

auniseauludsainans amsusnanaiduitodendu dsaunis
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ar Y 2

dlo V fe Areedl Ysune W ie ammﬁgmummﬁa@%umﬁauﬁmnqwﬁﬂﬂé’wwﬁa
Pedns 1S V msiUﬂ’meaﬁmﬁ'uﬂgmgﬁ (PAuR) Lﬁaﬁﬂmqmié"usumaﬂémﬂﬁﬁﬁmq
Renfufiamefinduadoud LLamwmaﬁaﬂﬁunaaqﬁ (AAuLed) Lﬁ'aﬁmmamsé{"uﬁumaumﬂ
famnssaannfufiemsiadunaeud

ASUULENNAITUNRN2T8MABI2I19ANaNe ( Partitioning of an interface )
anwaznIAdauNvesnay aNTalesedlunisesuteiianislunisindoun
HenduaunlunsenuRITegRaTEI R INANTLANANAY WA UUNNEIUILELToULAE
druivzdinmluludinans vselnsiuasudunduuuasiu AU 1.4 (pduil wWaswluedu
2 d' a I3 A a2 @ I
wa viseraueaasuluilunaun) Fudulumunguesaiuad

sing, _sing, sind, sing,
Ve Vs Ve Vs,

=constant (3)



9 6, 0,,5,wd¢ 5, A YUALTIDULAYNNY YDIRFUNLALATULDARNINEINU V,, v, bag

= < = = v o w 4 a a o
v, 4Ag v, fB ALSIVBIAAUANNTENULAZARUAETIDURNAIAY Weliayuinga 6, =90
AAULERAILYNATINTUUTINRITOEABTDIFINGT AIUTOAILIUNS N UTLANAINN TSV DY
LAYRNINTDIAAUNRITOUAD TIFUNTNBTUIIAIBANNITVEY Zoeppritze tDuaunsTiLans
ANUFuTuSYaeundgaNasisukasiniy FauddvuulaslunuArosgafinduiiuaud

(Acoustic Impedance) #®

= pr (4)

a & 1 & A = o v & a ada
e O hay Vp AB AMUURUILUU LASAIULIIAFUNATNGTNU YINUNUAIU

' a0 a W
RUMUUNINZUAT Z Vigayunu

Reflected S
|

Incident P Reflected P

ALV Vs
£ =Va =Vsl

Refracted P

Refracte‘d )

U 1.4 uansnisagyiou n1sWnm waznsulassiuvesnau (Munhttp:/www.liag-

hannover.de)

9NEUN1IVEY Zoeppritze WioyuannsznudiAiiose (g, >15") uanenagud]

1.4 sunsgnanneuegluguiuudig) LazAnauvesaNnT Ao

R:ﬁ: Qoo — 4Py _ Z-Z,
A ap,tap L+,

T:&: 2040, _2Z,
A aptap L,+Z

(6)

o A, A LAY A, D LOUNFIAVDIATUANNTENU ARUALYIOU WATAFUIN

WMANEIGU d9U Z, way Z,ABR1 acoustic impedance YBfINa1 ALY DULALAINATT
W dyumlavesrduaziounnsainaaunnnsznu 180° a1 R azdldnduau Fenisndu
a &£ N a ] o o A A ] o § v
wlarsindulalunsdn z, u1nnd z, dmSuAauANNIENUNTYNNINNTT 15 83A1 vy
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Nansidsunyasuesniu (AUl <> Afuled) uaznsiisunuasrasueunagn lagans
ileyudlanlnalAeeryaing A

Incident ray, Reflected ray, v

amplitude A amplitude A, 1P
Transmitted ray, Vo, P2
amplitude A, pava # pvy

UM 1.5 uansdadagyion uazSsd@inminanSedinnnsenuaminuiiuRiseydegaile
a a A ¢ al | [ a .
DYAFANIUNLAUTNWANAINU (NU:http://www.liag-hannover.de)

ﬂfnuﬁfmaaﬂﬁlulmamﬁau (Seismic velocity)
Tunsinseianudimsvhaudila ausvesndulmaziioudud
auddduegiunn Weswinanuirdududiuusdfy lunsuvatianiuniaves
dufurudn msnsvaeuteyandulmasifieutuuuudiass, msusuudguuuisadn
(migration), MIFMUNLELNTOI QYIINFYIUTUNIL waZTITINSUUamUmINeEa
Snuurlassamessdineuazddviu Wudu Fianudivesnduil v, ) wazauid
AAULDA (V) LARIAIANNTS

(8)

o A A9 Lame constant x A8 bulk modulus L A® AINURUILLY
a ° ) ! ° T A a
waz u A9 shear modulus @ msuluresnaiuazeinia a1 =0 Twlufinduledainu
NN LAZIETUAALAUIIAUSIAAUNALIAININNIIARULDALEND AUFUNUSTENING
ARG ULRETUAUSIvBIRAURT AU US Audnsdulawes ( Poisson’ratio, O )
LEASAENNTT
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Y, A+2u 1-o

p

doJ

mammmusvmwﬂamaamawauwavummﬂammeJ 1742 \fesann
amwmu‘{jwmﬁmaasvmw 09305 muumﬂmswamauLamvmmmum 0 94 70% o9
AU fauruigivesnauiitasadueaasiiviuiionuuiuduvesiuiiuiy
odnslsAnutladusulusssumAniinadennuivesnay fe vinvestuiuduiiu, aaudn,
GU'eNmm‘ﬁLmﬁﬂagﬂmimdwuaaﬁu, AR, AUNTY,BATINTNANU waznsideuUsvany
Judu (Wang, 2001) FemnuduiusssninemuELarALRIILLuE M USnansisa

N3U (Gardner et al,,1974) ULAAIASANNNT

B

p=aVv (10)
We o Ao ANWUILUY @ Ae AR JAWWINAU 310 Wil S/ lag V Ae
AU IATUN

aun1suaninNdNRussEieAsItuAUNIUKS os0wAN TR LY
Jovinaiiodiu (Wyllie et al., 1956) Ai®

1—
===t (11)

\dla ¢ Ao Arungu (porosity), Ve arnundanduil waz Vs waz Ve
A < o < < o Ql' v a o w =
Ae AUSIvesnAuluvendawarauivesndulurswaINUNINATluAUAUEIRY T
Aunsuilazrilinusivesnduanatanuirvesniuiiludiuvusazydnosiaiuion
wanenay Megrennuisieduludiuuasiinansunsyia (Keary and Brook, 2002) Lanass
M1319911



12

A151991 1.1 LanIANISIveInauR luALLdazYin

Material P-wave velocity, Vv, (km/s)
Unconsolidated Material
Sand (dry) 0.2-1.0
Sand (water saturated) 1.5-2.0
Clay 1.0-2.5
Glacial till (water saturated) 1.5-2.5
Permafrost 3.5-4.0
Sedimentary rocks
Sandstone 2.0-6.0
Tertiary sandstone 2.0-25
Pennant sandstone (Carboniferous) 4.0-4.5
Cambrian quartzite 5.5-6.0
Limestone 2.0-6.0
Cretaceous chalk 2.0-2.5
Jurassic oolites and bioclasticlimestones 3.0-4.0
Carboniferous limestone 5.0-5.5
Dolomites 2.5-6.5
Salt 4.5-5.0
Anhydrite 4.5-6.5
Gypsum 2.0-35
Igneous/Metamorphic rocks
Granite 5.5-6.0
Gabbro 6.5-7.0
Ultramafic rocks 7.5-8.5
Sepentinite 55-6.5
Pore fluids
Air 0.3
Water 1.4-1.5
Ice 3.4
Petroleum 1.3-1.4
Other materials
Steel 6.1
Iron 5.8
Aluminum 6.6
Concrete 3.6

Fuiuieglannunasuuine asilignuiivinndnasuasanuuiwiy
WYY danalinaugivespiuliaiingunuaiudn

a v = = . . .
ANuazdeavatoyanaulviaziioy (Seismic resolution)
ANNALIBEAYDITBYA AD AINAINITAIUNITUENUEEAN YUY ATIULANGIA
Y] a Py Y . a a Y &
vasaesdnwazeglnanuuing 19 (Sheriff, 1991) n15iansanAINazLdgnveIdoyatiy
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wusluaesdiu fe AuasiBunvesdoyalunuifs (vertical resolution) wazaiuasiden
YosvayaluiuITIU (lateral resolution)
Vertical resolution A& AI1NAINITAIUNITUENLEZAIUNUIVEITUAUAIN

v Y i S a =& a = y d 1 ° Y
puvulazaualutuaulag deiiansanannisludvesniuenaiau (ZM AuIlAIN

auns A=v/ A (Uil 1.6)

Lateral resolution A mmmmiaiumiﬁ’]LLuﬂﬁWLLwﬁwawma“ﬁaﬂu
LLmiwwasﬂﬂaﬂumm (Y|Lmaz 1987) ‘ZI\‘H]‘”‘UU@EJﬂUi”EJ“‘ViNT“‘Vi’JNf\]@EJQ (offset), a5
ﬁiUiU’]m WazALANYETURY ansaRansaneIniuiiinve s suitasioundu (Fresnel
zone) F3puni19ves Fresnel zone (;Jﬂ‘l/l 1.6) agldunulndnnues Lateral resolution
YUIALAE3UI9DS Fresnel zone Tuagfiufunmisasuvasiudafufudygia, n1s
N3¥ANLANNTT, ATMUENIATY, ANHAIALEEN LaTLARIRIANNTS

AMUN319W84 Fresnel zone (W) :w =+/2Z4 iile AV (12)

Sedveg Fresnel zone (R): / bu ,/ (13)

de V Aa Aausedetannasvieu, t, Ao nanAumelunduvesadu, f
Ao AEnEn (Dominance frequency) az h, Aa AuEn NnaunsuansliiuIinug

E:JN mﬂﬁlmauammmazLaamawauuamqqma LazAIUATLDY mawa;&a%ﬁﬁwamm
Lﬁ@ﬂ'ﬂllﬁﬂll'm%u

¢ Source/detector

VAN

Fresnel zone

Reflector

A/4 for low A/4 for high
frequency frequency
L)

i —
High freqency zone

Low freqency zone

g‘ﬂﬁ 1.6 LEAAINANNISVBY Fresnel-Zone
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1.2.3.2 Asn1saauluiasiaunuuasiou (Reflection seismic method)
muﬁu%’aada (Data acquisition)

nsdentdinIesiionsegunsalfivungantiu asvinlilateyais waznsanny

[
[y

Whunnglunisdrsa leemalulunisdrmalussavauazdeuldisudygianaunisiase

[

nilsvosdggad (one geophone per channel) @%5UN1TINAINUIVBIFITUSYQYIUAAU

a

9¢#91504191n PeuAiNINAS (optimum window) Inendeniiudeyatugeilidinissuniu

a a =< 1 d'

YeIAAUBINA LazpauRInY Fududiidyyuasyieuiiudaay tagdmaisalndfmy

a v <& v v a o v o v N
Ao feunudeyalilanudnas uwazmindyarusuniulinnian
aunsalfildlun1siiudaya (Acquisition hardware)
unasniinAdu (Source) Mstdanldunasntinaduinannisngfsyi
14 a o/ tg
ABINATUAGL
1. AMUANTIRDINISANGY
Bandwidth %23nufveanIslgeu
gRT1dIUTENINA Y sad Y 1dTUNIU ( signal to noise ratio)

2
3
4. dNINLINADY
5 mmamwﬂumstﬁu%aﬂm};ﬁ
6

ANUALAINIUNT Az A LEae

v o A

fA5UAAU ( Seismic receiver)

v v @ a A A = Y] a o = ]

fsudgaunau wiedlelnu Feazldnannsivdsunasaunavesnaudu
wasunda andeudnnisimdendiwdimantnidi adsidendlelnuninevaussludig

29AUITENBUVDIAINUDVDIVDLATNIABINTSG 1S UNISAITI9R8AaUla UL UUdEYIaUlY

Y

TEAUAY ANUDSTTUYIALEIUYIN 30-50 Hz (Steeples et al., 1997)
o R v 1 L= v v
szuutuiindayadiuusenavvasssuultuiindayavzusznauludqe
1. dyguandleluu
2. Preamplifier
3. Filter
4. Multiplexer
5. A-D Converter
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A13UNFA29E19 (Sampling)

<

duumstuiindeyauuuninea Jeyasrliidunuurelier wiazlunisin

=) U

lugrwaananie ganudlun1sdniedne As Iuiugaazdniegidluniaiigiia

I '
LR A

aeiuiieldlideyaiinisiiaieuninudvesnistniiegniaisiiaiedatesduaeinues
asrUszneuAudgeanlutayalaemiluudlunisdisaseavsivagldmnudlunistnsiieeng
A 0.25 mshiag 0.5 ms

Bnsiudayanaauiu (Acquisition setup)

[ I

NFIALUUY O 18T0AY7 (Single channel measurements (profiling))

o v aa Q’lj £ 1o a v M = v A [ & PN N o
dwsultnsilagldunasiiliauagiisuafuiisiufieteginadussegn1enasn wagvinig
Audoyadne vanesunimunud1sim

NITIALUUNAN8YRId I8l (Multi-channel measurements)

[ Y

dusuismstagldunasidasfvinaz s udyaiunany s

$2UUNTSIALUU Roll along

a

WWudsnisnanesuiuvesdlelnuliuinninnszuuldlundazase Ingd

Poadyaanldnulzseiiiussuulae i ludeadfsunUamnd1sianmue

active not-active

active

active

JUN 1.7 wansnsiiudeyaunuu roll along

o/ =3 v =~ o/ = v
ANYUINTIINUIDUA NIBN1TIALIBIYDYA

- Common midpoint (CMP) ¢ tdudysasnidufinangananasy

midpoint tRgfiufegu 1.8
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a

- Common receiver 909 Ll ”zgfgmﬁﬁ’uﬁﬂlﬁmﬂﬁiaiww‘sLamﬁuﬁqgﬂ
1.8

- Common offset yn9 Wudyanaiiiszes offset syninagndauagziloliu
whﬁ’ué’fqgﬂﬁ 1.8

- Common shot gather ¢ L Toyunauivudinan shot Lﬁmﬁ’uﬁqguﬁ
1.8

1. Common Shot Gather 3. Common Mid Point Gather

4. Common Offset Section

2. Common Recelver Gather

JUN 1.8 Lansdnuaen153nseetoyaluunigg

dusuanuluvandudgygin (fold) aunsaanalaain Jruiuilely

(n) AuriuszegriesenInedlalily (Ar) Msimy @edvinveeseeereseninegage (2As)

a =] a ¢ A < v . a dy
NIINITTIUNAINNITIUADILNDENUYDYEA (Recordlng Parameters) &4¥1§184

o/

NY5UIAN

1. $rutrswesnsiiudeya (Sampling interval) $asannufiisesnsli
w3nstufindasuviesnoen (high-cut, low-cut filter or Notch)

2. sywsinavesisunaususniugaiiinadu (minimum offset)

3. syprviswasniudnaandusiannefuafdinnay (maximum
offset)

4. 32881a0IsUd Yy uucazYas (group interval) dniusisaziden

ANUNTOLAAIRINITIN 1.2
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A13197 1.2 waneneasidunnisinnsandennisfwesiiieiudeya (Recording

parameters)

Asfidoefiasan WANNITNANTAUN
Wamunensansia | anudn (depth of target)  AYINMUN-UISTIREINTS
N30 (vertical resolution) mm&imﬁawaa%’uﬁu
(horizontal resolution) é’ﬂ‘lﬂmzﬁum‘ﬁuﬁ (surface

condition)

o LY

aunsal uINiITUATY liavewnFuAdY AUATITHNIRVEN

v oo A

fsurdU vlnvaIiInLlnndu

sUsuuMsNMeafy | dnuaizvesndusuniuluivui dnwaennsiasuaiiu
AR iardnpdiusuniu JUsuUImIeadlunsIedisy
AaY wardhuudeyaidesnsiiu Suauiisuaiuse

nilaosdnyyad IS Uy

nsiiudeya Frsvasnmaiudeya (sampling rate) Hsndudeyeye
Mfeansduiin svegiasnsuafuiuIniuge
Muamdu szegvivasniuigaieiuniinaau

JLUENIVOD IS U Y QY0

1.2.3.3 33n15Uszuranadoya (Data Processing)
Tnguszasndrdgylunisusvaiunatoya Ae WedsSuusednsdiuves
Feyyreuradyey1ai5UnaU (Signal to noise ratio) wenLezdyyIUNARINIToDN (FyIu

o 44'

. 4 & a ~ v A g a v aa v
dxviouanAdy multiple wazAauiuia) Weolrlanmilluaswedasadrmissainela
AU TneluTunaunisUssuiuNalinag

1. Geometry and editing
1.1 dhdeyaildnsestuiindygruneauuuvandulnddoyaluguuuun
anunsaldlunisussanunateyanisgeniiisussinana

o

1.2 sgysundavesunasiiindygrauaziSudygia wagdiuniagn
AxNOUIMLALINUY (CMP)

1.3 Adndyguide VeodyganildyyIusunIuuIng

b4 L

1.4 Yunnnsannoudggianiinaindoygyiusuniu
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2. Signal enhancement (scaling, filtering and muting)

dosndlerdudunaliluginardwsrilninnsannewvesdyaalag
‘ﬁmmenmnmiasﬁauLLazﬂﬁdqmuwé’amuﬁﬂasawﬁa, geometrical spreading, N3
AANAUNEIL, MIneUausIesifudyy N warssuuTuiinnadeya ueNnAgnvesAay
Tmaziiiouazanasilonanfiuiu Fssududostduninisanneu Tnen1sussanaadie
5n19USULA ; Trace equalization, AGC, Spherical divergent Lag programmable gain
function

2.1 n13n529 (Filter)
wisuvesndulmasfiouasiesdussnouresnuilugislatimids uazesrdsznauves
mmﬁﬁuaﬁzyiyﬁm%iunauagiuﬁmﬁwnﬁhﬁu Feaursowensandainduldlaenis
AvIvFRUIRUIENeuAMLvesd g EsTiou

2.2 Time- dependent Frequency filter
‘Ui‘uLmmiawaummammmummﬂmmawLammumuwmu

3 Travel time Correction (Static, correction, dynamic correction)

3.1 Static correctioniiiosarnnisiiunisvesaduduileidususzoznig
wuulawesluandmsuinseeselunuivuiuiiesandunisiiunnmeturesunastniinuas
fsudnyeyay, mwwmsuaa%uﬁucﬁaﬁmmL%:Tuaqnﬁlusi"w WazqA93Bavastaya NMIUTuLA
dielwdyauadulmas Lﬁauﬁuﬁﬁaﬁﬁmmmua“ﬁﬁué’mmmaﬂmvmuLﬁmﬁ’u TGN

[%
aad v A

ﬂ\‘iS‘U‘Vl 1.9 FeanunsavSuniaiedsaad fe Topographic Correction, Uphole Correction
e Refraction Static

gﬂﬁ 1.9 uanan1sUSuULLA Static correction (ﬁm:http://vvww.Uag—hannover.de)

3.2 Dynamic correction %39 normal-moveout

o

JudsnsuSunianuuananseaafsseenielae vesiisudyyiuiu
e8¢ zero offset mmwmimlmﬁamw NMO velocity 9% Lﬂun'nms'maanﬂé'aqﬁ’usvav
offset oy drunnuiafiszee offset maannamnwauammm 13UAI1 stacking

velocity #asa1nn15Usunn NMO correction aqnﬂiznaumaqmma%umLﬂaaulﬂmum
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[ '
al

aasludiuvesaunniy nstalouresdygaagiinlunsza uaunag offset 11n9 At
weundgandndeulutiudindusesaidneanneunissindyan (stacking)

o

—_———N

CMP

CMP

chiP

gﬂﬁ 1.10 wan¥IsN139AsI@LTBUAEINY (common midpoint, CMP)
(N7:http://www.liag-hannover.de)

4. CMP stacking

Jumsrudyanaiissezanu offset #iee é’agﬂ'ﬁ 1.10 18931115911 NMO
correction vaaufardny niTanswazieuAsty analutuinnufsazianaiailunnsg
dunnslunduvesniu (two-way-time, TWT) dfagvoudyyrvedlunulseauifgaiuy
Wanua AarunsauvasTWT Whdumnudnlaeld stacking velocity azldnansE1ve sty
FINANNATIY fifimnAuaaedauain stacking velocity WdntosdaRanaiauszanas 10 %

5. Migration

ﬁm%’ﬂuﬂiﬁﬁﬁhLLMW@@@T’;%%’@U@QMLWULﬁm (AB) é’dgﬂﬁ 1.11 fipu
suduflazdawmin migration wislildmunisiazviouadsldfionu (A'B') dlevnisusuud
migration AsTAnTufe yuiBsvesiaaziieuaziauiniu (5 — &) Fevilidasiou
Fyanadlanutuinnt, muenvesiasTousziaanas fio Shasvouasrduas uay il
ﬁaazﬁauﬁmmwmaﬂqqﬁu Fan13981 migration Huilausnduiiazdesnisainudives
FINANNATI
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JUN 1.11 wanavannislunsdu uva AB azdneundu uris AB' ndsainnisyinlunsdu
(P7:http://www.liag-hannover.de)

1.2.3.4 nsuwuannuaduluaziiiaunuvgziou (Seismic Interpretation)
nswdannunanerdulmasfieuluudsiounasainn1susvaianataya
SuuTounan anvazrlanaimisIalivetazesunelaesiasNaudygialerinu 33n1s

wlaANutuazklanIuaEfaslnnuduRusSTuluLAaELLId15297191171581599 Teefiian

'
ad a

VeI sazvieuITUTeUBuLazuA L IignAeInLuId1sIaNdouiuvsoRn YL 39359

= 1

Ilunsudsvanedeyandng ziledasdds Ao N153ATIENLATIATI (Structural analysis)

FadUNISAN N YAULIATIEFINIUTVIADINVD AL DU

[
U U a 6

NMTUATIERENUTUAY (Stratigraphical analysis) #9aglAgIAUNITIATIY

[y

AAUVDIRIAETIOU NI UEPIANYULAITANAZNDUTDIAINUTUAUAIIY kaztielinTIATIEn

[

fAudugINgWuNsllunavenduaINNIsELATIBRd Y Y IuTI R A AN TR

o

AAnNdvoIFaLNOULULDY

1.2.3.5 Wluns#fndulmaziiou (Seismic tomography)
Inlunsiladulmaziiion 1Wudnuurnmsauudlinuauifivesiladduseiiles
(continuous functions) ¥asfnatsazUseneuliaisduiuininaetesalssneaugaye
(finite numbers of elements) (Sheriff and Geldart, 1995) waglnlunsiladulmazifiouas

¥38n1saNganisenda daadiinvessedniu (a quite limited number of ray) (U7

1.11) F991FgNaNN15UDY Stewart (1991) WALNATNSVDIAINBUNANAI8ITNITUIL LU
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dnanseaniduiinas M Tu m udaziwad wazazauudll 598 n dululudinans M (U7
1.12b) Tngrmuali gxy) 1unuaudfvesdianars M luuday m wwad zlirauaudd
glx,y) wag Juiinalin R (A1lUstantuiAminduaAInasid) 158N 0euiainIsiung

989AdU (traveltimes, t) lasaaunns

t'=djg, +d;g, +..+dyg, =D dig;,i=12..,n (14)
R, R, R,
R3
S, S, y,
82 / Rz Fi2
M
Sf!

S, Ss
(a) (b)

JUN 1.12 wananadngvesdsnis limited number of rays. (a) Wun19ve3sIdATUIINTANN
1n9 (b) n3nvewaalane (Sheriff and Geldart, 1995)

1.2.3.6 75115 MASW (Multichannel Analysis of Surface Wave)

£ il [
% S o 4 A A a

] LY ad & ! A A
ﬁ?%i‘U‘Mi‘U’Jﬁﬂﬂiu‘ﬂ3@1?18%@%6@6141%’3881,‘1/1 puludiumdunfuiug

J
(Surface wave) 1nlHlumsiianziiuazairauvuiiassanivesnduidou lnofinmis
voandudoutuasiinnuduiusfuainsiivosninudavgu 1wy wegda (Young's
modulus) #8QaaLaaU (Shear modulus) 8ns1&IUTITRY (Poisson’s ratio) aunsauunly
Tumsussifuaanuianguuazanuuds (Stiffness) vosiiufuiiioTngUsvasdnisiussdl
Feanssule (Park, 1999) dnwaigaein1sdsirarerdenmuantfnisnszateanusua

(Dispersion) vasARURLAY Inedlawnunannisiedudaudsdeiuilvavaunsatuns
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AUNISLATUSEAUANUANTALANFANAUAEY WY AAUNTAINUDAT @1UITOAUNIIASLEEN1N

annIeRuNdAuDgs

v v v Y

o 14 aa nﬂy =] Y o ¥ 1
nsdnsvngion1slasinileununisdrsialaglddisu UL 2 A WAN

Ay v oo Y [ o

ANUUANATIREIRTUA Y IUvaNgdd ULanaagun 1.13 lnefisseerinavesmsudyaiuas

Receiver %
Spacing (dv) T Mutichanel Cantroter
L H Seismograph {Portatle Computer)
i ! (ACO Device)

45R) Triggering Cable

FRCORG 0 Tocar
Taeen i3 g
o i

-
o
i E)

Seismic Source L
(Sledge Hammer) Shmra |
1

W'.'
3z

ad o

g‘uﬁ 1.13 wansguInas19 MASW (Park et al., 2005)

dnsutumnaulunisdis1aseds MASW wiseanidu 2 Tunau Ao

£ % [ ¥

1.n15iudeya (Data acquisition) aziduisnasiiudeyauuy Active
method fo NslduraInIdnnauILuy Active seismic source HaZINLUIAITIVFBHITU
Aoy uv roll-along

2. M3Uszananateya (Data processing) AxUsENaumy

2. 19 eyadyyrunduntaannisdrsadeeglusvedamunaiiuwlas
[ a ° ° ' < [ < ] a
Wulauurodnnud kazinuadIwideveIndmsiva ziduanusinavoumasaud

A A I3 . .
L‘W@Vlﬂ]%i/i’]ﬂi’]ﬂﬂ’]iﬂi%’ﬂ’]EJF’TJ’]SJLi’l (Dlsper5|on curve)
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I

2.2 1154UaINTIMNNITNTE18AUSET (inversion) LAsLduALLSIv9IRRY

(%
v a

Rourasiuay (V) TunielifasdniudennaoanutuAuuSIMNINa19YeauIfIsuAd Y

LEAaagunn 1.14

EECORD # 2 (Bource Station =12 . -A: ,- —
Offset(z) 50 73 100 125 Dispersion Curve (Record # = 2) R
) Trace# 5 10 15 a0 ’l.l) 2900 (Mid-Station # = 18 5)
o Ly

200
00E
(] gt SeN S

|

400
oor

20
Frequency (Hz)

RGO A L U W - L bk 10-LAYER VELOCITY MODEL{Record = 2)
(Mid-Station = 18.5)
1 [

1 TTT

Time (ms)

500

Depth
4 26 5 TS5 M 125 15 175 20 225 265 275 30 326 B IS

200

A AR g
i
008 alst:}
E)
N—r
ty
g g

1000

Freguency (Hz)
-+ Intal —Final — Curmont * Moasured FM

000t

] Fod

JUN 1.14 uanadIsnsussananatayameds MASW n) daganduntanainnisdisdn 2) nsu

N13N5¥18ANLST (dispersion curve) M) ANLLEIVBIAAUEDUIINTENTHNRU (Inversion)

1.2.3.6 "uddpiiAsados

Sawata et al. (1983) lavinns@nwinesninlng fNansunesninlngd
anwzlATIEI1UY Horst and Graben wazlavinnisasuimwgamalugiifiinedseniig
UTM 720000-810000 Taguoutuan1sfiamidovssussfniue1dlne waznieialdfnnu
PauauUszAlneAuUszmanasde uwazaruanveawssluusnudiiomalgaziie
111N 200 LUAT

Pullan et al. (1987) léUszgndldisnisnaulmazifiounuvasvioulusediu
fu Ushanannd seuwnsle Ustmawauwinn lnsidenldsvesviessninsiunisinie
adulwazifioutuduntsiisudyain (Offset) ﬁmezamﬁqmiuﬁuﬁﬁﬁaﬁ] NWUINUeYA
é’iggyﬂmazﬁauﬁuﬁmmaamé’mﬁu*ﬁ@gaﬁqmms LAZAINITOATNAMNIATIAT G TUING )
TefAuvestunzneusuiudsitllamisonvmendu @) fuduvesiuuds (bedrock) 18
Farau wasihteyaildamsatislunisdimounausvesd uaznsausuiumsyavay
zAeumazasuieliliuszlovigean

Whiteley et al. (1998) lduszandléisadulmanilounuuasiioulussiuiu
Tuunadsulunsmumuns mnn1sinwedsiamnsaihdeyalassadressdine i
fuiinanstuiimaiifidnsarvesenuseiioegidniauuazisvozmmarslawnslu
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wusuidestu dmsuduthuinatuiisesiuegfisedueudnussana 80-130 wns uas
Anudnnfiandildainnisdisadie 180 wes nnsAnwiassiisnistansadelid
arundladymnisguivesngammamuasiduniy

Sheley and Yu (2001) l#¥n1sdnsaalaseadrvesdufiundsiusnands
anueanasvinyaan (Tooele) liuszyndliisnaulmaziiounuuasviounazsinm lngth

3

e =

foyandulmaziiounvuazviouinaiianimlassairsssdineldiofu uazieyandulm
aziitounvuinuuldlunisaiauvudiassanudiestuldfiofu Fsanmsinseing
foyamugfutoyanquinzuazuuuiaesamgs wuidyyaasieutudeudaauuas
aonadpafudoyanauasresiaauLaUTnug 1997 uuisesdedng nasviourestuii
LL%aﬁ?uﬁmmlmiaLﬁaﬂumwhdLﬁmmﬂsﬁaﬁﬁﬁ’miumiﬁu%yjaLLazmmmUizmmmmm
anld warmsdsalutinadmsisuundilunmstidaeiulmeasfiounssiiudyanud
wnnagililddoyaiidaauinniy

Lohawijarn (2005) la@nwiussninlngaieisginatauiulidunis wuinel
AUNLHUANRAUNARNAIBILE A YL dAUTENa -140 pm 52 JAU19AR UL
wilold ussilanudnuniige 1 Alawns faanue 60 Alawns wazanunieszanal 20
Alawns FalilsdmnudeosmnmeuldeninsnislsUssmmniaibe

Suriyo (2006) l&vinsAnminissnvesidslunssmialug 21nn15Anw
mnfnrnasgnnssaiinelnsfeteyavesnandsssd deyanisdrsannuiuniuves
Fuiiuuazdoyaduiuantveviaa annsoaguldi wdenalug Wuduthuiaaluuss
nsaAnTIEdILaL 3 $u fo sutmialvy duthaw uasduiirened Fududuihdusetu
LLazﬁﬂmﬂiﬁl,mﬁ’uagﬁizﬁuﬁﬂ 20-50 1W®1S, 600-100 AT WAL 11ANTT 100 LA HINAIRU

Sumanovac (2006) lisegnaldisnsadulmazifiounuvasvioudisianny
azLdungauay it taandumuli o Auuvasdd Wedielunisadaunuiiveady
ns1evrstaduninaitnfuiiliiafu nuidinsedulmasifousuuagiiouiifinag
awiBngeanunsntislunissuunamnuuandsestunetudulaausonainiuld daldvi
melneinanuglufuteyanauinng uagiimstanunsorislumssuunduiuldfdsed
AuEN 40 wng uazdrelunisdenuuuiuseddifuiissduanuindenndt 40 wes 1
aggnABsrasAIEnIne Ul

Dorn et al. (2010) Ifvinisdrsalassadistuldduvesuinaiuiiing
AnagnauagTIMsvemznoulugalnaaladuneulaiy nenAnyiunnidesnioveuau
wosiiaud Ussmainfuaud fandnvazssdiinewestuldffuiienumuuareiyd
toghlrimsAnvuiudulmlugalunauuuhlddievhanudilaferiulasea 1endngs
lailet FslsuszgniliiBnsdrnadmeisnsnaulmasiteuluuayiou dmiunaiildainnis
Uizmamauaz'ﬁLv’msﬁﬁﬁayjamﬂ%’aaﬂaﬁﬁﬁmﬁymiumuﬁi'iauﬁi’mgq FlAldnnlassadetuly
fAudseglugerimiBoatisganameuiiuarlasiaiwesaosdounazduiiuanlds
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Anezi et al. (2013) ldvhmsassunnuiilassadsssdinewosduiiuudiit,
fiu Tngl#38nsndulmasiiiounuuasiiouifimwaziBengs UsaAeInees (Wadi al
dawasir) Uszinagngienseide deegviisainiilessenn (Riyadh) Uszain 690 Alawins
dufunnmsdmaitoundudisg wafildanmsilaszsiteya wuidyy uasviou
vostuiuudedarudanuredlunnuuidis fwnnudnvestuiuudsiudmuaenadasiv
foyanquianz 1nnsdsandsdvinlfaiannsnaiauiienuinvesduiuuiuazass
Aouluusadld

Malehmir et al. (2013)l#1#38nsd15afendulmaziiieunuuasviouddl
AwazBuagaHRSR) Tnsldunasiniandulmaziiiou 3 via Aouvudeu wuuduaa
dwiin waglulant dewFeudisuusyaniam Winawumeilustilammaiiasg fusen
Bedldvesuszmaaiinu ndoyaildannisszaiananuiuvasiidnadunuusunig
ihninuaglaulasifiosdusznovvesnnuifigaasdndsnuminndy wasdoyadsfinam
wzaudmsui il lumslnszdeduiuii dudyaaasiouresnaulmaiioudy
anunsonansturesiuminuasduiuiidaneuinisheguutuiunduasduandiidiy
TAssaselaRaAuLUUAIY (bowl shaped)

Stumpf and Ismil (2013) 1@¥11n15d1993 a8 U U Auwdsiily sy
(Pesotum Bedrock Valley) dsaefuinnigudnanuesigdaduosd Usemaanigowsni laold
'3%mﬁﬂ?alulmavLﬁauLLuuavﬁauﬁﬁmmav@amm (HRSR) iileas1slaseaisldfnAuves
nxnoufiviuaulugalnaalndu mmmmLmﬂvwamammﬂwamwamLm uazfoya
doyrudansient mmmmLmemwu@uaamUu 8 Sadudu du AF dmfusdudu A
uag B axUsznouludie azneusisiuds uasdrfudu C-F asusznevludensneusis
ihudaliuansdy uazagnoussiudmeiaaiu defoyaiildannisdrsan arunsoldnng
$uundnwurresdulifindulduassianunsaideyautinsegiaduduiuiliduie
Feafuld Sedeyavinaimiuiissoafesiuliansoinseild

Yordkayhun et al. (2016) l¢@nwiuulsesidounsesuzis vinadming
gl fedfudusesideufiindmanialdvesssimalne nsli3tadulmaziiiouuuy
avTiouLarIBnIg MASW teassnmdauesiuldfinfuresedulmaniounuvasiiou uas
aunmdinretuliinfutesnianszaisauiivesnduidou disnstiaesistanansn
sliasgilasadsuldffuuasnsdfutuiuissiuauinussina 250 was

1.3 TngUsraeAvasuiY
WeAnwilassastmsssalinenelunesialug lasasrenmlandifuain
Joyansdrmamelsaaulmasiiiou



2.1 ﬁ’aquazqﬂnmi (material and equipment)

[

Fanounsainldlusuide wvseendu 2 diu ldun diuusn fe Taquas
s 1

cag v o o ° Y aa PPN PN 2 Y] ¢
Qﬂﬂimmisﬁﬂqﬁillﬂqiﬂqi']Q@?H?ﬁﬂ’]ﬂﬁﬁﬂ«lﬂﬁﬂﬂ LAagdIUNEgDN A ﬁﬂﬁlLLagq‘UﬂiﬂJLLag

TWsunsunldluns@nwnimmeiiazivaniudeyaluioslfusinis
2.1.1 Yaquazaunsaldiniunisdrsianieisssaliland

1. insestufinteyandulviasiiiou (Recorder) Ju SmartSies™ S-24

[

Seismograph (U7 2.1a) dmSutuiindayayrauniu

A

v v

2. fsudygraumau (Seismic receiver) w3adlalnu (Geophone) daliu

Felriuuuifa (Vertical component geophones) (‘gﬂ‘ﬁl 2.1e) §AuAsIIUYIR 14 Hz ¥

Y ao

PN Y] o ~
wihsudgyananaulmaziiiou

3. unasiudanau (Source) fe ABUNU (Sledgehammer) Yu1n 5
Alan3u (Uit 2.10)

4. fiaentsudnygy1ad (Hammer switch) (E‘U‘ﬁ 2.1b)

5. anuwatdagednyya (Cable) (E‘Uﬁ 2.1d)

6. LUALADS (Battery 12 Volt.)

7. wmUinseey (Tape 50 meters)

a v

8. ndosilosufifnniimans (GPS) 8o GARMIN Ju eTrex Legend® H

26
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(e) (f)

UM 2.1 Taneunsalldlun1sd13a a) 1Aes SmartSies™ S-24 Seismograph b) faint

Ar5udnyeyrau (Hammer switch) ©) Roll along d) anetalda e) Alaluuninfg f) AsuLazLNy

@
bAGN
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2.1.2 Yaquazgunanisnmssunsuiildlunisdnudieneitaya
1. ip3esnonfiames
2. Wiunsumeuimesfililinszsinazuannudeya
2.1 TUsunsu Microsoft Excel version 2010 Tafd1miunisaiuic
2.2 TUsunsu Surfer version 8.0 T4d%5UNTAFUNUNINADUTIIS
2.3 1Usunsu Maplinfo Professional Version 9.3 T msuadaunnd

2.4 TUsunsu Geotomo, Tomoplus Tddmsuussananalnlunsini

paulaziiou

2.5 WUsunIu GLOBE CLARITAS Version 5.5 ldd@wsuuseunana
adulmaziieuwuvaziou

2.6 TUsUNIU Google Earth THan®sUMIUAULLIENTA

2.7 Wsunsy Surfseis V.4 9@ 75u@s183135n115 MASW

2.2 F/AuLUMIY
msaiinaddeutseendu 2 neu Uszneurme nmsiiuteyaluninauiuuas
NFIATeRteyaluiesinnis
< v
2.2.1 msiiudayaluniaauiy

[%
v [

maiudeyalunipauy dduneuds

D
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« < ¥ 1 adq

1. ﬁmummmﬁ’liaaLwamwamamm

Y

aaulymaziouLuy

dgviouuuUINUNUNANYZegluusudunemalug Jmin

#9981 FalLWId139 2 Wl (5UN 2.2 )

651498 656498 661498 666498
&l A wm N “ \;l =
_ .
s ~~ §
N~
~
Chumphon 2
—.—7
< 3
© ©
0 0
© Q ©
~ ~
Suratthani /
/
i a5 A
Phangnga Nakhon Si Thamm{rat i " ] i 7
hJ},,Kiklmetersa\ @ Ve
Krabi T . 5 o
NN s =
phuket @ d‘ I: | A
Trang @P"a“al“”g 651498 656498 661498 666498
Songkt Age Sedimentary Rocks
Quaternary Q Allvinm, eluvium, siver gravel, terrace, local lateritic soils -
Pattani
e " Carbonifercus: c Mudstone, Smld:(;:;;:‘];aj:;l;&:::ﬂs and cross-bedded, chert and Road
Narathiwat -
Late Triassic to S
Early Jurassic TrEr  Bictite granite, biotile-muscovite granite, aplite pegmatite and quartz veins
—— i —— : S
Fault Survey line Boundary line Train way
H v
UM 2.2 Lanaiuinisdsie (Fuku)
3 .
Seismograph (Recorder) Roll along switch
Seismic Source
Geophone spread | Geophone spread i
‘ ‘ Geophones

Offset

Geophone spacing (5m)

24

JUN 2.3 uanensnnsiuntsiisusagianlinediu wasnisinudeyanaulmasiitousieds

AdulazITaulUUAZYIDULAZIS MASW
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2. yhmsiiudeyandubmasiiieunvuazyiouluwuidisiaisaes
Ww3d1599 lngAmuamsdives lumsdrmadennsen 2.1 uay

nsfassgunsallunisiiudeyauanadaguin 2.3

M15719% 2.1 uasansilwesildlunisiiudeya

Parameters Detail
Recording system Geometrics SmartSeis
Source 5 kg Sledgehammer
Receiver 14 Hz vertical geophones
Number of channels 24
Shot spacing 5m
Geophone spacing 5m
Offset 30 m
Sampling interval 0.5 ms
Record length 1024 ms

2.2.2 mymszndayaluiesufuininig

2.2.1.1 myUszaanadayanaulviasiiiouluuaziiou

o w

Wmnegddglunsussinanateyarenisasanmlaiinuniaiuazioen

o

° My A v ]
Q\‘iLLaga']lI']iﬂu’]ﬂ']WV]I@UUN?‘T]']&IL‘Vill']gﬁllﬁluﬂ’]iLLUaﬂ'J']llsU@%a@@vLﬂ

duiutuneulunisuszudanateyatiuavldlusunsy GLOBE CLARITAS
Version 5.5 @stunaun1suszananaiiugiu welilanmanvinswesdyauasyiou ( Hunter

et al. (1984) Miller (1992) uag Yilmaz (2008)) Fuluaumsed 2.2
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A5199 2.2 Lanstunaunisussiiananaulmagiisunuuasniou (Data processing step)

Processing Step

Description and parameters

1. Setup of field geometry

Assign input shot location and

receiver locations into headers

2. Editing bad traces

Remove bad traces

3. Elevation statics and refraction

statics

Calculate static correction based on

near surface models and elevations

4. Band-pass filtering

Minimum phase Butterworth filtering
f.= 20, 40, 100, 200 Hz, Design
Amplitude =0, 1, 1,0

5. Automatic gain control (AGC)

Adjust reflection amplitude using 250

ms window

6. Bottom mute

Zero data in the ground roll rang

7. CMP sorting

Sort data by common midpoint

number

8. Velocity analysis

Find velocity value that fit layers

9. NMO correction

Apply stacking velocity function

including 70% stretch mute

10. Stack

11. Relative trace balancing

0-512 ms range
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eavdualunisUszananateyalutuneunany dnwioludl

SHOTID :II.
CHANHEL ] 1I2 1I8 2I4
0
i1 o
-H_‘-ﬂ -—-j,
— =
e i o
m—:— A _,. T
- — -i
i % =
g 1>
T, 3,3__1; L
e
it T
e e
;&" =
T
=_J
’-' =
T
T
= =gl

S00

JUN 2.4 uansnmdgyanaiildainiiudeyanirauin (raw data)

n1snindaysyrauide (Editing bad traces)

]
al

Fyaauidsudazidudyain (traces) Huaadianvguiainnisieusaany

= [V

nlinvIadisudygyiands (bad geophone) wazimaralunismindyaiuiideoaniuiufe

1%
J [ =

WaliAgnsndiuvesdygrusuniudedyny1uase (Signal to noise ratio) HA1gTULAY

T o o

—

TryeyasUNILIzAmNaRan1sUEIIaNaTeInNd (frequency-related) vosvayavilanen

Junardasuniuiuneunisuseuianadeyatunaudu (3UN 2.4 ) feg19vaan1snidn

Fruanaudseenluanndeyauanifagui 2.5
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;

$00

T

JUN 2.5 guneufda (He) Lazndandn (¥37)

L

USumnarwnuannainniianasiiSudgysyia (Elevation statics and

refraction statics)

\esanniinnisanveauiatvesdygiu (travel-time distortions) vi1lsiAn
nsideuvesdyIuaiudu ( short-wavelength static shifts) 910 UMUIAINEIVDIFIFTY

Toyeyreuiisinafiu(inuassinveniiuseine(Elevation or Tomography) WagAIUNUIVDITY

'
o

u@%ﬂﬁmmﬁ’ma\‘iﬂaum (Weathering layer or low velocity layer) 33dosU5uLieli

=)

LYY I

sundsidsdygauarisudygiueglussuiuientu (Tunmsfuwnuresianturioas
d' [y ] & £% [ o = < a Y PN v A
WUUALT) NMSUTURNTUEIULDEABINAELUUTNADIAINENVBIAIIUT IR URNLUNLNANUER

(Near-surface velocity-depth models)

'
a

n15a519uuudIansaiinuaudniiedindiuiia (Near-surface

velocity-depth models) 98ANUIAINIAEYYIULINUDIAAY (first break times) Lilala

a

wuudaesiazannsaUsusunesasiilawazdasudyaald (Yilmaz, 2008) gy

2.6
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SHOTID 3|9 SHOTID
CHANNEL [ 1|2 18 24 CHANNEL
0 H 0

SHOTID 3‘9 SHOTID SHOTID 39 SHOTID
i
CHANNEL 6 12 18 24 CHANNEL  CHANNEL 6 12 18 24 CHANNEL
0 0 0 T o

5UN 2.6 wanan15UFuLn Static correction (113 pick first break (Uw), dyay1unounis

USuLn (919) uag deygrarainisusunn (1)
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/hone/geophys userdpat tavees Thiesis E-process/stat io_20-01-2017_skak iz, shi

(@)

Zhane/geophys user /pattauses Thes iz E-process/stat ic_20-01-2017_resid .shf

A A e p fem

e g il
shart-uavelength residuals fron refFstat

(b)

A—
()

UM 2.7 uanansairauuudnaeaiveldlunisuuud Static correction (a) Elevation static

shifts (b) Refraction static shifts iag (c) A near surface model

N15n3a9EdY1al (Band-pass filtering)

1PgUnRLAINSNIUTOS “’zgzgmazﬁam'ﬁmzagﬂwﬁaammﬁﬂazmm 10 89
70 Hz wariiaudlaueiu (Dominant frequency) Uszanes 30-40 Hz fadudayaassunauil
aeﬂuﬁaammﬁﬁ"w (Ground roll) LLasé’igﬁgwmsumuﬁa&ﬂmﬁ'aammﬁqq( high-frequency
ambient noise)agf19nlaun1sly Band-pass filtering (Yilmaz, 2008) (85U18A1588ALUUF
nseadyanaifisinnazgUnm Tnonisfiansanesdussneunnuivesdynia (frequency

content) ﬁ'ﬂgﬂﬁ 2.8-2.9)
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Paver spectrun as db (dBwin=-E0)
Spoctrun avernged over 24 traces
Hastiswsw inpub Pouer T L 28672e-05
Time uindou : 76 to 386ns

SHOTID range 39 to 35

2

H
TO0aHz

] 750

@)

B

¢ ] Pousr spectrun as dB (dBvin=-603;
Sprchrun auereged ounr 24 braces

Hairimue ingub Power © 5.2764Te-05
Tiew: windou = 26 to 251

SHOTID ranga 1 to L

30

TO00H:

= o
280 Bod FEO

(b)

5UN 2.8 uansaeAusznauvesnuddya1al (frequency content) (a) $39E198909ANBY
dl U o -dl U 1 2 d‘ U
ANNDVBIARYRYIR shot 39 YaaKUIF15999 1 (b) AIBE19URIBIAUTENBUAINDVBIFYY I

shot 1 UBIWUIEITIAN 2
N15VEILHYYIM Automatic gain control (AGC)

Guasildlumsiviliuesmagavosdoyaifintuiioldlunsuanmadoya
LﬁaﬂmﬂwamaﬂLLauwagﬂﬁLﬁmﬁw%amawaqLLamwégmaaﬁ’agmmazﬁauLLazLLauwagmaa
{1 TUNIULE0IUIZNIT AD LLamwﬁgﬂmaamﬁ1ﬂ§um3QﬂauLﬁué’md’mwﬂﬁuﬁuwazmﬂ
PMNUNAINLA LLazﬁmwﬂmﬁﬁﬂawuﬁqaazﬁﬂﬁaawaummﬁmmmlﬂasj’mimL%amamh

graddauden euAtleyntiasly Automatic gain control (AGC)

=

o A

AGC FauduilanduiasneninA1snNasvedindiaoaduuroIuouniyn
(rms-Amplitude) Tugnsuasiiaianiy (Specified time gate) Mdonliluinm (Gate) @unis

vosilsiduvene ( Gain function, (t) ) @nsnsanansléimadunisi 2.1 (Yilmaz, 2008)
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(2.1)

__ desiredRMS

g(t)

a

TUgUBTUNY
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Y

shogranelung 210

[

A8 ITUIUUDY
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SHOTID
24 CHANNEL

SHOTID
24 CHANNEL

SHOTID
24 CHANNEL

CHANNEL

SHOTID
CHANNEL

SHOTID
24 CHANNEL
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L

el

18

'
a

18

(band-pass filtering) (a) Raw data (b) Band-pass

20, 40, 100, 200 Hz.

trance amplitude Wag N

R
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d"l 1
YUUNDLALIUNIN
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§E£ R pis%
.@ R A A
SN AR A
il ik

—=F
b
it
3‘ :
r
- P
(a)

2 52 A

_m% e 1'..%.. ﬁi:.ﬂ \
i Adaln

AR s

bt
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[
i

h Ton |l 4 h

SHOTID

CHANNEL
[}

SHOTID

CHANNEL
0

(d) Band-pass filtering with f = 30, 50, 100, 200

10, 30, 100, 200 Hz. (c) Band-pass filtering with f

AIBVYNNITNTBIAIUA

Y

SUN 2.9 wang

filtering with f
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24

:
‘;‘4 <<<: 1o it
; |

(o) (d)
gﬂﬁ 2.10 wanawmaau AGC (a) AGC with 50 ms. (b) AGC with 100 ms. (c) AGC with 150

SHOTID 33
CHANNEL 6 12 18
0 ! : 0
is ’
= -
5 k-
i . E
AN
-
5 P
"
9 T
-~ ] .
- ) B 0]
SHOTID 39
CHANNEL 6 12 18 24
0 0 0

ms ag (d) AGC with 200 ms
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SHOTID 3? SHOTID  SHOTID 3:3 SHOTID
CHANNEL 3] 12 18 24 CHANNEL CHANNEL ] 12 18 24 CHANNEL
" ; : L i ‘ : .

|
£=20,40,100,200 AGC=100 £=20,40,100,200 AGC=200
-o— o o w mns - [ VU By NN SN »

SHOTID SHOTID  SHOTID 3:3 SHOTID
CHANNEL 4 CHANNEL CHANMEL 1) 12 18 24 CHANNEL
0 0 0 ; i j 0

= £
e
el L
-
s, o
’ £
g e
g e,
S Vo s
“- il e
g =y
£=30,50,100,200 AGC=200 ¥
SHOTID SHOTID SHOTID T ‘}?3 = = SHOTID
CHANNEL 4 CHANNEL CHANNEL GI 1|2 18 2‘4 CHANNEL
o 0

P
"<J =
e s
“‘2‘ | a
oy
5 | =
by >
&

f=40,60,100,200 AGC=100

5UM 2.11 uana Band-pass filtering Uay ACG Munndnsfiud miuuuin1sd15iai 1
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o

NNINYYITUNIY (Bottom mute)

Bottom mute 1Hunszuiun1slunsidn aauituia (ground roll) uamsss

U 2.13

SHOTID SHOTID 1I SHOTID
8 24  CHANMEL

24 CHANNEL CHANNEL EI 1|2 1

. ;
: :
|

@) (b)

SHOTID 33
CHANNEL § 1|2 1i
0

0

]

L3

gﬂﬁ 2.13 wanansidndyananduiiui (bottorn mute) (a) Bottom mute line 1 (b)

Bottom mute line 2

CMP sorting

a & [y

Jutuneunisuszananadeyalaenisindeyaiidugasiwagyioungduun

9

Y
o

Sedlmilviegluguvesynteyasiuninudn (CMP gathers) Wi doyailuldlunisyin NMO

correction maly (Yilmaz, 2008) @13uf19E19115%11 CMP sorting meé’qgﬂﬁ 2.14
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Line 1
SHOTID SHOTID
CDP 248
CHANNEL CHANNEL

0

sUTl 2.14 uana CMP sorting ¥8aund15797 1 COP 71 248

nsUSuniuasueayeminazn1siATI2#AU57 (Normal move-out

correction (NMO) and Velocity analysis)

Juduneunisusuninaesdygruasvounilssozvaaiuadunasi

[y v o

Allaldwindu welvimunisvesiiiudyaruuasdmiiudadygaegriumuniaieiu g

NAvRHY AR DUILARIUTULA NMO faufivesiudya nasyiounyndiudasiou

WWeAu (CMP gathers) (Yilmaz, 2008)

[% '

ANSUNTUSULNUULS 192 USULNT 19089 N ANANAUTE IR t Ay

Aty =t—t, (2.2)

2
X
Atyyo =t| 1+ ———— | -1 (2.3)
e [(VNMO)(tO)J



a3

1o t, Ao two-travel-time of zero offset X A9 5388 offset Aty A9 YIWIAT
NAAUTOINAUMIY T, WAT Vyyo AD AUTIRABYOITUAUALAIINNITAILIUDINLIEN
o 9] < a dad o § v§ Vo 19 Aa o o, & )~
Atyo d5UAN R NANER syl lndyauasiounlisnvazdulamesiuaid

anwaizlununsuinniign (Ui 2.15) Faasduanudimiluldlunisusuud NMO (NMO

correction) WeyiNn13 stacking deyayreusialy

V = 2,000 m/s V = 2,100 m/s V = 2,200 m/s V = 2,300 m/s V = 2,400 m/s

JUT 2.15 f0g19983M5 AT 1A (velocity analysis) 11353 NMO fiuansnariu

n3359udaya (Stacking)

'
a

I3 gj P [} ) . @ [
Wutunauninmdaa1nni13vin NMO correction A9g5iudy e aiszezniy
offset #199 VausazdyIUNTIATINALTIDWREINY (CMP gathers) WazaglanMAnYINg
A o = . . . a a a o
AaUdUAzLioU (Seismic section) panin Taefanaluluifsaziansattunisiaunislundu
Yaamdu (TWT) N5 Stack Huazyislunsandygiusuniuiinannsduwastiingnsdiu

YOIF Y IUITINOFYYIUIUNIUY (Signal to noise ratio) (Yilmaz, 2008) LagNININAAYINY

d' - ° - ° = 9 -
paulmavion YoIWId1TIN 1 WAy wud15Ia7des LLﬁW\‘]G‘IQE‘U‘VI 2.16
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2.2.1.2 myUszananadeyalnlunsmiladulvisziiiou (Seismic
tomography)

nsUszananaiazllusunsy TomoPlus 64 bit Version 5.0 Fafulusunsy

[
v o

984 Geotomo KazlUusknsuHInYINlne Houston, Texas, USA Lazdnsutumounis

Uszinanatayadzuananamsnei 2.3

= & 1y
f19719N 2.3 LLﬁG‘lQSU‘lJG]@uKLUﬂ’ﬁUiZEJ’JaNaGUE’JJJ”a

Processing steps

1. Pick first breaks

2. Create initial model

3. Inversion

Pick first breaks

d1n¥uns pick first breaks Wuagriudupegiun1suszutanateyaves

maulmazieuluuasiouludunaunsUTuun Static correction Fauanasaguil 2.17

gﬂﬁ 2.17 Wanan"g pick first breaks feluswnsy Tomoplus

ANsa519UUINaUa9AU (Create initial models)
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#&991MN"T pick first breaks 3ouspsuda lutunsutiazuansdoyavos
first breaks Tufifinves T-X ns1w 9ntufnIsad suuusiasasudy Ssnnsasanuusas
L‘%'mﬁu'oazt,l,amﬁagﬂﬁ 2.18 mﬂgﬂﬁul,é’uﬂswdmwwﬁwuaqnauﬁumwam% (Travel time)
JzuanILUUsIaneBuduildassdutiuewaraniufivhnstudinuuusiassSsudulsiels

Tugumauns Inversion ok

Project Help
[N :0TTME | 20PREP | 20MAGING | 2OVIEWM | 205TATS | 20PROCESSNG | 205TACK |

|File View Geam info DataSeleciian Daia GC DelayTime Options Heip |
EEEIEEEL T RS sear snouo | B ] 2 A W reowceaver0

1 Euiid initial Model

Postion (1643.56. 118.98) | ———

Velociy 22385 @ (157.83 . 30.8) —

JUT 2.18 LanIn1sasuuudnaesuny
N1SKNAY (Inversions)

dmfumsuniuiuasziualagldlusunsy Tomoplus Tneldnsyuaumsii
138131 nonlinear inversion algorithm (Geotomo software, 2015) LLﬁmﬁﬂgUﬁ 2.19 wazly
miﬁﬁuamﬁuﬂﬂsauiaﬂuﬂWiﬁmamﬁdﬁlﬁuwﬁﬁamﬁmmzauﬁ’u%’ayjaﬁamaﬁqm IGH
AvessInfiasivesiidaaeavesiiaiin (RMS misfit) ¥oswn shot wanefaguil 2.19a uaz

WUUTR0IEATNEUARRIZUT 2.19b



a7

RMS Misfit of All Shots

] 1 2 E 4 5 i 7 7 5 19 1

RMS Misfit

(a)

Projec Melp
[N SN 20°Rer | 20MAGING | 20VEWM | 205TATS | 20PROCENING | 205TACK |

|t view oOptans Colors beio |

[00] G & 2 el 2l ] | o of ol ] ] s o 2

400

R I T

(b)

gﬂﬁ 2.19 UEAINTTATILUUTIADY Seismic tomography (a) RMS misfit 11n shot (b)

WUUINaRIanATNY

NNIANIUUUUTINBIGATIEVDWUIFTIAN 1 Uazhudd15Ian 2 uanedisgy

a

71 2.20a way3N 2.20b lnefidoyatiuuansduvanusndugestuuazauszanauuuiiass
Mmaaeutuialaiiiy 2.5 m 4arduIuYeINISAUINTBUVBINITHNAY (iterations)

WINAU 10 AS9
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1198

1665

23

2600

Harizant Distance (m)

2]

Degen o)

JUT 2.20 uanuuudnaesgaving (a) HareIuuld1sI9n 1 (b) Haveawuid1sIen 2

(b)

8v
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2.2.1.3 N1sUsEanananazIAs1zinaululasiiaune3s MASW

gj v 3 A dy a . . .
YUNBUNTATNNTINNTEINUANULSIVDIAIUNUNT (Dispersion Analysis)

v v ~ o =

eyanldnaestuiindygradududeyaifieadiunisussuiana

—_
o

o Y  aa A = o S o w
Tayanieitadulmiagiiounuvasyiou (Seg-2) :nduirdayaun
WpTeisaglusunsy Surfseis version 4.0 laenisuuasdeyadugluuy
9839 KGS (Kansas Geological Survey)

2. fdmuaamsifiwesildlunisiivdeys wu duniagadniladyayio

[

waEAITUA YA LaTIZENINTTIINAITUS YU

o [ v o

3. Usuussdygrunaulaenisidndeygiasuniueen (Noise) wagdeyqand

q o

ARUTINLY UagARUATY (First Breaks) faguil 2.22

4. nyesdeyaniaiuigeeen (High-cut filtering) tiaviinisusuuse

Y

deyeyad Wesndeygiausuniufidiaiunas
5. \dendayalangdyy uYenduiui uUastayainnlaluuueaian
(Time domain) 1negluguvesninuduasaausang (phase velocity

spectrum) Iagleisn1sues Park et al. (1998)

'
o v =

6. ihdeyaniegluzuresrnuduazauiuna (Phase velocity spectrum)

Y

]
a

Lﬁammsuaasﬁa;ﬂaﬁaaﬂuﬁziwuamauwégmﬁqqLLazImmgagm N
2.24

7. a%rauuusiassaudindudoutesdu (nitial Model) 91nns1WANS
nszreauiildannisidengaain Phase velocity spectrum ¥isil
AN5aRIAN SISl A AN IUAIIE Ve IR AL LAZ AN YD ST
Aulundazduninvauiany waedldfidoyalusunsuasiaaduauly
Slusasunu 10 4u

8. ¥n1swndy ileadrawuusiassanuiivesrdwdouly 1 38 laad
nsvurunsanfuveslusunsuiazldudnnisues Xia et al (1999)

wuuaenlalaninagui 2.26
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9. dalduwuudiasinisnszatemnuiivesndudoulunn shot dwmsuluus
azuwIN13d1 59 Uidayalunadenmdnuininisnszateausives

adudau(V, section) Ingldlusunsa Surfer version 8.0 flagufl 2.27

Raw Data (SEG-2)

2

Formatting to KGS Format

-

Building Geometry

-

Muting First Breaks

-

High-Cut Filtering

-

Generating Dispersion Image (Rayleigh waves)

-

Picking the Fundamental mode Dispersion curve

-

Creating Initial S-wave Velocity model

2

Inversion for 1-D S-wave velocity model

5UN 2.21 uanadumaunisuseatanadeyamelusunsa Surfseis version 4.0
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TPROCESSED)
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NuNDedsudyeyauusn (First breaks)

1
A

U UNTIULAC AR

o

SUN 2.22 NM5HALDNE:

U

Signal-to-Nose Rato {SN|

g
2,

»>

Y

.

(¥77)

Arpeste %)

[

K
GNAPRN

) Lz

(¥7")

e

(

o

[

UEUVANAR

o

(Mid-Station & = 13.b)

Y

Disperston Curve {Record # = 168)

) Ay
a

e

(

AUNIANUDFIBDN NOUNTDY

Y

'
=

NBURRA

T FRGCERAT)

2.23 N13N983A

o
N

su

Y

[23sau] DDA 5EUS

7o

® et |

Wn59718AU57 Phase velocity spectrum
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Frequency (H2)
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Volocity

Eroppang Crilena 1 rPoisson’s Raho or Vi AXFrion Assumplions—
Fih4-5 Error (in Phase Vielocity)  |5.00 " Wpfwad (update Poisson’s ratio)

teral [15 ; ;
MmCABRICR * Poisson's ratio fad (updste V)
Silop sutomatically when corvenging
~lrvvarsionsalistty Fange—
‘Waighting of Indrsdual Poinls. sl Madel Seale  Forlrmadrsion
™ SigneHo-oise Rate (ST Minimurnvelocty 193 040 b
& Equel Messmaum velacty 81 350 mz
Synchronipe irsersion displays
) BesteeDeims | W OK X Cancol |

gﬂﬁ 2.25 ANSAIATNISIILABDSANNSUNISHNEY

10-LAYER VELOCITY MODEL{Retord = 2}
i Szation = 18.5)

Depth
0 28 5 76 10 1256 15 176 20 225 25 276 M 326 X AN

1800

T e
1200

1000 -

BODY -

E00

11 11 10
Frequency (Hz)
+ Vil - il — Guiterf # Lleasuied FH

5UN 2.26 LanuuudNaesveindudeu
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100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000 2050 2100 2150 2200

200 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000 2050 2100 2150 2200

(a)

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000 2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600 2650 2700 2750 2800 2850 2900 2950 3000

-10
ég East

o~
I I [ [ [ [ I I
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000 2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600 2650 2700 2750 2800 2850 2900 2950 3000

(b)

= Y g < = A o = (] = = < = A
U 2.27 MNERTINNVBINTTNTEIUAIVIAULIIAAURDU (a) LWIE15237 1 (b) WuIE19199 2 way (C) ANaFLERIALLEIAAULRDUY

11



UNN 3
NALAZNNSIATICHNE

3.1 NALAEMINATITANAVEUUIESIAT 1
3.1.1 mMwAnveadulnsiieusuugsiou (Seismic section)

andnvnedulmazifiouiiuanduiidnsszmetunaigaulanduiide
szggnetuANdnfienanin1snsiudsunlasesnuidyyiudgiiou (horizon) uay
lassadldinfulaglimnuifinduiiiesziandeya (Uil 3.1a) :nmslinseianu
AAUNUI ﬂawuL%ﬂﬁ'uLa?{aﬁf-ﬁayﬂuma 900-1600 m/s kAZATIINULUIF AT oUT
Gi'j’mﬁ]uagjﬁmmﬁﬂﬂizu’lm 50 AT WAy 100 LWAT ﬁmamﬂugﬂﬁ 3.1b Jsmrnindunuives
Suiuiidulaseadrmdnluiui TummgﬁLLmﬁagzymazﬁauﬁagﬂmzﬁuﬁﬂﬂdw 150 Lum3 3
mmLéﬂ’mamauﬁaqmﬂé’ﬂgmmgﬂaﬂmuaémam% uaﬂmﬂﬁé’awudwLLmé’zyaymasﬁau
mw’hLLmiqﬁﬂmthGiaLﬁmﬁ?ﬁawLﬁmmﬂmigﬂi‘umw%a’mﬁmmﬁ'mﬂ’uﬁ‘ﬁ'maaL?iauiu
WU

3.1.2 aAmdnvnsnlunsiiadululaziiou (Seismic tomography)

amdnvalnlunsifieduluiaziiiou (seismic tomography) wanans
N3z1efMYBIANLSIRALSATIARIINNIT AT TR eI AUVE DAA LS NTILALTNS
1109 FUd Y (E‘U‘ﬁ' 3.2a) ﬁ]’mmwazme%gmm%uaugﬂLwiﬂaauf\mﬁﬁzé’ummﬁﬂ
Uszaned 40 LWwas Wudﬁmmﬁmﬁluﬁmagﬂusﬁm 1,400-2,400 m/s TnganunsasuntuRy
ponldifu 3 4u Aetaud 1 fanudiUszann 1,400-1,700 m/s fisefuauanUseana 0-10
W3 wavduit 2 faudaussanar 1,700-2,100 m/s fisziuanudnusyana 10-60 wWas
wardudl 3 fiaruEaunnndn 2,100 m/s (;:;Uﬁ?i 3.2b)

o o < d' = .
3.1.3 MWANYINLEAINITNIZAIYAIVIIAMULIIAAULRBUY (V, section)
AMAAYINLEAINITNTTINLAIVBIANUSIVBIRAUTDUATUATTAURIALET
AUENUSTUIN 40 AT UAAIAIIUN 3.3a nudanmsIndwden (V) Treglugig 200-
a < d‘ o S a [ O o a
1,200 m/s 31nN13fAsUIANEIARUAINITRTwUNFuRue ey 2 FuAe Yull 1 4
AuFInaUegluYIe 200-600 m/s NAUENUsTII 0-20 LWAT waztud 2 dausiadu
agfluyae 600-1,200 m/s dAuanegluyas 20-40 wns (U7 3.3b)
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3.1.4 Sianzvinavauudd1ed 1
NnuavesdoyanminvIandulmaziieunuuagyieu (Seismic section)
asaanalnlunsiiladulviasiiiow (Seismic tomography) WagATNEAVINLAAINS
nszarefvasauiIndudeu (v, section) (3UT 3.4) Wefinrsansifudoyaduiuain
yuiagfoglunndsan (919 3.1) annsoinnuldilassaiesiuldinfuiseduin
Puflsnudnuszana 50 wnsasfutuiungnewmsiiudan dseglugamomaiuni ny
Hupuiivilafissduinfufanudnussana 10-15 wes awdudueshuniiiideudneiu

'
=

fuuiy uartuiuiisesiinudnusyana 15-40 wes sndutufunsneu Ussneude nsan
wiwiy warnsne wavsunuiiauesndutuiuansa agujﬁmmﬁﬂﬂssmm 50 LA %quﬁw
Fotuiugruiegiiruuszann 100 m Huduitoglugaansueiineda

dmudnunranulisaidesestuiutuenadavguianmagiuasns
fuonvestuRufiuandstuluusazunauardnvasnessilidugulnednvuetunuayd
Anuandesanianyfueenludiiany Tunn auwwInisdsia dunaldnusoadisves
Uszunay 1,400-1,500 AT Lﬁuu%nmﬁé’ﬂwmmaq%’uﬁuﬁLLmqaé?aLwiswz 1,500 LAY D9
sve¥ 2,300 WA WIS B ueaiiansaUdliinusnaiisres 0-1,400 was Ju
U‘%Lamﬁum%’uauﬁﬁmiwgméf’;awaa%’juﬁugmLﬁmmﬂu‘%mmﬁagﬂﬂé’ﬁ’uLLuaﬁuausuaaLLa'q
e (Lohawijarn, 2005) sudnafenanuuivesdyaiaasioudnnulisedlesnadia
INNTYNTUNIUNIBNTAANDUVDIFTY YoM merduusnaremisinm (1,500 wns) wax
éJ”ﬂLﬁuu‘%nmﬁasﬂﬂé’ﬁwLLWW@W@ULL@'WWW@ Faddunaineainduntssesideuain
LLUUﬁwaaqﬁWﬂaquﬁmﬁaﬂﬁﬂUﬂamﬂﬁﬁa%aagjﬁﬁ%mﬁwizmm 1,100 wn5 (Lohawijarn,
2005)

5197l 3.1 Foyanquianzdl 1 (H06875K1298) dmsunundrs1afi 1

Layer Detail Depth (m)

CLAY light pink, silty, partially lateritic, plastic, compacted. 0-21

various colors, coarse sand to medium gravel, angular to subrounded,
FILLED DEPOSIT poorly sorted, composed of quartz, quartzite , sandstone with 21-30

feldspars with chert fragments.

MARL light yellow and light pink. 30 - 45




Depth (m)

330 4 4al

Detail

Depth (x10m )

CLAY:Light pink and light yellow, silty, plastic,
compacted.

N

w

FILLED DEPOSIT:dark gray, coarse sand to

fine gravel, angular to subrounded, poorly

sorted, composed of shale , quartzite ,

¥ sandstone with laterite fragments

|- — | CLAY:light yellow, slightly micaceous, plastic,
b gcompacled,

[ 1
|

|
|

o

— — | [FILLED DEPOSIT:dark gray, coarse sand to \
fine gravel, angular to subrounded, poorly
sorted, composed of shale , quartzite ,

e D R S L Lt e e o e e e e o e e
a

7 aio o| sandstone with laterite fragments.
|- — —{ CLAY:light yellow, slightly micaceous, plastic,
\compacted.
' v
A o U
IDYLABUY NINUINN
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3.2 NALAZNITIATIZVINAVEIULIAT2T 2
3.2.1 Mwdnueadulnaiieusuugsiiou (Seismic section)
amdavnadulmaziiieuiuansifnszoznisfunaignulanduiife

33&meﬁ’umfmﬁﬂLﬁaLLammiLU?{wuﬂawaumaé’miymazﬁau (horizon) LazlA39a319
TithAulagldnnusinduiiiesziandeya (Ui 3.2a) anmsiesigianuiinaunuin
AnusIrduRdsiiiieglugig 900-1700 m/s uasnsIvERULLIEYANALTRUTTRLIUEYT
ANENUIEANM 50 Wing uay 100 WA fauandlusui 3.20 Fepnaiudunuvesiufiuii
Tnssadrovdnlufiui 1u€umz'1'7iLLmé’aymﬁmazﬁauﬁagﬂmzﬁuﬁﬂmfw 150 wns AUy
amaaLﬁaqmﬂé’m@wmgﬂawauazmﬂm%a uaﬂmﬂﬁé’awudﬁLLmé’zyzymazﬁauuwéhme
ﬁmmhiﬁiat,ﬁaﬁqawLﬁmmﬂmigﬂi‘umuﬁaawﬁm’mé’mﬁuﬁ‘ﬁmaaL?iauiu‘ﬁuﬁ

3.2.2 nMdnvnanlunsiiaaululasiiou (Seismic tomography)

amdaaanlunsfadulniazifiou (seismic tomography) Ka@AINT
N5218MUBIANISIRALSATIARIIN TS E R I vesR AUVE DA A LRI ATIALYNG
uifudya (U7 3.62) annimasuansdoyavestuiudusfinfuauiaseduniudn
Uszand 40 LUAT Wud'lmf]m%m?iuﬁma@f[,mm 730-2,500 m/s Taganunsasunduiy
sonlaidu 3 4u Aetuit 1 SAnuEiUseana 730-1,200 m/s fiszAumuanUseann 0-10
AT Wagtud 2 fannudiusyann 1,200-1,800 m/s Ns¥AUAINUANUTEUI 10-40 LUAS
wazdud 3 farundannndt 1,800 m/s (U7 3.6b)

3.2.3 ATWHAYIENINISNTZAHITRIAUSIAALLTOU (V, section)
ANFAYINIUANINITNTEIBFIVBIAILLEIVDIRAULE BUSIUASTFURIR YRS
ANuENUsEINA 40 WA WARSRIFUR 3.7a wuiianudinauidey (Vo) flr1eglugas 200-
1,200 m/s 91nN15R9150IAINEIAANEINs s nunduRueeny 2 Fufe dudl 1 4
mmﬁmﬁua&ﬂmﬁ'm 200-600 m/s iruANUSEINAL 0-10 WAS wasduit 2 dAnusindu
oefluting 600-1,200 m/s fianadnoglutag 10-40 wins (3U7 3.7b)
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3.2.2.4 NFAATIZHNATIUNIANA

NHavestayanIndnvIAdulmasiiouluuasyiou (Seismic section)
adauenlunsiiaduluiasiiiou (Seismic tomography) LagAINANYIIILEAINTS
NsgeAIvesAEIRAuULEen (Vs section) (UM 3.8) Wefinnsaunsiuiudeyatuiuain
L1 TogluLwIdTI9 (9199 3.2) asnsainnulailassaisesdulaiafunseduin
Aulsuanusezanu 75 wasaviuduiusgnaulAsiudavinasduiungnautinan g

I s Y a o &4 o U a a = = & & a

aglugAmaWaiuI3 InetuRuiviilanseAuRiAuisauanyUssann 10 wes asdutuveshiu
wiflgafdoud19duiif ULy Lavduiufaesnanuanuseuiad 10-30 was agidududiu
ArnoUNALAWLYTYY Usenousie n5an Lagnsne wavduiunamasilutufumioandeudns
LY VY] | Pal =2 1 & a & A &) O a
Juiniuwiy egnauanUszanu 30-50 wng dutuaiutundssilutuiunsney Usenau
390 Wiwiiuwazngie agfisedunudnuszuna 50-70 wns drtuiugarineasdutuves
AuntedNudinuuuy agiseauauanUszuia 70-75 wns drnduiiugiuiuiiniiudn

Y
[

1N 100 wins Butuileglugamiuetileda
dmudnunranulisaidemestuiutuonadanvguianmagiuagns
unuvestuRuunieiiuluazuinana sdnvasnessddugu Tnednvariuiuayd
muaadesniians fupnludaiiany fuson muuuansdse dunnldainuinuiszes
Uszanas 1,300-1,400 a5 iuuinafidnuasvestuiuiiuuhdudsses 1,400 was f9
szy 3,000 WAT MINNIUEnAEueaTasaUdld U aisrey 1,400-3,000 wes
Uihuvesduiufifinisaiamwostuiuguiosnuinaieglndfuiuiveuvouss
malng) (Lohawijam, 2005) FauTnaiananuuivesdngaasviousinulide iesdee
NINAITYNTUNIUNTONITAANUVDIA YaY 10 mmwmumnmmaqmau%m (1,350 L)
wazfaduunudeglndiuvisveweunssmalug deldumisisandunissesidou
mﬂqumaaammmhummﬂﬂﬂmmmamagwmummﬁszmm 3,400 A3 (Lohawijarn,

2005)
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Layer Detail Depth (m)

CLAY Light pink and light yellow, silty, plastic, compacted. 0-51
dark gray, coarse sand to fine gravel, angular to subrounded, poorly

FILLED DEPOSIT 51-54
sorted, composed of shale , quartzite , sandstone with laterite fragments.

CLAY light yellow, slightly micaceous, plastic, compacted. 54 - 65
dark gray, coarse sand to fine gravel, angular to subrounded, poorly

FILLED DEPOSIT 65-72
sorted, composed of shale , quartzite , sandstone with laterite fragments.

CLAY light yellow, slightly micaceous, plastic, compacted. 72-75




Depth (m)

£
S
ha Detail
£|§
I3 >
al| 3
- - — —| CLAY:light pink, silty, partially lateritic,
N - —— —] plastic, compacted.
o=
[ = —[FILLED DEPOSIT: various colors,
B — — | |coarse sand to medium gravel,
N 2 = angular to subrounded,
L >0 poorly sorted, composed of quartz ,
- © Q7 quartzite , sandstone with
B 3 ?\Qono feldspars with chert fragments.
- — +— —| MARL: light yellow and light pink.
™ - — 1
B =]
C 2 =
L. sl
- —r
5
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IS5 A

& A ¢ v | v aa
ngUszasAieAnuilassasinsluwsalugaieisag

AsANYIIIEL

a o v A

Tmaziiiou JaUsznaudedsnsdrmameadulmazifiounuvasiiou uardinsinad
ﬁuﬁmuwmaﬁaqé’mmm ((Multi-channel Analysis of Surface Wave (MASW)) lagiiiun
81599 2 Wud1529 USTEEINSTINTaLR 5.3 Alalnsg mﬁammaﬁﬁm%agﬂuumﬁﬂ&?&
21NAUTDUATDINES TR uRan1afidnsTueen waznefidnzuan ioadienn
Tnssadsuldinnuvesmnnlg)

naNN1sANElATIadesulERIRUS183ENSHedeILaTNTIATIZY
foyasamfunauazannsoaianminviuldinfudusdssduinfuauisseduaiudn
Uszaa 150 was Inausznousedanis MASW wazisnisinlunsmiladulniazifiou
ansnasaninlasiadstuldianulusssuRuiauanyseanm 40 was wayisniseaulm
ailounuvasTtouaunsatisadsnminseadreduldinaulditseunnudndaus 40-150
AT

WA 97ni TnssadstuldRanudissauianuisrudnyseana 50 wns
wduufuiifnnnnisituouveangneumyiiuda Lﬁu%uauﬁagqﬂﬂaaLwaﬁuﬂ% fuu
sysuiianansaudsoendu 3 4u Ae TuRuindsesdutuiumionfidoudedusfuny 9
AUz 10-15 RS SuRufiaesasfuduiunzneu Ussnoudas nsn Lewiu uaz
NI18TAUNUIUTEUI 15-20 LURS agjﬁﬂmuﬁﬂﬁgmwiﬂﬁzmm 15-40 wn5 uazFuRuTiany
ssfududiuanda agjﬁmmﬁﬂﬂszmm 50 LUAT %’jusuaqﬁugwu%a@:ﬁﬁzé’ummﬁﬂﬂwmzu
100 w3 Beeglugamsueiiviesa dudnvasmessiiduguresiuiuasiidnunzena
solliosnazaindoestunuainiirnyTusenlddiiany Yunn wasiszovdsyann 1,500
AT VULWIF1999 (WA UTM 664915EF 7676000N) Lﬂuu’%nmﬁé{’zgmumgﬂsumumwj%ﬁu
R ATE

wnds9fiaes TassadrstuldiAuiisssuiAuiannudnussana 75 wns
wiuduiuiiAeannsfunuresmznauwmsiudusuazagnoutian Lﬁu%uauﬁaguiqﬂﬂ
29Wesun3 FufuseRuilanunsautseonluddu fe Tudifufindsasifudusumiond
Aoudedusnfundy faunuiUssana 10 wes suduiidesasifuduiunsneunauiiu
wile Usznaude naam ewiiu wasvsefinnumundssann 15-20 wes egfiaudndaud
Useannd 10-30 wa s wavdupufianuasfudufumidofideudrsdusifundy fanumun
Uszaney 20 LUAS agjﬁmmﬁﬂﬂizmm 30-50 a5 TuRuTiFsdutuiunsneu Ussnoude
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A2 ety wagvie SeumuiuUssana 20 e egfinrmdnusatn 50-70 wins duves
fugiuazegiszAuaudnuinndt 100 wes deeglugamivediveda drudnuuzassdl
FugruvestuiuariidnuazainiBeestufuainiiang Sunnludiiane fueen waziiszes
Uszanad 1,350 las UuLad1399 (fifn UTM 653220 7651788N) iuuinaidysimugn
sumuaadndumadiui
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UszgnAldn1eiussaliaingsy 81y n1sadeauy n15a5ee1A1sUIuEeU wasN13asng
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Seismic _réflection” and-muiltichannel én@y is 'of surface wave (MASW)
method were LQﬂduded nearby the boundary of H vYal basin to characterize the
subsurface and dete@mne the depth to bedrock. A 1 km smyey line of seismic reflection
was acquired/and processed to create a seismic section:, The.presence of surface wave
in the same’datasét allowed us to study the shear wave velocity distribution in the
subsurface, It{was' found that the distribution of 'V, in, the shallow subsurface is
interpreted to-be Quaternary sediment cover of clay, sand, and gtavel A coherent
horizon present'i in'the seismic section at approximately 50 m depth is interpreted to be
the bedrock in lhls area. The depth obtaimed from the selsmic section agreed with the
well information. - o)
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Introduction
Hat Yai basin is a sedimentary basin in peninsular southern of Thailand. It is located
approximately between longitude 100°15'E and100°30'E , and latitudes 6°30'N and
7°15'N . The northern border is connected to the Songkhla Lake and bounded by the
Gulf of Thailand. The southern border is bounded by the Thai-Malaysian border. Hat
Yai city is located at the center of this basin. The structure of Hat Yai basin is thought
to be a graben whereas the hill ranges and the small basins east of the graben are parts
_~ofahorst (Figure 1).
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Figure 1. Geological map and Graben/host structures within the study area

..

| Graton preposad by Sawara, et 3. (1933)

(Lohawijarn, 2005).
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Geophysical study based on gravity measurement revealed that Hat Yai basin
was found to be about 1 km deep at its deepest, 60 km long and 20 km wide (Figure 1).
Its* boundary may not extend southward to Malaysia or northward to the Gulf of
Thailand (Lohawijarn, 2005). However, the spatial resolution of gravity model is
limited due to the spacing between gravity measuring points were about 1-2 km. This
resulted in less reliable of the boundaries and characteristic of the bedrock in Hat Yai
basin. To obtain the detailed information regarding the basin boundaries and the depth
to bedrock, the seismic reflection method and multichannel analysis of surface wave
(MASW) are combmed to fnlﬁf 1 the lrjfcirmauon‘aboul the subsurface.
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Figure 2. Geological map of the study area showing seismic survey lines.

Seismic methods have been widely used in detecting and mapping subsurface
features, especially the layered sedimentary sequences in search of oil and gas
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reservoirs. The advantage of seismic methods over other geophysics techniques are due
to their high accuracy, high resolution, deeper penetration, and the variety of
applications including mapping of the structures, faults, and compaction of various
layers. Since the engineering and environmental problems are located at shallow depths,
high-resolution seismic reflection method, has been applied to map shallow subsurface
structures, depth of water tables, and identification of engineering related problems (4/-
Anezi et al., 2013).

The MASW method is the seismic survey method that effectively used to
evaluate the stiffness of the ground. This'method-deals with analysis of surface waves
in the lower frequencies and uses for the Jléll r depth range of investigation (Park
etal.,2005). For understmkdlnu the. subqurfaée gxtju:;gs the two methods are combined
to classify layering of subsurface nearby the Hat- Yai’b@s}n boundary (Figure 2).
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The uh;guwe of'this survey is to characterize the, subsurfdce structures and to
determine the, dépth to bedrock nearby the boundary of Hat' Ya{quslq

Methods
Reflection seismic and MASW are the geophysical methods use for this study.
Reflection seismic method depends on the existence of discrete.velocity and density
change in the subsurface: Diserete changes in’seismic velocntyh or mass density are
known as agqysuul contrasts. The measure of acoustical contrast is generally known
as acoustic impedarice, which'is the product of mass dénsity.dnd seismic velocity
(Z=pV ) Hence this method mvolves “dentifying the boundanes of the layered
geologic umt* -l
The 'ﬂgnd] intensity of seismic wave is directly relatedﬂn a variation of the
reflection wefﬁclem (R) as expressed in equation 1.

N

/ ")
"‘,' > R:M A1)
e = ~ pz’(; *,.prhl \ .\\

Where p, andp, are dénsity o‘c\ne"ai‘a J-and media 2, V,and ¥, are the
seismic velocity in media | and media 2, respectively. <

The Muluchén?e Analysis of Surface \3)’ WASW) method deals with
analysis of surface wav te the @h ave velocity (V) model. Shear
modulus obtained from Vs is dlmr‘l‘ﬁﬂ&(} to-a material’s stiffness of the ground for
earthquake and geotechnical engineering (Park et al., 2005). For the shear wave

propagation in elastic media ¥, is given by equation 2

V= [ @
P

Where u is shear modulus and p is medium density.
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Data acquisition

A seismic survey line as shown in Figure 2 was acquired in June 2016. The
survey line is oriented west to east with the total lengths of 900 m. The survey line is
on transportation roads where the traffic was quiet, simplifying the data acquisition.

Figt re 3, 3, Schematic of thysemmnc reﬂect;an and active MA}SW field survey
r -~ " (Parket al. 2005} |-

wFor seismic reﬂecuo(n data acqulsmon, common mldgmm geometry (CMP)
were recorded with 24-channel ‘Geometric SrnartSela seismi¢ recgda using sampling
interval and re‘éord length of 0.5 nxis and 1024 ms, respecuyellqngdre 3). 24-vertical
geophones (na‘tural frequency of 14 Hz) were deployed int0. the 'surface with 5 m
spacing, connected wilh roll along system. The source was 10kg sledgehammer with 5
m spacing, resulﬁ;g in a 12 common depth point (CDP) fo@cm erage. The optimum
window for data reeqidmg is tested and 30 m offsepap ar m be appropriated.
Data processmg ~

Geophysxczﬂ data mfoce%slngrls a K\Cons(rucl high quality images of
subsurface and make it smxablé for the thcm mterpretdnon

The seism l/dala were-processed-using GLOBE CLARITAS Version 5.5
software developed yéﬂ fGeologlcal&Nucle (‘ﬁm nce), New Zealand. A basic
processing to establish se 1\2 ter et al. (1984), Miller (1992)
and Yilmaz (2001) is given in Table 115

In this study, seismic section will be correlated with available geologic
information for the interpretation.
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Table 1. Data processing step

Processing Step _ Description and parameters
1. Setup of field geometry Assign input shot location and receiver
| locations into headers
2. Editing bad traces | Remove bad traces

3. Elevation statics and refraction statics = Calculate static correction based on near |

| surface models and elevations

4. Band-pass filtering y m— Mm:mum phase Butterworth filtering f
< 1 l ]' T 20, 40:.100, 200 Hz, Design

. ’ tude=0,1,1,0

5. Automatic gain’ cou{&}(AGC) Adjus ve/ﬂecuon amplitude usmg 250

/ O, . mswindow."

| 6. Bottommute £~ Zero data. m‘ﬁae ound rollrang
| 7.CMPssorting™~, / Sort data by, cmﬁgx;on midpoint number

8. Velocity angiys WY l Find velocity, \ahfe that fit layers

9. NMO conm:on | Apply stackmg velouly function

- N RN “including 70% stréﬁh mute
10. Stack 5 ,f .
11. Relame lracc balancmg >~ 0=512 ms range |
| < | =

For the MASW data processmg, SurfSeis sofiware \usmn 4 developed by
Kansas Ge(ﬂognal Survey. (KGS) were used. Fach shot re(.urd wyas transformed from
the time dommp into the frequency domain using Fourier Tmnsfm:m technique in order
to estimate a speuﬁc dispersion curves (phase velocity yersus f:equency) An iterative
inversion method performed on the dispersion curves resuhed in 1-D shear-wave
velocity proﬁles{l-?qgure 4). The processing step of MASW |§ hneﬂy described in Table

23 Y
Table 2. Processmg steps of MASW. & v
Proccssmg«flep e —— S\l " Detail
1.Data import o JL Ar = & 1CQnVett SEGZ format into KGS format
2.Assign geometry -~ ¥ Iy TAsslgn shot location and receiver
/'f ~location «
3.Editing // 2 Kill d%%‘lﬁ
4. High cut filtering T, 515 &er@ igh frequemy noises

5.Dispersion analysis
into the frequency-phase velocity (f-v)
‘ | domain
6.Inversion | Create 1D shear wave velocity profile

7 "Transformed the time- -space (t-x) domain |
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Figure 4. MASW data processing steps a) Raw shot mm;d in tlme domain b)
Dlspersuoﬁ'turwe and ¢) 1D shear wave velocity profi ile bz“!pvemon method.

Results

The interval velocity, amp!‘tude and continuity of the seismic horizons are
describeg_ agg_ used to classify the sediments and bedrock following ihe procedure of
seismic facies 1merpretanon Interval velocities of the layer present in the seismic
section as shqwn in Figure 5b were found in a range of 90&3000 m/s. Coherent
reflectors are clearly seen at depth of about 50 m and 100", respectively. The
dlSCOﬂ(anlllEb,Of reflectors are found in the range of about 275-325 m and 625-675 m
along the Survey line, respectively. &

For MASW analysis, the distribution of Vi as shown in Figure 5a can be
classified as.2 layers. The first layer is characterized by lmwwélouues of 200-800 m/s
with a thickness of about 25 m. The deeper layer is uhamuenzed by velocity of higher
than 900 m/s at. depﬂi below about 30 m.

o> N
A stcmshn and condhslon

Combining stapked thh seetion and, V alsmbullon section show sequence
of sedimentary units of the subsurface in the' depth-6f 150 m. 2-D shear-wave velocity
(Vs) provide mform?én on the internal structures of Quaternary sediments at shallow
depth. The first laye acterized by low velo \ﬁcs@f 200-800 m/s with a thickness
of 30 m. This layer is interpreted: 31 t)leedlmem cover of clay, sand, and
gravel. The deep layer about 30~ @ ‘th t is chamuenzed by the velocity of higher
than 800 m/s may correspond to unconsolidated sedimentary layer because of the
variability of the Vs distribution of this layer (Figure 5c). The seismic section along
with borehole information from wells logs located approximately 2 km west of the
survey line was successfully used to map bedrock. However, the large distance between
the boreholes and the survey line means that these logs can be used only as a very
general guide in the interpretation of seismic data. The bedrock reflection is clearly
present in the seismic section at 50 m depth where the strong impedance contrasts
between the sediments and the hard rock (Figure 5d). This probably reveals the
Quaternary basement overlying the Carboniferous sedimentary unit and below this
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layer at depth 100 m, the quite amplitude reflector is interpreted to represent the bedrock
(Indicated by the well screen position of the borehole). However, the shape and
characteristics of the reflector vary along the line at this layer. These changes may be
attributed to the nature of the transition from sediments to the bedrock.

e
=
.
=

Figure 5. 2) The MASW €ross secuon, b) The semmlc Cross set;non c) The MASW
Cross sectxmr aftet interpretation and d) The seismic cross secuo:mﬁer interpretation.
| "The dash line marked the boundary between ?.ngers
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