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Project code: MRG5280137
Project title: Groundwater investigation in hard rocks using remote sensing
and geophysical methods in an area of economical trees

plantation, Rattaphum district, western Songkhla Lake

Investigator: Dr. Kamhaeng Wattanasen, Prince of Songkla University
E-mail address: kamhaeng.w@psu.ac.th
Project period: March 15, 2009 to March 15, 2011

Groundwater in hard rock areas has become increasingly important due to increasing of
population, expanding of the city and the industrial sector etc. It is relatively safe from pollution,
dissimilar surface water and shallow groundwater. Remote sensing and geophysical methods
have been used for groundwater investigation in hard rock area, Khao Phra sub- district,
Rattaphum district, western Songkhla Lake. The explored groundwater will then be used for
plantation and consumption. The interpretation of digital elevation model data (DEM) provided
the possible lineaments indicating faults or fractures in the subsurface which possibly related to
groundwater trapped in hard rock. Three dominant lineaments around the foothill of Khao Keaw
Mountain were suggested and 5 measuring profiles with perpendicular to the lineaments were
defined to perform ground geophysics surveys. Schlumberger VES suggested that there was a
fault locating between the VES measuring positions which locate at the opposite side of
lineament. Reflection seismic and resistivity pseudo-section data gave a topography variation of
basement rock, which indicated faults or fractures in hard rock. The exactly positions of faults or
fractures have also been confirmed by the VLF data and their positions are found on the line
® and @ at distances of 525 m and 110 m respectively, which water should be found at a
depth about 54 m and on the line ® at a distance of about 60 — 75 m water should be found

at depths of about 65-100 m. These positions will be recommended for future drilling test well.

Keywords: Groundwater exploration, hard rocks, geophysical methods, remote sensing, fault

detection,
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4.1.2 MsudannanagdayavInmsdrsegayaszeslna

°1TaHmw:”l,ﬂael,umuﬁa]wﬂfﬁfﬁagamwmﬂ(ﬂ’nLﬁ'ﬂmﬁmmmﬁmaaszﬁugaL%GLM
(Digital Elevation Model: DEM) ﬁﬁizU:vhwa\ﬁj”aHm:m’mﬂ%w%ammanﬁmL‘vhﬁ'u 90 LAY
avinlas NASA muldlasens Shuttle Radar Topography Mission Digital Elevation Model %38
SRTM DEM )ﬁaga"g@iﬂuﬁﬂau%’udwmmmﬁwmﬁwme‘haaammgaL%a@ﬁmﬂﬁlﬂuasha
& mehaaa@TuLLuu"L@TQﬂ'ﬁ'@ﬁﬁfuﬁmmazlﬁU@ 1 arc-second WIaUvzu1mh 30 LUAT LLGi‘Iin]‘ﬁI
TWusmsnSiuszuuieIatnudwaaiiia anuazidoagnliuanaunia 3 arc-second 3o 90
was IszuuRianImudigs WGS1984 (3augiIsm, 2549) fayja@?ﬂd'mﬂuiagaﬁﬁmaﬁ
LLamsm‘”ﬁmegwﬁwaaﬁuﬁaian Wakhmshaduuousiassmisadiamaaiiialdiings
é’ﬂwngﬁﬂ‘szLﬂﬂﬁﬂﬂﬂgﬁd LLazLLamaaﬂmlugmmwaoLmuﬁn“ﬁﬂ‘s:mm%mmuﬁmaa 3
& 1ile991n DEM °1hylﬁl,ﬁuﬁaamwgﬁﬂi:mﬂlué'ﬂwmzﬁmﬁam%o Fadudszlosiatnennn
dan1sfnussding laglawizld@nudussdidmgin thasunnriafuuazradiingn
lassaine daya SRTM DEM Aildlun1sdnw13suassildardlnaaanniadlad
http://srtm.usgs.gov I@ﬂﬁuﬁﬁﬂuﬁﬁﬁlmamqwﬁaga DEM 32WINNNNG 749526 — 809112N LA
598357- 663635E V‘hﬂﬁiﬂ%’uﬂgaﬁagaﬁauIﬂiLLniu ENVI 4.2 LLE\]ﬂﬁ‘Eﬂ’ﬁLL‘SLG’]ﬂ"IW{]ﬁﬂizL‘Yl?l
(Shaded-relief image) TagldvinsUsuasuduniiasasoniiad de gwszé’ummga (Sun
Elevation Angle) LL&&&!MI%LL%’J‘S:@EJ (Sun Azimuth) ﬁlyw(ii’ms] wuindald Sun Elevation Angle

30° Wazayu Sun Azimuth 315° ﬁ]:ﬁﬂﬁ’lﬁgwawaomwﬁua@ﬂﬁﬁuumLé’fummvlsj@ial,ﬁaama
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Aaa v & =S ) A a 6 v 1 & Aa
‘Eiﬂk’)‘ﬂ&l’]vl,@?j@nﬁ]% ﬁ]']ﬂ%%ﬁ]d%’]ﬂ']WYle@wLﬂ’JLﬂi’]:‘ﬁLLﬂtﬂ’]ﬂLﬁ%ﬂ’J']&IvL&l@]ﬂL%E]GY]’N‘E?EW]Y]El']
. . A va o a & Y Aa L2 tv 1 A
(lineament) I@sﬂﬂﬁﬂmnm ArcGis GIix‘la'WNW?ﬂEWﬂ@]W’]GQNﬁWﬁ@]?ﬂLL‘V]'%?G‘IJBGLL%’JLﬁ%@Nﬂﬂ’]’J‘ﬂ
Unnguunw uazduniblununafimuninszyldlasnmidsimamadududisiaiasiaina

Qﬁﬂﬂa@§ GPS (Global Positioning System)

311 3 "W Shaded-relief V83IUUUTINBITLAUFILTILAY (DEM) wazuwFuaN ladaliia i

syoangnluNunIae
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o 2 Ao Aala ¢ A 3 1 A £ - ' va
4.2 M3d139a1835s3dAndNam e uneignaaszassaguanusasagdonniglan
At

MM Shaded-relief YBIULUTINBITLAUFIFILAY (FUA 3) wud1 FwTAIINLERU
anlidaiiasnnsdiinennlnngeutaegasuinunnuidaaseaieniouiild 3 uwl 69
U 4 nmudsduiiunsdiamduniisasumduaindnluiunailasldtoyaununnd
Uszina uazyinmsiadnadunidisiatasiannadiunibineniimaas (GPS) Wanndunik
aananiuhnAuTay LU ukuinddszina uszdnsuznidezng wazldimuadiuni

o A oA o ° v  ad ANAa 6o o Y o \ o

wwiamduldldnazrinnmsdamedfrdlianganuwiu 8 uuiia laglhuuwilaudazuuiineed
lufansasarnnuuwduwany lidatiiasnessding (@a3U 4) niudsduiumaiudaya
v  aa o ANAa € \ Y v 1 aa ¢ <R & a ade A A
MuITMIITIANIBIIR AN RV ILARzUUIR baUA ADsansnasanTudn, Iiandulniasinien,
ad v 1 v ¥ ad ] = o ni cl; o et a o a 1 ada
Iaaanwaumulnn, 5uaiman N SMRTURINANTLAZNINNNTIAVBILARZATD

WAt
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3111 4 "W Shaded-relief VBILULIINDITLAUFILTILAY (DEM) uaaIuwFuaIN ladatiasnig

Aa A Aa o o ' o ad Ana €
ﬁ‘im’)‘ﬂﬂqluwu‘ﬂ'ﬂﬁlﬂ LARZEILAILUINAYDIIDDIUNENR

4.2.1 3§L5ﬂ7§wﬂ°?}5n (Ground Penetrating Radar: GPR)

"’J'ﬁ‘msﬁﬁmﬁ’;ULi@ﬁ%ﬂ"\aﬁﬂLﬁu’?'ﬁ‘msmdﬁitﬁﬂﬁﬂﬁ?ﬁgﬂﬁﬂﬂﬂizqﬂﬂﬁmz
Uszauanudnsaagrontssneluunisduiainssunasfiniasow Imyﬁfﬁ’aﬁagmoﬁmﬂﬁu
ﬁagaua:msﬂi:mawaiagammmﬁﬂﬁmm?a ﬂ’J’]&Jﬁ’]ﬂJ’]iﬂl%ﬂ’]iﬁﬁLLuﬂ"ﬁzu@ug\‘] LaZEIRIL
m‘%iaaﬁag’ulmﬂumuﬁuﬁagamﬂaumwg‘*ﬁ’smmﬁaﬂ Mlwtruaadltineliiasas araed
nIdazyndls GPR I&aensddszansnnlumssimamlasaoldfanluseuan 1w 19
a71380u1ATIR9N9ETEANeNl@AAn (Van Overmeeren, 1998; Busby and Merritt, 1999), N3
L%‘U\‘iéi’mywﬁzuﬁuuavﬁguﬁu (Davis and Annan, 1989; Doolittle and Coolin, 1995; Freeland et al.,

1998), @513maulATIRTIldNUAUU (Hugenschmidt et al., 1998), AIATIIFBUITBUUAN LAY
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(Toshioka et al., 1995), NNIATIAROUITLIIVDIL DY (Carlsten et al., 1995), MIRANUANDITY
AUTIN Uaz TUIILIGS (Steven et al., 1998) tudn
o A ¢ o & & a o & o o & A &
M3F13RAWIANIREINNANTUARITUS lumiannTas o aInadAakLIANS
ANAITIUADTEH I TUAWNAANLSIVAIARULIANTUANAIIAY  IENITRITI T M RIATNNARS
% n:i 1 a a 1 > 6 dl 6 a d‘ s 6 dl 6 Aa 2K a 1
myty']mmwaguum@uaawaamamaunmsaﬂﬂlmu L ANARARULIANILAWNIINNDIRTa UG
1 qql/ a dld wa ¥ 1 Q A = ~ 1 Q [ A Q 6 di 6 v
TER TN TUAWN L FNUT AN AN IAIAURIDTAULSIAIN Y FIBRIVDINARARULIANI ISR DU
Rt e A a 1 1 & g [ a ' Cd °q/' a { ] 1 1 g
NAUANEIRIAL Lmﬁﬂmu%mawnmmummﬂ@amvl,ﬂslmu@uﬁagﬁﬂmw Unngnisolisuiiag
FiunealUannIzNINAAAAWLIANT RUANA I w"’as‘?ﬂﬁul,mﬁﬁa:ﬁaunﬁ'umﬂ'aﬁ';ﬁm:gﬂ

a32930 lilasmoenmeasudyanm 93U 5

31]1?; 5 NIFETANULAZNIHNLATEINAFARWLIANINAIT08ADTERIAINAIAITRAnT  (Sato,
2001)

é’@mumaaﬂﬁuﬁ:ﬁammmﬁumqsh'u, wia auUszAnsnisazrian (reflection
coefficient, R) LLazﬁ'Mﬂizﬁﬂfnﬁiﬂ:QNWu (transmission coefficient, T) AT uRaTnIIAINaNg

%

o e 6 o 1 b s .u?: o g
lag a:auwuﬁﬂumamwﬂaumavLWWwadmﬂmaguu6] AIRNNIT (1) Uz (2) adth

-
.
o5,

o\,

o A W ea @ o A : = \ o
1%@]’3'(]@']\17]‘13\]‘1@3\]&3-]’]%1Lﬂ%@nuqLLavalJ;Jaﬂ’]Wﬂ')’]l]LﬁuLL?JL'ﬂﬂﬂ LD AINNIINI

(1

T= (2)

Aa = & & v o A Y o o ¢
IUWINYT AIMULIIVDIAIULIANTT (V) ﬁ]::LL‘]JSNﬂN%ﬂ?IJS’m‘YIaa\‘ﬁla\‘lﬁﬂ’]‘wEI?JSJ‘YI’]GVLWV\hﬁNW‘YIﬁ

%

(relative dielectric permittivity, £) aUFUNT (3) WA A1TWN 1 A%
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(m/ns) (3)

V- c 0.3
&

Voo e

2 & a \ @ A & o A :
AIMUANTINITD LA BUDIANINN (d) a’]N’]iﬂﬂizLNuLﬂuLUaﬂ@uLNﬂLiTﬂi’]Uﬂ’]

= o ¢ A & o A A a | a @ o ¢ A
AULIIVDIWATAAWLIANT (V) Iu(ﬂ’Jﬂa’Nqﬂa%LﬂuﬂwajaE]@]ﬂLLazL']a’]L@u'ﬂ"lﬂvLﬂﬂaUﬂlaﬂwaﬁﬂau

LIANSITRINIAIAUUAZAITEHGADIZRINNAINGNE (T) AIFNMT (4) T19819%

d== (4)

' '
i ' o

WadanaautsanSiduaduusiinan wnianudaaudnegs (50 MHz 69 1,000

U

MHz) ANANWE (depth of penetration, O) TadNaRAABIIANTIzAARILIBTUABTaA1NYN lnA

(electrical conductivity, G) g4 uazWagadwIaINIRanlsiaud (frequency, f) g9 asaaN1T (5)
42 K

< A AAE A A ° ® o, o a v o & A e
uuﬂalummwmmummwuﬂﬂﬂmau"maga NILRaN TWAAAWLIIAINLANUD AT UNITIN Y

ANURINITD LN TR IR NV AIWATAAWLIANI 16 e anarinlwauaI01 30 NI TN T AuNd

AURILDUAAR

1
6 =5033— (5)
Vof
luaudrsrandnaaninginnuanouwdn infouiimsiauuuluslne  (profile
measurement) lag402198NL0INATULALEINYUIBUULIZEZHIIIIN B3 common  offset i

sluuuiszozissznivimoemadiuasiudy grsezgninualiasn wazmoainianizedaz

lAauN lUNTNARANNLIIIA @T\ﬁgﬂﬁ 6

z'ﬂ‘ﬁ 6 N173A LmuIWﬂWa@h HNNIANINRILAINALLLTEHZHI93IN
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13181071700 AU A TIR TN LA R AU LA NI LA UNIIVBINATAAWLIAITAI LT

& A P = o o & Y ' o A &
WManInk (a) p893UN 3 w19 lIAAINLIIEAaIA I MtaN eI INT INaTaIN1TRN1TIA A ULIANS
o< 2 & a o & A & 9 o va A A v a ' AA o o =
RHINMNANTUAL  WadgaaulIansana lulalasiaieldfrAunurasaaua 15w NIHNaIRzNawi
snsouziduge wis Jagauiianduwiaidn 1w vialan: Waddyyimaziouazniziiiasauagy

%

vinmniuiisnsucadoiduldslamwailuan (hyperbola curve) aauaadlwngnisal (b) vesgui 7

(b)

(a)

>

P , o A ¢ o 8 & a
:'J'llﬂ 7 ')E]E]’NIW{ILW'@Taﬂﬂ’]iaﬁ?’)ﬁ]ﬂaulj@]qjﬁUﬂﬂ?’]uaﬂ“ﬁu@]u

InslWanisdimendusarindinnuintuauazgniuaua iduununiniens

A ¥ o 4 o {a ' o , o &

(radargram) TIUNBNTNLIAN I HAZUEAINATAABLIANIALY OUNAITO8AE LUIZALAMUANGAI 9 AIT

~ A o o & A= o & A & o a A 'Y A

windsesiiaudarimdanluiundnm Wadadusaniazviaunniisasdagidoinuazlnngn
o & . o A A A 2 . .

ITALANMUANAINY 'm?aMmimaﬂuuﬂaﬂugﬂmwaaﬂau (wave characteristics) @ULWITIY

I@] Elﬁﬁ‘i’ﬂﬂ’]iﬁlﬁ’]ﬁdﬁﬁwqiﬂﬁ’]ﬁ%@@i’]LLVI‘LLG‘IJE]G?QULﬁB%%WﬂLLN%ﬂWWLi@Wﬂ@T A46178 Ei’]ﬂl%gl]ﬁ 8

gﬂﬁ 8 @Taaammil,ujamwLqumwLsmiﬁmzq@‘mmuﬁauLﬁau AURIINONA TN T AR

TOULROBUFAIAIBLFBRINLIN (NN AauUaI9NN Wattanasen (2007))
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A1319% 1 AINITAANAH ANTFNINLDNFUNNTUAZANNLSIVAIAAWLIANS LA NAINIITIDINEN

(Sato, 2001)

AINANI ansaanaw  erammgaanelilin  anaiseinsans
(dB/m) ANNNS (&) (cm/ns)
Air 0 1 30
Clay 10-100 2-40 5-21
Fresh water 0.1 80 3
Granite : dry 0.5-3 5 13
Granite : wet 2-5 7 11
Limestone : dry 0.5-10 7 11
Limestone : wet 10-25 8 11
Sand : dry 0.01-1 4-6 12-15
Sand : saturated 0.03-0.3 10-30 6
Sandstone : dry 2-10 2-3 10
Sandstone : wet 10-20 5-10 10-13
Seawater 1,000 81 3
Shale : saturated 10-100 6-9 10-12
Soil : firm 0.1-2 8-12 9-11
Soil : sandy dry 0.1-2 4-6 12-15
Soil : sandy wet 1-5 15-30 6-8
Soil : Loamy dry 0.5 4-6 12-15
Soil : loamy wet 1-6 10-20 7-10
Soil : clayey dry 0.3-3 4-6 12-15

Soil : clayey wet 5-30 10-15 8-10
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' @
o & e~ A o

Ell‘ﬁ 9 ﬂﬁﬁﬁ’]i?ﬁ]ﬂﬁ%Li@]’]%ﬁﬂﬂﬂﬂ“ﬁ%@% NN1TIAULUL common offset Iﬂﬂliﬁg@]ﬁﬁﬂa’m’]ﬂﬂ’ﬂwﬁ

50 MHz

4.2.1.1 IBANRKNIIFITID
o lfin3aslia RAMAC/GPR 184U58N MALA Geoscience Uszindaiian
O ¥hms¥auu common offset lazidanlsyasmseiniaaiud 50 MHz
FauusuaImALLL unshielded antenna 30 1WA FIATY Y LAZAATL
FUUIMINNINK 2.0 1UAT UAZIEHZYIDIIAIALLUIIIALYINAY
0.5 Lu@a3

° o o A >
O MMIAUUBLWIINN ® SIPIRYEToITe Ty

4.2.1.2 n3vszntanauasn1sulannNI2gaya

nsdszananatayainnsdaldlusunsy Gradix V.1 (Interpex

. . o 6 ' o o < a
Limited, 1999) WAZ¥NMILURANMUANNLIINUNBANLIIANIVDILARZUWIIN LABNITTIUWNTIAS
1 1 d J a 1 4 qq: a o ] { ]
Wuniody g dztislums@aauainudaiiossasiunanl wuwiny uazdunisndanala
datfadlunihgvastuinnamanuaiainasdudiunisradosion lagnannausilunissiwwn
TUABRTUNNNANBUSVDIFY I HAAULIANT AD TUIAVEY amplitude VIR IE DN AN

: = a % a o o A a

wunazdyunmasany uas anuduwsndovressyyrmasiouwuaznmadfswulasninuives

CITTaLNt
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o L Qo @ I v
4.2.2 N138137902835I0A1 8N INA 1N [WH
NNIEN T UITIAFIRAINEIWNH MWW AN IR N e LA TIFITIIVDITUA
A A Ao & ¢ Ao X v o [ A o
AnzaunazidunantAuiIuIa1alninwiaah 1aviini13ia 2 sduuy fa 1) MyIad1gaIw
AU WA B ITUAU-TU AW WUUIAS (Vertical Electrical Sounding, VES) LWaa3i3dauns
WRsBLUaIAIEAINE BN B INAINTZALANUANAT 9 INAIAY LT 2) NTIARIEBATNAIUNY
TWN 1Y ITUAU-TURBLLUAITHUHUNNIAAAVINILADNATFATNATUN 1B IANY (Resistivity
pseudo-section) Lﬁag}mimﬁﬂmmawaaﬂ'wamwﬁwumﬂﬂﬂwﬁamaﬁmﬁwLLa:maLLm@aﬁ
F2AUANUANGAII ) INAIGH LﬁaﬁﬂmmﬂamﬂwmU*’ﬁaga@hamwﬁ'mmuvlwmmmlﬁﬁ’;ﬁuﬁa:
Teuuusnaasanume laTIaI909TIAY
MIF1TAILITIAANIAINAIUNIW NN VDI TUAU-TURY aVFURANNNININA
amwﬁ’]wmuvlwmLﬂuqmauﬁ@mm:maﬁa@lLL@iazﬂjﬁm QYW TUASNDY NIIN NIY TURLLD I
1 v & 1 = = { A 1 v ¥ 5
989 AARMNAIUNBIANILANAINY (FIA1T197 2 Uaz 3) smmamwmumuvlwmmama@;
; T [ v « 1 Qs dl ~ 1 v ¥
fnzmuaQﬂumam‘wmumu"LW‘V\lwaamuﬂsznawama@;mﬂumamm LRZATRNINA NNV DI
{ ] [ 1 a & :/ g’ e a Gq: 1 (% ¥
miﬁmigagimaafmmmm@; F3071992L 0% 91ME 1 IINW 989 AINUATRNINEIWNIW NN B
=) Qq/' v &/ 1 1 v ¥ U ) 1 v ¥
ﬂumﬂam:muagﬂumamwmumuvlwmmaaLmhr:ﬂau%mm:mamwmumuvl,wwmao
ﬁma:myﬁmﬁ;agﬂuﬁaadﬁwaaﬁu TagUnAEIUNNBNTNAADFRATNAIUNIUY DIRWNINAUA DA
FANNEUNIUTDIFNTAZANEY HURANDDIAIRATNA U AIRIUNLTWVaILTINNata NN anLi
Ad o ~ \ a a o o o o & A o ¥ =
Tuntdnarnataniduwninus larsiazauniie? mmumamwmumuvlwmmawuﬁuqumﬁ]zu
f1vzunmeeinnin 150 lawu-Luas

%

a13197 2 FamuduninlWwizasTuaznaugaalanaiuI (Quaternary) NIaLdusule

'
a A

< 7 o v af
au Nlquawidutuinia (audy 19dxiad, 2530)

TRV ITUALN O Aanna I wlin (lariu-Luas)
N3I0TWIA g 200-500
NIIABRZNINLRLY 100-200
N370 NNURLIY AULABLILNINFAL 50-100

=S =
NNYIWAUIUNAN DIazLdua 30-50
NINYUBAWLATLD 20-30

NINUTILNA 300-1,000




19

131N 3 Argnweumulnwwesfin du uazin (@autadsann Loke, 2000)

THAUDIRW Gt WAt dranneumu v (la¥u-Lua3)
AuonBUFAWUL T

ABULNING (Granite) 5,000 — 5,000,000
AULrTaad (Basalt) 1,000 — 1,000,000
AUTUIU (Slate) 600 — 40,000,000
Audan (Marble) 100 — 250,000,000
AuA283 lod (Quartzite) 100 — 200,000,000
AT (Sedimentary rocks)

AWNIY (Sandstone) 8 — 4,000
ARAUAT (Shale) 20 — 2,000

Anu (Limestone) 50 — 400
Fuuazin (Soils and waters)

Awinihe (Clay) 1-100
AXNOWINWA (Alluvium) 10 — 800

fz’lmma (Groundwater) 10 — 100

fzﬂ‘ml,a (Sea water) 0.2

4.2.2.1 n1sIaardanarwnin Wi wvungsannie (Wi luunaay
(vertical electrical sounding: VES)
lavlfiaTasladianIwd 1 un1u ABEM  SAS 1000 (ABEM
Instrument AB, Sundbyberg, Sweden) uazdngUuuurLIu? IWWLLLTaNILETIAT (Schlumberger
. . A A ' v ¥ A a = 1 a A
configuration) tNaaTIFaUNTUALBUUAIAITANE UK INAINTZALANNANGTI ) I NRIAK
>3 { l&’ [ o a 1 s o
(e93UN 10) Hlvzwz AB/2 ungadszanms 400 waT (JuagnuanuaeniileinAraudazyaia) ¥
miu,ﬂawaﬂﬁ’agaﬁnnmﬁ@Lﬁaml,mm‘haaﬂmm%"ﬁwaa%’m‘iu FWIUTUAUNFINITOATIVIA LG
uazaNRINVaITUARLARzTY) lasldldsunsuanauiiianas RESISTS7 (Velpen, 1988)
AMTIAAFAINAWNW MWV B I TUAU-TUABlwuwIA L TuIFTn5
A A~ ¥ o a a 6 v b [l A o 1 :/
wikindoultnuanlunsinassdnandals lwWna lasanizadrsdalunuirraniunasin
A 2 o o & a 4 (% 2 @ o
v thasannmsinzinels Iwaunsndusnrwiunzauanuands g o lasardadranin
dumunudwnasilunmssiwun msanzandrsliwhnsevinlasnssenszualnwmune
NTZWA (current electrode) 2 A71aN Aa A LAz B LaTYiINITIAANNG1IANH3e 131997 W

]
=)

(potential electrode) 2 Taflagdulu o M uaz N asusasluguf 10 dunbivednaia X agasd
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Asnanavasaniwia lwv lumsiaasailainualiszas MN2 1w 05, 1, 2, 5, 10 uaz 20
WAT BWATANAUATEEE AB/2 101 1.5, 2, 3,4, 6, 8, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100, 120, 140
160, 180, 200, 250, 300, 350 Wwaz 400 AT BuvnmyialagUnsa lWwfiszos MN2 1w 0.5 was
Wazsees AB2 1 1.5 a5 LissTafauasAngTerineaa lwvn (avimyiatasefivinns
PenpTesvneseninana whaanly wasvnmsiasnanudseng g lng nsuenssEozving
seninsdn MW essuRusAuanuaninseua v lnaruaslulududn-tuin_ Aszauanundn

A = [ ¥ & A @ <K é’
%G%Nﬁﬂﬂdﬂﬂi?@ﬂﬂﬁﬂWW@W%ﬂ?ﬂiWWﬂﬂit@UﬂﬂN?ﬂ%u

U9 10 gﬂmu’sum”'svlwmqum‘i'muaiﬁ A, B unu2 WnTzug, M, N unwin lwwaans, X

o = < o o o {
unuduranInasuasrLIng W (Mnualiai)

AranwaunuIwnlnng (0g) §19suszezsznieta Ww A2 la g suisndwimle

IMJFUNIT

pazzib(Lz-bz)R

Wa o, dudsamindunmulWiidanng wihe levu-lwas

L Lﬂm::mmamnq@ﬁaﬂmaﬁoﬁg’smzuaﬁmuan WY LUAT

b Lﬂmzmﬁwmﬂq@ﬁaﬂmaﬁw%ﬁ'ﬂ:T@Tﬂulu Wiy LNAT

R udnanudunuuesduiialdaniaiasia (R = vi) lunine
laviy

T8 HLarININ1TIANIANG 17 ﬁ;m”ﬂ I@]mi']memaaﬁ;@fmam@ﬁgﬂﬁ 4

f@qﬂizmﬁmaa;;ﬂLLuumsi’@Lmuﬁl,ﬁagé’ﬂwmﬂmaﬁwmmfuﬁuﬁayjﬂuazﬁmmammt&umm
T 4 a § v v o v & 1

VL&maLﬁaamaﬁizﬁmmﬁ%mnmmﬂamwwmwagamsmnwayjmzaz"l,ﬂa FIANAINRING

AMILARDUAIVDITUAWIULUIA (T5081RaU59) laTsainsvasTudanuie HeNUATINUINVBITREY
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Lﬁam:ﬁaaﬁmml,mn@mﬁ'u G‘ijmmzlm']mf']ﬂ"mmwﬁﬁ%ﬂﬁ%"lﬂﬂﬂmaafuﬁuﬁaoﬁm’]mmﬂ@m
N uanmnf‘tﬁammsnLLiJamwsmmmTagaLﬁamfuﬁuﬁmm:auﬁ%Lﬁufuﬁ’lmmavlﬁﬁﬂﬁasJ
ﬁdﬁﬂﬁﬁﬂi@ﬂaﬂ’ﬁ{@] VES th (ﬁ’]Lm‘lix‘lljﬂﬁ:’?ﬂ?@’]ﬂ‘ﬂﬂﬁﬂ‘iwﬂ%&"m?ﬂiﬁifﬁ %Gﬁ’]&l"liﬂLLﬂﬂﬂ’J’lﬂJ%N’]ﬂ
wamﬁ'@ﬁvlﬁm%uLﬁmuﬁuﬁagafuﬁu LLa:LﬁaﬁwLmil”agammé’uw”ufizwj'mmamwﬁ'mmu

wvhnurliavastudwaunla lUldg1edslunudaanunansianyia VES fiiaindug dae

4.2.2.2 MTIAAIFAMNAIBNTIBUULTIURBTATARAD IV INAIFATIN
crunmlnihyassunm (resistivity pseudo-section)
Tag9um T amIaNALLWITsLAEY FNMTTATINNA 5 U1ITa Wi
San @ fanuena 700 was dwuwaian @ @ @ uaz @ Hausuwaiaas 400 Was lag
uwriasdalufianisdsannuuwinnylidetiosnsssdisnofinaindusesiden nend
f@qﬂszmﬁlﬁa@mimﬁﬁuuﬂawaaﬁwamwﬁmmﬂﬂﬂ’mﬁmdLLmeTﬂmTNLLa:maLLmﬁﬂ B9
LLuuéwaaamim:mm"‘maa@hamw@Tﬁuﬂﬁu"[ﬂﬂﬁﬁvlﬁaﬂﬁmwmiaLﬁawaﬁagaﬁmm&ﬂwmz
Tana T T ARG ARSI AT uTaIA Y FIFNTOLENG AN LIHEUIBITOELAD Y
¢ éim%"ugﬂLLUmJmumgavl,wﬂﬁﬁLﬁaﬂ’L%‘luﬂwéﬁnm&aﬁ Ao LIULUBIT-TANLLBILAT (Wenner-
Schlumberger) ﬁagﬂ'ﬁ' 11 uaz lalwa-lalwa (Dipole-Dipole) @Tagﬂﬁ 13 MTIAAIFAINA TN
T lnaudsitldszuumsianuusalusalasls Lund Imaging System (Dahlin, 1996) 1o
Auesasiasanine unwlinn ABEM SAS 1000 LLazﬁwmﬁﬂmuﬁm”umﬁuﬁmaw%"lﬂﬁnﬁ
1ésmua’ly (Protocal) 1uLL<§iammi’m:ﬁﬂmﬁwg\ﬁaadgﬂLLUUﬂﬁﬁ]"'mww%"LWvﬁw wasludunan
ﬂ’mmamnwmuiagmmﬁammgﬂLmuﬁlﬁmwLLuuaﬁmaamimzmum"’wammmwﬁmmu
Twafigrunsaugasanwmwelassasvestuanlddnin §1M5UN139099 UL Wenner-
Schiumberger 'l@taanlEuy LONG32 @Tﬁgﬂﬁ 12 Taofszozvinesznineda i @) widu 10
Wway whnunnuuaia n13ialasld LONG32  protocal aﬂﬁ“ﬁagaq@f@mamwﬁmmﬂvmﬁ
Unngmuldfidudiuiu 418 qa Tapdnaanuanluuwido (vertical depth) azenvindy 0.52a,
0.93a, 1.32a, 1.71a, 2.09a Uas 2.48a #WILA1 n = 1...6 AWAGY (Edwards, 1977) JUULUMT

A EANEUWNU INHW@Y protocol short32 LLam@”\‘]gﬂﬁ 7

Mo N B
¢= N3 =¢ | F hA =¢
i

UN 11 UBUIB PR WAL LU LI WL A S - TR UL DTS I WNITRITITL UL LN WA
T 4 o o
MANAUINAIRAINAIUNI WAV ITHAK A LAz B Nt lWWINTzLa, M uaz N unual W

ang 1ia Jeuern93erI19 MN 1w 1a, 2a, 3a uaz n = 1...6
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¥ schlum-lorg befiEr s
Zoom Edit
Aress File: LONG3ZADR <% 11 | ers| | aDR| Dwn|om| UR | validee | | Layout Nomal
Array Type: 5c Grid (pixels)
gw of 9"2‘19;( ) Cable takeout separation (m) 500 ~| ORG-ayoutxepos (m): [0 =12
9 Y12
U 159{ 236 Automatic Sort and
Dt waaE 295% ¥ Optimize an Seve | | VT Shaw index Change

TR S T T S T T T S Y T T SO T T S SO R R M SR R
T A S Y YT S Y N B |
T S S T SN S S R
PR
Tas,0
s2ele

|EN] ;I_‘
Link: UP Electrode 30 >ocation; 390.00m
Cable: 3

Takeout 14

31N 12 gﬂLLuumﬁ@@hamw@TﬂumuVLWWﬂQm"’mmwﬁ‘s"lﬂ%l'ul,uuL'aul,uas“-mé'muaiﬁ YN
Talaun1sdugianszua iWwuazdadnd IWWwuuaalud@aia protocol  LONG32 1597 W

ninue 41 91 azlddayadanindunudnngmeldfrfuunudisaafidon

gwsumsiasannduwniuw i lagsasuinia Wy lalna-lalnale
\ianltuuy LONG 32 é’dgﬂﬁ' 14 I@Uﬁiwzﬁwi:wj’m@jmgﬂw“ﬁﬂ (a) fia 21319 A AU B w3a M
AU N wazszzinereninaaduwlusasia W (na) dasewing B fu N 1lia a = 5, 10, 15 Lwas
uaz n = 1... 6 mydalagld LONG32 protocal a:lFayagaiaanwduwnulisnngnoled
AAu I 414 90 Tagenanuanluunads (vertical depth) azfidLviniy 0.416a, 0.697a, 0.962a,

1.220a, 1.476a ez 1.730a §1WILAT n = 1...6 aNE1AU (Edwards, 1977)

v
— =
o

— =

le— o
o
— 1=
A

na

7

U9 13 gﬂ"umum“'ﬂwmLLUUVL@IWa-vl,ﬂiwasl,umséhswLLuw‘hLquﬁmﬂ@”@mmqmamwﬁmmu
T v ITAY A 1az B unudn MWANTZLE, M way N unudd lWwWadne tia s2a:v19321ing MN
vl 1a, 2a, 3a uaz n=1...6
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e L
Y, Dipdip-lorg [E=SEE
Zoom Edit

Adress File: LONGI2ADR w20% | 11 | 0% ~0R|  own|org| up Teliae

o T Do S | 1 | | aoe| own|ors| | 5 i e

gw m”i‘fj(mm) Cable takeout separation (m) 5 ~| ORGHayoutxpos (m): |0 X12

g vz
0 140{ 494 Autamatic Sort and
Do umE 4543 M Gptimize on Save | | 7 showindex Change

< o

1N 14 EﬂLLuumii’@mamwﬁmmu‘lww{[@m"'@mmum‘”ﬂwmLLUUVL@Iwa-VL@Iwa imsalag
nyugoanszus ivuazidn g Wwuuudalusi@any protocol LONG32 1497 W misnua 41

11 azlddayamanmdunmudnngauldfiaduunudisyadigen

o 2 Y= K-> a' =1 . B
4.2.2 1138159902835 InAaR [wIaziiian (seismic method)
o ) a ad d'l =) a 0/ o v a a d'l
NMIENTITINANALAATAAW IAIRZLN A% D1FURANNIIVNIALAAWRIITUTAIAR

A oA

a a £2 a a U e 4 'n va a R né/ 1A
quuwmmﬁ%alnaq ARl LmeNammauauawaaﬂﬁuﬁmumﬂﬂ@m@uuazﬂawugm
At Lﬁ'aLLiJammﬁmUﬁoamwmaﬁstﬁfmmlﬁs‘hﬁué’mﬁ@mﬂqmauﬂ'ﬁﬁmmw3Jﬁ@msjuﬁl,mﬂ@m
NUVDITWAUTURAY LT mmagﬁmaammﬁﬂmju (Elastic moduli) LLazmm%mLLuumaﬁa@; s
f;%ﬂnaﬁm’ﬁﬁgnﬁﬂml"ﬁaamﬂ'?wmwﬂumimLma'aﬁm"'uﬁuLLa:ﬁ”ﬁsﬁﬁﬁmﬁ LRZITUATWT T
AAINTIV 1% MIANBIANVANARDAIUTIFNINDDIFINIIN mum:mLLazﬁﬂMLmddi’a@;ﬁaa%d
LRZNITRITIILARITNILIANG WRRINAIINUANNITOULARAN tTndw
o dll = 1 N a 6 dll ni
mimsnﬂauvlmazmammaLﬂuaaogﬂLu_mmwﬂmamummaﬂanamamauﬂ
LEWNIIIUAINATI A NITRITIVNAL IRIFSLN D WULLRNLA LAZAITRITIIAAL MRIR LA oMLY
A2 an m‘iéﬂsnLmuﬁﬂmmﬁ'ﬂnmﬁﬂﬁuﬁ@%;qiuﬁ'nmmuﬁ'uﬁmhmﬁ@ﬂé'u;jﬁaau LN D
ﬁwmm%wﬂawuL§aﬂ§u§@%4uLLa: ANNAUIVDITWALLAI LY NITENTIRUUREY AUALLIAN
ﬂﬁuﬁwaqiua:ﬁauﬂiﬁaﬂ@iaizmwfuﬁun&ug&ﬁa@‘imﬁammmﬁﬂﬁﬁamiauaﬂmaa‘%’nma
aAa Gq: a dl = o a d‘ A Azin a o Y A A = a =1
FIANGNVDITIAY LaRN1IR R ARW IR N aWN A AW IR AAARL IAIFZ LAY 3 THa Ao
ARUATY (direct wave) ARUWNLA (refracted wave) LAzARUREYDY (reflected wave) LAUNIINIA
uilaadulldigaiuaiu (U 15) dineaziBuadalli
dl A A n:i a 1 =Y u?: Qs d' o a
O aauaTd LU INIEL A UALGUNIHNBAUTULIA (FINAIN 1) nnyafiLiia

AR U901 TUARY
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4 Qo 4 A a 1 =) 09: Iﬁ 1 1 qq:
O AAUKNLA LTWAAUTILAUNIINBAUTWULINGI LU ANNIZNUNAITOHADTERINITI
Aundanusiaduaans mldiansinmluguniaduwsesnduaiungvess

& , A A = A a & \ a &
A& (Snell's  law) ’Lumm‘nmmLi’maoﬂauluﬂumumqgom'mmuuu LR
AR ImIazLfiauannIznuNfiTessa d1oyuInn@ (critical angle) azviliaaun
AL L ABTUE1ILAWN I LN VA Ta LD A Qwﬁmmmﬁu 20° @2

= . @ = A A o ~ A A A

AULI AL AMNLSIVAIARY MAIFEL N D W UAINAIINFDI ARW IAIRZLTIAUN
WWunmsldanudisesumidanuazrinliiinaduiaa (head wave) LAUNINALE
AAMLAZRINIINATI9U laea8alalw

' ' ] @

ARWRLYIOW LTUARUNLAUNIINIBAWTUL® ANATINUNRITOUFATERINITUAK

NTAMULSIAAW IR N UGAIINY LRIRZNAWNALNEIRIAW

geophones t“
reflected
arrival ’ .
direct arrival
2h/V, I 1/Vp
ig
A
t direct arrival
2
TTL refracted arrival
1/v
2-h-cos(ic)/V, Na

JUN 15 15V1AHAVBINITANITIAALATARU LM IR NOULULREY OU (8) WASWULWNLA (b) 1w

WUUS8 I TUABENBUEZNIINIAN-T282NY NMILAUNIITINEK

4.2.2.1 3YUYUNITIAUUUARWHNN (seismic refraction method)

& v o v & A o & o '
El]LL‘].I‘].IWi]zGL‘V\ﬂ"IWLL‘]JfLI'%’]E‘la\‘iiﬂix‘iﬁiqﬂma\‘]”ﬁ%@’luluizﬂ‘i_l@l% (Waena1 30

A [} a [ v 094/ a s ¥ o o a d v v
was) Seaztisduandaysvastuduluszauaun nsdudeadulmsafienlaslddaunuaiu

WHWWAN uazIURmaauaa83lalnn (geophone) lasindlalun o duniade g uuladn

U%LL%’J'Ju@ﬁWGﬁ'%VJﬂ 94 LUAT LWIIAUARZULUWIBNIUTZN L 400 LUAT ﬁnﬂ“ﬁaganmlﬁumwaa

A A A o & o ° o o & a & Ao o
AR IWIRZLN AN AN LALINFINIIDR IR UA AN B LATIRIIITUAU LW NWNF1T23 16 lay

U3znaua183WINT WAL A210LT2 amﬁu"lm RN oW UTUAULARET U LAZAURUIVITHAWUG
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AZTH AIRTUUTLLANVDITUABENNNITNANALA LAIINAIANNULTIAR U LA IFL LT OB BAWTUTH

(@719 4)

g13197 4 LEAITIIAIANSIAAK IIFLIEN (P-waves) lasdszanasvasaansnwulusuitfen
lan (modified after Jokosky in Redpath, 1973)

Materials Velocity (m/s)
Weathered surface material 305 - 610
Gravel, rubble, or sand (dry) 468 - 915
Sand (wet) 610 — 1,830
Clay 915 - 2,750
Water (depending on temperature and salt content) 1,430 — 1,680
Sea water 1,460 — 1,530
Sandstone 1,830 — 3,970
Shale 2,750 — 4,270
Chalk 1,830 — 3,970
Limestone 2,140 - 6,100
Salt 4,270 — 5,190
Granite 4,580 — 5,800
Metamorphic rocks 3,050 — 7,020

nMIdTImRaIuIaanIatuAuduia (aquifer) lapvialdazldinafiants
o A A @ v A o A A af = A A a £ '
177190 A% ImIasNawinLA laalTaanaansanaungInNNSIAATANLNUDBATNANUAW L
= = qq/, =Y X U 1 Qq// =Y & Qs [} qqu/, H ]
YDIAINAN muumﬂuﬂﬁlmmwmUiumimmmﬁﬂﬁwu%ugmmmamaglmumﬂauﬁ"l,u
. o ¥ 4 . 4 2 X 4 4 4 .
WI9A7 LATIIANNANVBITEALINLNANE (water table) TIANNLSTIARWITLANT UL D ARULAUNIIENY
szd‘ufmmma%%aLﬁumw'mﬁ'uﬁvlaiﬁué"a;j%‘uﬁﬁm”’;ﬁ’;min uaﬂmnﬁﬂ'ﬂﬁiagmﬁmﬁu
Imoa%”wmmlmaa%’uﬁua:fwm LLa:qmauuyﬁmaaﬁ'uﬁuiuﬁ'] L% AW NMIWNINAIVDITWAY
Aa =2 X A A a o g ° v ad A A o
AAaNuUNINDN lataunIaduried 1 WaK HaNIINHNITFITIVAILATARW AR D WLULRANLHA
ﬁﬂuﬁﬂﬂﬂi:nqﬂ@ﬂfﬁmmﬁmﬁzﬁ?mmm LB NITANEIANH I LA TIRTIILASTRAY D ITAW /AL
AMUUTILAZANNRINITD MENNTTAITUINR NN NIA’I1981AS
a & v & A o o a A X
m‘nLmﬂ:magaﬂauvlma:mammummmﬂmam'ﬂﬂamwﬂ (first  break)
a AR o o o Aa . . A
LAUWN NI TURTI D NTINLINNAUNI-328ENY (time-distance graph, T-X graph) Ba3n&
lArs o UANIAEIRILNTATUAUREITY TUAUFINTY NTRITBURBVMIUNUAIAW T-X graph Az

ANBUAIFLN 16 (a) uaz (b) MUAAL
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t A SlOpe = l/Vz t N
L T : .
) ti> ! \SIOp? =1V,
i . | I I
ti | : : : :
~—Sldpe = 1/V, Siope = 11v, |
1 : ‘
»
Xcl2 XC23 >

S Gl G2 G3

YV V V VvV V VvV V VvV VY

V,

V3>V, >V,
(a) (b)

UM 16 LIINAMAUDINITAITIVAITARU LRIFEL A D WL UURNLA LRSI INLIA-T28EN19U D9

WULS80ITUABROITUATINIUNK (a) LAz LUUTIRaITUABENTHATWIUNY (D)
A A . A o
szoe X, wnn (a) uszaenenedunass (direct wave) uas adunin (head
a % o A ' . { ! % [
wave) LAUNIINNAINTENAY T8N0 crossover distance LIaNadnlTEIINTDEU LG
o ) AV A A ' A o A =
#9M3U geophone NUnfTzaz X lag Gannnninszes X, AARRNRITLABNINDS

' A o & A A A =< A, \ a o
AOUARKATI AIIANARKLTlHATLERNINNETS geophone Ndunr X laguliaule

_£+ 2h, cosé,
V2 Vl

t

3282 X, aNNTAsWIMANFNNITeRle e X = X, a¢lddn

1/2
VZ +V1

V=V
gum i lWlgdsslomtlunsinuaainuenivesuwiianln Geophone LNaLAy
°1TaHal%”'[@‘fmuﬁamﬁaﬁﬂﬂﬁﬂizmmmmm%mmaoﬁufuﬁ1 TauUn@umwitaazdanueid latas
N1 3 whpasszez X aun13r84mMTedulsUuuude T uiuauMILEUaTI SIUnFuBeIAIAIN
o A = A A A A < A & A o A
TUVaINTIN AA1ANNSIVRIRARNLARBUNTUTUN 1 (V,) WaZ TUN 2 (V,) LAZRAGAUNY y Aadn

intercept time ()
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_ 2hy cos O,
Vi

FIRTUAIAMN AWV DITUABUG RS TUIINITOR LG Lﬁa;j”@hm’m L5IARULAT AN

i
intercept time 371N T-X graph

TN ITUAUAM S TUNVUNIUNK A1ANNLTINRULAT A7 intercept time LARZTY

TN Lean T-X graph 31K I fuI seANANUAMIV ITUAKLA BT

1/2
> n-—1 Vn
ti(n—1) :Wé v | !

A A o & a
LA N AUWINTUAL

o o dd‘ qq/, a 1 o o 1 AI dl v =) 1 o a di
mmummﬂ%u@ﬂwmuﬂu Fuduadrigenacdasdunasiianan (Shot

v

point) AiduniaLlany 184 geophone dagavie (U 17) MelliadasnTiageuanuaaLdedzad

Tudu T-X graph lunsdiituaasasgy

tA A
/') Slope = 1/V, \
T
! Total time, T
o Slope = 1/V, v
— 1
—— 1
t ! —_I//Y
! : Slope = 1/V;
’ >
X
SL@ Gl G2 G3 S,

V V V V V V V V V V V V V V

UM 17 13271 0ATAINITRITIAG U%%ﬂ§%1WUNZLﬁa%LLUUﬁﬂ ALRENIIWLIAN-IHENTIVAY

LUV ITHAUFDITIN LV
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WATHIAAUI Shot point S, (forward shot point) NILAUVBIARY S,ABS,
(down dip) |IWFUNLALINWAL S,BAS, (up-dip) L@ WA shot point agll'ﬁ S, (reverse shot
point) 433U 17 nanfadulgludumian s, feszazne X lag lunsdiien t, laof

~ Xsin(6; +a) N 2hyq cos 6,
Vi Vi

Wa o Aayuidud (Dip angle) 83THIDHARIEWINAUTULINALAUTUNFD
fIMILAN intercept time Aatnaunaasluanns lunanaunuiladiuris shot point a1 S, 118N

AaunlTlwdungan S, faszazne X lag d61 t, 1le

X sin(6, — @) N 2hy, cos 6,
Vi Vi

18 hy, ABAMURUINIVDIABTUUINNGILANS S, UAZLTWLALINWAT intercept time

tu:

AanaNNaadluaumT MRTLANNST V, waz V, fNnsanlanndianutuuesnnle T-X

graph daudyuange (0,) uazyn o dwamldanaunis

aVy LV Vv
e =—|smn ~—+sin  — a=—|sn — —Ssmn
2 V4 V, 2 Vy Vu

AN V, 3INNsadwIbaann

sin 6, =V—1

V,

Tunydifauidndl 'nfiaue] AN V, sNaNTndImI sk laann

m”u@auq@ﬁwzﬂ%awmi Intercept time LWAWIAIANAU hyg LAz hy,

laiindurievas shot point 9zag119nth (forward shotpoints) %38 BE919%A
(reverse shotpoints) 2837@ geophone L’Ja’wfx‘mu@m”ﬂuﬂ’l‘nauﬁ]’m shotpoint s geophone N
ﬁagj"l,ﬂaﬁgm]:ﬁml,vhﬂ”u wWIndnIEaUAnuIzning geophone ﬁ'ayﬁqumm geophone  NU
shotpoint lasi3eninanilenanuail Reciprocal time 6?5\1Qﬂﬁﬂﬂf‘ﬂﬁ%ﬂﬁuﬂamﬂwmwmrﬁ%
L% 2T plus-minus (Hagedoorn, 1959) 35 delay-time (Pakiser, 1957) a2 3% general reciprocal
(Palmer, 1981)
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ad o A A ' 'Y « A A o
FNTIARAK b FZ N aw b RIN1I0 T L RINAMNISIAAL IR LN At eI NaI9
A g = . a Aa J 1 A A I~ <
liuduauaudin (velocity reversal) inmzynIngaiaduldldlunsdinanuilusuun
YINNINANUT TS ﬁa"l,sjﬁﬂﬁulﬁumamaﬁasamias:mafuauuazﬁnmnﬁugjﬁaﬁu an
>~ & 1 & =) IQ Q 1 1 Qs v =) 4 Qs 09/’
dywinisfannunwinazdianuiiivsstwaunaanudawandreniwiasinly aduininaingn
086 a%% 9IAUNIINDIRIAUTIN IO AURNIRIINTUNRNNTT TuaIna1dsliddnngun T - X
graph F938nTUHI hidden layers %38 blind zone ﬂm“%’lﬁl,ﬁm]’mﬁfu hidden layers waz velocity
1 Y =3 A o vAa a ' =3 = .

reversal 3TEINAMAAIANNANNA W e lananuduass adrglsienunind  hidden layer
TWAUANYINN3§1TI3 §aNIn&9NAN T-X graph ld minwuiidianuiadulutuduneddani

HANE1INHUIN 6

4.2.2.2 3UBUUNITIAKULASHALYION (seismic reflection method)

v Aa
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1
o o °

U7 19 dunsadifiaaduuazdiudygsusnd TN inazifiouiuas e uLazinm

A o A A A = @
AN3IN 5 @]')LLlJiLLazLﬂiaﬁwaﬂlﬂuﬂqjl,ﬂﬂﬂE]Ha

aamils PEEGHLR

Energy sources 10 kg sledgehammer
Shots per source point 10

Shot Spacing 4m

Receivers

Natural frequency Vertical, 14 Hz (single)
Geophone Spacing 4 m

Profile

Offset Min/Max 0/92 m

Maximum fold 12

Recording

Recording system Geometric SmartSeis 24 channels
Record length 512 ms

Sampling interval 0.25 ms
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U7 20 LRAIRANNTIAIDUAILAAN INWIANNAAIG8LATad WADI VLF

[ 1 (<3

sU7 21 MyIadtusiman lwhanudidnaluinIas WADI VLF Tuinunise

LAT89 WADI VLF 813130300 RatN w88 ks utlguniuasiand
HAANT IAlasasIunninge WarinmmiariuuSnalatigindautaidual1in 1ae992uaa9
[ A A 1 A 2 a a [ = A 1 e o v
sygradusaaniufiagnilaldudnd uazaunndienzianudnuazyuidssvasunuaiinle
lunsinginazdainyuiaias WADI iHanianiddsdygimiinanzaunga daazaglufiani
WAEINLLWINTINIAIVBILHUAINN (strike) LAZLUIFNTIFILING IUAANIIAIRINALLKINNT
MNAIVBIUNBAIEN



34

aaﬁﬂi:ﬂaumammwLL&imﬁﬂ"LWW']ﬁVL@Ta’mﬂ’]ﬁ'@LLam@”agﬂﬁ 22

Out of phase

In-phase

Primary field
)

a

Secondary field

U7 22 LRAINMTIAADUANLAAN IWWIANAGa8LATas WADI VLF
3un 22

]
o A '

a%m%’uﬂ%mmﬁﬁmmé’uw"’uﬁﬁuqmauu‘”ﬁmawﬁmwaﬂlﬁﬁaﬁua:ﬁmmnmnaumi

U

—1 wL

@ = tan

Wa R ua1aud I wnInuaIalin wing lawa
w Lﬂu@hmmﬁuimu AL LIALUADIUN

L dnaenusnientin ning 1aus

WaRITMINNENNTT96% wudnlla R Jdunn (@ IWWiiee) ¢ = 0°

6 6 Aa a A A & [ Aa A '
peddaznavvedesflsznavvessmandundazlfiansannuawiuilgunil 15und1 Out of phase
W38 ANFUANIW (imagine) Funstiiila R datas (1Juati lWnW17a) 0 = 90° asdlsznavval

swamdsnizinaaasanududuswivdgund 3ondn In-phase %38 61939 (real)

=

o o a i o A A ' = o e A, Aa
a’]%su@]'ﬂ’]uﬂmadLnﬁﬂ\'lﬂ’]Lu@]ﬂauLLﬁJL%aﬂvlswwf]ﬂjflNﬂ@’]ﬂﬁduq"ﬂqﬂﬁﬂqu'JﬂEl

q

lalglunsianuuiiadi g lunulITeiugasnsanen 6



35

@13197 6 ugavAiaNudvednanudinan INnlTlunTiad8iaT09 WADI VLF AW 1ad1d 9

L2I@ a1Nd (kHz)
16.3
17.0
17.0
17.0
16.3

QO® OO O

AN 19N 7 LEAIANNFNN WD TERINIAIRATNAIUNIBLILAIANUREIANTEIAINAIILNTHA

Materials Resistivity (Ohm-m) Penetration depth ) (m)
Hard rock (granite) > 5000 > 300
Clay 10-100 15-40
Dry sand 200-5000 50-300
Wet sand 50-200 30-60
Fresh water 50-200 30-60

Saline water 1-10 4-15
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Introduction

Water is the most important natural resource for life on Earth. Fresh surface water can be reached
easily for consumption in most countries except for countries in desert areas such as in Affica.
However, as surface water is often polluted by waste from industry or agriculture, groundwater has
become increasingly important since most of the groundwater is relatively safe from pollution.
Therefore groundwater will be a most valuable resource and necessary to be explored for a database
of groundwater management.

Thailand has been affected by global warming. It caused the lack of water for consumption 6 years
ago but it had heavy flooding last year. In the year of lacking water, groundwater is very importance
and groundwater in hard rock is another resource of water that become more importance due to
increasing of population, expanding of the city and the industrial sector etc. The department of
groundwater resources (DGR) has run a project for mapping groundwater potential in limestone and
hard rock environment in many areas. However, they employed only one classical geophysics method
(Vertical Electrical Sounding) which has been widely used to investigate groundwater. This research
introduces an integrated methods of remote sensing and geophysical methods for delineating faults or
fractures in the subsurface in hard rock area, Khao Phra sub - district, Rattaphum district, western
Songkhla Lake, Songkhla province, southern Thailand. Faults or fractures possibly related to
groundwater trapped in hard rock and to reach the position of high potential groundwater yield the
exactly positions of faults or fractures suggested by those methods will be recommended for drilling
test well.

Methods

Remote sensing and GIS techniques (Krishnamurthy et al. 2000), shaded-relief images created from
digital elevation models (DEMs) are helpful for identifying faults; the method enhances lineaments by
simulating topographic illumination under varied light direction. SRTM DEM (Shuttle Radar
Topography Mission Digital Elevation Model) data can be detected by spacecraft under SRTM
project. DEMs images used here have been downloaded from http:/srtm.usgs.gov. The study covers
as follow, Band No. srtm_57 11, Data of Acquisition 25 June 2004 and Spatial Resolution 90 m. The
satellite data are collected in digital platform and using ENVI software for image enhancement and
identification.

The data processing has been performed by ENVI software. The first step is trying to product of eight
separate shaded relief image by using sun elevation angle of 30° and sun azimuth angle of 0°, 45°, 90°,
135°, 180°, 225°, 270° and 315° with the aim to get the best image for creating lineaments. The second
step was drawing lineament by visual justification with the assistance of ArcGis software.
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Figure 1: Shaded-relief image (DEM data) processing with sun elevation 30° and sun azimuthal 315°
show drawing the most prominent lineaments in the study area.

Geophysical acquisitions were carried out by Schlumberger electrical vertical sounding (SVES)
(Sharma and Baranwal, 2005; Yadav and Singh, 2007), dipole-dipole resistivity pseudo-section
(Edwards, 1977), seismic reflection (Rashed and Nakagawa, 2004), and VLF (Sharma and Baranwal,
2005) methods in the study area. SVES measurement positions were conducted on the opposite side
of lineament with a maximum AB/2 separation of about 200 m. For seismic reflection, dipole-dipole
resistivity pseudo-section, and VLF were conducted on the same surveyed lines with a distance of 400
m long of each line; namely, ©, @, ..., and ®(see Figure 2). The direction of measurement lines is
perpendicular to the direction of lineaments. The logging data from deep well in the vicinity of the
study area were available for constraining the geophysical interpretation.

Seismic lines
* VES measuring points
i

Main road
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Streams

Figure 2: DEM data show drawing the most prominent lineaments and the surveyed lines for ground
geophysical investigation in the study area.
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Figure 3: The VES interpretation with calculated data fitting measured data and corresponding
models at the measuring positions at opposite side of lineament.
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The VES curve of the two measuring positions (VES12 and VESS) at opposite side of lineament
(line®) shows clearly different pattern that indicate different subsurface structure as corresponding to

the models. Thus the fault or fracture should locate somewhere between the measuring points VES12
and VESS.

Figure 4 Showing the stack section of seismic reflection (A) compare to others geophysics results on
the same line @, (B) VLF current density section, (C) dipole-dipole section.

The integrated interpretation on line®@ (Figure 4) shows two prominent positions of seismic signal
(figure 4 A) at distances about 43 m and 105 m from the beginning of the profile which indicates a
relative movement of the base rock-layer at depth about 54 m. These positions are probably faults or
fracture in hard rock granite. At a distance 105 m, the interpreted fault or fracture is correlated with
the high current density which suggest the high conductive zone in VLF current density section
(figure 4 B) and is also correlated well with the low resistivity zone on dipole-dipole pseudo-sections
(figure 4 C) at a depth of about 50 m. Thus this position should be a high potential groundwater yield
and is highly recommended for drilling a test well.

Conclusions

Schlumberger VES suggested a fault or fracture locating between the VES measuring positions which
locate at the opposite side of lineament. Reflection seismic and resistivity pseudo-section data give an
image of topography variation of hard rock and VLF data provides a conductive zone of subsurface
structure. By integrating remote sensing and different geophysical methods on the line® they were
possible to suggest the positions of fault or fracture in hard rock, which is possibly related to
groundwater trapped at depth of about 54 m from the surface.
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