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Abstract

A study of fracture zone in hard rock for groundwater in Ban Thung Ngai,
Hat Yai district, Songkhla province where drilling well for groundwater is hard to get
successful. This is because the study area lies on a flat hill area where the topsoil is sand
from terrace deposits in the Quaternary Periods underlain by the granitic rock that has
reached the surface. Three wells have been drilled for groundwater in this area with interval
about 50 m arranging in W — E direction. Only the well that is in the middle found no
groundwater. This means that the subsurface aquifer here is complicate. The aim of this
study is to determine the fracture zone in granitic rock by using geolosgical survey and
geophysics methods. Two azimuthal resistivity sounding (ARS) positions have been carried
out by VES Schlumberger along six different azimuths with a maximum AB/2 separation of
300 m. The fracture rock strike will be considered from the major axis of apparent resistivity
variation with azimuths plotting on the polar diagram for each depth of investigation. The
orientation of fracture strikes in NE-SW and NW-SE at the shallow depth (AB/2 < 80 m) and
the deeper depth (AB/2> 80 m) respectively, were found which coincide with the geological
study. The subsurface fractured zone at the AB/2 > 80 m depths corresponds to the
location of well-found groundwater and correspond to the 2D-resistivity and GPR results
performed perpendicular to the fractured strike. The well in the middle (no groundwater)
coincides with subsurface comprise of sand and granitic rock at the shallow depth, while
the beside wells found water are correspondent to the zone of subsurface low resistivity
layers and high amplitude layers of GPR signal. Thus ARS, 2D-resistivity and GPR
measurements have provided an important data of fracture direction in hard rock area that

will be the key to recommend the drilling location for groundwater.
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Duszuumessezinafiming duasiSendn “sesusniislszuu (Systematic joints)” A

AnWUsENaU 1.5%

1=y =
5aﬂLLﬂﬂLLUU13.|3.I§3UU VYL UUNISUU

fl {_k_\ U

awdsenau 1.5 (n) sesuenluilsyuu (V) Se8LenNiseuy

s98UAN (Fractures) n30508UANLE0U (Shear fractures) 1in91n508Ld oY
summLé‘ﬂﬁﬁmﬂﬁlauaaﬂmﬂﬁ’ummLLuasuuwuiuizuﬂusasJLmﬂimagmmLaausuaamwmé’u
wnseh dwaiiruiiguuuunsuanseniudnvasuuuideou (Sliding shear fractures)
ANUNINUSZNOU 1.6n WIBwUUdN (Tearing shear fractures) fimun1nlszneou 1.63 4in
Mnnmaedeuiinuuideundetalussunusosunn lvilanwaeiiiseeaga (Slicken line)
v3eseulaa (Slickenside) unansdlenaliiusngiessesgnasa ilesanenaiinmsiinsesunn

F191NT08LAN AsluTELANdsldusvenfienguvassesuen (Joints) wuusiue Waiunsasey

Aenawazlinunisaau (Offset) Aenuan
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Andsenau 1.6 (n) Iﬂiﬂﬂ%}ﬂ‘ﬂaﬂiaﬁumﬂﬁgﬂLL’i\‘iLa’PJUJJ']ﬂiSVT’]Lﬁ(ﬂﬂ'ﬁlﬁaua@ﬂ‘mﬂﬁu

ANWAULKLUURBY (V) N15:80UDINIINAUANYAULLUURN

soedau (Faults) Wulassadresnisidsudnwaraesiuluaninlsg 3
a g QIQ Yo & 1 o b4 a 1
Weduluwragniulasuusainaeueninn Wsulew) dwavilisesuwnnvesiueglusuuuy
2 = a =1 o a a I A
WRounTouwuudn aunsauveulunnsuaninvesiunusngeglukuinisunnuaznisiaeu
Yneenaniusg iy Jadundnguivansdsruldneidoswesfiulazaiuisouosiy
ArenUan Bninareanisiieusieanainiunebiiinnalnnisideuloaniesesngaill
ANUALIoUFUNATENINAU LagNITLANENUATATILAAINAITUWAN AN (Fracturing and
X . 2 v < -~ \ o '
cataclasis mechanisms) WunauvwiaanuievualvgUsluiuegluszuiuvessasunn
N v o & = | Ve a =
sovdounulaisvuialdnisauinlug e1anuameilans 1,000 Alawns laeilszezns
\dou (Offset) Ussanumanissilawns lneialusesidouaunsautseenidu 4 Ussian 19
wN se8LdauUnd (Normal Fault), seerdaudau (Reverse fault), soerdaudouyusn (Thrust
fault) LAZIOULADULLITEAU (Strike-slip fault) MunMUIZNBU 1.7 WumInlulATIEI19nIS
wUsdaugnu (Tectonic structures) LU AUTIAIANITLAY 50IATIATIDUT NUNNINNAVDILTS

ALY



X

-
asaaulUnadhe

-
11 'ELEIEI‘I.J.L‘IJ‘T'I"I AU

mMwusEnau 1.7 uand (n) seeideudni (1) seeldioudeu (A) seeiaudousumm

(4) SRULADUBUITEAULARDUAL UM BLAZ NIV

12
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1.2.5.2 ssalnenlaseasnsvasniald
wnufissaanewestssmalneusnanialdnuinlasadsseodouings
yualvgusznouse 2 nau segrsaniufidnuilunemouniiodsszesnslszana
400 Alawns eun seuldeuszuss LLamaaL?{auﬂaaqmia Favra 2 soerdeuiindivuinlng
dnsilunuifemsny Yusenidoavile - HrnzTunnidodld (NE-SW) munwuszneu 1.8
wavdidlsenidoudesiifivunadnvunuldfufiamssesdoundndnunnuie Sdnvasindu

soauanngududius luuideniu

Shan Plateau

Gulf of Thailand

MWUTENBU 1.8 LARITELLABUTTUDILAZ TR DUARDINNT 8 NTIN1TIM UL AN

pyiupendeanile - Aanengtuanidesdd (u1: Morley et al., 2011)
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WoN15a09usanNnseyin lmAnan s saiInenlasegs19anvasuseine
Ine Ine19898mguived Huchon, 1994 uag Polachan, 1991 hluussyndldnisesuie
NU1Y0INANIITOULE DU WAZAINITNBTUIULIINUINTENNIINN B VI 0IMAABIAA

nar@ns (Rock mechanic lab) WindnasIN1sNnTaeLANYBIRULIDTLTIUINTLIIN F9a5UNe

oRail
~ % | | v ~ .
e 50 a1ulneu ¥rnarsadedledu (Middle Eocene epoch) luge
& a o . . a Y] 1Y) ' ' =
WeiLiies (Tertiary period) \innsvukazranaanaNiuserIukuUdenian 2 Uk g
uHuIUaaLnsLae (Australia plate) Nisessumivssainsidsiazlssinadunsdududiu
wilsvaawsiuaunIUduLiy (Indian subcontinent) uaguwiunigiside (Eurasian plate)
v = = =T =% % |
seafunivelisuasnivglsugadudiunilavesUsenalneuseneusmeurueynivgesdn 2

g Ae uweunIUBuladu (Indochina block, INC) agn1afiFineiusen wagwiuauniy

21ulne (Shan-Thai block, STB) PENIARYIUAN MNANUTENBY 1.9

\
3y
7 N
7 \
/ .  SOUTH CHINA
4 \_  TERRANE
! Wost ™
I Yunnan S
' ~
L | Vietnam
) Burma I
\, - Laos \)r//\ t
l) : ’/ '!\ (l
J h / \, P
K\ 4 SHAN-THAI! \
m/") TERRANE '#DgCH'NA \
h ERRANE
! rhau.mc \\\
c' i - ‘
] -~ f LJ' Kampuchea A
! r \f\ §
I ) I 1/5“ /_,/J
‘ g 1 WG
[ :
! I'/\\ \ I
9 ,’ A% ,_\:
o \ A
\ \‘ \
\\ g
\\ \Malay‘ya
500 km \\ \
o -
\\\Sumalm ‘\) \J&

mMuwdsznau 1.9 wnuiiuseindlveiidudiumilwesurunivesde Ussnaudiswnuey
mdulady, wueymivanulne wasuiueynIvIule (Mun: Zhu, 2017)
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naINMsvuiuvesHunIUAelfAnnsIndeufive ununvgndeaindn
TanldludsdnTanmedeulunng Tusonuasvs uaanduunfiniogiedg andudaiug
reliAnnsnsERuresuHueyIUAUlnTulazuiuayIvanilnedeuiiiuuinasesse
vaausiuoynIUIULH (South China block, SCB) amuawdsznau 1.10 dsagmaiieiniosi
TiiAnsosidouutiviuns (Rea river fault) Ansiaoglunumsiiany Sunnideanie - fie
arTuoanBodld (NW-SE) iAnnsiedaudiluniedne (Left-lateral strike slip fault) ifiesann
WsaRungEd (ay) MedufianzTusenuasfidnsTunn wazusefinanszyi (o) &
LnRsanAuLsIiunsyi (o) meduiimmiowasdield Swihlisesdouludssmelned
Neeglunumsiians funnideanie - fanzTuoondeds (N\W-SE) indeudilunisdroau

v

Auanauis 32 a1l

T T 1 T T T
MIDDLE EOCENE (50 Ma) OLIGOCENE (32 Ma)

Onse? of colaon Onse? of sorocang n Soutn China Séa

10°N

Ro0nenio

EARLY MIOCENE (23 Ma) MIDDLE MIOCENE (16 Ma)

End of soreocing

30°N

10°N

anUsznau 1.10 msrfeuivuiuseniurunIvesamsidenazuuniveisigenelviin

SR8 ULNLILAILALSRELAWINTT (IN: Huchon et al,, 1994)
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PaaiFuduasislaledu (Early Miocene epoch) 81g 23 &1l aufiaraanans
astelaleBu (Middle Miocene epoch) oy 16 dudaudsiiagiiu uiueyrivduiiodns
fnsvuduluduuusasndnoontunseitausunivgisdeliansaedeuiinelly vl
nspviuAnnsfaunduaundauiuniviiiudmvessemalngludaiamng Susenides
wiloroulumamieuazmaumuynuduuing AeliAnussiunsevidounduuusesidou
34197 (Wang Chao Fault, WCF) LLaSiE]EJLé@uLLiJ"jﬁLLﬂx‘lﬁ’J’Nﬁ’mgjﬁLuLLU’WI’]QﬁﬂG]%’EJumﬂLaﬁN
wile - fenzTusandedld (NW-SE) innsindeudinduiirvessesideuluniswn (Right-
lateral strike slip fault) wiosanussiisnnseyi (oy) nesuiinmilowasfield wazuseiiun
n3ev (03) fuundenfuussiiunnseyi (o) Memuiianyusenuaviianiuan vinlu
sepndeuluuszmalvnedidnisinedaeg 2 fams ldun sestdeufinneiieglunuiiians
ayTusendeanie - fanzTunnidedld (NE-SW) wndeudiluniadne (Left-lateral strike slip
fault) 11audsdagdumunindseneu 1.11n wagiienemgiunnideante - Aanyiuoen
Besld (NW-SE) fimsiadeuilunisun (Right-lateral strike slip fault) #rusunINUsznau

1.11%9 5710950810 UE0Y, 588WAN (Fracture) iaWuLken (Joint)

n. o3 v,
| A
. 2R 2 Vo
LN\ Z -~ N~
01 N z ¢y O3 mmmp N A 403
—! :g—
! o >
1 z

AwUsenau 1.11  (n) se8LaaunaN15a U lUN1IE 18 28ksINUINTYINTuY9 50 - 32
a1t (1) 598LAUNANTTLABUIUNNIIVINPIBLTINUINTEYINIUYI 23 -

16 dutaudstagdu
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1.2.6 §5UINYIVRINALA

NSUNSTNEINTSIE, 2550 tona1innaldduiufasausive st uAue e

UMEANTWALLUTEY (Precambrian era) BsUsgnaudieiuluduasiiulundad uazdmdu

=

ugaFuLsngavedlan (4,550 &1uT) ulsmeneuganiemesi3 (Quaternary period) 7
flong 1.6 awlaudelagiu sesumgansuauuieulugae 570 - 286 awlneudmdu
wmganaleledn (Paleozoic era) fi3uRiuRgALALLUSEY (Cambrian period; O) aufiage
wosideu (Permian period; P) dnuiafiulsznauneiunse, AuAuaAIY, Aufunulu

N30 waghiuduaduiuiunsisuds

dnanumeeamateledniduumeaaiilalydn (Mesozoic era) aglugaves
245 - 144 Frudneu 3 udsudgalnsueadn (Triassic period; TR) aufisganfimidoa
(Cretaceous period, K) #snnaiugalnsueadnnuuinudminawaiazinianszaie
fhoganemsiiussnaudefiunsiefiiniauns, funsedoasBenaduiuiiunsouts,
FUNTINUY, wazAUAUAIY AaN1T29U83 66 dulnsusudsdagiudunniyadluledn
(Cenozoic era) fivsznaufiefiugamesifies (Tertiary period; T) auanUszney 1.12
(e.g. Hogervorst et. al., 2009) d@lngjnszaediagnuuassingg é’j«,lﬁié’]’wi’ml,wmq‘%aﬂﬂ
UNITINTARIVAT %aﬂizﬂaué’wﬁummuu, AUNSBFLAILATINN, AUlAAY, Ay,
fuRuauunae, uastuduiu dugAnIanauns (Q) L“fluszmnmﬁﬁmmﬁwaa%uﬁu
pe9guuss vhliAnmatuaungneuestuneuaznmadadudungnousuiiunaguey
fuflinnnirdesas 40 vesmaliiemun MAnnnnsnseivesnssuaihmeilmea uie

| 5 | I3
LU Luseandu

1. mznaunginguul (Terrace deposits, Qt) LARIINNINUITAN A NB UL dzaud L Tu

AginenTEAUTWIN WU 518, n5euds, Augnis uagnsim

2. pgnausnenIn (Recent beach deposits, Qb) LARIINAUTILENTHANINZNDUNNEZELF

AULUIVIEIIA LU NTIUNTONTIBUAT LazNTIAUUNTIEY

3. znaufulrauU1vistau (Tidal flat deposits, Qtf) LAAAIANITAZAUAI9INTNT WA

NTLLAUIT ULAZAIVDIUINZLA YULUINZIaT Uz s nauU v gAY Ty
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prnauldul senrnaudunaunIIeIuNliaraunluny WU nau, N1y, nsiewla,

NS18aY, wazkAwlsl

. AgnaudIn (Alluvial deposits, Qa) LAAAINNINUINANINLNBUNIALAUAINIUTDIUT

wazwahnAsluUs AN IUgE Wi N5In, 518, neeuds, Aumied wavleau

. nenauluiiguudun (Lagoon deposits, Qle) L ungnoufiag usauilguiuiain

ALNDUAILNUDY, NELAEIU Y3009 azaudindunznaunsIuaduAUTtel LaznsIn

. pgnouLAYi UL s uarngnauul (Colluvial and residual deposits, Qc) LAAR1N
AENBUNLARDUN AL LA LV IUNELAURIUS AT AT FNLULIDINSNDUDIDLANAINU

Juegiuiiununianazlvngnoumatuluwiazuiiin enanulassaiavesiuaugig

LU 337, N3INY, ‘Vl'i’lﬂLL‘ﬂ\?, Aumilen uagAaiuas

Eon | Era | Period Epoch Time | Life Tectonics
Quaternary Holocene | 0.01 Homo sapiens
Pleistocena |16 Homo eractus |
Pliocene 53 hominins
Necgene
2
o
8 =
5| = Miocena apes
S5 7
= Oligocene primates

Palecgene Eocono 58 major mammal

diversification
2
g Palaocens [66 | and of dinosaurs |
2 Cretaceous 144 early birds
% | ¢ [Jurassic 208 e
8
q
= |Triassic 245 early mammals
amniotas
Parmian 286 tetrapods
Carboniferous Bl /\canthostaga
Devonian 408 Eusthenopteron
2
N
8 :
= |Sulurian 438
o
Ordovician 505 B Eurasia
Cambrian 570 North America
= x B South America —
g Proterozoic 2500 B Airica
£ B Australia
8 Archean 3800 B Antarctica
)
a |Hadean 4550

AUszNaU 1.12 1esmesIainia Jan: Hogervorst et. al., 2009)



19

1.2.7 annssaiinen

wasindussuuinaifunuimdAgson1smsatinvewuyud Nguasdnd

VNNAUTEULTIALAENTEUSNYETINYIA LAsugRa vienslduslevidlufanssusingg

<3
(%
Y

YDINYWININNTUaEN10eN U N15gulaauilaa nsinizdan BHesdnd naafiive1ms

v 6

03 viegnannssu Wudu Avlulanvessdndusdedissuunisnyuieusazilioundas

o

serindluanareadnnialangusseinienasniial MIANG selleded, 2546 lana1iis

1%
v v o

1ndnsveniineniliauvasiiiaznlafu FUAUINUMELNT Ned ka5 SIuds

N15A18WIVB9INY (Transpiration) ¥ 41ATUAIILT BUIINAIIBIT AT IULA ANITIZLNY

(Evaporation) tiawdsuannizanvesnainateiluleurassiug fuussenia anuule

'
=Y

unazdunazsaumiiudunquiousuialngaunsliiindeuus Wedewwafiyusiswun

Tngjlazninuniu N15LAAUNYRINDULAITARE AlNARILANUANNTZUIUAITAIVLLY

¥
a 1

(Condensation process) wazndusa (Precipitation) nanetduneauinnasung N uau 1y

1% [
o b4

U1ely, Ay, @Jmﬁu, w3et1AN Hutnnasdiiufuluudiuenalanmuntdifuasguaiu,

o =

1513 3ENHA WAz AN UVINTNAIET LT UANVBI LTS oAU Wedniuduild Ry

1% [
v v

pnliBvEnadeulifuazTuegiudnsInsivaduasiu 1wy Yaeannd

'
U aaa

LazuIUIna kaUd
Husn (Time) 0193ana1 ATl unnduasinamoUsuun15 e uNIUaIRUABUT19AN

wazduaslatos wadwWunnidunauiulaziung snsnsinadiuazriuinnin @1 uauain

FUaeiu (Slope) Miundanuatatusinazyilivalyuuiafuuinnitwnsnguasg
Aeldiafu mndanunguvesiuLazAuLIN (Porosity) AwdINARBUSHINYBIUNTNFIBE

11N FILUNITIRTINTINaLaZNITANAULIEYN AR UTI9TIALEY UDNINTANEILTOLU

v v [ s

nsgeulviunlraniuesing (Permeability) Saduiusiuaimnunguvesiuiuuagau

Juegfivrunveeriitiaraiusielileaseninegesing

o 1%
o YU a v o

a £ a (3 s Y 4 J = a a Y I J
NIANA T8UIAINA, 2546 EJ\‘]VLG’IﬂaWDEN ﬁULLﬂiUG}f\](ﬂ@EﬂUﬂQQJGﬁuﬁUQll‘lﬁ

3

(Aquifer properties) UszLnnituuds (Consolidated rocks) iflaaaudivieiniuituinia

Y
1 |

a2 (Y . a = 1 < [ A
MTuegiutedin (nterstices) Tuitu eudseanidu 2 dnwme Ae
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1. Yorineugugd (Original interstices) Wutesinadifintunsaus funszuiunsiiiniiy

a

2. YorimAsndl (Secondary interstices) Lugotineiintuntendsnsyuiunisiiniu

Y

WioteeInUguall 1wy sesuan (Fractures) Wauuauen (Joints) Wudu

1.3 InQUszaeAvasnuidY

[

WDAN YA NBULIATIAS 19N S TWING A RIAULAZUSIUNAININTTRELAN

'
=Y

Tutuiuwdeandoyassdiildnd iervuadumiaiuanzanlunisizieuinig

1.4 YAUWAIIUIY

[
o [y

1. NUAN AN WL IASIAS NS TAINYIN I8 NNSANTIVGT AN AT USLIUTIAG
1 = 5 a @ 4 aaa & v aqa o aa [} 1
fisesunnlutuiiuudanndeyassilidndaieisn1sdrsiassalinenisiaarann

Aumulniuuuesdyn WessyiAn1IsasLenyo i

[ ' o
(% 6% v %

a = %% Aaa Y  ad s = a = =1
2. U SUU53QﬂWI%ﬂ@%aWWQﬁﬁUWﬁﬂﬁ FYIBLINNTNRYIANTVUAU LNDUIY

o

VAU VD

TRYLYN

v
a v A

3. UAeTUsEynA g UaNan19s TN ANdn1835TaA @ nA U ulndn Wien1nua

9 Y

YAULIATULIUIANALAE ANUADLID VDI ATIAS 19T ULARY
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1.5 Uszlgwunlaannauiae

1. dhbinsulaseainaniestiing luusuununAny e sy un09NISYALIE1N

vInaduanlduseleviauaulnauasuslaale

2. lpssasiamegnnssalinengudeuluiiui nsussgndldisnsinAtanindiuniu

' (%
a § v

vy 2 88, M15iaaan we LUl LU TUN wWazlSANSNIIBNTUAUILTRE

3

Tidayausnaniseswanlutufiunds uazaunsassyiianian1seiivesseswenle

W lAN191E U Ul EIMIUNADINS
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2.1 seiaudsssainand
2.1.1 N1581529R2835 A dn WA uNIU WA

n58153902835 13 TRAEN AU Ul (Resistivity survey) LHunns
drandlassadessainenlaingu neldwannisnimgued i (Electrical theory) 910
ngvesleviu (Ohm’s Law) neldloulvianiiduiiowderiu (Isotropic materials) fu
Awdsenav 2.1 Wedmdnnisaenaniunldidssendiiieasuienieldeuluianly
< & a [y . . . ] LY & a o [ =
Juiilawiedfiu (Anisotropic materials) LU YaULUANTINAIVBITUAUN LsiBLTBY, N3

' (%
a1 [y

TuundnvuzAuaudniinnanizvesdan (Physical property of materials) Ly uiln

[ (%
v v v =

Aunaziu 1Wudu daudneuzlasIas19amIesImIneNin151198 1909t uR U duLile

[

Weniu (sotropic of rock) wagildiluilaeaiu (Anisotropic of rock) Feludrudfmy

o

[ s

#ON1SUIT AANI9NSIavaInsewalWi A danudunus fuauuluiln (Electric field, E)
ANUMUILLUNTELE (Current density, J) LagANULANA19UDIATEATINA 1Un1U LN

(Resistivity, p)

wdnn1snsratataludae3snasTaaan md uniulnia (Electrical
resistivity measurement) L‘fluﬁyugﬂusuaﬂﬂﬁma%fﬂiujﬁﬂLLUUI‘V\IﬁﬁﬂﬁBLLﬁm& (Direct-
current) Inglduvisdidninsa (Electrodes) S1uiuasigusznoudiswnsdidninsalaes
nseuabililn (Electrodes, AB) waguradidninsainarninusedngladn (Electrodes, MN)
VU AR T 98 Auduus s on1500nLUUTEEEWI95ENI 197159799 Tl muay
YA Warszezvnauesia i idenaneseRunnuEnuiu Friunisnsaainaiann
sunmulniinlalaeUasenseualwiln (Electric current, 1) aqgjmdéf%guﬂ’;ﬁu dlonszua
11/\|‘1N1Lﬁmmim?{auﬁqui’aqﬁﬁﬁﬂLawwz%Lﬁ@mii’mmmmmqﬁ’ﬂsﬁ‘V\Iﬂﬂ (Difference of

'
aa

voltage, AV) Niifula 1lesnlessunseuseyliihegsiumiuasiinnisiadeuntuny
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¥ v = Y

wsUsENeUu Yosirwmsesesunn Ainlaainuiiaiiuiidisivasgniuinteyalusuuuy

Y Y
AAuA Ul (Resistance, R) AUU0E AUAUE1AUTDITUAINEN AINUAIAIY

Y

sumuntasuazanasathluAamatanmeunulndn (Resistivity, p) MTuegiunis
PONUUUTEEZU19TENI19N1511902 LA (Geometrical factor, K) 16 litaudrunAIwIamen
anaunuliinusing (Apparent resistivity, p,) ¥833aRNNAULANAIATY AIUUAT

anmaunulniiusngaenaazaunsatnudwunveuluaaussLlowse isellas

[ ~ 1 a

Yt uinkazdiusddnvaranautivesianieg nelaiifuniunindseney 2.1v lag

9 Y

o 1%
v v a

9199991NFNINNE TN TUUSIUNUNE577 A9UUNTHANIVBIUITTNUINS N
n1alassasetuldfudutuiuud msoRuunsini idnvazauauifiduauiuli

(Electrical insulation) d@auluailassasnsesiunnsinlusssuviAsnnusesnen (Joints)

(%
v oa a

- Y a & o ¢
n3eTesuAn (Fractures) Astjuituunsiaiiisegunnidudruiuanniazuansiisninungu
(Porosity) lufiufisnnausag Feianuuindniaziinainsssuyifsziinadeuaiusaly
nsunsnduasguldfuausesunnls vilinisiadanimduniuliiusingiladeanas

ANUAINU

1%

awusznau 2.1 (n) nsdinnszualudiedsuneuludsTanmduiilomendu (@) nyan

q

nszualiinadounnuludsiannluiduiloweadu (@un: Dahlin T,

2001)
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2.1.2 ngvasleviy

v a a v ! 4
‘Viaﬂﬂ?i%?ﬂ%ﬂ@{]iWﬁ?ﬁ?Mﬂiﬂ@ﬁU??Jﬂ’]i@li’)ﬁ]')@ﬂ’?ﬁﬂ’]WGﬂUVﬁHIW‘WW

(Resistivity, p) 91nn1sUsvendldnguastesia (Ohm’s Law) IngUdesnsewaluill (Electric

1%
= =] a £

current, 1) taABUARIUAILYAR DU aLR eI kazdaAIAUs1efng Wi (Potential

q

[ '
a = = v =

difference, AV) a1y laganiignuuiinazuanieag luguvesaiauduniulii

Y

(Resistance, R) MAnTLTsELsaesUelanuaNn1sy 1 (e.g. Muhammad, 2016) Laga1wl

AnwUsenau 2.2

current |
-

L

mwdsznau 2.2 uaninistnavesnssualniwiutannsnszveniiduiodeaiu
(#111: https://courses.lumenlearning.com/physics/chapter/20-3-
resistance-and-resistivity/)

v !
[ &

suAmnudumulninegaeldteulvvesingnsainsrueniiluiile

foadu Araud unuliiifinanazulsiunsetuatan ndun Wi mdudndiuiu

—

Y

Hunntein (A) derugnd (L) Fadranmiunuliianansedalieglusudnsidiuvesd

anmnsiliii (conductivity, @) lemuaunisil 2 (e.e. Herman, 2001) fasieluil

nuetleny; AV = IR e e e (1)
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nqwedleviulssyndsuiutan; R= pL/A

wp=1/c= RA/L e (2)

dlo R Wuaanudunuliih @)
I Junszualndih A)
AV Juaranudrevasinglni (v)
L Juanugnivemsansguen (m)
A Juituiimihdavemsenszuen (m?)
p Wueanmsnumulniiveaias Q. m)

o Juaranmnisiilwivesian (S/m)

2.1.3 nswWasuniasvaalaseadrenigluiunnsin

nsideavesiunsoindnsiumunszuiuntsiiietulusssueimdunaln

% o % ‘:ll 1 Y a Ql' U % aa a a d‘d
nandrAgAnelmnanIsilasullasanuazlaseas s salanenazvinvesiuniau
LANANNAY 8NAIDEILYU ﬁuﬁgﬂﬁ’@ﬂéauuawgﬁqmﬂmzLLaam%aﬁﬂ, ANSYUNUVDINENOU

auN1ana1 wienmauusaninvesiiuniglinnudniinaineamgiuasaudu (Judu 39

(%
o w v a

nabNaItyN M Ana1AULASIES 19909 URY, U WALt oAU LANAIIAUAILNIAIAN

%
[ U I L3

Wasuuwlasly AeluiufAne19e991u? aumﬁagiwummwmmmawmmu LAUAUEARNT

U Y

Jaidnsnanednsnisyivasiuunstnreudnguusiwazsings nsdifiuunstninduile

[

Weafuvinliandildainnsnseinazdaranimiunliiindoudege dauiuunsdndlsl
Huidlaierfuazitatefitusgfuminivessesunnuieanuneesdesitsantdeslm
11 danavirlfaranimduniuliinanasmudidu ilesnnsesunnidutosinaivili
voamal (Fluid), 99n1A (AN 3otanuuinidn (Grains) ansnsaunandaduluiefiuld

URLLNTTANTAMUAURITeLAN DU IUILNINAZTANAINN e TuN TN AULN lAANA

FULNTUANLTDULANTIUIUL DY
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2.1.4 fndlwingaiiiinuuianu

A5TARIANA Ul 1 (Resistance, R) LART A nlATIad 19N
ssaanewesiuilduidoieatu (Homogeneous) meldianu Wlalneuassnszualii
(Electric current, 1) asgdu wazinAiaundndlufin (Potential difference, AV) UuR7
AU Lﬂaﬁmé’ﬂmaé‘f&ﬂa"nmﬁmimmﬂiéﬁaﬂsﬂ%’;ﬂixLLﬂlV\Iﬂ’ﬁi’nmwﬁaLmejﬂaagjuuﬂa

Au nudnszualiihaziinnsiedou (Current flow line) asgneldffuuaziiniinmianis

[

Inanszargesndudnvuzguas wsnauluiianisedsadiane tnefiszueiiwings

Y

[
a 1w

6 | % A a 2 AQ! a a o d‘ 1 U og LY
AUGNANIINAL 1 wagditufuiniu 2nr? Fanyauuiiasddndliihfivindusagaainiu
aurnliimieNisenin Araudng (Equipotential surface) muaun1si 3 wazninusenau

1%
v A

2.30 g 2.3% MU

R | il— |
l A M . N la

Current ——»,

flow line \
Equipotential surface Current

flow line

~ Ao P I a &
AMNUSENBU 2.3 (M) WUINISLAABUNANWULSUATINTINANUULYISBLANINGA (V) kUINTT

Y

= A o = | a g = .
AR UNENwEIUATINTINANVUYALYIBLENINTA (111 Jamaluddin

and Emi, 2018)

AIUUNANIINIT WAV IN T T LN USTENINIAI AU N UL UUNTE LA

(Current density, J,) AnauruluWa (Electric field, E,) waga1antna 1uni1ulo i

[

(Resistivity, p) Fefiauusunduduaraninnisin iy (conductivity, o) 3MnANUEUNUS

SEWINENNITN 3 Wazvaun1sn 4 adndlavissegsisanaaliinnssoenidlag aunsam

aannaunsh 5 lasadl
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AUNITANUAULUUVDINTEUAUURIAY Jr=1/2nr? ........(3)
nnguetteniuazlaii Er=ply=]/0 wuunc(4d)
aun1sAANA1eAng Ll V. = froo E.dr = pl/2mr ... ... .....(5)

dlo I Wusenumunudunszualidi (A/m?)
I WDuAnszualud (A)
r L‘ﬁuizawwmﬂﬁ;@@uéﬂmq (m)
E, \Juaaualnin (V/m)
V.. \Juardnglain (v)
p uran wdiumulnihvesian (Q. m)

o urannnsiluihvesian (S/m)

2.1.5 n1sAaauNvaInsehalniinuszauAIUEAnN

n13nsiarranInsunulii i lalaeUasenseualnila (Electric
current, ) asdneldiafumuadiu nelvinuuinisindieunvesnssualnii (Current flow
lines) indurausnainTosdavastuTannilaan i unuliiuandaiu AsiuuwiInis

[ 1 4

wasunvoanszwalnilnaulugruianndaraninduniuliiwansiesiu deg

ARl LAANISUNLNEBNINNLEUUNA AL TLE UAUINMN9DNINAY RANIINIT bUNAVD

nszualnirtusessandatanindrunmulniissdwduluniuaunisi 6

tanb;  p;

. (6)

tanf,  p;

NIl p; < p, AEanisiuavesnszualniuanslanuninusznou 2.4
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awUsznau 2.4 fievanistravesnseualiifinnisinmnuiiiusesnevetu Tan il

Aan s ulnindesitgruiagnimanimiuniuliiinann @

https://www.scribd.com/presentation/296356816/12-Resistivity)

a

nsdl p; > p, NEnenisivavesnssualniilnauanduianniaranin

(%

sunuliihanndgruiannieanimsunliiidesndt fievmanisivavenseualnii

giinnsinmeanInduUnfLazdiduauineg Tadunnn dwaliiuinisieiouiives

AseuabiiuL i lnaR5e8MBUBITURAUANUAINUSENBU 2.5

\ Current flow lines
\ \ \pl =50 Qm

shallow

///

p= 10 Qm

awusEnau 2.5 Aanenisivavesnseualiiiinnis uﬂL%ﬁUiL?ﬂJi@Uﬁ@%@ﬂﬂju%ﬁ d

Aanmnunuliihanndhgiuianfisiananmdnunulidines (@un:

https://www.scribd.com/presentation/296356816/12-Resistivity)
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2.1.6 wanmsipdaunvainszuatwin luruiaanielaianu

SnualassasumeliiafulusssunanuifisesdevesiuTanluiduile
et Jedawasionisindeuiivesnszualiliuiandu 2 fimnsdie uuafs (Transverse) uaz
waTIUAUR UAY (Longitudinal) feifuAranindumuluin (Resistivity, p) floglusy
amsdIuvesA1@n1nn1sUILNH 1 (Conductivity, o) AU U Mo 1@uIN

(Electric field, E) tagArmnunuklunszua (Current density, J) Pinasenszualniindu
USinasanansmuaun1si 7 dieteauulifiiuazanuunuiunsy waunfuuauLen
X,y Way z e?fammsm%uammﬂ‘mm’lmugﬂLL‘U‘UU%mmnﬂma%mmumsﬁ 8 NANNT
aanaausatindanisegluguvesssuuuning (Matrix system) ¥04A1a01MN151
Tl waziduamsnddnsa (Square matrix) iR 3x3 wlanduuv3ndanuns (Symmetric
matrix) Aiflaudn 0ij = 0j; AIUENNTTT 9 (Greenhalgh et. al., 2009) lagaran w151
1Wﬁ1mmsaLLamﬂugﬂwaaﬂmuL%% (Conductivity tensor, g;;) fifinadofanansdidu

[

LeLRENAU (Isotropic medium) wazLANAI9AU (Anisotropic medium) ¢ail

J = OET i e e (7

Ji = Z;C'y'z Oij Ej TR <) |

Oxx ny Oxz
o = O'ij = ny Uyy Uyz (9)
Ozx Uzy Ozz

efl ] Hudeunuiudunszud (A/m?)
o Wumanimnisilnd (S/m)
o Wumuwesvesman wnsiliihvuinu x,y way z (S/m)
E Juarauuldia (V/m)
E Wudimannmesauulih (V/m)

T Wunsudlnavaainmasauulni
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[
YY)

sunnmesawnliardiemafeiiuiumugesan s i Ty
fnansidudeenfuununy o-xyz MuAMUSENOU 2.60 LAY 2.60 @NSALINIEE U
AuEUNST 10 walunsdlfnansiifimuuansaiuazdwarilifanesaualinan
Fananswdladeusenludinardlul wasdnuaenadsstumugesaninnsinluiiuas
mwwmu:u'umsLm%ﬂwzjmmmmiﬁ 11, 12 uay 13 (e.g. Yang and Qin, 2020) a1y

[

ANUsENaU 2.6M A9l

ﬁummaﬁﬂui’amﬁmﬁmﬁu Jx = 0Ey, ], =0E,, J, = 0E, ...........(10)

fnansilidudedentiu Jx = OxxEx + 0gyEy + 032E; v e (11)
Iy = 0yxEx + 0y By + 0y B, o (12)
Jz = OuEx + 049E) + 0,,E, ... (13)

a ) a 4 I
e J 1 uUSuanaesANMUILULASSLEUULAY X, ¥, Z
o WulSunannmesaninnisiliiuuiny x, v, z

E Wudsunanwesaunulaiuuinu x, y, z

Y )=[ojE

J=[o]E

AWUSZNBU 2.6 (N) AUAUNUSTEWINUINABDSAINURUILUUNTEUALALLIINLADS
auladinly (@) Mnareildwdlefendu wag (A) danarenladiduile
a 1y a a v Y o A v .. .
Weaiu laefiszuuiidnluidugnasaiAenuilu (original coordinate
system o-xyz) Wagsyuuiinaluidugnasdilfsssuuiinlud (New

coordinate system o-x'y’z’) (Fian: Yang and Qin, 2020)
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Fofumugesanmanhlai (o) vuinu o-xyz annsadsugiuves
U3giinnwesiduamindveanisuvanBadu (Matrix of linear transform) fiagluguuuy
3 ngnzues (Diagonal matrix) Usenausieaundnniwuaides (Diagonal element) if
Alaiviiu 0 dhuuenuumsLes (Off-diagonal element) axiiAdu 0 favun Fedenndos

Auaun1si 14 seealUl

Oxx O 0 o117 O 0
0 0 oy 0 0 o033

2.1.7 WUUINABININTVIAAAWNULYDTENIWAITU T

AT A 1NNT5ATI9TANETARIAUAIUNTOUNINIAS1LUUTIAD IR N9

a Aa al' v ! ° v o1 ° A a
svrdafianuigItesaaninnsinliitvuuny o-xyz Inelarianinnisii i ad

(% d

Argsgauuianitefediuliduegivunulaununils uagasanduianiauunndiaiu

q

= [

denavilidiananinnisinluiisan Feaunsathunasiawuudiasssinge lusuuuussuy
HanfdountavuIatngunsnasuiulugUvesnuigiaanien iTondn “Electrical
. . 9 Ty o aa ' )
macroscopic anisotropy” A1UAMNUIENBY 2.7 WeniArdnnnisin i Asiauaneeiu
Tunanedienis wansirszuundnduieunavuiadnfifinuuanaeiuunsnaduiunied
158171 “Electrical microscopic anisotropy” a1uamusznay 2.8 (e.g. Yang and Qin,

2020) fasioluil

3

awsEnau 2.7 wansaranimnisiibiihnuensnslussuundniioynirvuinlug vy
wnu 1, 2, 3 Tu (1) Horizontal transverse isotropy (@) uag (A) Vertical

transverse isotropy) (Hiun: Yang and Qin, 2020)
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mwusznau 2.8 uansdaninnsiiivifiusnsdlussuundnifioyniavunadnuunnu

1,2, 3 (fiw1: Yang and Qin, 2020)

N3AnYITeINUITeLITNAIITUIIINTEUUNANATRUNATUIA e Tunae
s v A & r_?lj al Y a 15 a 7] al a

waaniTaniluiiomensimuunfunsnaduluiianiewiues (o’) Weaiansu
sUkuUresTEUURANNIRAMadsuwlatuunulaununisvewnu 1, 2, 3 a1unsaasng
wuudaeslaainiuns ndneues (Diagonal matrix) 1951 unuudiaeaniasvaiin
Us¥naunal8 3 WU lawn Horizontal transverse isotropy, HTI AidAta@n1wn15u Lo
WAIULUBIVULUILAY 3 MINAIWUIZNOU 2.7A, Vertical transverse isotropy, VT 1561
annas b Udsuiasuululny 2 aunndseneu 2.7 way Vertical transverse
. aa ° a d'
isotropy NdA1an IS WA U suLUasuuLuILAY 1 auandseneu 2.7a 1agfl

[

011 = Oyp # 033 NEUNTSN 14 a@nsarhudeuludlaniuaunisi 15, 16 wag 17 asil

o1 O 0

Horizontal transverse isotropy o=10 o1 0| . .....(15
0 0 o33
o1 O 0

Vertical transverse isotropy o= 0 o33 0| ........(16)

0 0 o1
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o33 0 0
Vertical transverse isotropy o"=10 o4 0] ......(17)
0 0 o1

2.1.8 muwasan st lwnisauiunsvyuvassEuuiiaasigeu

a

anfiiinsgapdesuannnmdseneu 2.6 (unuidudshg) dewalvidianieiinng
WasuwUasanuny xyz (Original coordinate system, o-xyz) lUdsmuunu x'y’z’ (New
coordinate system, o-x'y'z") ¥ilnwmasanimnisiilvivuwny ox'y’z’ fimsdeu
FAUNINYULUURBELAES (Euler angle) LAnANudNuSTEnINIuvatINmaTauu i
LATANLMLIULLNTEIATTIIUNY xyz TN x'y'z’ auaunsil 18 uag 19 waginy
wosanmmsthlnihiigelml asnsadeuliegluguvesumaimuwessusiuans (Second
rank tensor) vuwnuy x'y’'z’ AfAnuausnsiussuufidnansfidou (Cartesian coordinate

system)

dmsumuesanimnsiliiidenudensdestunnmesaunlng e
thinfiansanuuunundn (Fixed frame) 130 o-xyz Yaqiiinsgaudesuaziinisiasuuas
szUUTifalaen1sidousennussUURinA137deu (Cartesian coordinate system) Taelet
WNUANYA o 1380 & = ¢, 109 Usenaumenisinssesnislu 3 e efisaniuuunny o-
xyz (Original coordinate system, o-xyz) 13AnLARAD 0 YDITLUULAUNGN é’aﬁ?ui’aﬂﬁﬁ
nsgadesUagldisnisideu (Moving frame) devilsitaniinnisasususisetnsdasy
WiouT iy warsuiuIsn1vyu (Translating and co-rotating) 91NN o-x'y’z’ TUé o-
xyz \ioliaenndastununnasufivesnseualiliianeldinnu sufuisnsdousauiuns

nyuansatuUssyndlditanuaisunvensualniingliiafu wazyninAiny

AN9FNgUURIAULA

E'= RE ........(18)

Axrx  Axry  Axiz
o
Taein R=|Qx Qyy Qyz| ........(19)
Azix  Oziy Aziz
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dlo R unisideunasvyu (i = x,y’, 7’ wag j = x,y.7)
E Junnwesaualniauuwnuy xyz
E' Wunnwesaunuliiiiauwny x'y'z’

o Wuilesidulaleisening i way

L3EnsaAnan i umulniinnneldiAudueglduried dnlnsadndian
fu Sevliunnisindeufiveanssugaliininnisiasuudasiudiumisnl Tneld3sms
wyunduludawnu y fifnuaenndastuatanimasilniimuuuaen (Longitudinal
conductivity, L) 1 ﬁqﬁ?ﬁﬂmmmL%ummé’uﬁuéiwdwgu (a) nunu y' luds
wnu y Tugdvemsudlnassuuaming (RT) vesilendulaleid (Cosine of the angle) lng
a;j(i=x",y',z' uaz j = x,y.2) Imuaunisy 20 waziinnuaenndesaianinnisun
T AL 8T A suNuRUSTUUSeBLENTBAY (Strike direction) fetiumuLes

anmnisi b Agalndanunsadu@eulieglusvveanuwesaninnisiluigusiy

@09 (0) laluszuuiing o-xyz muaun1sh 21 ail

E= RE'=RTE ........(20)
&=RoRT ........(21)

Greenhalgh et al., 2009 lanan1indsaunnvenuigesaninnisun lni

(0) AlipuduRusiugy (@) NHn15IEUwALNYUTENIMNY o-x'y'z" AU o-xyz T

Handulaley e oy, = 0y, = 0; WaY 033 = op ABlUL

0, sin? ag cos? ¢g + oy, sin? ¢ + op sin? ay cos? P,

O-xx

Oxy 0.5(—0y;, + o) sin? ag sin 2¢,

Oxz | _ 0.5(—0y, + o7) cos ¢, sin 2a, 22)
O-yy - (_O_L + O_T) Sinz aO Sinz ¢0 + O_L TETTRTIRIL

Iyz 0.5(—0y, + o7) sin ¢, sin 2a,

O-ZZ

0, sin? ¢o + or cos? a
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= = = 1 o A & o v o § v
ﬂimﬂqiLﬂa@u‘WGﬂJ@ﬂﬂﬁ%LLa‘lWﬂqlwamqujaﬂV}LUULu@LﬂEJ'Jﬂu llNa‘V]']I'ViL‘WU

wasanmnsihlnihnaedy o, = op = o auaunsAerelull

Oxx 0, cos? ¢q + oy sin? a
(Uyy> = ( J) ) e eee e e (23)

Ozz o, sin? ay + o7 cos? a

2.1.9 M5 MAUUYANLUDSERS

mii’mmamwﬁmmulw%Lmuas%agmz’[,%%%‘mﬁma%”’ﬂw%waé{uwai
195 (Schlumberger array) unmsasiataniswasunvasaanimgumuluihauaiudn
Tnenstnuiadidninsauasenseualniln (Electrodes, AB) Lidnuuen wazinausiadianinga
Sarausnsinglili (Electrodes, MN) dnulu Tnasvasinsssminea g unenuas
auluaziiA1Useanal SMN < AB muninusenau 2.9 MlalneUasenseualnidn (Electric
current, ) asgnelaiafy uaziariaus1sdndluin (Potential difference, AV) UuR7

PPN Yy o a ° a v o oA ! ] Y]
AUNUAITNUADAAADINUAUNITN 5 U']QJWLGIJEJUWJ']N?{NWUSQLVZJLW@WqﬂqﬂiqumqﬁﬁﬂﬁlﬂlWﬁ’]@qu

AN 24, 25 ua 26 (e.g. Jamaluddin and Umar, 2018; Attwa and Ali, 2018) Karoluil

pI( 1 1 ) pI( 1 1 )
— S —— v (2
v=o\am " Bm) 0 WT o \an BN (25)

~AVyny =V —Vy =

pl( 1 1 1 1 ) .(26)

2x\am " BM _an T BN
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S5MN < AB

mMwusznau 2.9 M5t lniuuueduuesias

v = v

A TalaanaIIaTnvesusnaiuazsgniuiindeayalusuiuuainiig

Y

Aun Ul (Resistance, R) NAUBEAUAINAIAUTDITUANUAN AIUUAIAINUAIUNIUNA

Y

Iasvazarnsathlumuumaraninduniulnia (Resistivity, p) auaun1sy 27 Nueg

Y
AUAINITODNLUUTEEENI9TENINNTINVINAN (Geometrical factor, K) 1a suaunsh

28 isanamuamatanindunulniiusng (Apparent resistivity, p,) AuaNN159

29 (e.g. Constable et. al., 1984) %aﬁﬁaﬁﬁmmLmﬂ@mﬁumumﬁwﬁ 2.1

KAV

e (27)

p:

-1

k== o) (e =)
B Ly —ay Ly + ag Ly + ay Ly —ag

_ ﬂ(LZ - az) (AVMN
pa - za
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Wo  pg WWuaanmiunuliiusng (Q.m)
a \{Juszezraseninaninanaestndndliidn MN (m)

L Wuszeernaseninatinsenainin AB wazdadndlwidn MN (m)

M19197 2.1 wamsanuduiusssninsmanimeumulninuas Jann1esssues

Materials Resistivity (£2 m)
Igneous and metamorphic rocks

Granite 5 x 10°-10°
Basalt 10°-10°
Marble 1072.5 x 10®
Quartzite 1022 x 10®
Sedimentary rocks

Sandstone 8—4 x 10°
Shale 20-2 % 10°
Limestone 50—4 x 10°
Soils and water

Clay 1-100
Alluvium 10-800
Groundwater (fresh) 10-100
Saltwater <1

(fiun: Attwa, M. and Ali, H., 2018)

2.1.10 msIaAran AU Ui uuaEIuN

9

n1sTamtan nd 1w uliiwuvesdyn (Azimuthal resistivity) 914

L d‘ d‘ a U 1 ¥ Y
wann1snIseaeuivenseualiiunesutenisnsaindanwiumuliihnglaianues
Tilted transversely isotropic Miimsagyidegumeiznisiacaninduniuliihuuundsan
Tuwane (Vertical electrical sounding, VES) fiflgusuu 1 86 (Dahlin T., 2001) Tulaseassg

YBURNIUANHITREUAN Lazeankuun15ITliinlaeviyunn g 30 83f ISUIRATLA O -

[
1 [ 1

360 94M1ANEIAU v38i3enITUINsTadaa U Ul wuve sdynlusduuy
Apparent resistivity a1unmUsenay 2.10 ieu1deyanilas1einiian1en15eiIves
LWIsENUTEBUEN (Strike direction) N1seanuuuBn1setdlnihagldgunuurduiuesiag

(Schlumberger array) Inednunadianinsalasenseualin (Electrodes, AB) 13d1uuen
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wazwriadidninsadnainnuanedngluin (Electrodes, MN) ouluasuufimu wagiun

maetaliihaseguussuufeaiursedudunswuaziafousenauaiiu

mwdsznau 2.10  33msnetalniivszneudisuriadidninsavasenszuali (AB)
wazwriedianinsninatmusnedngluliln (MN) saufunisuyumng 30

VAN

nsinsAnwvesnuidediinisiansandaniidanuuansiainusegn
nsvyneliinnsaqdeguainunu oxyz Heuluds ox'y'z’ uaziinnisndeuiives

1 ’ P a | 1 & a aa 1% 1
nszualnvluediuinuy y’ FaduuinusesreseninetufuLayen1ANlnNEonAR oA
an1nn1sa1unuini1aunul817 (Longitudinal resistivity, p,) We15n15TAAEAIN
aunmuliinduaglduvsdidninsadniiafu Fevhliuuinisiedeunvesnseualiininnig
Wagufianeiulyduny y adunusaranindruniuliimiuuuienidaigegn
dl' a d' el' v a .
89911 AN19N5LAG auTl vesnseualiW 1Y uIuA UR ANISIRITE U USBELEN (Strike
direction) ¥999u waldleAan1snisindsuiiveenssualiiAdaraninduniulainlu
W3R (Transverse resistivity, pr) 338031 Paradox of anisotropy AtuyulinN1T1yY

nAvrdANUANNTUSTENINN a,, Neguuuilsndulalslunlyesurgluaunmsdndlniuay

anmenunuliiising

HavInNnIsedeuiveanseualnindoiliunu M Aldugansiainasuin

44' o A o o Y} a & v 1 v o aa
n1sideuludawuaunu x vy ¢ ldansiainauyd ielaenadesduianiiinis



[ |

39

9

HeogU fanud1ainnsnsiainanuaedndliiasiiagaganiuiienisvuiuiuiuises

Y

wen (Parallel of fracture) 7 A 1an 1w 1umIuliW1m1uuua819 (Longitudinal

IS

resistivity, p,,) wagdlenan ndumuliihidesganuiiensminiuiuisesuen (Transverse

resistivity, pr) aUAINUTENBU 2.11

sub-horizontal
fractures or
bedding

N ™
v
z

LAY

LY
L
LY

AnUsznau 2.11  wansnisndeuiveuinsekalninainuny y’ vyunaduludeunu y

TuYanfifinisgaydesy (fan: Watson and Barker, 1999)

wMsnsIviadanmiumulidihuuinu M fegsening x’ wag y' vl
Hauduiussenangaanindunulniiniuuuie1 (Longitudinal resistivity, py) haza
amwéfmmuh\lﬁwmuﬁﬂﬁu’amﬂﬁ’uLLmiasJLLsm (Transverse resistivity, py) @131350100197
Anadsvasan g um Ul (Mean resistivity) léauaunisi 30 wie p, = Prapp 91N
amusznau 2.11 Feyuuldindunisiaaanindumuliitlussuundneunirvun
ey (Electrical macroscopic anisotropy) aviilenaningiuniulaiiauuuieniuanads

'
o a

[ 3" a LY = =] o & 1o a £ [ P
aa@mUuLuammﬂu lag? pL = pyapp HINFUNITN 30 panuAduUssandaulinewias

(Coefficient of anisotropy, A1) @1150UNNIMIORTNEIUTZUINALAA HVDIFNINATUN Y
IuirAuAran wau Ul imulwgINann1Tn 31 devinlinsivdlassadiesnnelu

o

andimnuunneavasAtanInd el lussasianiswneiuunsetey
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nelwd (V) AAad udiun

WeumuduRusivdanaun1si 31 Wuaun1si 32 Feanuisaasuieluaunis@ndlninig

o

anuduiusiuilsddulaled (ay,) awaunisi 33 asludraniwdiuniulniiusngy

9sUaNnN1sRTInaIunsaasuelanuaunishn 34

Pxapp = Pm = /PLPT  WAE Py = P e (30)
Pxq
Pm _ D _ 5 . 31)
PL  Pyapp
_pm  Ipy
= 5= e (32)
I
V(ra) = P e (33)
2711"\/(1 + (12 — 1) sin? a sin? ¢)
p
Da = = _ e eee e e (34)
V(@ + (A% — 1) sin? a sin? ¢p)
dlo T Duenszualih (A)
vV Judndlu (V)
r WusEegnanundstanseual g sumaadng i (m)

pm \DuARAvesAan mdumUlni (Q. m)

py sumanndumulniiaueives¥an (Q.m)

ee o

[y

Pr Lﬁuﬁwamwéfmmulw%ﬂmﬂgmmﬁﬂmmﬂﬂ‘uLLma?asJLLsm (2. m)

pe Wumanmdunuliihusng (Q.m)
A Humduusyansanulidseiies
Papp Duemanmiunulninusnguuwny x (Q. m)

Pyapy DU MELMUIITNUTINgUULNY Y (2. m)



a1

2.1.11 Iwanlaazwnsy

nsasslnanlnesunsu (Polar diagram) 1135 Apparent resistivity Wunns
aan naunuliinusng (pg) Meannnisiafisses AB/2 f199 YouAavAANIALY
[ < a o & J a a [
Taumdenasuulnatlaszunsy lnesuiadus 0 - 360 asrnUiguiiAniweulIiayng
30 PIATVUTBUIAAUGNAINALITU MINTEUUTBELENVBIAY (Strike direction) nelaui
Mimsiadiieniuuiuiuin x’ Argegavesranindumuliihusinguussunming

v v

1RozNTUILAUNUSAULNUNENYDIS (Major axis) TaagluiemiufedfuiuienIesoswen
J :

a

vasitu ndifanidullewdeaiu (sotropic medium) demaliaraninsnumulniiusing
geanwiniunaue 0 audle 360 a1 vilvguuuuAran ndumuliirusnguulne
Ipezunsufidnwanduguinaumuninuszney 2.12 mndanaafidmanimsnumulni
| [ . . . 1 a o ) Aaa
wAnei1aiY (Anisotropic medium) szdsnalilnanlaszunsuddnuuzidulrtndeagean

vuulumuszuuseslen LazAanadionsyudlnvinlaniusesusnvesiuniuninyusenou

2.13 fsil
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Tusnnansduilamedfuuulnalleozwnsy
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a2

awusznau 2.13  wansaran winuvnuliiusnggeand 300 asen lusnansldiduile

a U
Weniuuulnanlaeginsy

Wetheanwiumulnihusnggegauulnatlaesunsuanuieuieuiu

ANPULIDYBYNVDIRUVURNIAUY WUILAAN19N1521962 LA a8 Uy gnfI9819a1u

o

AMwUsenau 2.14, 2.15 uay 2.16 mﬁf

vt
T T
pa— -

S

Andsenau 2.14

(N) WAAITANIINITINFAIVDITRE YN LUAINANBUS U BUAY (D)

sukuuassvasaranmaunuliiuulnatlaesunsy (Aun: Taylor

and Fleming., 1988.)
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N
1 %
/w// /V //
1A /(‘ %
1 WV /../ ]
\)’.'\/V(/‘{//M/K @
//VA'W A1
A1 /(J //1 /ﬂ 4
2d0z88 8%
S

amdsgnau 2.15 (n) WARSTANISN19I19T0ToLENlUAINGNS 2 AiemauSeulisuiu

(v) sUvenIsndAanwiunulivulnanlnesunsy (#un: Taylor

and Fleming., 1988.)

S

AMNUTENBU 2.16  (N) WARSTANIINISI9929095een tufINa19blmawiesi 0 wag 30

gerUTguiguiu (v) JUrensinidaraninaruniuliiuulng,

Tpazunsy (fiun: Taylor and Fleming., 1988.)

Toyannlnarlaezunsuiiiaran mirumulniusngigeganiuunundn
(Major axis) kagdlAtoganniuwnuln (Minor axis) 84393 eanunsathunmendudsedns
Anulisiaiiiaanuaunisi 31 wethllgmwinmaniungu (Porosity, ¢) vaeTanls ¥

Aranmimunuliihanuiiadiainiuswisesusn (p,) IWunaTmvesmanmaumulid
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a 1 v ) = v v sw
vosvasinaeglusasunn (py) wagAanindumulniiludan (o) asdauduiusiv

ANUNTU (P) VBWUTNANIINTOLUANUFUYITVDINU UAAIIANNT

py = pop+ @A —=P)p; oo ... (35)

dmsuAranmiunuliilususuiudusesuanludan (o, ) wanng

dung

1_¢,.08°9) e (36)
Px Po M

A1AUNTY (@) Tududnsrdiuszninsliumsvassasuenluiudy
USunsnanuavesiusianuduiusiuaraninaiunuliluswinny y wagduaianin
aumulnitlunuanny x awisamlaainaunisi 35 wag 36 (Taylor and Fleming, 1988)

[y =3

lne?l p, Ao Aanmsnunulihvesianiniiueglugesinesesunniianunsansiainle

b= Popx (2> — 1)

= e (37)
P + A2px — 2pops

nstiduIAaLnINaglusesuANTaIiY Aall p, AeFan EIUNIULITN

[
a1 Y 1 Y 1

Y8IUIUINNe FallAteenitAraninduniulninasgauuwaunan (p, < py) AUUA

g~

Anungulunsalililudsaunisn 38

_ po(A* — 1)

¢ S

e (38)

o 9 a ' v

1510 p,, Py $8E 1 @11130%1 L0995 v09A AN AU LN UIINg UL
whun A lnozknsy wazAduUseansenulisawiiosniiauinazwansdsneluiloAun
TANULANAAUNIN N1TUNLAINAULNTTAN L ANUD VDITBE I NN DANUNI1IUD

P09919 MAIWINLNITARARDAIANUNTUVBUGIIBL LY
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2.1.12 M539A1ANEN T NE LU lWHiwUY 2 AR

nsian1arus 1 un uldWauuy 2 9@ (2D electrical resistivity
measurement) U559 TARILUTLLATIULAZLLARS Tneldsyuuanstaliiuuunans
2 (Multi- Electrode) AiiAgoonuuunsyednlnfindulalna-lalna (Dipole-dipole array)
AU mUsenau 2.17 Wunisesiataatanindiumulniluwuisiv wavnevauassanis
Wasuwlasmslassasrsssdiinennelsinnulufianiawwansldd mmsiamaningiuniy
TihinanUaesnszudlwihasdaeldffuimensinuiaminuiedidninnUsznaude

wnadLanInsavasunszuwalWii (Flectrodes, AB) 5282119 A Wag B tMIAYU WaZWHA

uaninsataaranusadnglnin (Electrodes, MN) Hszoer1a M wag N i1y wed

nszualninazgniuenesnanIdnglni wasligninansvessseerieseninatiliius
azdwiiu (n + 1a msinArnnuidndliihiinisndeunangaisuduludagauangih

TrlgarauA U Ul (Resistance, R) TukUISIULAZLUIAG kaEN1SVE8TEaLT bW

(%
[ o

NAFDITEEAINUAN AIUUAIT ASUINNNITRIIIRANNT0UN LU AW IMIANAAINATUN Y

5%
[

il (Resistivity, p) MuegfuAINTRNKUUTEEESENININIT It (Geometrical

factor, K) 141 Lﬁaﬁﬂmﬁ’lmmmﬁi']amwﬁ']umulw%mi’mg] (Apparent resistivity, pg) U84

[ r-:l'

< J v = t4 a [ og 1 td
3aﬁmummLmeﬂNﬂumaamﬂaammammsw 39 @QUU@WGJ‘I’]W@WUVI’]HIW‘W’]UT‘W(Q

AINANNEIUITOUINNITIHUNVBULYAAIUA DL 9993 9 L1R DL T 99D 9T URUWAL AU A NYaLY

'
a 1

AuaudRvesianagn1uldrifAunIua1dy Ingd98aananimniessalingluusiianudg

9 Y

1979

Av
pa =mna(n+ 1)(n+2) e (39)

o pg Wurmanmiunuliiinusing (Q.m)
a \Wuszezraseninatinseualni AB wazdrdndludn MN (m)

n 10U spacing factor
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Ground surface

Data point

AmUsENaU 2.17 waninsnstadaliiuuulalna lalna (fiu: Adepelumi et. al., 2006)

2.1.13 NITEFIAUNINNITNTLILAAENINAUNIULWAN

MsasununImnsnszatefmaan il lugluuy 2 38 Wunns
Uszananavestoyarianmdrunmulniiildannisuvasteyaiduaianindului oy

wwnau (py) wagluuwide (pr) awnsadnlveglususnsidiuvesAraninnisialuiinig

1%
ad

a a s U . =1 o w
aun1sh 40 wag 41 luaun1sneadinmans JULUURNEY (Inversion) vuiuguisidedes

pe7dn (Least-squares method) dviunisasiawuudnasgdaundu (Forward modeling)

e

fimsudastoyaanaanmaulii (1/p) Wumanmnisiiliih (o) Wieasiswuudiaes

Adnsnszanemassran AUl (Isotropic model)

S —Zh" 5 = 40

=D L= e (40)
i=1
n

T=Zhipi ST =R (41)
i=1

Wo R WWuarausmunulai Q)
R,  Juanuvunvestuau (m)

S, Wuaranmasihlwimuwuiuey S/m
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T Wumaamnisilndihluwwds S/m

p;  Wumanndumuliii Q. m

¥

Peksen and Yas, 1992 lﬁﬁ’mqwﬁ%aﬂ Dey and Morrison, 1979 RIS
aun5tawes (Poisson’s equation) lutuudiass 2 fafilsunsdlidudeunazmaeniagl
nsnszanedaiusgulussideusedslnludanmesud (Finite Difference method: FD
method) Uszneudasinuigesaninnisiiliiindgnusnesnluiianis x uaz z wie

= & ' & &1 = ANaa
on(x, z) WAZNNNINILABWAAYNLUIBDNLTY 5 [ARYRYAINNINUTZNBUN 2.18n UITUN

[
= %

uwraaganiansanans (s) Inmuaunisi 42 witsiliideidene nsdliiundanuueaiugety

WU 8V DI

ee

dayauuszuianandg IS luddnmeisudasdwaliiiauaudves
%a;ga‘[,mmmi’ﬂamLﬁmm’mﬂmmm?{au szsUsTaanaadwuusassfiussnaune
Arugeturasiiuiidedldnaneniafifauazdon iauuifuaziuuou fafunisaiig
uuiiassdeslnludanimelsud wnnzausnaiuin sy uiisnmanzaslunsadng
LuUFa09i il Autulud ui aas193 8 IWlud otaluus (Finite Element method: FE
method) ‘Ui%ﬂ@‘uﬁﬁﬁlLWuL%@%ﬁﬂﬂWﬂWiﬁﬂiWﬂ’]ﬁlQﬂLLEJﬂaaﬂiuﬁﬁ‘mﬂ X LAY z 38
0, (x, z) uasiinansznewwad gnuuseanidu 7 wadtesmunnUsEnaUT 2.18v dnwa
yoemensninisnsraresnduaumasy HAFmunaganiinnsanas (s) Igmnuaun1sh
43 uinsUsvananasAouindudeunI It lnludavmelsud nsaernauasBenves

Pensadudntladenianinasonunlug1v9uUUIIa0d
Cv=s ... (42)
do € WudBunaenugliihiinszaned 5 waddeslummindauung

v Wunnmasvasdndludin

s unnwesvesunasyaniiia

KV=S e (43)

dWe K W0udnaenuglwihiinszaned 7 wedgesluwvdndauung
v Wunnwesveadnglilil

s WWunnmesueunaaniile
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e L1l
Pi-14 - -, & Pi-1y -4.“ "ﬁ-lg _}ﬁ-lqu £ o—
1=l “’:"I-I..r
Ti=ig=1 Ty=i g
Fiai gl ﬂl-“-:.J
P LY ™ A gil
——t —O— —O—¢ O—0—
Big-1 Pig L] v v
Tig=l Ty
Ty g=1 Tig
G-L:J 1 ’-L.l
Siatg- +
I - —o— | * SRR )
314 .y
@ ®
| S R
fl U

AwUsenau 2.18 wand (n) AstWluddninatsud @) 35Wludiatatus

(ﬁﬂﬂ: Vachiratienchai et. al., 2010)

N3N UNINNITNTEAEAIAEn A uuln luguuu 2 96 g
aun1InAdinmanslusUkuuRnRuUuAaNRIna A 8lUTUATY RES2DINV V.3.53 n15ld
%’ayjaawﬂﬂmmmﬁaa%”mLLUUf\TwaawizﬂaUé’wGﬁa%anmma% (d) 7la5uarnaranin
aunulninusng (pe) e N dudiurunisin (Number of data) %50 d € RN wazdl
szpvshsesta liihiduegfusuuuuresnisnsdaluusiazsuuuy (Position of electrodes)
Wiethanadnawuusiass (Model vector, m) Taglsf M ilusruaunisndmes (Number of
model parameter) Ingfl m € RM suaunisil 44 Gunther, 2004 ldasuneiieadunis
Susuadrsuvudiassdedddyadeyadtanmdunuluinsing ieadsteyadiass

(Predicted data) vaatnmesanIinn1sudrlwi (Forward response of m, a,) Tunuudians

AuaNn1s 45 lae? f(m) € RN fegonndesivaunisi 44 uag 46

d=G(M) oo (44)

1

Npipips .. o8

N 1)

m =0y =

d =f(m) = G(M) .o oo (46)
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[ [J

° o s v Aa U v W d' o
dunsugannmeideya (d;) Nianuduiusiudeyadnass f(m) Weasns

Y

LUUINADILAL DUBNUN A8 T A UFUNUS TIUIUNIT L LR BSVBILUUIIADY (M) Tne
m € RM saufunsifiwesuuinuiluseuuumsng (Parameter mapping matrix, P) 1agd
P € RPM yilsiiAndnsnduvesnnuianainlugadeya (Data error, €) Usenaunieyn

1%
[

Tayauminlussuuuming (Data weighting matrix, D) AsalA1AIUEANAIATBYIWNDY

o—

& 0 danaviligndeyaihimiinfiduioundofo withAmuRanaingazdmaliin
Foyaiointinildfuasinatuaranindeievesdoyaanas dufugadoyailiiuninld
Foailuusuudlodgmlaeldaunis Le-nom i etumianad sannufianain (Root
mean squared error, RMSE) Tunsusurwiamsiinesiniaesuiuuilsidunuudnges

(Model functional, ®;(m)) UUMNUTIILELn1ST 47 fadl

n

®y(m) = z

i=1

1
= ||p(d - f(m))”i ;D = diag( ) e e oo (47)

d; — fi(m) P
€j €j

v
v ) 14 [ L%

nsslyadeyanlmiminlufdesihyndeyaumidn (O) naunuilelamily

9 Y

LNWBSLUUINADIMYL Tngn1syinug19nasmseIud vatesau (Model vector of the kth

=

iteration step, m¥) Aran1sArulIIlAlioulunIng (Jacobian matrix) A1u&ENA1SA 48

K%
[

iioasannimesvesyadeyaluuuudiasdysl (Model update vector, Am) A usgFush
wUsiimvuaniasanade (Configuration (or geometry) factor, k) SaufumuAaIMAAL
YaeINMasTeLa (Data discrepancy vector, Ad) meiguengauaannal (Singular value
decomposition method, SVD) Wanudludgymnnnesvesyadeyalusuuitasdni lag
nMavuEusarassseyiuSossdiivunveuming e d € RN uay m € RM

v s

Faflmnuduiusiunsfmesanulilussuuauning (Sensitivity matrix) lng# S € RNM

[

megIsn1saniaaedtiosian (Least squares solution) AuaNn1sy 49 fsil

of;(mX)

Jij(m*) = e e e one (48)

DSAmK = DAdX  ............ (49)
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nswsesuiisuyadeyauininues DTD = €3 iudayauvunnidunes
AMuLUsUTIUs 1l usEUULINNS ng (Data covariance matrix, Cq) AU@UATSA 50 914

AuFURUSAUNIsATUIM A suNSNgauaNn1sa 51 wazaunsaweulndladu CcTC

Aay o w

W BES LU UTIa0IN A9 9T1n aluTEUULUNS NG (Model constraint matrix, C) Taa

C € RPM asuduilaiduainsesdmeismeaganuassianiivueg fuagadeyativin

Y

WAz NN TUYDIRUUTIADINT DTLTUNTINIT1TLM0581n504949 (Lagrangian parameter, A;)

s

FIUAUNNADTANWUZLANIZVDILUUIIBDI L UTZUUINING (Model eigenvector matrix, V)
I V e RMM yazdnuagianizvaadoyalussuuuvsng (Data eigenvector matrix, U)

T U € RN*N danasauuinuaaad iunnuien3anan1siuasusuasnisnaninuazsdgn

[ '
1 o = =

LASNAANSTULN U VUM LENAIN 52 AT UNNTES1INMDSLUUIaelrliluuNSNIugY

Tuusiazase (Model vector of the kih iteration step, m¥) anunsa@sumainugduiusin

o ¥

Iaauaunisf 53 wazihyateyagniinduinadisindlusuuuuteyadnaes (Predicted

9

data) veanmesanInA1sulwi (Forward response of m, ) BNATIALENNISA 46

el
((DS)TDS)AmF = (DS)TDAd® ... ... ... (50)
AmK = (J7¢3) 7 JTCAd o (51)
Am* = Vdiag =2l ymad (52)
g Z1e
m**tl = mk + AmF .. .. ... (53)

AUNNTANANIUITNAUNINUAAIU TS ULATIAS I BT ULNUEIN1TUTEUaNE
AsaTRUUTIaRIgounauNdnIsnsEfvesAdn A U Ul (Isotropic model)
ANUNNUTENDU 2.19 AINUNISEBNITNISNTEAMIVDWTaae085EAIN b luARW LU

wagllludielauddsdinnudAgegrann neunisiiteyanviiisnisanindsaesiosiian
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W A5 19UN UL UUTIA89N15N5E 8RR @A NA 1 Ul Anansvoulvaauly

faLlaannunInUsENaU 2.20

o
[ ISV ]

l 5282n1521907 RN (A, B, M, N) J

[ tdeyaaslusunsy

[ wuudnanaFudu J——{ m= o= 1/(“’p;,p§,p§,,,pg) J

Forward response
d=F(m;m;..m,)

o1 . ﬁlﬂ&lﬁ“l_llﬂ
RMS**1 < RMS ‘ UWUUINADY | e
RMS = ||D(d - f(m))||

laiaansy

k
{@‘hu'smminl.ﬁau'lui::wwm'%nf& }-—[ J4j(m¥) =M J

[A’"" = gTcit) rcatad |
_( wuvdaogll J<
[Jlm"‘ = Vdiag{1;/(2? + £2)JuTAd ‘

anUsznau 2.19 unuiinsusznaransasuuaedlagisnsuUateyaiuudeundu

Ananmwiunuluiiusing (pg) ]

—

Dipole-Dipole-A Dipole-Dipole-B
v - - ’ " — 3s ™ 35

N
-

@

sl ‘ / ] 3 ?
" ! | ] -
E st Y 4 £ ;
<6 . 1 Fdes 3 125
% 19 2 |

7| 1 3
o

8 \ 2 2

ok J

a)
{ ! |
s SN A - L id 15 p. B e Vs
10 15 220 25 30 35 40 45 20 25 30 35
Horizontal Distance (m) Horizontal Distance (m)
fn U

AMNUTENBU 2.20  WHUAINAISNSEA8FIAEn1NeunUlnd wane () 35IWludavne

wsus (v) A5lWludeaLua (mn Vachiratienchai et. al., 2010)
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2.1.14 N15815295ANSNTIRNTUAU

NN3EN599A18LA3095IBL5AN SO 98N (Ground penetrating radar: GPR) 1Ju
nmsénalassasenelaifuluszauiulneldmauuimantydn (Electromagnetic waves:
EM) iefinwnidiunussosuanestuiuunsdaluusnanuivsuivinnadianglawui

P94lATINTHAILNT AU uaIusuTallaglysUuuy Common offset 1ATB9dd QY 0

Y
[

(Transmitter) aza3aaday (Short pulse) fifiszoziaan 1-20 ns ¥23AMAge 10-2500

1o o v

MHz (Frequency, f) uansalAne1agldn11uadae 30 MHz 1aTe9dsd g Mo funa ey

n3ns¥aemvesauINLimanindn (Electromagnetic Field: EMF) agaansiiiniuniela

" Y
(K9]

nuivuedfuaudnuuzuesianladiannin (Dielectric property) Wosainiannieldiny

=)

ullnauandfaninn1sului (Electrical conductivity, o) WUsHUATIAUAUTUTITNAGD

<)

[y

nsmdeativespdusdianluiy Faqauaudfaninnisiilaihdeuduiusaeianidl
1 P a < a . . e . ] [ v 1 < a Y
AReTlaBLannin (Dielectric permittivity, &) dsnavinliaunwianlndinnszaiesa

' P 1 =3 v A dl' 1 [ o d' (YY) a a £
LL’ﬁgLL‘Wiﬂi%"\ﬂEJLLU‘UﬂﬁULLiJL%aﬂVL‘Wﬁ’]lﬂ LN@ﬂﬁULLMLﬂﬁﬂIWﬁ’]Lﬂﬁ@u%m’]ﬁmmﬁUiL’JmWJﬂuﬂ

¥ v a v (3

senininvesianiiauuwanseiu Faneliinsvilinmaiungvesauas (Snell’s Law)

£
= a

LAENEIUYRIRAUUIEINATgnNasTieundulugRIAulUS IR assUfyay 100 (Receiver) Lite

undsgananalarnsasnsuuuinaeslunauiimesniseningasinsy (Radargram)

a d{' 1 I3 L a
AsUNI9YeInduLlmantni lud1na1e aunsaeduiglalang @un15va9

[

wingiia (Maxwell's equation) (e.g. Armando et. al., 2005) il

V2E + iwuoE + epw?E =0 ........ (54)

dlo  E Junnwesawwliih (v/m)
w 1JumnuiiBa (rad/s)
e Wumanmeaumalni (F/m)

o Wuamanmnisilvida (S/m)

i 1Ju V=1)

N o A & & a LY 4 A = i
ASAUAINANTLUULUBLAYINUUUARUNLUUIEUIU (Plane wave) LAaBUNaIL

WUIWNY z daNavinle w, o, e WUl KalRasesaunish 56 Yusdiuailuilendu

Y
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phase factor 789 e~ @t laafi k = /(w2ep + iwpo) asnIOLTeunuaunsa 55 (e..

[

Giroux t et. al., 2010) lasail

E = Ejeikztot)

= a A a0 @ va
bUBARULAR awmmaqma‘lmm

Y

e (55)

a wa o
niauaudfaninnisiiluiiaiunse

1 [ ! = ] a ] a . a
LUIBRNLUU 2 @IUAD @3U59 (Real parts) Wazd@IUIUANTIN (Imaginary parts) 91NANNITN

56 Giroux t et. al., 2010 nydnavaay (Wave number, k) 411ANNAUN USRI 2 dU

Fauvseanilu 2 duges Ao duaieiegluguves phase factor () Ndu

fv <
SNUBMNTILTT

048U (v = w/k) audun1sy 56 LLasdauﬁummMugUmmmiaﬂ‘mau (a) voIARY

(Attenuation) muaNn1sh 57 awnsalsunnuduiuslodu k = g — ia lnef

= I3 i = Y -
bR U L‘LJUW]M’]@J"UWU"UM%V]NLLﬁ,Jmaﬂ

1o Wumanudulamesdmanlugaainie

- \Juamugulamausiviandusing

s

1/2

e e e (56)

1/2

e (B7)

Tned U= oty (Wb/A—m) uay py =4 X 1077 (H/m)

< = 1 < = a v v 1 <
ﬂ’)’]iJLﬁ’JﬂﬁuLLllL‘MaﬂlWﬁﬂuqtpjiy’m’]ﬂQ%Nﬂ’]LﬂﬁJ’JﬂUﬂUﬂ’]ﬂ’l’]ﬂJLi’JL‘1/\|?15UEJ\‘1

wea (¢ = 0.3 m/ns) Maiuludinarslaq Amnusivavesrauutivaniviraziduluni

dunng

o v, Wuanuduvavesaduidmanliinnedeunludinais m (m/ns)

1

(et VT eanzs +1])

e (58)
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g, \HuAnsiladidnyinduimsvesTan

tand JuAn loss tangent

=gy A o o A o q v = a v a
ﬂimm'ﬂﬂﬁqﬂ'ﬂNaﬂ']Wﬂ'ﬁu’]lWﬂ'WﬂWVﬂIﬁﬂauLﬂa@um&niﬂfﬁﬂ'ﬂquﬂmqﬂﬂu

S v

tan 8 fAtfesndn 1 ung (tan?s < 1) vldauduedsvendui g ATUUUVBIAT
soase awnsadeuldauaunisfi 59 (e.c. Reppert et. al., 2000) dmsuTannelatiafu
ANsIINER vilrAran e udulaniaad ndusivng (Magnetic permeability, y, =
1+ K) fednlng 1 flesannaninsulilévnaudvdn (Magnetic susceptibility, K) a6

(%

N1 1 ung anansadsulmilanuaunisi 60 aell

C
U = T e (59)
- 60
Um = E ( )

do ¢ Wumnudiasiveuaawiniu 3 x 108 (m/s)

N15E1519R8LSANSNTIANA18TT N1 IAAINTALN OUNAUVDIAAY VIR

auinlnirvesad uianismderiivesnseualudinatsuavgyidenduvesnay

' '
o a a1 =

i & Y] o Ao o s a & a o
LLiLIL‘VﬁﬂﬂlWﬁWIUEULLUU‘WﬁQQWUﬂ'J']ﬁJi'EJu‘V]ﬁllWUﬁﬂU'JﬁﬂV] ﬂqﬂ\‘i‘miﬂal,aﬂ‘ﬂﬁﬂl,ﬂwﬁlgmj

q

aunsnesunglanuaunisnisgayideduda (Loss Tangent, tan &) auuusvanlafiaag
Fnarduvesanimnisin s osregvinisluied eud Wousuldaanud gy
(0 = 21f) rdssarensgadunauusivanlndiiigemnuaunisd 61 (e.g. Giroux t et. al,,
2010) fsil

N (35

t 6—1
an =0 we

windaufvesrdudangwin lnen o2/w?e? « 1 pdusdmanluiig

= [ o

waoun Wludinanaziianisgydendsanu iliiianisaaneuiiiinadanisanasves
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LL@NWS?}@G]']Nﬁ%EJSVl'NIULN@ﬂJTEN Skin depth (Zskin) %ﬁLﬂuiwzmﬂﬁﬂﬁuLmL‘Vié‘ﬂli/\lﬂ?
d' P o o § v a = = a a v =
Lﬂa@u‘mLGU']VLTJIUG’]'Jﬂa'NLLaSVHIWLL@&IW@@@T@\T@QU&@@QLViaa 1/8 m@ﬂLLaNWﬁﬂ@LiﬂJmu%ﬁ@

37 Wosidud laeen Skin depth (8) Wulumuaunns

™M

r

TR (62)

[@%)
I
QN

dlo & \Jue Skin depth (m)

nsdlTaguulanlufanuduntivan (W= po = 47 x 1077) uazd
AMUFURUSARIALABEanYS (&, = €/¢&y) anansaamaNuduRusllanuaunis
Aapalull
V ET‘

o

§= 0.0053< ) ORI (%)

2.1.15 ANSELNBULATNISWNLA

a3 osdsdgeyrad (Transmitter) S1ndudpsonAandseunsza1ea 1909
1 <3 P a Ay < 1 Ya a n:{'é{ (K] 1 N a a
auuuwlmanlii iWarfeuicmeanudy (v) Hunigldifuniuedivainiladidnnin
(% = . 1 <@ a { | % A Aa N
P99iINaN8 WerduulmanliiinnnszNuAIToUR0IENINAINa1NFITANA AR LA
a a 1 [y o Y a v = r-:ll
slannsnuaneeiu (&) wae (&) MbiAansinvesrduaLnguesauadluaunsi

64 MIUNNUTENDU 2.21
VEr SN = ([€,5in0; ...........(64)

AULANA19VDIAIAIT LABLA NNT NALLANIAIUS UIUNE 19UV IAA UT

asnoundulawanimeAduUsEansnisasvieu (R)

R=YT2 N1 (65)
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Incident wave reflected wave

& is dielectric constant

R is reflection coef ficient refracted wave

AnUsEnau 2.21  Aduwman A FuEUS ARt TEreina1 i sdsria A

LANE VNIRRT AL UNSUVDIAAU

2.1.16 N15ANNEIYDINAVD AT BLIASNEIIAN

v

N19819290281A3 03l oLsa sudsanlusuidetddnisdnansaneinia

(Antenna) luguuuy Common offset waginAuy Profile a3esilaisansndadnazgnuen

A uLazasaINASUR UluTTEERN 6.2 WaT lnefisunasdidsyivdes
dll d' b4 U d‘ b4 .Y U ¥

asgnindounlunfeuiunuszegnaneanwuulinuaindsenay 2.22 msiarinisasviou

navvasrduluianneldianeinie datunmsussnaumaNEnTesianaIusadinsela

'
=

nfeanFuaswavesnd uusranlii1 A suniludnais m (Velocity analysis
function, vy,,) luguuuunisasviourduuuingndsuwuuidulds (Hyperbola) anuaunisi

66 TiEpAAARINUNINUSENBY 2.23

2 _ o2
X2 —X1

Jti —t?

e oo ee o (66)

Vin =

o xq,x, Jushunisgaiananssznineasenia (m)

ty, t, Wunadrauldnafunsasieuiisesneuaziiunianau (ns)
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Horizontal position ————p
[ 1 1 1

Hyperbolic anomaly
from point reflector

44— Two way travel time

Linear continuous anomaly P
from planar reflector

O =

AMNYUSENBY 2.22 N15d1533078LAT BedlaLsAsndednluguuuy Common Offset way
Profile hanadan i unsnd 39 uanlugUuuulemesiual (M un:

http://scantech.ie/scantech-about-gpr.html)

Position (X) — GPR data Cross-track
—@® @ @ Xo X X X3 B

Time samples

<

AMWUSLNBU 2.23 NNTIASILNARUALTIBUNLANINNISLALILUUYBIAAY (Diffraction) Wan

iiAngUuuulamesiuan (#i11: modified from Park et al., 2019)

nsUassaduwlvanliiledaunyinlins1uA AN T lUNISAUNI9VDS
Aaulduazndu (Two way travel time, twt) UNLOUNEIAVDIFYQIM d11150UNAUNTTN 66
171U52U1UAIAINNANVRIRINANTITUAdEN U (d) MUANNNSA 67 wasnnUsenau 2.24

dmSuanuuansnsvesrianilnaseyuivlalasieundynvenaulzsingnsuveuuaraAIy

s 1 [y 13 = 1 o & [ &
AUUULINTITHAIN LYU ’Jﬂ@;l‘lJU']ﬂLﬁﬂ‘ViiEJGU‘LJ’W(ﬂI“VTEyJLL‘V]?ﬂG]’J‘U‘L!iJ']‘G%LLﬁ@QLUUEUlﬁLW@ian’]



58

(Hyperbola anomaly) #38508uanUet URUIzLan LT ULUIEUTR TAuseilos (Line

continuous anomaly) Wudumuninyseneu 2.22 uay 2.25

_|(yptwt)2 —aZ \/(vmtwt)z —a?
d—\/ ; = . e (67)

o d Wuanudn (m)
twt WWunairduiumsli-ndu (m/ns)

I 1
a WUsegsnIRIaIgaInId (m)

= M Surface

Time

Diffraction point

Diffraction hyperbola

AMWUIENBU 2.24 LAAISZELN19vaIAuanlusinanaiiudasiou

(1'7im: Shen et al., 2019)



Distance (m)

AMNUTENBU 2.25 NTAANEISDULANYDITUNRY (AUFEDI) LAAILUIEUNTAIINADLTE B

VWSANSUNTY (@17: Luodes, 2015)

(%
LY

unInTIuAIAsilaBianninvesianannisuiaunisau s uaves
pAULLAN NN A ARUNTUFINa1 M 9NaUN1TT 66 TULNUAIANNISA 67 ALEAIUITANN
ANANNANDIIILNUINIAANTaz N ouYeena Ul AP ladlANNSnLazAIAINLLS1AAY

wimdnlwihAedeuilutanuiaiigg wanimunised 2.2
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A19797 2.2 LAR9TENINNAAIN e BlannSnLazAUS N avesrau wilivan W lusnans

Y1RR199)
Material g.; Davis and Annan {{983) £p; Daniels et =l. (1985) Velocity (mna)
Air 1 1 03
Distill=d water B0 0.03
Fresh water B0 B 0.03
S=a walsr p=11] 0.03
Fresh water ica 4 4 045047
S=a watsr ice 4-4 0A1-0.15
Snow a1z 009014
Permafrost 4-3 041-018
Sand, dry 35 4-5 042047
Sand, wat 20-30 1030 0.05-0.09
Sandstone, dry 2-3 0470
Sandstone, wet 0 0.09-0132
Limestonss i-B 0A1-0.15
Limastons, dry ¥ (iR}
Limestons, wet a 01
Shales 515 0.08-013
Shale, wet 59 040042
Silts 3-30 005013
Clays 540 005013
Clay, dry 2-5 0420
Clay, wet 1540 0.05-0.04
Sail, sandy dry 4-8 042015
Saoil, sandy wet 1530 0.05-0.04
Soil, loamy dry 4-5 0.05-0.08
Sail, loamy wst 1530 0.07-0.0%
Sail clayey dry 4-5 042-015
Sail, clayey wet 1015 0.08-0.09
Coal, dry s (IR [
Coal, wet 4 oA
Granites ] 042015
Granits, dry [ 0143
Granite, wat T (IR}
Salt, dry ] 4-7 041-0.145

(ﬁm: Baker et. al., 2007)

2.1.17 MsUsEalaNauazas19sANsIAsa

v AV Yo o e a a | a ¢ = P

Yyatayad lasuannsiuiinveaseslalugssuuaauiinnes ield
UseuanalunIsas19usaswnsual8lUswnsy REFLEXW v.8.0.2 13UAUNNHIATUNISNTD
Y94 1D-filter (Dewow) tioauaudnflideanis uwaziiudyayiuaiiudadld welild

Y Y [

QI b o 13 dqj ! o d‘ o 5
AINUDUAIVDIALY YN EUY Wendulldiendn DC Weauseayu DC 89NN traces NI9ANA LY



61

WOIPUATNUTENDU 2.26 Ay 2.27 Bnasaintuazldilandu Autocorrelation 1un1susu

wilvasusuniinsnselanvesdeyalinseiudunisituimunindseney 2.28

Raw, recorded GPR trace
+ve
»
=
E
o
©
2
o >
§ Two-way travel time (ns)
B
c
@
Without Dewow filter n
v
-ve
+ve
A
% Dewowed GPR trace
g /Y
= /\ o~ Al\ >
g — ,
= v V Two-way travel time (ns)
5
With Dewow filter U
v
-V

AMWUILNBU 2.26 Wand (n) nauldfentu (v) naanslafantu Dewow

(‘1'7im: Cassidy, 2009)

Positem 1)

Pesition )
n L %0 W 110 1 1 e 150 W
"~ s 5 u 0

10 120 1™» W

sfﬂ;

-‘:,
10

- \. "‘,_. ..k .:"m : w...
ﬂ"'-:ﬁj,w/ WA ‘\4\-!7:\’{(?7.’ X
. ' A o NN

"

Depthil, V-0328 (Rns)
{su) oy g
Depthify, V=0.328 (fws)

AUSENaU 2.27 1asunsusand (n) lilansas Wow aan (1) Ta#enti Dewow

(Fa: Cassidy, 2009)
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Distance (m)
m
s
(0]
E
°
8
g
H
g
}_
Time-zero position for the first Change iq !ime-zero
four metres of the section position

AMNUTENBU 2.28  WAAINISUSULN bULIASUAUA 8NN EINNT U Autocorrelation

(‘1'71|m: Cassidy, 2009)

¥

N13NTRIATUFYIUTUNIUBBNINTBYE LiNeLiuUsEavEAMvastayalid

Y
12

89T udreilerfdu Bandpass filttering § dun1snsesdyarandondraniud idvunly
JULUU Butterworth Tilvidiediedysyiaumannsanand vizensesdyanasuniuiitiudiniy
vuanasueanlunuamussnou 2.29 ndwaniulditeidu Backeround removal 1
nsthAnaagvasludiu traces MavuALazaUsanuiay traces Lﬁamﬁ’ﬂﬁ’mﬁymiumuﬁu

e Fudutuneudidglunsfianudeyasuninuszneu 2.30

Distance (m)
012 34567 89 10111213 14151617
o1& —— e [ © Band pass filter applied
AT Butterworth, band pass filter applied to all
12 I traces equally. Pass region of 106—720 MHz.
o0 1 | 404 MHz
Q
g 2
30 E é‘
ER
s 'é Frequency spectrum
2 40 2 < = of unfiltered trace
= s 3
. : 8
= s
2 5
] : :
60 3 . —~! Frequency
70 Pass region of filter 106~7é0 MHz
80 % High frequency noise (speckle) removed

[ | a

AMWUSLNBU 2.29 LAAINISANNUALADNIEYI9AINURLAEANIREIW AL UUAUNASLDaN

(Fa: Cassidy, 2009)



Distance (m)
012 34567 8 9 101112131415 16 17

A . —— <

N T '\:\\:\x\ S v PR
'.‘\ QYA

\Y A Ay

104§

:“\_"\,.,,,\,-Wm\- At
- "\‘y‘.,“.\,. AN
.

50 W A ‘ o ¥ PP

Time (ns)

&) 1°0=A 1@ (w) yid

Air-ground wave removed

Signal ringing effect reduced

v

AMUIENBY 2.30 Lansilandu Background removal W aUdR Y IUTUNILUNUNRAT

(‘ﬁm: Cassidy, 2009)
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Wosnauusswesdygrasansenvanasnunalintui s ndude gy

HeAdu Gain weliudygrungsuadlius@udwalidoyaianudaauuas Aninunuie

‘ﬁamﬂadw%umumwﬂizﬂau 2.31

MwusEnau 2.31 N5ty Gain Wialliuanudaiaurestoya (M

User-defined gain function
Distance (m)
0 1 2 346 6 7 8 98 10 11:1213:14: 15

D com———————————————————————————— )

—

w n
(,-suw) 1'0=n1e (w) ydeq

: Cassidy, 2009)
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o . . I I3 o ¢ v o a

N19911 migration LUUN1TUT¥YNANITAUATIZUAIBNTEUIUNTUTULURBUY

U3 traces f38N15¥1 f migration (Stolt) Uudaya wazidanNAMUANLAINSIVEIATUT
N Ql' o % aw Ao =

AR DU LUAINASLARINAULNNNTENYDIUITETUAD 0.06 19 0.15 Olofsson T. wag
Stepinski T., 2009 lana1unafinnisyin Phase-shift migration Wuwmaianisuilugaenis
a a aa | v a a ° |
W@oUNENID Traces NHNITLUUDONAINALAANNDVDUIANUAIULUBIIINFAAUILAY X
Y aa . . A o ' Y PNy I Iz
Me3BN13UALY wavenumber migration AFwnLeQNIEUMERIR X, z waziduilanduves
audualuanliin s(x, z, t) Audnszagludssnnaamuaunisaaun 68

02 N 0?2 1 02
0x?  0z% vp 0x?

s(x,z,t) =0 .veieer e e ... (68)

et Wuwan (s)

v, WWuANUSvesaduldmanlniludinais (m/s)

aun13AauN 68 Urnviaudunussauiuyisesnsuanasy (Fourier

transform) Momuaunsf 69 tnsunu x dJufienimnuuniens (ky) wazuny z iWufian
= s a = 13 44' 1

auauin (k,) Y04N003IAYARY (Wavenumber vector) nsalianimesiavadulaiiiu

[

aut (S(ky, k,, ) # 0) awnsalisuaunisn 70 sl Asil

(1)2
Ik,% + kZ2 ——ZIS(kx,kZ,w) =0 . .. (69)
vm
2
w
kZ + k2 = R ..(70)

o w Jumnududau (rad/s)

Waansun1siWisesnsuanasuluy 2 Tinszareanuduiusaiy

= a i a a .
aUN15N 68 NANAADAUNITVILALUUAMUD LAVAA Y (Frequency—wavenumber domain)

[

ANUANNITA 71 A9l

02
lﬁ-pk;l Sy 2, @) =0 ovev s e (71)
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(%
Y v o

A A 1A a a'
ﬂ‘u‘Llﬂﬁ‘u‘VlLLNﬂﬁ%QW?JI‘UEjJLF"liE]\‘iiU QUEUIUUUNANIILLAU z Tuaunsn 72

wagn15inisuinsuanesuwu 2 dawansil z = 0 aunsaleulaini S(ky, z, @) Ay

aunsit 73
aZ
ﬁS(kx,z,w) = i]kZS(kx,Z, a)) (72)
S(ky,z,0) = S(ky,z = 0,w)e*zZ . .. .. ..(73)

ndanuleIs mMsuundadunisldaguuuninuliaudes (Propensity score

matching: PSM) 1ndunafl t = 0 wagAInnSaIAANISULLWILAY Z Yasnausiran i

AagfauUsing (Phase factor) 1w exp(ik,z) yadayaduainnislduuy 2 ddlulaiuu
N A & cs' o = =

ANUALAYAA UL T UNARMYBINITIADWNAYDIRINYT K ATNE1IVURUIANUEANT OUNY 2

1%

= Ql' U
ANUTOLVYUANNTN 74 AU

K =elkbz . ..(74)

TuaunstesunslinesAuaniiudy (Parameter of depth, Az) 1Tu
dndruiudi9381n15du610819 (Time sampling interval, At) ¥8an158uNATaya tngd
Az = Am - At va9nn1ska b euses Anusanusausulndludiuvesteyaiavaiiu

ANEIVULAL x 130 (Ky) ﬁﬂﬁugﬂqumﬁﬂwmﬁaLLiJimiLﬁam‘Wa (Phase-shift factor)

07 k, = k, \Junisusudiumia Trace HHA11uANA19TEMIN9ANND VoA LY BE

Y

ANLAUITLANNZAURUAUNTITA 75 wazn I ndsenau 2.32

Uyt k
K =exp| jw- At |1— (u) vervee w2 (75)



=< Point source

. diffractor
Migrated ™.
trace

“Move out”

Recorded trace Diffraction form

in the section

Rx Tx

o bt

=8 Incorrect dip
Correct dip

t(z2)

trace
Recorded trace

in the section

AMNUTENBU 2.32 LARINEULAZNEINTISY Phase-shift migration (fin: Cassidy, 2009)

N15A9A1 (At = 0) uazn1stduuy 2 datun1sduisanisudaises
(Inverse fourier transform: IFT) Wauiu k, wag k, amisaasialndaninlulawy f(x, z)
LLamaumi‘ﬁ' 76 (e.g. Cassidy., 2009; Huston et al., 2014; Olofsson et al., 2009; Ozdemir

et al, 2014; Gu et al., 2004) Fahunusulnladioufitnnin f(x, y) aunmuszneu 2.33

f(x,z) = IFT {S(kyk,)} oo (76)

Unmigrated Migrated

Reinforcing mesh

¢ Slab boundary

nMwUsznau 2.33 nsasrasasunsuseningldlduazlais Phase-shift migration

(Hn: Cassidy, 2009)
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[ (%
v

WuTURUNITUIELIARATUNITAT1IASUATUAIUANYUSENOU 2.34
Wdo Data acquisition MetneidunisnisuszananalunsasiasnsunsuduiiugIu nsd
sosn1sivdeyaiuszanianituazianuuduglumsianuuiniy awnsadenldilandu

Tuite Post collection lamuanumueauvestoya

[ Gudu ] m‘stﬁaﬂﬁ sfdulszunana \

*  Subtract-mean (Dewow)
l * Bandpass Butterworth
[ ideyaaddusunsy ] *  Autocorrelation
*  Backeground removal
l' *  Time-depth conversion
[ wuudnanaduduy ] *  Grain function

l { Migration /
[ owem |

— [ Aaseiua }

AMNUTENBU 2.34 TURDUUSEUIANALNBAS 1IN AT
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2.2 Jaquazaunsal
2.2.1 N1581593N1955INeN

1. ueufissaivenUsemdlneuinuins @ 1:50,000 aauYA F2153 3 uay
F5122 4 5¥274 5123 lll waz 5122 | nsunswensssal Ussmealny
Fufieususu

ADUSIE

\wSesiledfea (GPS)

aynInduninniouuInM uaz Making pen

S T

TUswnsu Georose (Free software)

AMNUTLNBU 2.35 LAnILAI9LDLAUAIINS T ING
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2.2.2 N158152aN95SaNENE

2.2.2.1. msdgrsramsssaliidnddlenisindranindrunulniiuuussdym

—_

ABEM TERRAMETER U SAS 1000
LURLABINSDUELY DY

1 I3 o 1
WLAANIUIY 10 Wiig
AAULLATINUIU 6 17U
\M3095037L0a (GPS)
WUAAUTUAY
wiiabil 36 DU

ADU 2 DU

o © N o kR WD

anelnduiu 4 shu

\W3asiladeansseeslng

._\
©

MwUsEnau 2.36 uansgunsalmsdisaniginmsindanmiuniuliihuuuesdyn
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2.2.2.2 A158157aN9ssaNNandal8n153aAdn NaunulWAlwuy 2 38

[EN

ABEM TERRAMETER $u SAS 1000 wiouangidon
ELECTRODE SELECTOR 464 TERRAMETER SYSTEM
wusmasnionanedon

WARANTIWI 40 Ui

AAULIATIIUIU 2 11U

\w3nsfledfiea (GPS)

Faufirusuda

ANYAUIIUIY 40 LEU

o o N o R WD

AU 3 DU

10.  aneuAdassuunang UL 4 Lay

AnUsznau 2.37 uansgunsninisd1sianiedsnisinamanimsnuniulniiuuu 2 I8



2.2.2.3 N158157ANNS TN ANEAELIASNEIEN

[EN

o o N o Uk WD

pNvekanswa (MALA XV Monitor)
MyAIUAL

Rough Terrain Antenna m’m‘ﬁ 30 MHz

A IS

\A3D9sladNLed (GPS)
Fauieususy
ARULLATIUIU 2 117U
wialsl 24 &u

ase 1 nszlas

AU 2 DU

’ b Sl

AMNUIENBY 2.38 wansgunsnin1sd15ianieianssnnsudadn
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2.3 A5A1diun1s
2.3.1 NNSE152IN95TUINGN

N9ty ad1399v3 3T ATOUARUALUIA DU TOUN UNASINTHAILN

AnuduausuIad Uruvee duaysivg dnnemalug Jaminasal d0unounis

[

ANRUITUAIT

[
=] 1

1. WNULAEANYITBLANUFIU 1Y UHUTIsTAINe) Yiavesdiu sogideu 35n15lY

WuRAUSuSY azn1seuAiantunn Wusu

2. aaﬁuﬁﬁﬁaw%mmqmmuﬁ’wan, FANAANIUAIUAINTY, AIUNLE, BN
Tnenmansniald, waziuilneseuvedlassnswamiautuaIusu A ey
5199 2.3 wavnmusyneu 2.39 sredufiruduiulunisiaAiuuissuiusesuen
(Strike direction) ¥899iy wagyain (Dip angle) 11AATUNNAMUUTEUUDLT
NANUNMUITENBY 2.40 w%famﬁgﬁsqsuﬁmmﬁu LAZENIgAINTINAUNITINUINT

1 % 1 I~ a
guUngUINNT NUELUULIUALUAT (cm)

3. gadeyantnainnisdrsindiuinsenasuulusunsy Georose (Free software) Live
WETNIDIBRUUTIADUTUAUTOUTA (Stereonet) waghiuAINNNaIU (Rose
diagram)

¢

4. 11919184 UUT1a0 0T AAUTOUTALAZ LHUNINNNAIULIIATIEN LN O AN UATIFA

PNSINFIVDITDU LS NUSHUMIBUNUNINE18T DY NVBIAULUNUNFAN®EN

M1519% 2.3 @3UNSHUnLanITdTIImMNeEIalIne

pLGAPRD Wnanziueen | Winwile ZRIREIN
1 670677 776482 AUNUE
2 671453 776388 gnenuIneIeansnale
3 671903 773978 gasAEnUAILANTY
4 671269 773688 UnuausuIn
5 670174 773220 NIAIUAUNAT
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— g T
il 2 grendinsmaninmald e
Sl . X
85" g R ~Y

776000N

774000N

oS
R qadasanit 4 Huitdnun
W, e
667800E - 669800E 671800E
ummevdeiufuahimauna —_——— soufou __H sonusnvaditu

Tory  Aululalndunsia Mululslnadalaladunsiln WiaRumnunlnd

AMNUSEZNBU 2.39  LAAIAILALIAISIINNIGTMINGILALTOULEN (AAADNITNNUTN

538iAne1UsEnalneg YuIauIng1 @ 1:50,000 a1duyn F2153 3

way F5122 4 58979 5123 1l way 5122 | nsunsnensssal Useine

ne)

AMNUTENOU 2.40 F3n1santuiinerenisenuadufiaususunsaun1nusenauiania

VBILUITIYLYN
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2.3.2 N158152an95saINandnen15InAdn NIl R wUUaZZUN

9

nsiudeyadisreuideaseunguuinalasinIsiauffuduaIu

[

suial trwrjane duaviivg snnevalug daminaawal Ttunaunisaiuanudsil
1 adufd159aLaETIUTINTRYA LD NUNUAIUATEIENIULAYERNLUUTIN1SANTIT

2. Muuafienian 30 83 (0-360) Mmewdudie nieuvsdnldsiuduld GPS wethlua

vulusunsu Google Earth munmuseneu 2.41

3. IWVANIIUIY 2 WAIRDNAINUAUTENINNAINA1IINNLAS 99110 LATAADIA1ENEY
RSt 18U Memsnuiuiulasdulunmusseene lnegndsiad 1 dszey AB/2

UINgA 300 LInT R332 2 Hszey AB/2 1INEA 80 LUAT ANUAITINN 2.4

4. msdrmudensenuuuisnismelabiitlugliuusduuesiasarenistnuvianan
A a YY) o 4 5 1 7%
ysedannsanuivanglndwIu 2 ihu 91Uassnseualin (Electrodes, AB) 13nnu
wanduu 1 g waztdnuvisdidninsaiuduangludiuau 2 dhu JWudainainnueig

Andlulfln (Electrodes, MN) 13auluduiu 1 ¢ Nflsgeerinsseninetaliiissan

ee

1%

SMN < AB msaniiunisinazviiniseenedinssualniwazdadndlniroanliisons)
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3 0.5 27.5 114.3300 114.3600 3144.0750
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3.1 HARINNITANTIAINAUSTUINY LALTIUNUNANYILASNUNAN YN

N1381599N9AUFIAIN MU SN WUEN155AEUFIU (Morphology) U89
Tassmsianidutuaiusuian diusns duavdlug sunemalug daniaasan 1
é’ﬂwmzmmiﬁﬁwmﬁﬂsmauﬁasmsﬂaus'auqﬂmamas‘uﬁ (Quaternary, Q) \Juues
pgnouAALILILazAznauiuy (Qc) Mdnwailuussgnuuuitsiegnaudulns
LAEHLUIAIUAUNAINUAMNUTENBY 3.1 ANYMESIANINGIV0IYIVIATUAUNAIINUINE
AuAUAIU (Shale) unsnadumigRuinnunlng (Pegmatite) munnusgnou 3.2(1) uag
3.2(2) Mef19gagAN IR LAEnz Tuanvesi uiiAnwiviedi3endt “Fuidu (Country
rock)” gaunInsusIsunnsing UsingnisiuiiangSusenuugiuimudulas (il
Fuunstingnunsndusasinatumnasanisdsuuadasad emingungiuazanu
sufasulufinelrinuuiuen (Joint), saswan (Fracture) LazseslAu (Fault) mﬂﬂgugﬂ
unsniutusdefiuunsinlurisgalysueadn (TRer fusngnisiuiians usonuesgun
AudulnsmuamUsENey 3.23) Tauinsuaningwadudenianeuniuaninues
puvpinazeuduiiinadsunas Snvisdsdenaienisidsuulasesninuivsznoy
1 (Alteration mineral) luraugiAgaIfuiuNszUIUNITHNS (Erosional processing) Aatu
ﬁgﬂuﬁmﬁmazﬁmmiﬁmﬁgﬂL,maﬂéﬂ'uﬁﬂLﬁmmiazauaﬂmm fomnanweniedouty
nautduguignInsmaldidvinasodasnisiavesiuunsdniideudisguusaarsinig
ylfRanznouazaniidudumuaudovmnnn dwlngnenoufignazauasdunguiu
n18kazns1gnda 1y Silty sand (SM), Silty gravel (GM), Silt (ML) kazdingnaungy

Clayey sand (SC) {inannNszUILNTHRIVDIAUAUAUTINUEUY
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AMwUsznav 3.2 uandvlinvesiuuinagnd13399 (1) Wuiiufuaudidmnluunugan
AruA a1 2) iludwmnurlndluvsnaguiriudunans (3)
wuunstalugrgalvsuoadnuuguiniudulng ushagaeraniuaIud

wyw way (4) Wuhuunsdeluiuidn

UShaiudnwndamuiiuunsdnduunsniduuiuaznszanediegniluuy

a ﬂ’l a a a a U L a v a G
UILIUNUEINUA LN INUTENBU 3.2(4) mumummagiwmwuaﬂu (Igneous rocks) %38
Seun31 “Ausaidunsnaeu (Intrusive igneous rocks)” §ainainnisidudivesiuniia

(Magma and lava) meléralan wavldnaniusiesisdny aunseioudad Tilendnvoaus

I

yuranenunazalulng i nwauridumd sunanandnaninizUssarudafunuain

(Interlocking texture) d@xulugAunnsiafinuluvsnuiunanviduiululelnd-Talala
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v o
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2. Auonglnsueadn (TR) Usznausefiuunstianiiululalnd-dalalidunsis
¥ = ng 1

(TRery) wagAumnunlndniiieaziduniuileve1u usnonduuwswladaurssunan

IoLU

1%
o

3. AuogAsuetilesa (O) UsenausmigAiunsngnasiuauauniauiniansod

Umnaund Lagdnn

3.2 HANISANEIAINNITAITIVNINATUSSUINYIAENITIANANIIVDITLUIUTD LN

3.2.1 A&1593% 1 USIAIUNE

'
=

qmé’wswﬁ' 1 NUAINUTEADU 3.4 GULUUITEUUNAAT 670677 Aziuasn,
776482 witle wuituwnsidalua (Outcrops) u3eiululalnd-talaliviunsis (Biotite
muscovite granite) d2ulng 88LENYEIA T TR ANTIN15219FIVOIUITEUIUI N A
nriunnideanile - Aangiusenidesld (NW-SE) anidsenou 3.5 1WSsulfiguiu 3.6n uag
3.70 wagszunuBeslunismsiusenidsanie (NE) AflyumBesuszunm 50 - 70 o
(LAAIAINIANULIN 1 Wag 3) U19d Uil AN194n192190 2009k ssuuluf @anig
nyiueenidsanile - Nenziunnesls (Strike: NE-SW) snunnusznau 3.5 1WSguliigy
fu 3.6 war 3.79 uazszuruidedluneng Fusenidssld (Dip direction: SE) Afiauinides
Us23104 30 — 60 D97 (WARIFTINIANLIN 2 WAz 4) Tedenndassaniunsiasiziuue
Puvuitassdudusouiin (Stereonet) LaguNUAIWAMAIU (Rose diagram) #1lFa1nn"s
dmafudoyadeifufiauiudu (Brunton) Ssuwunmnmanuianifanudiiusznoudae
fiAN19190dlA59a$19115919F VB IUUITEUIURS 2 TIAN1 SNUET8ITOELENIINATY
Amdsznau 3.5 nuinduwuude (Open joints) ffususznoviiude uimend (Quartz),
uswlanauns (Feldsparn), ustulalng (Biotite), uslun (Mica), usneniwanauns (Feldspar

phenocryst) wazlnsendu (Pyroxene) TIusnUaBLIAIOAG (Quartz vein lets)
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AnUsznau 3.10 NANISANHIINLAAIA ANIINITINIH VD ILUITEUIUTO LN Y
(n) AenanzTunnideanile - AenzTusaniduald (NW-SE) (1) A9
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1@ (NW-SE) (3) Aien1ansTusanideanile - Aengiunnidaald (NE-SW)
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AMNUSENBU 3.16  HANISANYIVINWNUNINNNATULAAIYATBLATHITIANIIN1TINNAIVDY

LUITEUIUTRELENIU (N) AAN9RETURNRsLnile - Arnsiuaandes
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AMNUsENOU 3.209 A7ANIINITINAIVDULISTUIUINTIARE T uRnReLuile - Nirngiusen
Re9ld (Strike: NW-SE) anunnusznau 3.200 wW3guiieunu 3.210 way 3.220 kagssuu
Bealumang Tueenideanile (NE) AfspumBesUszanns 35 - 90 a3 (WansfaniAnuIN 1
way 3) UNaEIulinan1anIsIesveLuIssuuluirniensiuesenideuniie - Adnsiuan

Weald (Strike: NE-SW) nun nusenau 3.20% wUS8Uigunu 3.21% kag 3.22% kagseunu

ealunengiueenuaznyiusenidedls (Dip direction: E uay SE) Nilyumidesuszunu
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50 - 90 947 (WAAIRINTIANLIN 2 wax 4) TedonadodsruiunIs3ATIZRuLAITe
LLUUQ"W@@QL%@L?TmaUﬁmLazLququwmuﬁlﬁmﬂmia‘l’ﬁamﬁwﬁagaLﬁﬁuﬁm%’ué’?u Badlus
UsznauRiuAolsAiand (Quartz), wsinanauls (Feldspar), wshulalng (Biotite), s lunn
(Mica), wsnenianauns (Feldspar Phenocryst) waglnsendu (Pyroxene) sunimusenou

3.23
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e Funsreviseiufuaudtiraauns — ——. sow@eu M souuuNUDIAU
L

Tgy  wululalndunsiin Hululelndsdalalidunsia visefuwnunlng

ANUTENBY 3.17 WanIIAdTIRN 4 LaghiANI9NI15I9RIT0IT0UREN UUIHUNS T TNYT
(APABNINBHUNSITANSUSENAING YUIALIATT d7U 1:50,000 a161U
Y F2153 3 ey F5122 4 587319 5123 1l hae 5122 | ASUNSNYINTETEY

Usewalve wavunuil Goosle Earth)

AMWUILNBU 3.18 USHIUNUNANYNUTAULNSUR NG
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b

Tl ‘s

SR sasusnuuudaniavien

WENENYAE (M) SoELENWUUTA (V) TR8LENLUULALRAN19I198 7Ty
LUIPEIURNReLle - RAngiusandesld (NW-SE) wazinafialuwnun

PAN199LIUaNReNlD - AAngiunn@edld (NE-SW)
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S

AnUsenau 3.21

HANISANYINALAAINANIINITINNAIVOIUUITEUIUSBELENTY

(n) AemenzTunnideanie - Arnziueandedld (NW-SE) (1) Afnna

U a

nriueenidgamile - firngTunndesld (NE-SW) wagsuinidgauunn

YYLUUIADUTUEUTDUNA

ANWUTENBY 3.22 HANISANIAINUHUAINNVNATULAAIYATD

1ANUNANIINITINGIVDIUD

Y

S2UUTR8LENTY (N) RANI9ALTUANR YWD - AARzTusDNABald

(NW-SE) (1) Aien19pgiusanednile - Nangiunnidedla (NE-SW)
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AMNUTENBU 3.23 LandwsUsenauRuwnsie

MlATERLEUN T UsEYa ey avesuTnalasaIm saLNT ALty
ausuianiiefuiiAnumuindaudenadosiuuinugadnad 3 Uinugasdaniuey
dmywauawuszneu 3.24n Wisuiiisudu 3.249 1esannlaseatranieldiiAuves
Uinniuiidnuianuseiosfugnfuvieufuiivinugasdanuaudmgy Suilises

LeNIFNwULAFNIINAA8NUY

w 270*

AMWUTENBY 3.24 N15TLATIFTUNUNINANAIULUTEULT B U ANIIVDIT08LENTENT 1S

(N) USIUIAIAATLAINEINTY (1) HUNFNE
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3.3 HARINNITATIAINSTUNANdA28n15IAAEANA UM U INAILUUB TN

9

e au Ay oa & A o Aa v YA
ﬂ3MﬂﬂﬂqTﬂN7ujﬂ8“1@m@ﬂquﬂ@ﬂﬂiﬁnswwquWUUWUﬁQUﬁUUWU

v |

Uy svandlng snnemelng Smisasal Wesnnlgymvedassainesdiing i

b

v YV

finnududoulunui i linsyaaigysiidiumiansenalalinuiiuinig Jeldesnwuy
d159asemyinAan ndunulnituuuedyn (Azimuthal resistivity) Asaupgulagsou
-illl d' ] = a v A (% A IS 5

Wui lngand1199 1 auiiia UTM 91 671282 agdusen, 773728 nile 15z8en1ansvun
600 105 UazaseuaqulUSivamunisn 2 (nyedlen) 1a3esdod15991197 M undIng
Aanans (gnasde1d) aunmuseneu 3.25 in1sialaedndliiuuurduuesias
(Schlumberger array) lneiisz8En19 AB/2 mﬂqmﬂuswzmq 300 LWAT (WNaNdLAY)
FIUAUMTVHULUITANA 30 BIFINUANUIUATU 360 BIAMANNNINUTZNBY 3.26 Uy 3.27

Tun1siansazhunltmatianNUauNnSiuNSa U AR AINAIS199 2.4 F9TUANRIUNIY

Inlilhwesiagilasuddianulndifigariu

774000N

- R §
Uaedrsaan 3
Yy

P&

773800N

-

4

773600N

773400N

670800E 671000E 671200E 671400E 671600E 671800E

MwUsEnau 3.25 Wuid15199a7 1 s8enne AB/2 unnaniduszeznig 300 Wwes

(Fraenanunuil Goosle Earth)
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mwdsznau 3.26  33msnetalninivszneudisuriadidaninsatasenszuali (AB)
wazwriadianivsainaiaud1sdngluin (MN) Saudunsnguuwaia

N 30 B9FN

AMNUSENaU 3.27  wananisiaean natunulndwuu VES Ineaninataliiwuusay

WastasUULERE1539 () 300 84N (1) 330 B9A1
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NANTSANWINUILATIAS 19508 weNVBIRUN8TARIA LT UT UL A UA WL A
NNISINPVBILUITOELEN (Strike) TuRFn1ImzTueanBewnile - Aeneiunnidesdd (NE-
SW) MUAS97 3.1 kaeNseauanTRAN19N19I1991U09bUITE e N TUAAN A ARE TUR NI

Witle - Arngiuaanieald (NW-SE) anuans1en 3.2

A151991 3.1 wan1sAnEInlnalaeEATULARITIANIINITINRIVDILUITBLENAUTARY

fuluiemangiusandeaunie - Aanzunn@esla (Strike: NE-SW)

270

270

180 180

270

AB/2: 20 m AB/2: 25 m
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180

AB/2: 50 m

AB/2: 60 m

200

AB/2: 80 m
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@ E W 270°

150° 1800

WHUAMNANATY: WUNANWD WNUATWANATU: FAIATATUAIUEINTY

A15197 3.2 wan1sAnwIININa AL LATULEAIAANIINTINITBILLITsLENA18TARY

Auluiemangiuanieanie - AanzTusendedld (Strike: NW-SE)

AB/2: 100 m AB/2: 120 m




103

AB/2: 250 m

AB/2: 300 m
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WNUAWAUATY: WUNANED WNUATWANATU: FAIATATUAIUEINTY

mMsfwnmdulszansalseios (1) LLasmﬂmquuﬁswﬁ’ummﬁﬂ
#1499 (AB/2) anansaralléinnnaunisil 31 uag 38 enfIog1aty 91NNANIANTIVIN
#1599 1 A588¥M18 AB/2 = 300 wins WlethAranmdumuliinusingdidaigean
(pxapp = 2971 Q. m) IRELWRIGT (pyapp =997 Q. m) Tulwanleozunsuniwnuluaunisg

1%
VLEIQ./ =

AANY

Prapy 2971
A= = 2"~ 12098

Pypy 997

_42(2.982—1)

997 ~ 0.33

a7UNan15d1579 w ATluaReanns1eN 3.3
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M19199 3.3 aguiiavnevessesuen duUseansaulifelior wazAIUNTUIINNITIATIZR

Aran naumuliiusinglusumiagadisian 1

AB/2 | Major Strike AN FuUszansanny ANUNTY ()
(m) (246n) Laisiawios (1)

10 30 NE-SW 1.15 0.004

15 30 NE-SW 1.16 0.004

20 0 N-S 1.40 0.015

25 0 N-S 1.73 0.041

30 0 N-S 2.00 0.077

40 0 N-S 177 0.057

50 30 NE-SW 1.71 0.061

60 30 NE-SW 1.52 0.034

80 30 uaw 330 | NE-SW uag NW-SE | 1.42 gy 1.14 | 0.030 wag 0.006
100 330 NW-SE 1.20 0.015

120 330 NW-SE 1.66 0.045

140 330 NW-SE 1.62 0.054

160 330 NW-SE 1.53 0.044

180 330 NW-SE 1.52 0.037

200 330 NW-SE 3.69 0.357

250 330 NW-SE 1.78 0.073

300 330 NW-SE 2.98 0.332

Xeuanduuszans anuliseidesfidamngniiszezng AB/2 Uszanal

200 LURS %m'}mmwzagjﬁﬂmﬂﬁaﬁuﬂizmm 80 — 100 e wanstangluliiafiuiiniy

LANFE19U9AE@N WA LU TULR B AAN1T ATLANFA9A UL hanaIn1eluLTaAudl

seuunnvIelYesinndmaliAinnuniuvesiuAsudiegs Ardudssansaulisoiiios

fiAdesunszegne AB/2 Useanal 10 wns uansiengluieiuunsiiniieglndianudn

SLAUAMUANUTEUIU 4 — 5 AT TAMULANAIUDIAIENINAIUNIU LA TULe az AN
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AUt teY wanyineluilofuinsesunnyiselitositeroutedesdmalinua1nuny

o3AUADUTI FeaaITuRuLNSIANTTIUIUTOELANT DN

VS un@nwlugadnsian 2 aiuiida UTM 71 671078 agdueen,

773886 witle 1iN1398NWUUNUTIATEUAZUUBENTINIU 2 UB tllasainuei 3 ldauisaiiu

£
==

Wt lunssulilngnvusnlasmdmnsiianz fussniduaniefnlsdudUzna v uas

Y

Mg taAfNa1I9ad15191 2 Jsaunaviinisialafiszey AB/2 ungalinfiu 80 1uns

MUNINUTTNDU 3.28

yoguinansvesyadisavil 2 (Frilaanay [AB/2: 80 m])

773950N

' -
‘ Uawzdrsaan 1

773900N

Uaed

b sy

773850N

vaizdrsavit 3‘
/“” /
GdoGIe Earth
o o

670950E 671000E 671050E 671100E 671150E 671200E

AINUSENBY 3.28 WAAIAETIAN 2 Svey AB/2 unanlunsiazuuiiawindu 80 wns

UENaumeiunteynianzyatiuinig 3 Ue (i Google Earth)

nan1sAnenUInlasIadssesnenesiuneldmdAuluduss sunuiife
NNNITINEVBIUITBLEN (Strike) TuRan1anyTusanidsanile - AanyTunnidedls (NE-
SW) uans1edt 3.4 uazfiszaudniifianienisneiivesuuisosuenlufianisns Sunnide
wile - HanzTusanduld (NW-SE) aaum1351991 3.5 G saonnd aeiunanisAne1nig
59011 uaznanisdrsamTiamanmiunuliiiuuuesdyvlugadisai 2 wansd

AN5199 3.6
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A15197 3.4 wan1sAnwININA AL LATULEAIAANIINITINEITBILLITsLENA18TARY

auluianawziussnideunie - Aensiunnidesls (Strike: NE-SW)

WAUNTNNUATU:

BRUNTNNUATU:

FAAFUAIUFINTY
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A15197 3.5 Nan1SANYININANIADELATULEAITIANIINITINRITBILUITsLENA18TARY

fuluiiemanziunanieanie - HanzTusenidedld (Strike: NW-SE)

AB/2: 30 m

AB/2: 40 m
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AB/2: 50 m AB/2: 60 m

300

270

240

180

AB/2: 80 m

WHUAINAVAIU: WUNANED WRUATWWAIU: FAIATANIUAIUEINTY
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M19199 3.6 agUTiAvnvesTesuen duUseansaulifelior waAIUNTUIINNITIATIZR

Aranndumulniisinglusuniagnd1sian 2

AB/2 | Major Strike AN FuUszansanny ANUNTY ()
(m) (24f") Laisiawios (1)
6 60 NE-SW 1.33 0.025
8 60 NE-SW 1.69 0.180
10 90 E-W 1.63 0.231
15 90 E-W 1.87 0.793
20 330 NW-SE 1.92 0.781
25 330 NW-SE 2.06 0.713
30 300 NW-SE 1.84 0.847
40 300 NW-SE 1.28 0.161
50 300 NW-SE 1.73 0.376
60 300 NW-SE 1.48 0.260
80 300 NW-SE 2.24 0.906

fatuAduUsEansAnuldalasnilauinazwanadsnigluioAuiininy

LANFENAUYBIAANINAIUNI WA T ULA AL AANIIUINU T

1508LANYS5 00931918l uLD

(%
[ Y 1

N TILAIUADAARBINUAIAIUNTUYDIAUNABUT 9 Fatiulursvenudnilean

& 1 aa & a v = Ao v & Svwa o
ANUNTUEY wansindugranisesunnluilefiudeudrsnididneamludninudiled vin
Tin1sasivinmraninaunuliiusingliniides delinnuaenndesiunielduaias

819999 1 vwdeyanisinAmanimiumulninfiuluwuifs (VES) 71 30 a9

mamiﬁﬂmqmﬁﬁmﬁ 1 WUIMAANIINITINNAIVDILUITDE WS N LU AURY

TufiAnig NE-SW &eaennaenuiifniaadsosuan lubaunmnnaiununmysenay 3.29

[y

LAENANIINITINAIVDILUITRULNIUSLAUANNTANRANIG NW-SE Hanudennaadiuianig

388LLEJﬂsluLLNUﬂ’]WQ%ﬁWU@WNﬂ’]WUi%ﬂE}U 3.30 LATNUINNALEDAARBIAUNFNIITOELEN

[ [V T
v v a A

TuseAuRuszaz AB/2 Uenin 80 WAIY8IRdn5399 2 Matlillesaingndisiansnidunud

o A [y

FUgeIegszAugInIwaziiz duamsinuiniianisvessesweniigning 1 luszdudn

fanugennfeInufiANINvaITaLLentuTEAUALYRRATAT 2 AanmUsenay 3.29 - 3.32
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—AB/2: 10 m
—AB/2: 15 m
—AB/2: 20 m
—AB/2: 25 m

AB/2: 30 m
—AB/2: 40 m
—AB/2: 50 m
—AB/2: 60 m
—AB/2: 80 m

I Strike: NE-SW

qad5291l 1

AnUsznau 3.29  wansAan nd1uniuliinusnguulnailaozunsusauAuuNunm
Aa a o = = a Y} = v
f]“Via'TU'V]llﬁaﬁ]LLEJﬂ&LUV]ﬂV]']\W]S'Ju@@ﬂLQEJQL‘WL!EJ -V]ﬂV]'NG]%'JumﬂLQENIC‘I

(NE-SW) U3tanugadnsnadi 1

—AB/2: 80 m
—AB/2: 100 m
—AB/2: 120 m
—AB/2: 140 m
—AB/2: 160 m
AB/2: 180 m
—AB/2: 200 m
—AB/2: 300 m
Il Strike: NW-SE

yadasaail 1

AnUsznau 3.30  wanAan s unuliinusinguulnailaevunsus A vk n
nratundsesuenlufianiwe Tuanileanie - ienengiueenideddls

(NW-SE) U3tanugadnsaadi 1



180

—AB/2:
AB/2:

I Strike: NE-SW

nd3991l 2

6m

8m

AMnUsznau 3.31
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wansara@n A umuliiusinguulnalaezunsusuiunaunn

A= a o = = a o = v
QW@'TU'V]QJ?@FJLLSﬂIu%ﬂWWQW%?u@@ﬂLQENL‘VI‘U@ - Wﬂﬂqﬁmgﬁumﬂl’ﬁﬂﬂi@

(NE-SW) U31angadnsnafi 2

0

—AB/2:
—AB/2:
—AB/2:

AB/2:
—AB/2:
—AB/2:
e AB/2:
—AB/2:

AB/2:
Bl Strike: NW-SE

yod132ail 2

20 m

25m

30m

40 m

50 m

60 m

80 m

AMndsenau 3.32

wansara@nnaunuliiusInguulnatlaeunsusIuAuLELA N

aa a Y} a A4 oa Y} = Y
Q'Viﬁ']‘U‘Vllli@fJLLEJﬂIUV]ﬂ‘Vl']ng'Ju@ﬂLQENLVU@-WﬁWWQ@gqu@@ﬂLaﬂﬁiﬁ

(NW-SE) U3tanigadnsaaii 2
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3.4 NARINNITANTIAINSTUNTNdA28LATa LA SUEIAN
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AMNUTENAU 3.37 Landa@ lilndui 5 luusaUeR1zda15299 2 Tuwud1sian 1
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Inverse Model Resistivity Section
[ N N (N T (N [ O ) (O O N .
nr 140 2n 528 1028 2001 3894 7578
Resistivity in ohm.m Unit electrode spacing 5.00 m.

Inverse Model Resistivity Section

[N N N (N T [ [ () (O (O N ..
714 139 212 531 1037 2024 3953 mr
Resistivity in ohm.m Unit electrode spacing 5.00 m
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ABSTRACT A study of fracture zone in hard rock for groundwater in Ban Thung Ngai. Hat Yai district,
Songkhla province where drilling well for groundwater 1s hard to get successful. This 15 because the granitic rock
has reached the surface. The way to get groundwater, dnilling well have to drill at the extract position of fracture
in granite rock. The study area lies on a flat hill area where the topsoil is sand from terrace deposits in the
Quaternary Periods. There are three wells have been drilled for groundwater in this area, the distance between
each well is about 50 m arranging in W — E direction. A depth to groundwater 15 about 48 m, while only the well
that is in the nuddle has no groundwater. This means that the subsurface aquifer here is complicate. The aim of
this study is to determine the fracture zone in granitic rock by using azimuthal resistivity measurement. The
anisotropy of resistivity in the ground suggests the direction of fracture rock will be considered from the
apparent resistivity varation with azimuth that was conducted by VES Schlumberger along six different
azimuths with a maximum AB/2 separation of 300 m. The center of measurement was set at in the central part of
the area whereas the groundwater well located about 200 m to the NW. The plotting apparent resistivity data on
the polar diagram for each depth of mvestigation obtaned the polygons of amsotropy that found the major axis
of apparent resistivity data oniented in NE-SW and NW-SE at the shallow depth (AB/2 < 80 m) and the deeper
depth (AB/2 = 80 m) respectively. The strike direction of subsurface fractured zone at the AB/2 > 80 m depths
corresponds to the location of well-found groundwater. The strike directions obtained by ARS measurement
here coincide with strike directions from the geological study of outcrop in the vicinity area. Thus azimuthal
resistivity measurement has provided an important data of fracture direction in granitic rock area that will be the
key to recommend the drilling location for groundwater.

Keywords: azimuthal resistivity, groundwater, VES Schlumberger

1. INTRODUCTION

Ban Thung-Ngai 15 located in ThungYai Sub-district, HatYai district, Songkhla province. It is
approximately 8 km from HatYai town to the east. The area 15 a beantiful landscape which consists of
basin, hill slpe, foothill and mountainous. With 1ts location of Ban Thung-Ngai 1s not far from HatYa1
town and around 4 km to Prince of Songkla Umversity (PSU), and specially the PSU expanded
campus 15 setting about 2 km away from Thung Ngai village, so this area is now the main target for
living zone. Incresing of population in this area increase demand of water for consumption. Only
shallow well of water is not enough beause it will be lake of water in the dry season. Groundwater
might be the source of water that can be solved the problem. However, drilling well for groundwater
here is hard to get successful due to the subsurface geological structure found the hard rock (granite
rock) has laid at the shallow depth close to the surface. Successful drilling well has found groundwater
trapped in the fractured rocks. Forexample in the study area (Fig.1), here are three wells arranging in
W — E direction have been drilled with a distance between each well of about 50 m. Groundwater was
found at a depth of about 48 m, only the well that is in the middle has no groundwater. This means that
the subsurface aquifer here is complicate. Therefore the way to get groundwater, drilling well have to
drill at the extract
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Fig. 1 The location of study area, wells and the center position of ARS (modified after Google
Earth, 2018)

position of fracture in granite rock. The aim of this study 1s to deternune the fracture zone 1n granitic
rock by using azimuthal resistivity surveys (ARS). The anisotropy of resistivity in the ground suggests
the direction of fracture rock will be considered from the apparent resistivity variation with azimuth
that 1s conducted by VES Schlumberger. The results of ARS measurements and the field geological
study will be proven by the logging data from wells in the area and in the incinity area for
understanding subsurface geological structure and to deternune the fracture direction that can be the
important data used to recommend the drilling well location for high potential groundwater in the area.

2. GEOLOGY

Morphology of Ban Thung Ngai, Hat Yai district, Songkhla province characteristics is a sedimentary
basin surrounded by mountains Fig. 2. On the west side of the study area, shale interleaving with the
sandstone at a bottom was found, while the country rock was intruded with granite appeared in the
eastern area. The fractures (secondary porosity) in original stone are caused by the action force.
Therefore, when the granite intrude to the country rocks, the temperature and pressure is changing,
then causing joints, fracture, fault and exfoliated weathered and maybe change of alteration mineral.
Meanwhile, erosional processing occurs in both the original stone and granite intruded thus rock
fragments are accumulated in the basin. In southern of Thailand, granit rock is under the hot and
humid environment causing the rate of weathering 1s quite intense and there was a lot of sediment
accumulation with a thick layer to very thick. Most of the sediment accumulated as sand and silt such
silty sand (SM), silty gravel (GM), silt (ML), and the sediment clayey sand (SC), derived from shale
nuxed 1n 1t. And to find a small to large (Gravel, Cobbles, Boulders) of gravel which denved from
debris in the study area, and blow from nearby areas accumulated that consists of gravel resulting from
sandstone shale and granite with large quartz vein is interleaved. The geology of study area consists of
sets of stones from younger to older age include; The Quaternary rock (Qt) consists of Terrace
deposits: gravel, sand, silt, and laterite. The Triassic rock consists of biotite granite, Tourmaline
granite, granodiorite, biotite-muscovite granite, muscovite-tourmaline granite, and biotite-tourmaline
granite and Carboniferous rock consists of shale is brown to reddish purple and gray that found
bivalves interleaving quartz texture of sandstone, siltstone, and chert.
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Fig. 2 The location of study area, topography and major structures (faults and fractures) are showed in
the geological map (modified after the department of mineral resources, 2018)

Field geological surveys around the study area, 1) at Manus hill (UTM: 670677E, 776482N) found the
outcrops of granite or biotite-muscovite granite. Most of the major fractures on stereonet indicated in
the NW-SE direction and the minor fractures indicated in the NE-SW direction. Characteristics of
fractures are open joints and inserted in quartz veinlets the fractures. Mineralization in granite
composed of quartz, feldspars, biotite, and mica. 2) at Kuan Samroots Meditation (UTM: 671903E,
773978N) found granite outcrops. Most of the major fractures on stereonet indicated in the NE-SW
direction. Characteristics of fractures are open joints. Mineralization in granite composed of quartz,
feldspars, biotite, and mica. The feldspar is quite clearly seen. 3) at Prince of Songkla University
expanded campus (UTM: 670682E, 776529N) aslo found granite outcrops. Most of the major
fractures on stereonet showed in the NW-SE direction and the minor fractures indicated in the NE-SW
direction. 4) at the study area (UTM: 671269E, 773688N) found granite or biotite-muscovite granite
outcrops . The weathered granite can be observed. Characteristics of fractures are weathered exfoliated
and open joints. Most of the major fractures on stereonet indicated in the NW-SE direction.
Mineralization in granite composed of a quartz, feldspars, biotite, mica, feldspar phenocryst (Fig. 3).
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Fig. 3 Field geological study for fracture or joint of the outcrop in the vicinity area at Manus hill,
frature is indicated in NW-SE and NE-SW directions (a), at the construction site of PSU expanded
campus, the fracture is indicated in NW-SE and NE-SW directions (b), at Kuan Samroots Meditation
fracture indrection indicates prominent in NE-SW direction (c), and at the study area, frature is
indicated in NW-SE direction (d).

3. HYDROLOGY

Sedimentary of the study area is mainly found decay from granite. Sedimentary layers have a layer of
gravel or sand. If a sediment layer i1s underlain a layer of impermeable clay then the area is high
potential of groundwater and the area will has low potential groundwater in vice versa. In the case
under the layers of sediment 1s intrusive granite rock, more water will be accumulated in the cracks or
fractures of rocks. Characteristics of cracks in rocks mainly consist of the two main cross-cutting. The
water layer 1s able to flow in throught fractures and it 1s absorbed in the viod space as much as
possible. Especially in the granite cracks will mostly have a tilt angle of the intersection of a high
angle to the vertical joint, the groundwater layer here can find at a deeper depth with the good water

quality.
4. METHODOLOGY

A homogeneous rockmass may be cut by a series of subparallel vertical fractures. When the fractures
possess resistivity contrasts with the host rock and occur in a set having a preferred onentation, they
can result in resistivity anisotropy. These anisotropic properties can be exploited by surface azimuthal
geophysical measurements over a sufficient volume of the rock in order to map sub-vertical fracture
orientations (Busby, 2000). The apparent resistivities in different directions are plotted as radii, they
generate anisotropy figures, which is an ellipse representing the apparent resistivity transverse and
longitudinal to the direction of fracturing. In a medium with vertical fracture along the longitudinal
reference axis, the diagrams with Shlumberger azimuthal vertical sounding results presents the major
axis of the resistivity ellipse aligned with the fracturation, which 1is a demonstration of the anisotropy
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paradox. A distinct ellipsoidal shape of the polar plot i1s interpreted to indicate the presence of
anisotropy as a result of the presence of aligned vertical or near vertical fractures. The minor axis of
the ellipsoid coincides with the strike of the fractures. The coefficient of anisotropy (%) (designated
here as the degree of fracturing) is calculated from each anisotropy ellipse (fitted through each
polygon) using the relationship as shown in equation (1). The secondary porosity or fracture porosities
associated with tectonic fracturing of rocks were estimated using the expression derived by (Odoh B.
I. etal.,, 2012) equation (2) and (3);

N= \/[(1+,13 B — @)

_ 3.41x10* (N -1)(N?-1)
NZC(pqm _pam)

s

where; ¢f is the fracture porosity; N is the vertical anisotropy related to the coefficient of anisotropy
(A) and dip of the bedding plane (&); P, =P, 1s the transverse resistivity which is perpendicular
to the strike direction of the rock while /)al = ,00”= 1s the longitudinal resistivity which is along the

strike direction of the rock and C = specific conductance of ground water in microsiemens per
centimeter (s /cm).

An azimuthal Resistivity Surveys (ARS) were carried out in the study area with ABEM SAS-1000
Terrameter using Schlumberger electrode configuration expanded about a center point. The current
electrode separation (AB/2) having a maximum of 300 m and potential electrode spacing (MN/2) were
rotated about a center point at each location and measurement were made in 30° increments (i.e., 0°,
30°, 60°, 90°) which are N-S, NE-SW, E-W and SE-NW directions. Interpretaion of Schlumber VES
data, the depth to the fractured bedrock can be determined. The apparent resistivity measured along
different azimuths for a given AB/2 separation at each location were plotted along their corresponding
azimuths. Lines of the resistivity of the same value along different azimuths were joined together, thus
resulting in a polygon. A set of such polygons obtained corresponding to different AB/2 separations 15
known as a polar diagram or anisotropy polygon (Figure 4). For an isotropic homogeneous formation,
this polygon will assume a circular shape. Any deviation from a circle to an ellipse 1s indicative of the
anisotropic nature of the rock formation (Van-Dyck et al., 2015; Busby, 2000).
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Fig. 4 The orientation of azimuthal profiles with Schlumberger configuration, A and B are current
electrodes, while M and N are potential electrodes.

5. RESULTS AND DISCUSSION

The results of apparent resistivity obtained at different azimuths and depths. Measured apparent
resistivities were found to vary with the orientation of the arrays at each depth. The observed changes
in apparent resistivity (p,) with azimuth were interpreted as an indicator of fracture anisotropy and the
presence of aligned vertical or sub-vertical fractures causes a fractured rock mass to exhibit azimuthal
anisotropic behavior. The quantitative and qualitative interpretation of the six VES sets conducted at
different directions revealed the area to be underlain by three to four geoelectric layers: topsoil,
weathered bedrock, fractured bedrock and fresh bedrock with the depth to fresh granite rock at about
75 - 80 m. Some VES curves an interpreted models and the geoelectric layers are shown in Fig. 5. To
nunimize the possible effect of overburden, the ARS data were analyzed by plotting the apparent
resistivity against azimuths at depths ranging from AB/2 50-300 m on the azimuthal polar diagram
(Fig. 6). The survey identified NW-SE (330°), NE-SW (30°), N-S (0°) and NE-SW (60°) trends as the
electrical anisotropy direction in the study area. The estimated values of coefficient of anisotropy and
fracture porosity are generally found to increase in magnitude with the depth of investigation
indicating the fractures opening with increasing depth. The coefficient of anisotropy varies between 1-
2.98, while the fracture porosity varies between 0.003-183.255 (Table 1).
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Fig. 5 Examples of some smoothed VES curves of data measured in the N-S and NW-SE (330°)
directions and the results of interpretation interpreted with Ipi2win program.

Data from Tablel, the calculated porosity found very high (183.255) at the depth of AB/2 separation
equal to 80 m, from which an investigation depth of about 32 m could be expected and would be less
where conductive clay at relatively shallow depth is presented. In this fracture direction, the
subsurface at this depth should be more space that groundwater 1s stored. I considering the polar
diagram at this AB/2, another the strick direction of fracture should be in the NW-SE and this
direction will point to the location of well-found water at depths about 48 m. This different in a dpth to
groundwater at dnlling well and the investigation depth found high porosity may be come from the
different in elevations of center point and well. However at the deeper depths (from AB/2 > 80 m), the
strike direction of fracture correspond to the location of well-found water.
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Fig. 6 Polar plots of the apparent resistivity against azimuth at depths and the orientation of fracture
strike is shown as major axis.

Table 1: Characteristics strike orientation obtained from analysis of Azimuthal resistivity data

AB/2 (m) Strike Direction Coefficient of Anisotropy porosity
50 60° NE-SW 1.66 0.083
60 30° NE-SW 1.28 0.386
80 0° NE-SW 1.00 183.255
100 0°NW-SE 1.20 0.003
120 0° NW-SE 1.66 0.074
140 0°NW-SE 1.62 0.083
160 0°NW-SE 1.36 0.033
180 0°NW-SE 1.23 0.006

200 0° NW-SE 1.47 0.049
250 0° NW-SE 1.61 0.074

300 0° NW-SE 2.98 0.175
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6. CONCLUSIONS

The azimuthal resistivity survey has been used to determine and characterize the anisotropic
properties of fractures in granitic rock area, Ban Thung-Ngai, HatYai district, Thailand. The
plotting apparent resistivity data on the polar diagram for each depth of investigation obtained the
polygons of anisotropy that found the two prominent major axis of apparent resistivity data oriented in
NE-SW and NW-SE at the shallow depth (AB/2 < 80 m) and at the deeper depth (AB/2 > 80 m)
respectively. The strike direction of subsurface fractured zone at the AB/2 > 80 m depths corresponds
to the location of well-found groundwater. The strike directions obtamed by ARS measurement here
comcide with strike directions from the geological study of outcrop in the vicinity area. Thus
azimuthal resistivity measurement has provided an important data of fracture direction in granitic rock
area that will be the key to recommend the drilling location for groundwater.
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