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Investigation of relationship between the soil moisture and eletrical
resistivity
Student : Jhe-Yi Lin Advisor : Dr. Chih-Ping Lin

Department of Civil Engineering
National Chiao Tung University

Abstract

The slope stability and transportation of underground pollution in
unsaturated soils much depend on the soil moisture content, thus, there is
a demand for monitoring spatial and temporal variation of the soil
moisture content. The water content characteristics of unsaturated soils
has a close relation with soil electrical resistivity. However, electrical
resistivity depends not only on.soil ‘moisture content, but also on the
groundwater characteristics -and geological factors. Therefore, it is
difficult to monitor soil moisture distribution by ERT alone. Earlier study
proposed to integrate electrical resistivity tomography (ERT) with Time
Domain Reflectometry (TDR), which can monitor soil moisture content
and resistivity simultaneously for on-site calibration. However, the
sandbox physical model tests revealed that, during simulated rainfall
infiltration and drying process, there exists a hysteresis between soil
moisture content and resistivity, in which a resistivity value corresponds
to different soil moisture content depending on whether it is in drying or
wetting process..

In order to enhance the accuracy of soil moisture imaging based on
ERT, this research was aimed to investigate the hysteresis phenomenon.
First, experiments were conducted to show whether the hysteresis is due

to non-uniform spatial sampling of TDR probes and configuration of the
11



sandbox physical model. The results showed that the vertical installation
of TDR probes can reduce the hysteresis loop slightly, but the hysteresis
phenomenon is still significant. This research was then turned to more
fundamental investigations, including temperature effect and experiments
using devices that can produce more uniform samples and better control
the testing soil moisture. Significant temperature effect on soil resistivity
was observed. This study proposed a temperature compensation model
and further measurements were temperature corrected. Experimental
results from different wetting and drying speed showed that the hysteresis
seems related to the wetting and drying speed. Similar hysteresis
phenomenon was observed in quick wetting and drying process while
there is no significant hysteresis in'slow wetting and drying process. The
hysteresis is attributed to different air and water distributions in soils

during wetting and drying process.

Keywords: Electrical Resistivity Tomography (ERT), Time Domain
Reflectometry (TDR), soil moisture
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R =L/AE, (2-23)
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T IT—* Frec water

Addsorbed water

Clay particle

Sand particle

Bl 2-6 %1 H i W
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+

t
soil soild

water in DDI. free water

H#15-3](Mojid ~ Rose - Wyseure » 2007)

Q2

E

2

=

Bl 2-7 i

% 4o 5N

2

il

7
-~

Lin(1999)7 11 # % &

ap, +b0+c (2-28)

/K

O 4

c+la(4,)+bwlp, (2-29)

S¥car LG

F

V;
|

\:éa\b\c:‘%

x

/z\

T ARRE ; c&r

B >

g

kE
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PV ETRCE O KEoR F R o 20 Lin (1999) Z#FEINQ

-29)erag * 4 BT i3 ¢}§Jﬂ‘ it S Rk R R (pd=1.32

d 723

=
5
»
B
¥l
gl
(@]
[
=
|4
TR
)
|
>
Ta?
N
~mh
e
T
iR
W
{w
e 4

AP aBEMEIHECEI P § - TPF2LE > FHEiF

7L 2 > T - - 12 v = 2
B R % % 35 0.95 B 0 4 i T 4 -

%02-17 Fp#d i fF S0 % (Lin, 1999)

Soil Type C a B R’
Ml -0.1102 0.0746 0.7932 0.979
M2 -0.1235 0.0955 0.7778 0.952
M3 -0.1595 0.1340 0.6281 0.954
M4 -0.2169 0.1514 0.8873 0.949
M5 -0.1317 0.1310 0.7234 0.976
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0.3 1
5 0.25 1
QU
e
Q
6\ « M1
v 0.2 - = M2
5 s M3
= x M4
= x M5
- = = Linear (M1)
0.15 - — Linear (M2)
— - Linear (M3)
Linear (M4)
— Linear (M5)
01 T T T T T
0 0.05 0.1 0.15 0.2 0.25

W
Bl 2-8 % F 2 34848 B (Noge-C)pw/pa & W 2 B % (Lin,1999)
RE RS S E NS F PSSR SR
FTUBREN CETREZREM GG S X AN - X AN
RS ETARE KRR E LG LM B A fadikd B

KA 2 pags 2oL B8 P B

9

B HORER
B~pd kg kg~ FHEEPLETR S REET R kA 7

KENFRRIEZ IEEBRREE S FR P HETREZLEM

Ik

24
e

m

L& P ¥ 4 Archie (1942) ~ Shan and Singh (2005) -~ Klein and
Santamarina (2003) % 7+ % (2-30) > Rhoades et al. (1976) ~ Lin(1999) -

Mojid , Rose and Wyseure(2007) # 5+ & (2-31) » Shan and Singh (2005)
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£ (2-30)4 77 49 Archie (1942) T 5 defofk fi T chig 7 &
BT T P F] R (2-30)¢ AR A KR AR R AT
Klein and Santamarina (2003). 53§ i i Rla~m 'y 3% 1> 8 7
k£ 54 fok it » Rhoades etal. (1976)F1 A+ G2 T A T A -
Flp it SBcs N(2-31)Y a~bre> 2P Eew i a~b®E el i
4R T R 0 Mojid , Rose and Wyseure(2007):#-2 3 7 B & H T
BEY gied o Flptr 285N (2-31)% a~brc~d~e> 2 ¥ ECw
s ab®#0ECd 5 dre ¥¥oe 5 - ¥ #ics 2 EIPEET R Lin(1999)
¥t iz R Y REL R 285N (2-31)7 a~brer pairoa >

b $#c> e 5 ¥ £ 2-2+2-3 552N fHE WP o

o=ac,0" (2-30)

EC=ab+b0, +cO}+db,+e (2-31)

b el o N Y R GRS W T F
TIETRE ZREM GY FHE - REM % Knight(1991)R] £ 4+
HEMEFIRRRFR %7 341 % R B 4P 0

KF T RAMN ZoRE RS d g RIER AR pRTE S

P
<
=
s/,$

R RFMA KRR PRI PR ) FREEY FR

ETREZREM GACRRERERY 3 - Rodr @SR G 2
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TR KA A S SIR TRABALY AN R - R Ao Ak
ppbe el AEY o RAEA G § A AL - N EEE R S
EOBH B 0 @ IR B P AR R A KR g
Lifd o e ol R A o

£02-2 3 0 (2-30)p

i Sl R
Archie (1942) a-m 0 % 4 fr
Shan and Singh a-m foid 3N 4 e
(2005)
Klein and as'm a=1>m=1>0 % &
Santamarina (2003)
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302-3 @ FQ23D)EP

i * S o

Rhoades et al. (1976) a b ~ e ECw ;‘_a a b %ﬁ'{ ’

e ¥

Mojid,Roseand | 3 «p ~¢c ~ d +| ECw % a ~b %#k -
Wyseure(2007)

C ECd 2 ¢c~d %%
e » % Hc
Lll’l(1999) a b ~ e pdéa b ¥
e » i #ic

?E
S
2 s
[
£ g o imbibition
E 5 ° drainage
-4
o ]
=
= 4]
H 4
] %"n
: hF
g 34 Bnlﬂ:n 2 4 & po o B

fdm g EGanp
2 T v T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Sw

Bl 2-9 Pigici A3 Re o R BT 2 M % E
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/ / solid

\ﬁ?{"_fum
:7“7—}‘“77‘“’

GEOMETRY B .
=AAAL
A = —

GEOMETRY C @

GEOMETRY D

GEOMETRY E

— / ./..
B 2-10 3L P koA &7 2B

23 ET I FE R PSR 842 (TDR)

FE3g F &2 (Time Domain Reflectometry ) > f§ # TDR » & - f&
R TBEALCFER ~FR 2 c HA MR F E > d Rl
TREANGIERAL - "MFTREALE PRI LJd T ATRHEFT
Fremd g gt o DB F Sl § IR D T 2 ¥ o
ARETEHET ~ §EREFE ST AT ?]L“’E%ig‘%ﬁ—éﬁﬁéﬂf'l’*@ﬁi%]

W 2o redn (Impedance ) 7 i@t 9738 = 20 K S40% R R R g o
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%;’:r@ﬁ%liﬁféi ZAETEMERL > MR bTe B
22.1TDR &7 % 5t
Bl 2-115 M F 22 REHE > ¢ 2HHERELRALE (Step
Generator ) ~ 3% 5% $: B (Sampler) 22 51 ;& ® ( Oscilloscope) » 12 2 &
ﬁs?] G s ¢ 7 e phEF M (coaxial cable) ¥ £ |38 ( measurement
probe) - "k A 4 B A 4 TR ED T B TR UELEE EHET
HiET A BT FFRG w2 ke .
f1* TDR R RIHHETFELF - SRR~ 51 § 0T 2
ﬁ?’-ﬁiﬂﬁﬁ?ﬁﬁ%ﬁﬁ%ﬁ%%#@ﬁﬁﬁ’%ﬁ+ y

ﬁ o
TDR Device
L
Coaxial Cable =
Measurement
Step Generator Probe

A
Nvs

Oscilloscope

Bl 2-11 Pk 84722 3%
222TDR AR BRIz L& &R

Topp etal. (1980 ) #7 2 & 4R /1 T ¥ #c (apparent dielectric constant,
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Koo 7 02d Bl 2-126 F fgha b2 454 (1) k22

2L

K=Vﬁ (2-32)

H¥chkig (2.998x10°m/s)  Li RiplEE2 £ B o A pFenA 453 2 -
Al ¥ Reni 27 A: (tangent line method ) » 4-@] 2 - 129777 » 4 &
H2- 5 TDRE B B 252 445" B 8hat P B A F Stb2 4 pF X o d
*TDRE Bl Bk 752 42478 B85 ¥ 3 % ;&2 > Robinson¥ (2003) &
% ¢ * Heimovaara’s (1993) method » £ Bl 5 # ® % ¥ k¥ ayh 3> &

PoRe Rl R A AT BEN R RS RVE AR 4t (2-33)
T=T,+T, =T +yK,-L,/c (2-33)

AP TR S AR RRIBEAG R HEAR T, 5 ST A

IRPIBHESARET T LR R BHESARD R R BHFS RSP

B2 APEL 0 AR oW 2-120 B L] 5 B R B 0 %k

b

Rod GRMESVETERSETABTITEA LK B2 DT
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10

gt
Waveformn of the matenal being tested
8 \\ F
s Tr
& & soil surface
P a:‘/
§ il [—_JL 5
4 F b Vco
it "\end of probe
2} Vo . .
ol Tp T, X
= >
0 . i . . y .
0 1 2 3 4 5
Travel Time (s) x10
B 2-12 TDR ** 4 & |z 257 & BBl
SRR LY EREE A SRS SRR L

HER AT F B PR F AR 4T

72 k& #1441 (Topp et al., 1980, Lin et al., 2000 ) - ¥ %

- RAT F RS IR R E NSRS

? 12 Topp et al. (1980) #73F % 2 5%

KEEAR T2 TRt > HEivy B H

JK,=a+bo  (2-34)

ckE caZb SR
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223TDR $Z R LRI F 2
T R7 G TDR A HERTE (p,) THRER > P »F B33

% Giese and Tiemann (1975)#7# e j* & iF > 40378 (2 - 35)

7 { i ‘é’TﬁﬁiPw:(vm_vo)/Vo 'Vo e N BT Z TR ] v a3
BB 2 TR ALK, 5 AR Fl#iooRs & TDR B3k & IR [E4iE -
en kAR TR T e Linetal, (2007) B4 AR D

ferDC 8 BT IETE > EAMEEER R » 4058 (2-36) ¢

G:B[ﬂjk(Rcabk”poo) (2 - 36)
I+p,

He B i TDR R B BIFGFIR T @ kB 2 R T Flikc o
¥ d TDR BRI B A 5 BB R F L F SRR E 400 (2-37)

818 (2-38) 4

k= ! @2 -37)

_ Rcable 1_poo
RS 1 + poo
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R

Rope =77 2-38
" ]_poo,SC ( )
]+poo,SC

Linetal. (2007)7 3 3iz 7 TR T feenf 32 #b > TDR & F i
TR F SO B RRF BT RRGS ] o FRt A (2 -
37)> TDR #7tip| @ f8 fu & & Tedicp,,,, Bd B RIF 2Z F ¢ FE R ERZ

F % H d
L # Plorected b=

b AT AP EE RPN F Ml B
pCorrected %L » ;\‘ (2 - 36) P ¥ 1 «]“Q—Kﬁ‘ lj-r/P 'E ﬁj:é—- %;ﬁ ’ 3@‘”1’ ;;
BERDRHELRES -

+ 1
pcarrected A\ 2PML_1 (2 - 39)
dfacp

air

23 T TR FRR ¥ T RS2 (ERT)
PR Ed - REFERRBIFR SIS ad 3z
AFEREFERD TR R EDTEFT RS Fa g2 0 w1 AR A

Pl v = s PR R R B s R A o - B T B G 6 ok

(electrical resistivity tomography, ERT) > &_#-— jaend-® & § » 5Pl %

RFEEESRTIES G AR AT ETIES S
oA PERILF R Fliks 70 2 THAADEDTFIL  3ppt 7
= \;}L IV"

H g kBB F ARG KRS RS o



PR GAR R PR RIRIE > 2 JEd h e R T A W 2 -
13¢ §infECl~C2 e~ 3 K ¥ » £ 4% § = f&P1 ~ P2 £ I3 & 75

BT L d SRR

s
\\Q;D_
=3
=
mF
5
T
S
N
\
)\
S
-l
\_.
o
gl
EL
o

¥
o
&
—
N
o
_‘:‘“l
il

fafes R RELILF A G

AP RIEE R BB RAR T AR ED 20 B FEAR S B FRIF
BARIE o F BAR I JRAT A DG BATE K s TSR R
o AR SRR X LRI G R TR o @ -
HFAY ARER RIEFREF YR AR TOT R
Wenner 5 &) » £ RliEfe? 2 X EBREFiEde BT BEFLZ Tk
Cl~C2¢ % =1&P1 ~P2 kB - £ 5 (4R 2 - 13977 )> -E;'f%

d iR BFEE Y BT AR R PR IEF B A
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TRMEES

1 23456789 101112131415161718192021 €1 PLP3 2
) e ) (A [ (| K | ) | I /O ) (| [ A N (. Ny (et
& & » & & % » & 3 % B & ¢ ¥ & € » ° - - .
N EE R E N
S 6 8 0 0 0 0 0 0 00 0. g
s 0 8 ® B " 2 B " R g
“o

Bl 2-13 Wenner % [E4ERI € R+ LB (Fp £ =5 > 2006)

231 # RIEZAXRE

ThHmr T2 %2 TEFAAER A 5d 5(2-40)E542-41):

resistance R (ohms) voltage difference (volts) _ AV (2 - 40)
current (amps) 1

resistivity p (ohm - m) = res1stancexlengt'h _RL _4VL 2 - 41)
area'of cross.-section A 14

SEBEET FINQ-42)

Bee Bl A AT T RN (2-42)¢ HE R LABEN R £ Y B

ek
FiEpio- o RIS (2-42)F E R R R

258 4o (2-43)

—gradV =pi (2-43)
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- I]}E %ﬁ,’fﬁcllfﬁ%})‘f’ﬁ& ,:-\+Imﬁ_,/n "!1‘-”?] 2-14%717% > E]J pi
”"«%ﬁ_ﬁ_,‘%ll

1A bR e b Bt BET R E R

T
W R R

Y .

ﬁ .

1
2nr’ (2-44)

1=

W REPT R L -V /or 0 BHRINQ - 4)PT IR 1 F AN -
43) »

BIF 0038 (2 - 43) e Bde T

_ora
or

(2 - 45)

21tr

Fl R C) 5 o1 AT W G fE A N (2-45)m 1FF

VFI[M Jdr-zl £C (2-46)

nr

N2 - 46)T L L g

F P H BT HRIEH ¢ A2 T R A D
Ko R PCEREANERA TR FEE =0 PE oV, =0 P71

| C=0 o T Bdizfh P A~ EELT R A 4 T A oo
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Current Electrode

Equipotential
surfaces

Direction of
current flow

Bl 2-14 8T mT e T =a® (B:p Loke, 2003)

FHEEP AFES BRTIECNCy 4B 2-15° B 2- 16577 »
P A gtz B R AT &P P, W2 BC G2 B R
EQRN U TR K AT AR SR G P U R R K AR e

’f\—"Pl ﬁﬂﬁﬁéﬁt :‘—:1 R1 ’ P1 ’f‘—"Cz ﬁ’ﬁﬁ'é}ﬁ— :‘; R2 ’ C1 ’f\-"Pz ‘:"hﬁﬁ'w—'ﬁ}/ﬁ- f:/".\ R3 ’ P2 'f‘-"Cz

SREAE A Ry o TN Q-4 EM 0 G R G P T A

IETERRE T SR FHEBALOT I §ENE - B
2/

= = gL 2 [P s P 27 s [P 78 A5
TAHIZ R NT Bde > AT P T R E Y, 4V, 0 T
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FITECLE G PR R T

v, - 2L (i—i] (2 -49)

2n\ R, R,

TRV, BV R T ED P B P, Beh T X

B2 -4A)ERTHEE > FIETEFp o

L =

He 2n/G s w758k K> FI2 Feaag 272 %A 8 E4

F_‘L
Ayl

LY

pEn

W

LAl AR S PRI AT Bt A B e

-l,.nL

"ﬂ

Yot

FEOTEFoa £.5d 7 R AR FlHEATR T UL T TR

N
,\dm
6‘534

i p, (Apparent Resistivity )» % 5 F & ~ 471 it F I E F T Ky
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@H
[
4y
S

e p—O—
()
+1 I l -~/
7' p 1 C
C| :1 R1 1*1‘ RQ ": 2
|
| | |
Irt R, :!:. R4~—-——~>1'

Bl 2-15 BT &7 £ B (1222 p Reynolds, 1997)

+V
10

PN T
| -~

B 2-16 37 ner 7 =4 5 &t (Telford, 1990)

Telford (1990) 1 & it A B2 R & csg 1t B 0% > $H39 5 & o0

KET R RGAPMIERT > B 2 - 17970 0 B Y LA g 0EC)
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Coenfbdf » x I PRI 8+ 2 8C fed > 22 PEEFE > r, &, P4

Gl & Ci~ Gy frPBEeESE » B PEEAVRET R B R 5 J, 0 U, T 5 !

=L L _ (2-53

27 ( , sz%
27+
4

Ry Q2-53) T iR PR R i R APR R BT I R ®
B A AeR] 2 - 1847 0 F A R R R R BERF 0 S FPE
SRR 4 0 BRI TR B AR J FHRER A AR E T T RPEE
- BiFRRz F R ERIER X PG PERE T IR R J B

2T EEL=V2FE ikt E o
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B 2-17 2F+ AT FRTIRKET TSRS P S8 (Telford,

1990 )
10
Jy = value of
= &I/ P
O8
P /’ - T T~ - -~
e S
ey
s / -
o6 Ve
Z Lonst.
7
Ve
/
o4 7
7
s
Y, f. const,
//
02 /
/
/
/
/
1 I | 1 1
0 0.4 0.8 1.2 1.6 20 Lz

Bl 2-18 L itaf BEfriR R chic 20 P Bher kK D R0 A & 1
( Telford, 1990 )
Nostrand £2 Cook (1966) #% 17 - BF - E 320+ kT R

BT IRLER A 0 4ot (2-54)
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T

i=3tan-f(2L_Zj (2 - 54)

F1# 552 -54) b o T REFE kT R A iAcB) 2-
19457 » § z=L/pE > 75 S0%HTinplE High > e LF Z=LpF
Bl FIiE 70%0T inid i > Ft § TR BEAR L pF o € 5 1 F enT b

PO PR R o

100
80 e RS
70% i
= § o 5 3
8 e0- L
3 50%
= r 3
£ 40+ : =L
B [l
_ . =L f2
g T - ¥ - - - '
0.0 0.5 1.0 15 2.0

Depth / current electrode separation

Bl 2-193%# Kk T inid B » v (Nostrand and Cook, 1966 )
B3R K R T > Hubbert (1940) # 41— B =235 %
AL A G BT AT T KRR R AT I F AL H - B

2T o A A T IEF R 4oV (2-55) ¢
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tan 0, _Py 2 - 55)
tan0, p,

4ol 2-20 (a) 7 P AP O A RN EERTLER > pL AR
PR TS S F TR TIEFp, AN R Fp, o R~ T R
AHRETIR > AR 2480 4ol 2-20(b): F 22T K TEFp,
PR REFp, c PIRIR e TR AT €RAZMR 0 4oF] 2 -
20 () fRPR_FAEATER %o NPT U RT RRE TR R P
TGRS GR > AoB 2-21 2B 2-21(a) ® “1hT chE35F
BRFIRT > T, =p, ORI RAEA T 0 AMEF W p, B
p,>p, BT R R BFREI L KN o ARl 2 - 2]

(b) F 2§ p,<p > T BARME LT KA F 4R 2-21(c)0
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(b)

(©

Bl 2-20 2328 K 75474+ (Hall, 1992)
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o
~

P2 Py

()

PP R
AN ST
LR

NN YN Y by
AR ST
NN AN AN

()

(Hall, 1992)

2.
|

_I%

,}iln\

J

R R

2t 15

Bl 2-21

2.3.2.1 %P RIL

=g

bk

o~
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B 27‘CAV. 1 27:AV ]

(2 - 56)

B 2on/G L BRI 48K F1F T s> va R o f 8
PR AR N AoB] 2-2297 0 F RS IR RGP R S e
By EBATHERIFRS FOTLR T AIRFTII N EETLAE
F e T AREEE 0 N EE AR D e 4T R R T v e

AR TR R R

G R, P, €
e B e T B Wenner
C1 na P1 a PQ na CQ
e > > @  Wenner-Schlumberger
C2 a C'l na PW 3 2 . .
*——- o———@ Dipole-Dipole
T . P, P
na a 2 .
D 8- @+ @ Pole-Dipole
(o)
G C, 3 (*)p
® o ° o ® Pole-Pole

Bl 2-22 - 4 LT3 38R 2 5 2007)
12 Wenner & | > 5P ARACR] 2- 19977 0 B A - BT RAIE
Tk E- @R LTS TAEC] frC20 A B S 2B
£ 57 &Pl 4eP2 0 4345582 - 56)* " Wenner# 7> A T e m £

BRI EFER A T ERINF - BT IEFE @ A
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FHE L RBFET e L AET R - EH e T &Ly I

s

ENE ﬁ,ﬁ-’_‘-ﬁ EL/H ETJ_;‘.CI ’f\-"cz » 14

A

N

\H
‘\
>‘
[m
il
k)
[m

ABP1 feP2 ptaEde o TF BRI S - FART IS E  BFLH

TR AR LN BN - TG A G HRRILARTIEFT ki

T HEE %4 A £ 2 (finite element ) & F T L 4 2 (finite

P EF T ERE MV R NE R 2 2R LTI A G RS
MFHEA O FE AR IR ST B R
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Eretem b 5

REREMEHE S e

B 2-23 7 &7 pn 2 (Wenner &) (Bicp £ i=35 »2006)
2322 RiBFEF D NV R

IR (Te TILIERIPF g BT E T 1 2P chhER
SR ABI D 2 o BB L BT EE A RS 0 - T A
ZBFE RREFE (1) ALk (2) VHFERIFR (3) LEER
R

RHRBAS O §ERHRARADEN - RHRT 42 TR
Bl i K 7 MG P AR RR G S PR Sk
enig|dic > T 1/K - Edwards (1977 ) P& 21— BliFS#c: ZJL * > &
AR FRIER B P Z ZFRIFER > L BIEIR

MBFE IO AfFT R 6 o RIAKRRISEFEL RS 1 2% 0 FR

44



g 0.025 2= 3|1 2 TR T ARG 0 RIFFH fE47

S (e 2005) -

W

R 2 AR R EFZ 7 A LT EW R 2 2 DiFE
F I3 “TBY % o MM Wenner z b k3> B T2 40 2-22> 2 2
THRAETIERLT] > B TR S P S lick=2na 0 &L R TR 4
Bk TL 12ma0 B R B OT AR A R AP EH LR R AR
B FIBLAE R e o F]t Wennerig & *F M E RS P ch2 1 g o
PR A B e L PRt 2 B o 145 Edwards (1977) #& 1 gl
# %% > Wennersidf BRI R 9 5 BEE0.173 & > ApHE * 30 K o
B Lo EREAR G DS 4T > Wennert 7| T ENT LS T L
PO R AARSG TS EREPAE L kRS e e F
Flpt R G e RPTR BIORE 2 e g R RS T e T AR R
Rt s 1 pF > Wenner K35 P € 17 T i R % o

g b a7 2 AR Y Rk e R 2 Ntk T A en

55 E R b 24 ST o
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Z 2-4 2 RIT BTG NIFE R
FRlF R Ze/L
C R = Rl MEERRRAE wFEfET S e
(Ze:liE, L & R JE)

Wenner 12na (&) 0.17 (& %) =
Wenner- , ’ 3w
I/m” (=x %) 0.17 (& £ )

Schlumberger ia]
Dipole-Dipole 1’ (£) 022 (£) P
Pole-Dipole 1/n? (£ &) 0.36 (=x &) B e
Pole-Pole 12na (%) 0.86 (i¥) W £
%M RWELERFAZR 2 & > 12 Wenner array {- Pole-Pole

array B i3 > 4P ¥3U 5L & B 222 F] Pole-Pole array 9% itk C2 fr

iR P2 SRR A 2 EF A g iR E RS AR TR R

2B B A 2 Wenner > F| b

Wenner #if * >SN T Rl 5 P 02, 147

¥R BIF R 3R 17> 11 Pole-Pole array cff pliF R 8% » PliF 5%k Ze/L i

0.86 > @ 12 Wenner array ¥2 Wenner-Schlumberger array # £ » #xif *

SN A B FTEIRR > SRR #FRIRY) 2 Pole-Pole array & A

LB R efEtTa 4 o N RS

I ARIFRI D OREE B F e A3 50 o
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2323 ERTF & 2

d ERT 2R“THE 2 FFACEZARTIEFE > FLimnTrrEs

2% (pseudo-section) > & FiEF & A7 7 MEF L7+ £ T
FEF G o 971t S RIE IR B AT R IR E AR o

TEF B R ERY o BRI Ry HAUF Bk

£ A 4o & q0 A% T AN £ 7 1 (Loke, 2003)

A mAme B9 § mBRERFTAE - FF Hddici - B
g PR RR R TR £y 2R Sl £ g~ F RS ERE

S| nE Rl B fLE AP R Ao T

d=y-f (2-58)

B AR IR S
Bdo ] T3 Fak it iEAEY RSP EIFLRENQ-58)7 d
R T2 4o B (desS(2 - 59)95 ) o DR MBI ] o T r F B

Fl eI ]LE’»’F)"“] kﬁ'{rﬁ» er}ﬁl;Ei%ﬁ""ﬁ’ 'E'_ =R Aq ’ ‘5’1\.";‘;\“ (2 - 60) ’
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H P JI % Jacobian AL d pL B I i+ = RCR

S .—.t] %}:@:ql‘u =dq,; +Aqi ’
RN

E=d"d=Yd? (2-59)
i=1

J'JINg, =J"d 5 U, _9 (2-60)
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d A TR G ERFIIRTIHFEEL AR FAagh®R

¥ i * > #& Inman ( 1975) ™ Marquardt-Levenberg = ;* » 4 » — B2

R tx ) (damping factor) #-3;%(2-60)12 &+ 5 ;% (2-61) 'L ¢ AgiF
L ey g o

(7T I Ag=TTd  (2-61)

2.5 h B T F

L=
11— )

:x % smoothness-constrained least-squares inversion » &

> b
=7 -

L2 norm inversion » Constable et al. (1987) 35 14(2-61)5% ek & =

FEF - MAZ Ak FRER AR S EEIFY § IR F A
= Mg E 0 F]t deGroot-Headlin ¥2 Constable (1990) 4c » 7 3=
kE 7 5 W (roughness filter ) & "% M H-3] 8% £ 7T 2 oo 40(2 - 62)
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(7T, -2 W WAg, = d, -2 W g, , (2-62)

A - ALEE ek BN é]u—»—x-— L RLE R "}f‘é’f”ﬁ“iﬁ

EEE S EE L N R S S ECRRIES R T

£t %k o F B S AP 53 p4iE £ RMS (Root Mean

Square Relative Error) (2-63) % % 7 -

M 2
RMS = \/LZ—f)xm()% (2-63)
1 q .ql

3EAFL Ao ] L =R
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Schwetlick( 1988 ) 7 7 '} IR B deeiacWERITHEL

R (2-58)58 ¢ de » TR E AR Ry~ Ry 0 40(2 - 64)5¢ ¢
(J7 R, +0 W R WAg, = JIR,d, %W R Wg,, (2-64)
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