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Combination of ERT and TDR for Monitoring of Soil Moisture
Student: Wei-Jin Wu 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 changes of the soil moisture
content. Electrical resistivity tomography (ERT ) method, which can be used to

investigate and monitor 2D or 3D resistivity distribution, has a great potential
to serve such a purpose since resistivityis highly related to the soil moisture
content. 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.
This study proposed a new monitoring scheme by integrating ERT with
time domain reflectometry (TDR) technique. TDR probes are used to
simultaneously measure the soil moisture and electric resistivity at some
locations to establish the local relationship between the soil moisture and
electrical resistivity. Using TDR to calibrate the hydrological and geological
factors, resistivity distribution monitored by ERT can then be transformed to
soil moisture distribution. In order to verify the feasibility of the proposed
method, this study first evaluate three common formula between bulk soil
moisture and electrical resistivity by TDR experiments on soil samples with
various moisture contents and water salinities. The formula that best describe

the relationship between soil moisture and electrical resistivity was selected for

il



next stud phase conducted in a sand box, in which experiments simulated the
field conditions of rainfall and drying and the proposed method was carried out.

Among the three functions (Rhoades et al.,1976; Lin,1999; and Shan et
al.,2005) that describe the relationship between electrical resistivity and soil

moisture, the generalized Archie’s law proposed by Shan et al. (2005) has
lowest RMSE although all methods show R? greater than 0.95. The model
tests conducted in a sandbox show that there is an apparent hysteresis in the
resistivity-water content relationship during wetting and drying. This may be
attributed to non-uniform distribution of soil moisture and difference in TDR
sampling volume for soil moisture and electrical resistivity. Lessons learned
from the model tests leads to suggestion of improved TDR installation for

further investigations.

KEYWORDS : Electrical Resistivity Tomography (ERT ) » Time Domain

Reflectometry (TDR ) ~ soil moisture
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Topp et al. (1980) #7 =&AL /7 £ B (apparent dielectric constant,
K)>7iud B2-63 F fBea~b B2 4L (t) i+%2

2
&{“] (2-6)
2L
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Cer =ﬁ(ﬂj (29)

RS l+poo
Hoe fBF 5, =(v, —v,)/v, P Vo i M8 2 TRA P ve i B
B2 REA Ky 5 Ak Fllic o Ry & TDR FRP~30 & p 38 [LE o 3%

2 A R ERT R Linktal (2007) P4 g ERT 1 DC 8 B

Y B% TDR BB BIFEE A4, Fllic > @ k B2 M3 & Flfcr ¥ d
TDR R BB k=8 5 @i pForip (B4R AL F 5 e R i@ > dost (2-11) &2 3¢

(2-12) #f57 ¢

k= ! (2-11)
]_ Rcable]_poc
( R, ]+pwJ

__ & (212

Rca e
Y (1=Pase
I+p, 5
Linetal. (2007) 7% IFJ,% TOEAT e g 882 b > TDR &k Bt
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*@pﬁkﬁ@&ﬁ’ﬁéﬁﬂﬁw@éﬁﬁﬁﬂuyﬂ%&%dﬁ(zB)JDR

LS 59 o2 A= 2 24 »“. 2 Se ./ﬂ‘. I’ L 7 _‘:
}:,T/EIJ I~ %'%H\-* F E"T I’?“:gtpsample}'@é }‘i‘\: lﬁllﬁ li‘q‘ 7% v mL/E‘J 5 Ié'ﬁ " pcorrected ’ ﬂ

PP e EF T IR ATRIE AR R B Tl E Hepg, 2~ 3 (2-10)
FRTERMNT T RT R  EA RS TR TS

psam le + ]
oy =2 ] 2-13
pcorrected pair 4 1 ( )

23 2T PP ER ¥ T EEHE (ERT)

|

—_\

1.z 2,
R IER

it d S 9 - AR EHERERS - AT = s

BlRR - rac e Bens P Fla g2 38 % > p w1 A2 43 R

A &
BORPEIRRI R R R L aZ e e k3w 2 (electrical resistivity
tomography, ERT ) » #_#-= @@L p B g o P2 5 556 2 7 e ¥ 2

BTN PR A TR TR AR A 6 PP IS g )

d

oo 3R THEORTE RPN e IR Gk E R



VI o o0 IR P B S BALTIEF A GER E A8 PV G
RFERIEF L TR

L N

A TR

|l

Rz FEEFRRTIRFE T e HIFRIFR AR
SR A UEAREE fEATAC A T € F TR I AT AR RIFRI D o AR
iﬂ"éli-,"i?ﬁﬁ‘?)iiﬁ Z BEEIH NEFERTRS o BRI AT
PO FEARRIEE > At A WK B R Rt 0 4 Wenner & B 0 2 RIEAR
PAESERERESe R R FLTARCIC2ET =& P1I-P2 X
- LA (Bl 2- 7977 )0 £ Agd R RREFIEL ZE > RFT RS
PEREE PR TIEFErEE TR e L EENT ST G
(Pseudo-Section ) ° # {4 Edok B A AT EEE F b RG] R > FE U

j#3 K #i3 (Loke, 2003 ; 512542006 )

Tt =
] % ?T fTr ? ? T 8 9 101112131415161718192021 C1 PLF4 f32
' |

IIIIIIIIIIII,,.gI_\TI_?I
® & & 8 8 % & 8 ¢ & 8 & ° B 8 ® B 8 B .- g

® 8 0 B % P 8 0 B B 8 T B B BE B D
Hﬁmxhhhﬁh:mi::..-.'..".'.‘.‘.....'.'t.; .
G 4% 3 5 v ® ¢ 8 ® 0 0 0 0 e g

"x\_t'l v -

Bl 2-7 Wenner » T [E3FRIE R LB (3Fp £ =5 > 2006)
231 ¥F RIEZEARIARE
Ripwd 2E > 2 RIEF A RANEK A ud ;4 2-14 & 50 2-15:
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voltage difference (volts) AV (2-14)

resistance R (ohms) =
current (amps)

resistancex length _ RL _ AVL (2-15)

resistivi ohm-m)=
el )= area of cross - sectlon A IA
FIEABIE ST BTN 2-16 ¢

AV pl

= -2 2-16

PRy ( )
B el R A T RS 2216 ¢ shE R LABITI R 0 B ¥ R ] en
~AEP HDIEF Bpia- ROPN2-16 7 LR LB S H R )58 dost 2-17¢

—gradV =pi (2-17)

He (A EH B /Y DT ARAE o

—J“\
m

MBRKRF F R L - BEPETRL E WS T 00 2 KE- B

BB TR C £ 8 4~ 5 Rhtl S0 o 4B 2- 8 S o BT R

L A i I BT B T AT R S
1
i= 2-18
2nr’ ( )

PREPT H R L oV /or 0 BN 2-18 TN R A I ~ 5N 2-17 B F

N 217 AT

aV
] 2-19
8r —P= 2nr ( )

Fl s C 5 or ST E N Ed F oA 219 A #F 3

2nr

pl pl
v, =] [mz Jdr =4 C (2-20)
220 XY o RPH BERARIES 1 2 B P A o5t 54

C AFATEMRAS Kl 2iBE r=cfF > V. =0 T FF C=0° T £
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BrikIp A E O FRTARTAL T A oo

Current Electrode

Equipotential
surfaces

Direction of
currant flow

B 2-8 27 iEd il »k”azn-m (i3 p Loke,2003)

PRI A GHES B %’:;:*Lffé;_,;eﬁel,\.,; A 2- 9 ] 2- 10 %A i 2

ERC IS A T A 'l?ﬂ,lf'_’fé}_ Pi"P,NEBC~CzZ Feng =L E o
Co i8> BT B A7 GRS AT AEI £9 Cfe Py e
i ROP e CoenfEdt 5 Ry Cifr Py Rt 5 Ry Py fr Co enESE 5 Ryo

gt 2220 7 8BE 05 > Cr i 2 ¥ P an@ i jpea w5

[
Vc1_ P

2R,

pl
V., = 2-21
=g (22D

a2

dETE R SRT I BAL TR §ENE - RER

FRZ BT A i o T Py R R 4, 0 T
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v, —p—’[i—ij (2-22)

"~ 2n\R, R,

fFI1e e {7 Cl A Cz'_%’y:‘f P2 E'ﬁfaf: f:.-g‘};)\' ’ {"P:"%

n?_BLPL__LJ (2-23)

“2n\ R, R,

SIL RV, BV, AR 0 {E P P S Py B L

)
2
>
~
N

[l
)
2
>
<
~

Eofr ) [ Lt L, ©
R, R, \R R,
o 2n/G A B PEANLEK ArkaTmps] s a E 4t 2330

HE R k02T IR R R S e T @ DR S 2 A kB

D ,%
-l L

|
i

@ A5 d AR A A Flear Rl (B AR T IR & 8 p, (Apparent

b

Resistivity ) » 7 G F 52374 st P EF e B T E o
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T P P.
{:1 ll'.— R1 _1’#‘_ Rj 2 ..:CZ
I
I | |
e R, e R, i

|+ JtLII :
| 1

B 2-10 R t&a 8 T =4 G gt (Telford, 1990)

Telford (1990) 1§ i & BEL2 IR R 08 1 B 5 > $H30 1 H & ok o
DA BN AR T AeB 2 1 st 0 B9 L5 A TR O G el
X A PEHFFIW 28 C et rz 5 PERIFR » 8 r R e 55 C G

fo P BERERE > Bk PELKER AR AR LU, 0 PlU, T
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poX  2mox r, T

J. = _tor_ _Lﬁ[i_iJ _ L{%_M} (2-26)

-?r] :rZEI?? v B 2-26 ;N 14 é,_ﬁg? LT

FRIFN 227 BT IR RR R R e B PR R BT IR R AR M 4
B el 2- 12 957 0 R ARG FI R ROER BER 0 SLF P BRaR A 4
HAARBRT R RJ BIRER S 7 BRI ATHILP I E- BIFR 20§
TR RS X i oP BR TR R A J B T R NMEREEL =22

PR, hd A i

Power
A 3
| S |
— | p— —
. x g L=-x i
=i 4 A
TITTT7 77 ST Fi7777.
|

|
l=z
|

Bl 2-11 25w k7 Tk E2 0% AR S P %8 (Telford, 1990)
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|0
gy = value of
= 4l/wL?
08
f'."-____,. —_— _J"'"‘-.__‘ -~
- ™
4 /f"--..
06 4
Z const.
4
r
¢
04 'y
i
F

J 7 {. const,

| F
1N £
0-2 7

/
¢
£

i

Fd i 1 l | |

] 0.4 (.5 1.2 1.6 20 Lz

B 2- 12 T B e frif & s g R

1990
Nostrand 22 Cook (1966) %é,} CEE
LB E A 0 degt 2-28
i= ztan‘f(z_zj (2-28)
n L

F* 5% 2-28 enff th 0 T OFAT e K

)

1

B R R R R %10 (Telford,

/I}? H s ’F‘Tri”‘l’ KT [ Sz

Tk z=LomE s R S0%nT RTIEERER R g Z=LpF > B Bl

é}lp\o
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o0
80 - gr B WSS
. 70% i
- B o ' ¥
g ¢0- L
g 50%
= r
E <0 7=l
[« T8 -
S T
0+ ¥ ¥ T T
00 (1= 1.0 15 20
Depth / current electrode separation
Bl 2-13 25 & 2 /5§ p 4+ (Nostrand and Cook, 1966 )

B 2o g K HR T o Hubbert (1940) # - B =23t d 2 4L 4

B e B g E 2

BT AT M R AN HEREE ST LS AL -

T oo A A hR R > 4ogh2-290

tanelzp_2 (2-29)
tan0, p,

oW 2-14 (a) #7737 > NP 0 E TR R HBRATAER 0 p i A B K

FEERIEFp, AW RRIEFp, o R TR AR

< 3.
T s

|
Y

S g AR M Ao 2-14(b)i R 2 E TR RIS p, [ b R R p,

Bl e T K A F P €32 8 oB] 2- 14(c)e B T F M %o
NPT UFRTITEIET R EFEOR AR RS TR 0 AoR 2-150 &

Bl 2-15(Ca) @ “THx chfF e g FiRT » Trp, =

pIE%ﬁj?d;ﬁ“%}i/”\ l/f" ’

P WA p, B p,>p, MEFARIRRE SRR R
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¢ 5 4eB 2-15 (b)) F 2% p,<p, » Bin B BHRE ¥

2-15 (¢) -

fa}

(5]

(e}

Current flow lines

Cum,m flow lines
&‘{ \ \ = 50 -

Bl 2- 14 2325 & 2 /idrst (Hall, 1992)
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(a)

(k)
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-

R S S L R
L L L ALY
S LA AT
AR OR R A NN
S R L ol
T T T T T T L
(g Lt o R R
AT T T LWL NN
S N
L T T e T

NN AR YN
B &r o ild rrr
LU W WA At WL WY
A T
LT T T LT

F AN ¢ Fd
W
s

LB TR T R T N

(A A
LT T A L
L e

{c)

Ad P FFF
LT TR T T T

(Hall, 1992 )
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%ﬁ e ;Z, )i A
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™
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v

Tk

-1

25



_2mAV I AV 1 30,
S T e I G
RI RZ R3 R4

'}i\ ‘:J ZE/Gé}%f?#E;IJ%:Q:&K’ I}]% kﬁj?}*ﬁ#’;;lj—% ;\:r"!" ﬂ o — _lé.}f';’#" Rﬁj?

B2 VAo R 2- 16 #7om 0 B AR 2 VAR R iR R e BT B A
XTIFRIER S FATAR U AIRF I K EWITLET BT P
P2 o M NHEHEFBEA N PL R ERAPT VHEBGE I E 7

N Y SN
2 3Rim o

C, Py P, G,
2 g " g2 .9 Wenner
®- @+ + @ &  Wenner-Schlumberger
¢, , G o P, P
o @ = -9 Dipole-Dipole
55t T P, P,
7 na a z 5
® ®- ® - Pole-Dipole
()
C, c p, (®p,
® . 0 o Pole-Pole

Bl 2-16 — 4§ L35> 58 (2 > 5 2007)

12 Wenner & &) 0 5 RIIEAZACR] 2- 17 #757 > F A - BT EEIET >
ANF-A B35 A THETAERCII-C2 Ay A B =L 5T
% Pl v P2 > #4395 35% 2-30 » Wenner £ 7|2 8 T enS m £ R RIL > & (7

ER AT PRI - BEEARTIESFE D AHISLTREFIET >

PRI - AERE TR S AN AR T AL T
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HBis T = Plio P2 ptgpda >
RIESFE > HFL Y RTEBFIEDS ] s £

ETEAIE BT BRI FFERK G LT I F E
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a “a B ARG B

Cl1 P1P2C2

1 23 45678 9101112131415161718192021 m-1 m
_ | 11 | i Tl o

| 1181 — Tl - Ikl l
P A LT
(33456789 10111215141516{718192021 il

1 234506789 10111213141516171819 2021 C1P1R2Chy
L

| | |- | | i wapei ]
*® & & ® ® ¥ & & 8 % @& & T & & @ 8 @ I =
® & & & ® & & 8 & 8 8 * # & O @8 ®- . o»
- & & & % 8 © % 0 8 & % & & S, . -
a & & &% @2 =B = * 92 ® =& B2 °: @
- % & ® 9 8 8 85 8 ® -
T L S
S AL AR, PR B :-'

2322 THRPF D NOLER
IR Y (e F IR RO R R TIE E P eh A2 P ek E 3% R
T BPEF D E o a PELETREIEFERISE > - LT A2 B FF
kgt (1) Ak (2) FHRIFR (3) L3 &R+ 374 -
WELR AT § X TR AT - LFRT T EY P
PO SEBK S F VMG T ELR AR RR G S PR S anEEc T
1/K o Edwards (1977) R4 4 - Plix S #8cs ZJL % > fa i & 7> L
b < FFRIFER > B P Z EIFRUER 0 L B ERISE BE o 33 A fE4T R

=H

BT RACR DG 0 kA R 4 (PE B 2005)
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Rfp P2 2R EFZ > 7 T LT ep > 2 aiE s &R
7 OUTRR % o 72 Wenner & bl kiR 0 H @R AZ40R] 2- 160 2 R S &
FEER 7] H 2427 N e Sfick=2na > w53 B F 8 #cd 1k 3
12na> B2 H s e P72 v fiade RAPFAMELH RARRE K > 3B 5% B Rk
5% o 10t Wenner i &% &0 E RIS B eh2 3 hk o 0 A B ARG A AT
i 2 e 5 o 129 Edwards (1977) #% 11 hipliF 5% > Wenner 3£ BlIF R
HEEFED 0173 B @ R TR E - FRFAAEI G DRSS
7> Wenner #3| FT g JEX B LD S w FACRRE C RIEF ER VP
Ao R B A RES e frd Ry FINERE S e R B RES 9 0 B

PR R G LB e T R B RGREEILPE > 1 Wenner K 5P| € 7 3| iE 0

it
(¥
o

PR P EAAE S E 0 AP K- S Rens RS A g Dz B
B EIR hod 2-2 1T o

£02-2 AWRITHRE A AR

FBIFR Ze/lL
TR 5 ML R A (Zewpli, L B | izf34r> »
BE)
Wenner 127ra (i%) 0.17 (& £) 43
Wenner- I/n? (&) 0.17 (& %) L8
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Schlumberger o]

Dipole-Dipole In* (£) 022 (£) S

Pole-Dipole Im* (= i) 0.36 (= it) B
Pole-Pole 127ra (i) 0.86 (%) L

FEEHT o AWMELEFAAR @ 0 12 Wenner array v Pole-Pole array

» APEIUELSE & Bo5E 0 i F] Pole-Pole array (1 iR C2 o & P2

SETHE @A FLET A §

o

BB FEI o PTILR M UBLAE R A X

Wenner > F]}* Wenner #iif * * 020 E P 5 P 02 1 4% 5 FFRIFR IV 1Y

Pole-Pole array =35 ip|i% & < ix 2 Rlix% B Ze/L £ 0.86 > @ 12 Wenner array

£2 Wenner-Schlumberger atray #x 2 2 g B30 % & & B3R - iR A& FRIR]

11 Pole-Pole array 5 2 5 3 *F & AAREAIE > K cnfafric 4 > LB w22

K
B 25 HiR4FaE PIERT PO ARIFRIP DREHF B G750 o

2323 ERTFERE
9 ERT RR*T1H 3 FFER SR 2 MTIEFE » 425 00T EF 25

(pseudo-section ) & 35 F B 2474 ¥ UEF IR+ KT X5 o

STIL ERHE R B A AT SR IS BT -

\ 5

TEF FHELERY CBRFTHREFE y A F Bk e E £

‘ﬁ
hd
\\\?{r
ta

44
9
|k
Na
2
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f=col(f,, frrmnf,)

q:col(q],qz, ......... qm) (2-31)
e mime R § o m BERTAE o FF Idci - BARE LR

SRR T Ry S R ke B qF 2 F BSdkis o S5 IF

d=y-f  (2-32)
I RTSTE I T

Gdo | TR Eang id L iEARY R M PREAFERN2327 daniL
T2 e E (45t 2-33 9751 ) 0 gl d] B o Flpt I B A7 A AU ok KB
A e B q TR T B BAqrde2-34 58 > H Y ]2 L Jacobian
B d P IR ] A Selieg g =g + Ag, 0 KR BTN E o

E=d"d= ’ d’ (2-33)

JTJAg, =J"d JU:S—Q (2-34)
d 34T G ERFIIRTHIEEL A REF AR TES >
# Inman( 1975 )2 Marquardt-Levenberg = i > 4v » — B 2 A 7% ) (damping
factor) #-3;% 2-34 13 1 5 3% 2-35 ML AgiE x TRIHE o

("T+MAg=0"d  (2-35)

21/?":}\% TR R R

$t 32X F 5 smoothness-constrained least-squares inversion > & L2

31



norm inversion  Constable et al. (1987) %5 11 2-35 ;% ehk B 3 287 =

Az ek FREFF AL SECE P € IR S B & S Mgk

i# » F]# deGroot-Headlin ¥2 Constable( 1990 )4c » 7 sk i% #ic W(roughness

filter ) & "% M HA) 58 F R T = fro 40 2-36 3¢ o

(g, 40w WAg, = d, -1 W Wg,, (2-36)

Pk R pE LR B S R R R R TR T 4 R
I EE LR R P EF B2 2T EDRG R

% F B8 AP e 134p 4 E RMS (Root Mean Square Relative

Error) (2-38) % % 7 o

1 &g, - 1)
RMS = Mi Jil e 100% 2-37
\/M; q,°4,; ( )

BEAF R B T2 F R 2

$ 2 * F % Robust inversion’ & L1 norm inversion> Wolke £2 Schwetlick
(1988) 5 7@ FHLER d kil WEBRTHEE > & 233 2
¥l r T EE AR Ry c Ry 0 40 2-38 58 ¢

(JTR,J, +1 W R W)Ag, =J  R,d, ~ 2, W R Wg,, (2-38)
PEIRIEFLAEGECERPF > F 2 L2norm REFE ERF ST R

i AR E g LG R A T e Tl F e L

norm k¥ HEFE Y > VBT IRLEFNATIEFER (Olayinka and



Yaramanic, 2000 ; Loke, Acwroth and Dahlin, 2003 )- Clarebout £2 Muir( 1973 )

AP RELRREPORTEFER AT RRPEE I BHALIBEERSE

i# o F]t Llnorm enk B84 MG HEEAL L7 o

FHIF ALz AF B E A ElaoR A AR 4R 2- 18

hl—i—T’r °
Sh—— '
MRS B EEAIe SR
] | n=1
3 Skdata, He 3 & $132 3 WAG ‘@ﬁLﬁgH% :
R I s
S n=n+l
b e F gl =0, AG
! |
FHRAEVEY, —
‘ et t) ‘ | EA0
R J’ n=() [
St BT - R FREE
‘ EhArEEad
. Mfff
EREE L
T YIS [

B 2-18 F & A AynAel (&2 2> 5 2007)
2324AERT R A7 F %52
hET REE AT A FEFDOZETR R E A

T @R ZENOTREEFRER e 52 c BRE A

=

o3
g;
8
p

7| F % &% (Time-lapse inversion) T & 4| % ppr 4 #rdf ek § » H

AARTVIRE - LTI e B> &k B auBiee 40005
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£ R4 - X R R AT G BEEHE F B Sl o it

BB ooomAlt N 239 gt o TV FHAEAXTIEFEHORF A F
( Dahlin and Leroux, 2006 ; * i=354, 2006 ) °

Ap,, = (.-p)) (2-39)
P
WP BRI F R B B e DA G aReRE o ok ol 3
% -k & ¥ ¢ (Barker and Moore, 1998 )~ 3E % %% /& % (Sjodahl, Dahlin
and Johansson, 2003 ; % i= 54,2006 )~ B & if By B A X R 7R A KA

@ g s (Cassiani et. al, 2005)~ 2 3@ i = 4 £ 42 (Dahlin and Leroux,

2006) £% > ¥4 ApE YR ARET EA

Loke (1999) R|3& I =@M enfF A 7 5 & = 5% 2wl 5 La 48
AR H N e ~ o] T2 R R (simple damped least-squares ) 2.
B & 3 Tk 4] (least-squares smoothness ) 3. %34 #74% L *2 4] (Robust
smoothness constrain ) » T " I B g - ¥4 RB BRI AT IEER I {2
BREEZF FEZmg Eadfsd s Bk la i B3 argd Tk 402
P RPNRERE R phm D IS EARE A S LAE 0 TN BRI H 7 2
WBEERFREIF E o

2325 - & TIEIFRZ = Bk

d - Az BTG M NG R A EPT ARG 0 UL P
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A TR IR s as PRER R A RERCE o A B AR
FEAE T Z R S e A0 2 Rkl 0 T R e oh s
B HREFPE e TG A S FRIEAL » Yang &
Lagmanson (2006) 335 F]= M T PR R H- & B3R 5 2 3

ARNPZFLAG FFLER o FRLEY » TArd ez 2 v (X,

3
(2
3
'S
\ﬂ'
[
\ﬁ;
=y
=N
|~
a\
%
cd
ﬂt
\ —
=H
[
&=H
¥
|
\ N
|
/ﬂ}
o
W
3
Y

z) i o F

Boo - PG A2 IR RIS E R .

CHRTHAETRIRILE TEREAING R A AR TR R
FE— 07 R ISR FR D ERE B o - AT HFRPIART S - BE
S AR AEA) e (doB] 22190 T RedR R B SRR TR xS e
By edREEFE R - TRECEREIE 0 RIS J 5 ac
FRE - PRT R Ak > R E TR TR o 2 AT RS
£ # + > Wenner array ~ Wenner-Schlumberger array >34 & % £ 8 | 0 F

ik E S RIRCL 0 F]t iz MRl ¥ #® % Dipole-Dipole array

Pole-Dipole array £ Pole-Pole array =17 #&4* 7;* ( Loke and Baker, 1996 ) -
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Ysood ' 1 ! Y| - - -
| )
A
T 1. - 1
| L ) | | . .
- R < TR
La) (b

Bl2-19 — 4z TGRS N (a)is Yo (b)s Xdw(sd »52007)
24 % & ERT 2 TDR %) $5 ¥ B

I 7) 65 A Wi RSk E S E BRT 2 TDR £(72 & 7 k&1 2 @
GF FE e A tE A RSBt TDR 2 RIREA 7 KB HT B AitEIF
Fte~ ERT 2R3 & T e f sidgmz (42 > > 2007) Bk S F M @

* ERTSF * B eda » 2R BT EPR > 4B 2- 20 %77 o d ERSE%

@A o~ B ER AT Som 14 P PE o B TG E2 ok R A R
e PR TG BRI PR LT BIRR M A T

. TDR B30 > £ 2% 4cB 2-21 - B 2-22 %777 o d EFT R ~ 48
B kBagpal iy B A%ad AP BT RTHRS LIS
Mo AR KRRIES B ] PSR B F Rl B R

PRAZ Atullrgfgodacd RF5- 2 TDREBIEEEFRER >



FhEE > FP v EapEa L FHMmERn » BB E o B
bt i % % TDR 22 ERT €974 2 2 AT KB Fea® ~ B0 M EF

SR NG I

dcm

16em

Inverted Kesistivity [ehm-m)

50, 97. 187. 362, 700.
.
B 2-20 2 > BiFRZRIEX S B (#4225 2007)
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0.25 T ™ r
+ TDR1 data
o TDR2 data
0.2}
0.15} o 0%
o + l
01} %
0.05}
0 1 L L
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B 2- 21 TDR #4557 (K E 8RR & (&2 2 > 2007)

| + TDR1 data
175}t f 0 TDREZ data L
150} te |
t+ |
"g I
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Eﬁ)ﬂ- :
E? o
b ?E"
50 | 33&"
25. 0 I
o 0oy |mmEL
0 -
10" 10 T3 10° 16° 10°
Time (min}

B 2-22TDR 7 B &AM & (¥ 2 2 > 2007)
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