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student : Kuang-Chen Yang Advisors : Dr. Chih-Ping Lin

Department of Civil Engineering
National Chiao Tung University

ABSTRACT

Electrical Resistivity Tomography (ERT) is a non-destructive geophysical
technique. Being the most popular geophysical method in engineering field,
ERT has been widely applied in site characterization of geology, underground
hydrology, environmental geotechnics, and tunnel engineering and

investigations of the groundwater, hot spring and geothermal power.

ERT can be conducted in 1D;2D.and 3D survey. Considering 3D ERT
survey requires a sufficient large open atea to spread the survey lines in matrix
form and also needs the expansive data acquisition equipment with a lot of
channels (usually 48 channels are‘thermmimum requirement), 2D ERT survey is
mainly executed in practice. However,.in the application of 2D ERT survey, 3D
effect is usually ignored when interpreting the results. The so called 3D effect
means the errors of conducting 2D ERT caused by the earth structure outside the

2D survey line.

The 3D effect is originally from the basic assumption of 2D ERT survey that
the earth structure is to be homogeneous in the direction perpendicular to survey
line direction. When the site condition does not agree with this assumption,
errors would come out. However, usually, we did not take the possible error
caused by 3D effect into account and even seriously, we have less knowledge

about how critical the error would influence the 2D ERT result.

Numerical simulation and case study are performed in different 3D earth

structures to investigate the possible errors caused by 3D effect. Commercial

il



softwares (EarthImager 3D MOD and EarthImager 3D INV) developed by AGI
Ltd. are aimed to simulate the data acquisition and to invert the acquired data. At
first, earth models with different situations and alignments were simulated to
examine the possible influence caused by 3D effect and to figure out the
possible influencing range. Further, a real case was presented to verify the

finding from simulations.

According to the results of numerical simulations, 3D effect can be observed
when the survey line is not perpendicular or parallel to the strike of faults. The
main influence is in the ground with high resistivity. With increasing the angle
between survey line and the strike of a fault, the influence of 3D effect decreases
and can be ignore if the angle is larger than 45 degrees. When the survey line is
parallel to the strike of faults, the influencing distance of 3D effect is no more
than 3 meters if the survey lingis in the ground with lower resistivity, while it is

no more than 6 meters if the-survey line 1s in the ground with higher resistivity.

For the ground buried metal pipe;3D-effect is mainly affected by the ratio of
resistivity of pipe and ground:(mn).and-the size of metal pipe. However, the
behavior of n and the size of metal pipe are complicated. It is difficult to isolate
the influence caused by both. Even so, the influencing distance of 3D effect in
the ground buried metal pipe is no more than 6 meters from the edge of the pipe

according to the results of numerical simulations.

Key Words : electrical resistivity tomography, 3D effect, numerical

simulation, resistivity

iv



TE’ N = ;L‘ er]‘\,%f;,ﬁp ¥ i“‘#ﬁl

>§_
&
<
T3
N
i
Q_
;-N
%J’g
-;r_q 0
SRl
a&‘_
/Q‘
d.?.
—
_?\_

Lo g Fe 8 3 RBT §

e R R e LS K R 0
Ro@NF I FERRPAT AR c REDF > KEFZ? 042~ B2

K FEIQRS > AIHBVEE CARRE S FH g bR

SRR LA B0 TR AT KBS R L
l‘»‘/?\,;i j'\gl‘\m's?j’%i I’/L’L%‘i ’ ]é F’ﬂ\'\? {4‘:%5‘1; ’—}’?I«LLE} ?‘}i\:%é:]‘o

hEFATHRF > RFAELTREYE LEE LI L g A E L
e

B o T D R,

ARBL T T AL R RBF TR T S AR
¥4 o ERTFES S PETR T T EAR 0 P Frenw FE I o Aot 5 A 7
g @p e BHE > UTHEP S N FENDTAZEFL o

ARSI &Q@ﬁﬁ%ﬁﬂﬁéﬁ?fﬁ’ﬁﬂwkmﬁ’&i?ﬁ@

W

LR A A SRR G Y RSB RN -



BV B R iii
B BB ettt ettt et et e ettt e et te et eete et e eteeneens v

N BB oo 1
= T Y 1
WIS T = clc . . N N 1

R 1Y S .. 3
2.2 B R FEIE FN R R T e 5

2.3 3 FIFERLTFGE (ERT) e 15

2.3 T B B TR R Bl T TF e 16

232 Z BB T FEIE R D JE e 27

233 AP R PRI 2 AT e 31

S P TR 3D A BB e 35
3L T T i et 35

32 B AB 3 T 0 e e 35

3.3 08 B HEBEIE 2 e 36

vi



V.

3.4 F B HEERIZ T o

35 P ke £ g
. S 2

¥ ol R A
3.63 FEFFE B BB 2 B 5K e
R R L L N T3

3.6.5 T ABHE B EEZ B2 oo

38

372 F AT < 2 B AR e 80
373 BRIRERE T et 92
374 RIEF WL B IR 2 BN e 102

3.7.5 B ABHE B EEZ B2 oo 106

3.7.6 £ 8 B 2 3D S BT B e 112

TRLBT 8B ettt sttt b et a et h ettt 113

vii



432 BIAATE TLE TTE e 120

433 BB E T BT e, 123

T B B 2 3 et 125
5.1 BB B R BUZE 2 oo 125
511 B BT B R oot s 125

502 B E BB B o 134

5.2 5 ] 142
. > L

viii



2-1

2-2

3-1

3-2

3-3

3-4

3-5

4-3

5-1

5-2

5-3

# P &

LB TAREE ]S NS A TR e 20

- AL FIE (SEGT,2004) i 22

DX 33 B B 2225 ] S B, 107
SYSCAL Pro Switch 48 i B4+ (IRIS, 2005 ) ..cooeveeveereereereeneee. 116
3D Y- B A B B o e e, 122

2D LY-1 BAR 8 B B et 122

P s K B 2225 Bl Bt 135
D HF 3 B A B35 R F B 137

D) o (B R T 141

X



®l 2-1
il 2-2
®l 2-3
il 2-4
Bl 2-5

il 2-6
il 2-7
il 2-8
®l 2-9
&l 2-10
& 2-11
& 2-12
gl 2-13
& 2-14
Bl 2-15
& 2-16
Bl 2-17

& 2-18

W P &

E%m’fi@.?/f'—" ;F:ff_/ﬂ\ W (l/'z, Ei[z:l Loke, 2003) ............................. 7
geLT s LB (2:cp Reynolds, 1997) ooieevveeeeeean, 8
et ma e w = F %t (Telford, 1990) oeieoeieeeeeeeeeen. 9

PR R T ERTERT TR A S P 4dk (Telford, 1990) ....10

TR BRI R R g P Bhav R T R R R 1 (Telford, 1990 )

.............................................................................................................. 10
2 kT i i@ p 4 v¢ (Nostrand and Cook, 1966) ................. 11
23ag e kT 3T st (Hallgl992) s 12
2y kT ok A G (Hall, 1992) 13
- kT a7 B %8 (Nostrand and Cook, 1966 ) .........c........... 14
- KT R G R inE A+ B (Nostrand and Cook, 1966 ) .
Wenner + & FEFFRI R LB (4Fp £ =5 > 2006) ............... 16
— R E R R AEEEF] T 3N e 17
TP 7 A2 (Wenner 5 5]) (B:zp £ i=z% > 2006) ..... 18
0 RE D B 325 RARL] (SEG, 2004 ) e, 22
T B AR (Loke, 2003 ) oo 23
Y 27
— BT EFRT @)Y (b)ir X3 28

#3D2E3DF B85 (FiEfH) (a) 2 3D (b) # 3D > B

AFIEEA 2T RFIE (c) 83D PIAFIEL 33 2 7 & FiE



&l 2-19

® 2-20

® 2-21

] 2-22

& 2-23

 3-1
i 3-2
® 3-3
i 3-4
® 3-5
i/ 3-6
B 3-7
i 3-8
i 3-9

(Yang and Lagmanson, 2006 ) .......c..ccoevveeeeeeeceeeeeeeeeeeeeeeeennens 29
#3D2E3DF B85 (M%) (a) 2 3D (b) 3D B

RAFIEE A 22 RFIE (c) 83D PIRAFIEL A 23 T IE

( Yang and Lagmanson, 2000 ) .......c.ccoeeeueereeieieiecieeeereere e 30
AP TIPSR AR TIEERZ LI R TAE Ca) = AT
T I =Y D A L - DO 31
Z T RIF 3T 2 #E 53] (Yang and Lagmanson, 2006 ) ... 33
WERHF 2% (a) 227 F 5 (b)- 234~ & (Yang and
Lagmanson, 2000 ) .......c.ccovueeuieuieiirierieeeeeeeeeeet et 33
LE R F Bk (a) - AaTdEF 5 (b)) 2T F & (Yang and
Lagmanson, 2000 ) i ciiaree sttt 34
I B e & R M B e —————aaaaaaans 37

OB IERIR B e e 39
BB BB AR oo s 41

}é]’fﬂ—’—] 8| 3:@ T ) e e e eaaaaas 42
T FBFE T B Bl 44

BB B 2 BB o 45

A BRI T IS 25 2 B e 46
Rl L R OO 51
O IE G T I N 55
DR e T T Y 59

X1



) 3-11
 3-12
) 3-13
 3-14
@l 3-15
® 3-16
) 3-17
® 3-18
® 3-19
) 3-20
 3-21
) 3-22
® 3-23
) 3-24
® 3-25
Bl 4-1

Fl 4-2

B 4-3

Rl 4-4

® 4-5

Bl 4-6

B-T ZERI ST 35T B B oo 66
B-T 38R T FEF 25 2 % oo, 68
A%EE K n=0.05 BIARTIEF 25 B % e, 72
Bk & n=0.1 RIS T IEF 2 H 2% oo, 73
A-PEERIA T IEF 215 2 % e 75
B# LI 2 E&F L2 PIRMTIEF G B 5 U8 e, 78

S SR RGN (1 O 79

BB AB BT e 80
P-1 SR AT P 2B S e e 83
P A P R e e, 88
D-1 A A T P R G 94
D R T E LI T Tt 99
N AR S 2 G 2 % o 105
DX RIS T FEF 35 2B oo 108
#5% 3 #-SYSCAL PRO Switch 48......oooviiieiieeeeeeeeeeee, 114
R 3 #-SYSCAL PRO Switch Pro boX ...ceooovveeieiiiiiecieeee, 114
ELECTRE II #t 88 5 B ARK AL T oo 115
B0 I | DI 3 -] TSRO 115
TREEEZ] D VAL B 118
B B KR B TRIT B (P AL oo 118

Xii



Bl A-7 B A 2 A T B BBl oeeeeeeeieeeeeeeee et 120
B 4-8 35 B FE BT AL 0B BBl oo e e e e 121

Bl4-9 £BFARF R 2DEIDE TIEHFRIEF e, 124

Rl

R T = S 126

B 5-2 ZSTA B B HA-% BB 127
Bl S5-3 Edrks A2 FRECTLAER 30 R) e, 129
B 5-4 3D e P BBCE RIS B s 130
Bl 5-5 &80k 5 & HER)-3D A B B ] e 131
B 5-6 L TR » K H0A]-3D 2o R B A T 133
B 5-7 BB BB KB i s 134
B 5-8 B F & -8 A e 136
B 5-0 B 3 & A BRI e, 138
B 5-10 B 43 A AT IS 0 2 B8 s 139
B 5-11 2§ &k K HA1-3D Ae BB BB o 140

Bl 5-12  E g & B H03]-3D 2ol B8 B Fl5 142

I I R = | ) 144

xiii



11 Py &8
B 7 R HdE )% (Electrical Resistivity Imaging Profile, RIP) /% 25
R AR R 5 B IR IR R B2 - o d S HER F Gk
F oo TEOATR R P ¥R TRk A AR B gk o
Bt RIPZERZF " b o TR 2 RBFIANED 6 UER
FAR S FHpE TR BEPBENRBEE AR 10 R

FAF R PpIE 2 22— o ok TREEGIFROT I8 2D

Bl s A0 82X 3D 2 R IRIF RT3 0 2 d Y 3D FERIF R G
THARETTR G IR EF & S HE U e Fet - BOw R
LG e A £ S N

IS

&3

M ATHEEN PR R T REBG AR ETA G R b

jul

EFE RPN ECRSIE AR T A TR HENESL B L

Sk

3

ca"r
B}

FERIE AR M R B AR o

12 73 B e
WP ATHEGERS R TIEFEF AL AR » 2307 &%
EESEURE B PATCEN S LRI A EoE RN R

B e LT OIEERF S - ATHEEST G S aREAL A o



Flet o RMFT R 0P 0T AR D e TR IR B2 3D g o

TEYR LG DRI ET PR RER R EF T RNT

TR g i g e ko
AT R BB R A R RBRFEN AR IDEET - T
B hd B G 0 BAET MK o T B2 MEAI AGL 2 7

(2003)#73 % 2. EarthImager3D £ EarthImager2D =4 45 #0848 > #-7 o 1

B A I BT

CENE R L
&

RBPOFRSEROCHAT TR R KL DR ET

Fm



N -\‘?};J{-\}«}ég

PREE S G R R E R - BB 7S
FE ool e IR HR TR RS D Y T B RGN 5 L agk
i B3 & % o p 1912 & Schlumbergerm 7 L (£ T L& Blig 5 o
Bpehs 35 BXpIFE 0 F B EEF eSS (4
Peig o e KBS ey 4 (geological mapping) | f BE R @ B chd 5
A e fAri8 K B 3 AR AR Aol A ﬂ«%*ff*@ TR BB R

BRLIRL R BT B SRR > SR R R (B 2 = iR kT
AT Ak b 1 AR AVER A - BT i o

Hog 35 38 35 12 1 % Mooney 3 At B 2 B o B2 AR
FIF A hEE > R B TR R E R P WA IR BT h

TR DN om A 1971 & Ghosh #-jg ik & * >t 7122 (DC

method) /% & i A& (forward problem) t » + * $54& 7 3-8 7 F chpF R
2w E PRy B R 0 X Ghosh 74k ) et BN R L B eh

T e 7> F1pt Ghosh chjjp il IR T & JZ 3 * 2 @ 0 T 4R 7RI T 91

y

RS Ed Rl s g

u

Dey and Morrison #-#ciE T FEH-A] 4 = 5 "Lenfpe s » £ 1% 5 UL
Afed UAZE 32 PP HFE- A RBEL4 o m O nell F 4 4%

- RRENORBRAL o BRpAEHRY - e & E 7 (four



electrodes configuration) » * F — % jg i 4v % #c(filter weighting
coefficient) ¥ 11 3+ 8 T o — fa w & 7| PF cnI2 25 4R 7 2 7% #ic(apparent
resistivity) o B FIiT#F R F I E P 0 gng S o FEEFERF»F 4 <
Mgk B e
d 3 AEdg et gAY o R RS A A RS
T & chAR TR I (apparent resistivty) > 3 F R E i K b g R
(Loke)e #7ra s & % 7 K7 il & FL F 1% 5 4~ 42 (& (initial value) -

FRAYem BRI T R b e i eaniTE A5 28 o Ko fo R K

% E'IF] 9’&-@ f\:"}E A, [had ul-vlg;t’ e 3 ,:"_L:hﬂ;t\{; ba @l’f#é/i—i’ e do @]’EFJ; 3@
§ A - AT A 3 e B

E‘J*

RO S TP BB EAE R B R R EBIEE A
PE B EERE D DR PR T R e LS e

B 1970 £ 2 % > wafEfe A2 REFALEEAF L R
A IR R K g RART IS A L5 R SRR ERPLS*
s A s RU SR T E R 1Y 8 )

ERENE N ik Sl(or TIF)AVE RS 28 0@ B S R

TIEF AL U FFRIE A E 3 RN IS HEBL 5

(pseudo-section)=7 > 7 1957 & h Hallof o % B 78 pF = §_* > i U

REFOR2 G HEFIIFERS AR R F BRe AFE

]

S PLAEEATIE T R n s chE FL pe fe -

p#eitk Bapde oo poas & Al & § aviEiE(trial-and-error) >



F 3R 2 R ECiE 1L ehf#(optimizatoin) ¢ 4 Smith and Vozoff > Tripp

A i 2ha i & i (nonlinear optimization method)#:77 > ZEP 7 ¥ f# -
- i@ ¥ oA 5 deGroot-Hedlin and Constable > Sasaki » 3.7 B #7— = #f
B T2 & iE it 2 3% (Gauss-Newton lease-square optimization) ¥ i 4T
BCF L o fed T A B i AR 0 3B O i(partial derivative) %
B EER > e B E AR T HFE P B B 4 o4 2 (Lines and

Treitel) °

—+

® I Loke » #-H g i :§ 47 (forward problem) % if 4& J2 2 (inverse
problem) » 4| %* 14 T & |- T > j* (smoothness- constrained least-square
method) 3 ZA#H > & & Bz ¥ flL* L 2 42 (quasi-Newton method)

F 225 B AT ek ¥ o lie(partial derivatives) 0 Flpt 4r - iE E

EREERE G RS S £ R S ok S KA

22 WA RRIE

FIpes T A TIEFANBK > 4oft 2-1 250 220

voltage difference (volts) AV

resistance R (ohms) = = (2-1)
current (amps) I
o resistance x length RL AVL
resistivity p (ohm - m) = ==
area of cross-section 4 14 (2-2)
GEHA LT FI 230
AV pl
— = 2-3
LA (2-3)

#3230 hE B LABITI R 0 X B M e P B e



Bpio- R0 BN 237 0
(2-4)

—gradV =pi

s&'?t
=1

i g

& H =

ETRS

2P oq;

Bk ig&,g%:&yg\,aﬁ_

TREETE RN
o o) 2-1 1o 0 B R TR R

BHER R CLLE %k L+ R
R Ak e b s JER R E R T AT R R

A
(2-5)

I
2mr?

WRFENT R 5 —oV/or > FHRN 25T B R IF 25N 24

=

PIF 1 #-3N 2-4 s B e

oV _ . pl
= 2-6
or - 2nr? ( )
FI R C) & r AR T IES i A 0 2-6 @ 3]
(2-7)

S
2nr’ 2nr
B R H BT ARIES r e § R A 25

r=ofE> Y =0 #7118 3] C=0 -

e

0 2-7 5 X a

R G A A K e B

- E‘Pj&—l}(%b ’F“:u% %%%%@-M—ré_imﬁ,/” iﬁ"l” ll'l’ °



Current Electrode

Equipotential
suifaces

Direction of
current flow

W21 ERTETAsT G (Bech Loke 2003)
FEAR S A G A AR CD €2 do W] 2-2 4 0 F 2 a6 R
ARG R S BT SE RSP £ C1 - 2 2 B 4 - Cl

;B BT R A VORI B T e A Cl 4 P1 ¢

—

BEBE S Ry 0 P14r C2 epEd & R,y 0 Cl v P2 ehpEd 5 Ry 0 P2 4r C2 ¢

BEHE A Rye {34558 2-7 #1505 C1 12 C2$ Pl i ffr A &) 5

pl
Ver =
27R,
_—pf 2-8
o= (2-8)

FLEREEr SR FHEBAL T ] § B0E -

BRI T 4l 2T Pl e 2 E 31, 4V, 0 T
[ 1 1
szzp_ i (2—9)
2n\ R, R,



PIF O ClLE C2$ P2 i T 5

pl | 1 1
I el 2-10
v =2 £-1] (2:10)

STV, BV, AR (T P2 P23 BN L

sl

p="T"0 -2 (2-12)

HY on/G A B4 K> F12 @ 53 58a £ o At

7

i

AR DEEF R LA IRGEERE T L Bt T NR P
A3k EF R e don Ladd e S g ) 55 rp @ i T S B

p, (Apparent Resistivity) n@ Scir & A 471 it TP E F o K T IR F

B o
o |]____h l (N B
l ! N A
()
_/
+/ -4
T' p 1 C
C| :‘ R1 !’1‘ RQ Fi 2
I
l | |
Ip« R, e R

W 2-2 ERTEEL57 LB (B:%p Reynolds, 1997)



T 7 77 7 N7 77 /a7
e

I 2z | f &)

W 2-3 FERTHRTAETELGE (Telford, 1990)

Telford (1990) 1= il BEEEERRA chsg i B % > $HI9F » & vk
TLIBAERAPMF R wRl2A0rEs B LA R CLC2 0
PR >  x . PR I 28 ClEEd >z 5 PELER » 1 B, P 4 B

# Cl-C2c P Berpedt » B PRV RT R R ZJ, > PJ, T35

J. __tor _roflf 1) I %_Lf) (2-13)
p 0X 2nox\r, 1r,) 2n|r r;
ro=r B 2-13 58 F 0 A b 4o

Jx:—-— (2-14)

N 2-14 BT R T R R e R B PRk TR R R B
LB Aol 2-5 97 0 F ARG HT 5 OB EER 0 WEF P BLR R K

oo HoK TR B J RHER A BAP AT FHTP I E - BIFER



z) § LR IER S pEiE P BRI TIRRAJ A > T F R R

F'&ﬁF'L \/_zﬂ—ti Jmﬁ,\—:‘ﬁo

W 2-4 BF+ETERTERLEL AT A S P S8 (Telford, 1990)

10
Jy = value of
= al/= Lt
08
- - T =~
e .
o /H“‘
06 S
Z consl.
’{
7/
/
0df- /
/
/
7 L const.
;f
02,
/
/
/
/
12 1 ! 1 i 1
0 0.4 038 1.2 1.6 20 Lyz

B 25 % /,IL’}EF“&F"fP/#E:m PP P eheyk TR R %1 (Telford, 1990)

Nostrand £ Cook (1966) # 117 - BV -5 7 iR A~

LTGRO Ao 215

10



izztan’l(%j (2-15)

T

FI# 8215 b (307 RFLT R K TR REER A i hoFl 26
ST § 2=l pE s R F S0%HE P R RA > e A Z=LPF > Bl

Pl 70%0% im0 FIM R RRAIEAR A £ 3R DT IRE PR

e K o

100
80 g o RS
: 70% % ¥
pury i ks s o
g e L
3 50%
= &
s . :
L 40 4 ‘ Z:L
[+ "
ol Z=L /2
0 4= : ; - T
0.0 0.5 1.0 15 20

Depth / current electrode separation

Bl 2-6 3=F» kTidiEp 4~ (Nostrand and Cook, 1966 )

Bzbyo g K T > Hubbert (1940) % 21— B 2305 % o 4458

B

7

=N

P TS T K fRFRR R T Ik M - S A FiE

"T,):’Li—

7
~

[
)

|

s E‘f"‘"?_‘ F—B—ﬁ%ib ’ 'Q\_";T\‘ 2-16 :

tanb, p,

2-16
tan0, p, ( )

4Bl 2-7(a)> 58P 0 G RS B B \f\‘ﬁl”"‘i’#\‘i}'ﬁ’pﬁl}]ﬁ%%ﬁﬂ

TR ETRTESIp, AN ETEFp RN T R ATRET

11



e AR A 4R 2-7 (b)) FZFTRTESp, N ETE
Fp, BTG TR AN ERYER > oW 27 (c) e BB
ARER R APFT NIRRT IR R EFOT AR AL TR
Yrfl 2-8 o LR 2-8 (a) ¥ TEE AR IDF R K HRT 0 Tp, =p, P
TR RAG AEFH T p, BRp,>p, MEFNTIEIRAEAR I RE
¢ oAb @]rﬂ/? %’Td » 4o 2-8 (b)) K 2§ p,<p, P R R EPIEP

E_Tﬁi/??{?"&r]%]Z-S (c)o

(a)

(b)

(c)

Bl 2-7 223 k R andTs (Hall, 1992)

12



~—
L)
~

Py, Py

®)

—~
)
~—

(Hall, 1992)

B

2,
|

Cook (1966) # 41 ¥ -

g

7

Nostrand

43V 2-17

7\

AN
=

EF AW
DY
n=0

il

.E

"o

é_ﬁl’l\‘

(2-17)

)z}

——tan_1{2(2n+1
» L

T
2

{

V¢ Sdicic B 2-9

i = 2P, (1+k

’fﬁiaﬁﬁ"z

2, h
= w

H

Y
"

&= §E > a

Y. h ook
- 2 o/

,

7

=2

oo P50

o

i

st

T hm K

13



2-17 > B 2-10 5 iR ted A3 FRAET AT RE A or LR
Z=3a LGP > F k=04 P TR ARG TR 20 HK 20% 0 i

=-0.4 P> B #4T 20% FIP £ 7 kK 2 O PFT K A TR 20 bk
TG ER Y R REATIEFAE F LY k] ORET e T R

T FEF A EE Y o pt 2% 22 Hubbert (1940) thid#hipet i o

L4

it

;92
W29 HE- ke @ik (No_étrand and Cook, 1966)
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= o
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2 TT— 60 S
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&« - 7=3a 5
o
= :
e g
8 209 ) - 80 2
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T ' Py= P PP,
Material below interface Material below interface
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W2-10 HE--kTRhaaimp A7 X B (Nostrand and Cook, 1966 )
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2.3 ¥ T 12 B f§# (ERT)
LR SE RS Dl SR SR VRS e

G TR R EhT B E RS Fla 2B 5 B IR A P
RGBT G R L o 2 M TR R
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| % ;% (electrical

resistivity tomography, ERT) » 5% & - FRchd 2 B s F RS 5 e

S RIEEF PR oGO R AT R R TS A
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REAE I ZEROTREE T NE LS BRER LY X R
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PR AP FEE R RIESE o FEENT IS
(Pseudo-Section ) » {8 &d F E AT EFEF & TP R3] a > £ 1Y

7 f#s K i (Loke, 2003 5 * i=5%,2006) -
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AuF-2ege AR UMRCIfrCl e S s A EFZ 457

& Pl v P2 » 434558 2-31 %% Wenner #7|2 5V T e ® £ Bl RIT -

i ClfrC2 o N F =2 &5 e L THRi T R PL{o P2 w2t it
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KEHZ SR DT REINZ > A RET RS NIFREF DR
VA g TR Z B FE REERR (1) ELR AR (2) FHERIF
B (3) £E &R wiEfra s o
B ARE T g R A RIP T - BERT TR
ArprfEK S F %R PN RRRGEL DS PR S
chiF|#ic > T 1/K - Edwards (1977) #& 31— pli# %8s ZJL> B 7 Z,
AAFRFR L R APIREFE it & R 2 Nk < FRIF
Boo AW afRPr R > o 0 RIECRPIREIET R L 1 2% > FRA
0.025 2= 3| 1 2% e TP F] T FAR I e 0 RIFFE 24740 4
(2 > 2005) o
FRHI P LTRSS TR s SRR T U
¥R AT ARG R FEEEFM G AT % 0 12 Wenner 3 b ko H
THRE 72 oB 2-13 0 T iR C1~ C2 &¢h > T4 P1~P2 Ap >
PN E e B REER ] H R B Slick=2ma > FAHL R B
RGacE Uk T5 12rma> #H B hf i 7] 00 fide kg
FORARR K0 B R e o F) Wenner i & F ALK RS P
2.1 hk 0 E M B R A pE AT S chBl 8 o 1995 Edwards (1977)
# 0 eipliF $o3c > Wenner SRR R 9 5 BEEG 0173 B 0 Ap i
PR R A o ERRFIRAEI G NEE L 4T > Wenner £ 7] T ing

PR LE > FACRRE C RIEEFERICPE R AKT
e

S
&=

S frA g E o FIMELE G e R RBRNRT I e B TR
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5EE B T e R Kk g pF > 00 Wenner K5 R € 1 T iE ahdE B
P

EPp AT R > AP K- A Ren 2 F R etk o dlen
ZRERIFEER R 2-1

% 2-1 EwRITHERPENNFELR

3 *@_#L ’I] Y %%& )E“' “ﬁi ‘PJ/;‘ 9}2@2 Ze/L $' ﬁ 7}'—’;
T =zt 71| % 3 LR | )Ll % 4 rav
* ’ o (Ze:ipli®, L ¢ B §E)
Wenner 12ra (A) 0.17 (D) B w
W - EE
e 1 (BY 0.17 (D) -
Schlumberger iRy rer
Dipole-Dipole 1/ (€) 0:22 (C) %
Pole-Dipole 1/n* (B) 0.36 (B) B e
Pole-Pole 127a (A) 0.86 (A) e

[:£] 85 AE G > £5DEL

2% &5t > Wenner array v Pole-Pole array % & A2 & & | » 4p %
B3 B Bss 0 2 F] 5 Pole-Pole array h§ ink C2 fr 7 1% P2
ERE 0 A F LT g RER SN TR F AL R T
% Wenner > #7127 Wenner $&if * S0 TRl 5 P dhzo 1 42 1F 5 3R]
& 3 FFPLIFE R 3R 17 12 Pole-Pole array cHdfF BliF B B & 0 BlF 58k Ze/L
i£ 0.86 > @ ™2 Wenner array ¥ Wenner-Schlumberger array % # £ ° =<
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W OTR R BRI IRA 4E PRI Pole-Pole array & i T &
T K enfifric 4 o AL E e BRI e g H iR R PR
F el fREER P O REF B G R F] 5o

2313 H&EREIE

I

-

AR TR R T T g A S
EEER L RGEY A PER N MAARRE T EOREFEFE
Bl dede 22977 5 F e AjARRE S o Bl Afs HenF B AT R
A4 13 & (Loke,2003) ;5 gt ¢k » plAR - ¥ R £ B
WG SR BB B EE T ARLAH - FRIE F
BRETER BB FASE > 28 pRBE BRSSO
R AR RIRR TR R ARIMB L R B RS ARG
wo RIS B3 ek R Bl B o o T ORRISRUF R i B
T ko NS m A AT PRSI (T - B HERHT RT
I G A S RRIRREFD A1 0T doR] 2-140 5 - B
R A AR Fl I A SRR T BRI 2 KGR LT
F R ST R RS A 2 B RS R T e
o1 kI AROEME TR (&S 20 50 f2 o (SEG),

2004)
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% 2-2

- 4w &L R F 9 (SEGI, 2004 )

Power line Measuring point
: et =i 1
Undesirable g =2 e Subieyling &0
layout —________________‘_ P
lime
Survey line Measunng point
Survey linc
Power line
= =t
gy = I
Desirable |
= me
A survey line should run | A survey line should run keeping larger| A survey line should run
perpendicular to a power line, | distance than designed target depth| through gentle topography
keeping away from the pylons. away from existing constructions

Main line 1

Tunnel route

/.Lsujilinc I

r—

el
F——_= Lincament
: —

ﬁ?d Main line 2

2

Bl 2-14 49 gif 3 8120 M8

23.14ERT & & ¥

i}

FI* 3

b1

| (SEGJ, 2004 )

'~ % /% (finite element ) & 3 *T £ 4 ;2 (finite difference )

Ffi ERT #2413 4230 » 7 123& 17 ERT 32 3% 5 Loke (2003)

TEFRGZAILERL AT OAFRARSE USSR E SRR
DRk d b A T A o] 2-15 (b) 5 BREE R HOTS
FE O EEFALRRSGFULAZEEL R PILHART
F 3 A heBl 2-15 (a)
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P=.2 Block Hodel (Venner Beta array})
n.o 8.9 14.8 24.0 Jz.0 n.
" " i L i i i L " " " i " " i 1 . " i - i i i i " " i " i . " i .

Apparent Resistiwvity Pseudesection

(a) B A Em Iﬁ[:]t:]----

a8 4.1 za.m ?28.3 L | Bm.0 113
Resistivity in ohm.m nit electrade spacing 1.8 n.
10 Gaa
-
Fesistivity model

Z Db.o h_o 8.0 12.0 16.0 oo 2h.0 28.0 iz.0
a.o
1.0
2.2
3.6
L. &
5.2
H. B

(b)

AP RETRIEE S EENEBAATIEF G o UIEH A B TP

SR PARF RN T NI T s A A PR B o m Bk B A4

\‘\

Y 0 H B B AR F *ﬁ“ B IR AAR T S R T
R R B RGEE VR e RS ehE B o p b B BB R
gk I aiiat- HIE ,T*{%"a‘ A A RE R

T 5D st BRI TR AT F B 5% 8 BR IR iR T AR R R

CER ST
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RENLFEFAE N A P EEERE S A AR D
PREBAT O R OERITARRIESE S B R R Z TR 2 3247 R AP
B i -
2.3.1.5ERT £ & R 32

ERT & :?JHLTIF'—/{‘ e l”ﬁ/#&—»ﬁﬁaﬂdf i B fﬁ_éﬁﬁj?ﬁﬁj%u]

% (pseudo-section ) & JF G F B A 474 ¥ LB B A R R e
F2m oo AT SRR R B A TR IR AR o
TERFERGECERY CERFTHEAFTE y WA F BSETe

M- {3 %8z & q & BT A 53 38 £ 75 ¢ (Loke, 2003)

HY mine 879 3 mBERFTHRE - FF pdlich - BRY
GO RIAPRERT R Ly A ke £ qF > F R SE(S
R ke B ToL e RivEd T

d=y—f (2-20)
l. Boig v B | T2 F &2
Bl T3 Eak IV EAY 0 BB PIEEAF TR 2-20
¥ odamEL TS o E (45 221 9551 )0 at R M) o] o Ft 4]
R ATEEE R RPHOR Sl B QTR e £ EAQ A

2-22 5% > # @ J 9 % Jacobian 4B 5 d gt iR R R i1 =i d) &
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ﬁ,’tqiﬂ =q,+tAq, ’ JE M i’éf’rﬁ'ﬂi ;J-.,E.T o

E=d"d=Yd} (2-21)
i=1
JTIAg, =J"d 5 U, /A (2-22)
aq,
i A TR BV gREFI VRIS REL AR EFAg

i R £ < > & Inman (1975) ™ Marquardt-Levenberg = /% >
dv » — Bre R tx#k ) (damping factor ) & 12 i ;% 2-22 % ;% 2-23 »
VU Ag B 4 R R o

(J7T+MAg=J"d (2-23)

2. T A FIE ) T2 sk

$b 3 X L smoothness-constrained  least-squares

inversion » £ 2 norm invetsion » Constable et al. (1987) % 5 14
2-36 FehE B REES A = aoE BRI AR 2k
WS € RS A S Mg iEE > F]Yt deGroot-Headlin £

Constable (1990) 4c » 7 feff %8 W (roughness filter ) % *%

o

WA 2R T 2 o 4 2-24 50

VI, + 20" W g, =] d, =20 "W, (2-24)

E e - B LehE B2 g R R RG TF

SRS S EE EE ST S RIS P
Lo B SR ot T HE L

RMS (Root Mean Square Relative Error ) (2-25) &k % 7 o
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1&g - 1)
RMS = | —>' M L« 100% (2-25)
\/le q:4;

CEAER AR TR B2

$ i * F % Robust inversion » £ L1 norm inversion - Wolke
2 Schwetlick (1988) % T R FH L B & d & df G W d
BT > 221 389 4o x 3 fEE AR Ry~ Ry 40 2-26 58 ¢
(JTR,J, + MW R WA, =J R,d, ~ 1 W' R, Wg, , (2-26)

PEFTREFLERRCAFRF > F 2 L2 norm kg
FRERF G RETFCOEID € HIRER LB KD RF
B0 Flt ¥R Ll norm k$FH BT F K o W B dR
R ¥ en e F g Ar(Olayinka and Yaramanic, 2000 ; Loke,
Acwroth and Dahlin, 2003 ) ¢ Clarebout ¥? Muir (1973 ) 33 & ¥3%
PREAEGELORESERAS G R R ) S HLIEBRS
o F)pt Llnorm ek B3 A W EHEERL LT o

FHEFALOZFEE EERGE o EaFE §EA KA

R4 2-16 #751 o
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BB R E S TS VN
I | n=1
#Endata, 9028 A B T W M REME
l# i n=nt1
HER L £ 5THA g0 Ag
: 1
SHBAEY S, T
Bition RESH L) iﬁfﬁ
¥R E =0
- - TN BET -k RREE
B A i EaEA
I :
g L R AR 20
iﬂf% 2ERHERER %k

B 2-16 | F B A A AL

232 Z @Ay TEEFPR D2

TEEGZENDIB R T o RZE I DR IEF A F
LR RMEZRZFAMAE F LT RLFEDRFLFELR
s RR AT E- HRFLFNETR AR T A A H=
By TIEIRRIE T AP R R B AR o
ZHTHFERIRILE TP R A A PR - T HFEA
Forii— A E ISR MG R S ERE T 2 AT ERPSAG
- R AR B et (AoB] 2-17) 0 F1F R R R R AR A

TREIXFP e Ey e T REFE R - SRECERITE R
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AL S Al A N EE - T RSP Bk o R 7 R R o
I AT N auEE P o Wenner array ~ Wenner-Schlumberger
array ¥303 & % B F R 0T RE E  RIRE S Fl B2 Mo iRl i
i * Dipole-Dipole array ~ Pole-Dipole array ¥ Pole-Pole array 1% &

#7102 (Loke and Baker, 1996 ) -

X5 X

- Eits - Eiate
(a) (b)

B 2-17 - =" HFEFRDF]@F Y # (b)ir X

# - BNz BRHFEGR NFERY S R HT AR LR
B A F ARG AR D TR S A R ARG
Yang £7 Lagmanson (2006 ) B3 ! 7 #% 3D (pseudo 3D) 9% | = % >
HYTiRBEE? EFPL IR Baufpleg s o 13 # 3D 2 A
e R IEI AT A RRE AT T EBEFIEPEL A

BRIEAE R R REF M2 K B AT o 3D Eim A 3N P AL
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#-B 2-17 (a) » Yo B 2-17(b) ¥ X e X iERB¥% 1 AT F

N\SH

Sle BRIFH fIY 2 aF FREFZ ahTEF A S b3
By vt 7 BB R R IR R e SN iE - b sk iEER 3D i ¢
H ’ '5’1\."%] 2-18 b"’%] 2-19 > ﬁ J—%;JFFI dr g = I‘E\-/P'J%;Q—LE&E‘;’JFE‘&&E’/J A

AR Eo TRG R EER > 3D 0F Bk 3D i R ARy

‘.,.. .. . .
. i
. . \ . ; '\\
o . \
3 . . =T )
= _'_-_’@ 143
\\. 2.70z
R Y
e ot X
o il 534
Resistivity (ohim-im)
70. 82, ﬁ 111, . 130,

B 2-18 #%# 3DLE3DF L% (ie#st) (a) 23D (b) 3D i
MFFEETS B ﬁF"&P (c) # 3D BIMFFEL A BT IE
('Yang and Lagmanson, 2006 )
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Resistivity (ohm-m)

119 200.

25, 42, i
W2-19 #3DeE3DFERLSE (R3E%)(a) 23D (b) #3D i
MTFPEEI RLEEFFE () 3D PIMFIEL 3 R T HBEFIE
(Yang and Lagmanson, 2006 )

7 B pseudo 3D f# £ M’” ) VUAREE R y 2w 1042022 X
S thwwfﬁaa‘& 3 .ml 4ol 2-20 #Fom 0 A IE 3 M
bR IR R ”Lr;a m”"’ fﬁ%ﬂ— v,i %%i@@]ﬂw sAlddE o d - o
It EHe Ep wr;r 50 z[wylg T &RATEA] o BRI o d
T iR T X DT HF RIS FSF M jedl G 3 R & e RIS
23 RRIFRCTTE LR e RERTRET 2357 b b
X 4B 2-20a ¢ ¥ ¢ FIE A7) @ g TR AT RAFRET I
050 BAEIE ey 4 P BV R H5 3D anE R B - K arEpla
EUEe(y 2 e)E®R o Y 10 BEEE > £ EBFRIR S X (doF]
2-20b #7m) 0 @A AN E G 10 12T HEB T Bapd] o Flet 2 R pler
WenFRBIT A b - BxBOy el oA gEF AR xR

EER sl o /?J?f °
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Lagmanson (2006) %% F1= S 48R R R B3

&—k
RS
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\rr.;:
7N\
e
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—

e ,j

R w0 Al R

Yang ¥2 Lagmanson (2006) { i&— # B8 - H L 3 T 25 )
TR A7 =z BB Ap M IR %R E c HBER LA TR ay

2 TR B 22l oA BT S AR IFERE Y A B Rk =

'z

B3 R P R ok B (5 kS 4oB] 2-22 47 0 B 2-22 (a)

BRI AR B F

¥

PRl TG 0 B 2-22 (b)

Pl s ¢ B MpIAPMETRFE Do 2% 0 1L RS Blie o FRA

L i 7 R 12 Y e R L L

“ |

: 2

PR

’ ’ﬁ F]g %«?Eﬂ; ETEIJ -
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|9

FRRle b e g e dple R 0z B RERF B 26 R

S TEERIZF B2 o S BEMARS - R 7 o R

TIEFEOHIL R AR BATHFEES KT S EEHE SR
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. 10 ohm-m
1] 500 ohm-m

W 2-21 = #mracpiFEit2 &E#3) (Yang and Lagmanson, 2006 )

Imaging section

1559
5.33 10.66
{a) An exiracted slice from volume image of 2D inversion
ol u 41 6o 80 wn 120 140 160
1067
534
Ioermon =3 FMES = D86 Normulieed L3 =078 =
{b} Resistivity cross section from 20 inversion % -

Resistivity (ohm-m) [ Z

B5. g2, g9, 167, 115. 2 = 4o
[ DB 0a15

000 &7 o3 7.9
X

® 2-22 EEvEERS ()2 avEFE(b)- a2t #EF £ (Yangand
Lagmanson, 2006 )
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0.0 10 4.0 6.0 a0 10.0 120 14.0 16.0

0.96 -

143 S

[xeptl (nih

.59 4

{b) 3.56

Itegation — 3 RMS - 2.80% MNosmalized L2 - 087

Inverted Resistivity (ohm-m)
25. 42. 71. 119. 200.

B 2-23 BEEHRF E 2% (a)s

L F B(b)= 234 F ¥ (Yangand
Lagmanson, 2006)
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=~ a8 arez 3D BEBENE

BLAF 4

MG R FrE RS R FRIFEN AR 3D EET > - BT IHF
TR ERR o TAREY AH R o Ay I AGI o P
(2003)#73 % 2. EarthImager3D £ EarthImager2D =4 45 #0848 > #-7 o 1
A 1 BE R R SRR R ot AR RS R

—~

\\\?{r

w2y

32 s 224 5

MY TR Y i B 38 5. AGIL,Advanced Geosciences Inc >
Earthlmager 3D ( Dr.Yang,2003) 25 # 2 12 = @+ T @it 5 2 F §
238 o & 7424 5 Earthlmager 3D MOD ver.1.53 2. = &y 7 1 ¥
(forward modelling)#% ;% 2 Earthlmager 3D INV ver 1.53 2 = &5 ¥

(inversion)#% ;% 2 Earthlmager 2D INV ver 2.3.0 2. = &/ & (inversion)#4%

R R AR SA A R R EWRZRRIEF RY FT P TR
® - = 2L T g (subsurface) 2 #ciE -] o 345 #7iE it 7 (array) 0 3t E
PR AR T PR o B AT e d ARV AR AR E PSS E R A

= M THEPR o (pseudo-section) t o i i * A iy Poig B A At T

T R P2 RAAEEE FIRER > FLARE SREF KDL V-

\\\xr

&
=K

ST RS R F AR E D RIP G 0 F B I - Ak
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BiEALY Al Bk o H ﬁ?’l » % (input File) 5 2 *MOD » @ & 112 4T
ek pE > v O-H f ik L DAT A% £ F B 42582+ 8 ; Earthlmager 3DINV
F B 423 (Dr.Yang,2003) » ¥ p #3t B WL T gz P ohz s TR
A A2 e RIEF GG o
AGI Earthlmager 3D #x#8 & & # s 5 d > & it 4o
1) True 3D data visualization & & = 2 * #8457 -

2) Processing data collected in a sandbox and water tank ¥ & & %) 43 &

ka7

T TR

3) Parallel processing on multi-core/CPU for rapid data processing ¥
5 CPU T o2 88 -

4) Inversion of 3D surface resistivity'data f& F & FE 5 3l = Bipda o

5) Inversion of 3D borehole resistivity-data 3“ p & FEF TR = Mifida o

6) Inversion of 3D IP data.IP T3 = iz e o

7) Topographic correction and printout of resistivity section with
topographical features.} # i it 2 ¥ 7| B0 3 b AEFM T LS 25

8) Multilingual Support. 7 ¢ = 2 &= /i %

9) Ability to print or save images that are report ready.$> ¥ &3F 2 2_

J l:F lpE] l?‘

33 B Bk >

Yo
#

TR P A E R EREE T o BRI T
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\h

BB e ApM e it TR R & TR e

Empfis o v KT EHRET & BR T RS G TS

o LRt > R A Rl 3104 F B
B A 518 s W ¥R T 4## P A E AR ERIE S - R

Fal A P AT 0 A

Synthetic Resistivity Model

100 ohm-m

LE B Ex ( Tool—3D Command Creator )
A2 2 R (4X12) 0 BORORY W R Y TP 0 TRAEE-

H A3 R A FHOTRIR A S FRFER F ) -
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3D xR AR - 2 ML ARSI RMAERY a2

FEd B 152 2 Ll B9 n2 MERRYAE 279317

-

2% PR T 3D a2 B
DRz L4 BIAXD R PR FBRLET IR niE2 %o
% n=0052§3-250b)" > 3 FRF G2 L2 £ 3] eh3D s p B L
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L5

L3

L2

L1

Depth (m)

Depth (m)

Depth (m)

Depth (m)

Depth (m)

Inveried Resistivity Section  Iteration=1 RM3=264% L[2=072 Electrode Spacing=150m

Inverted Fesistivity Section  Iteration=5 RM3=267% L2=079 Electrode 3pacing=150m

Inveried Resistivity Section  Iteration=35 RM3=384% L[2=164 Electrode Spacing=150m

Inveried Resistivity Section  Tteration=4 RM3=1147% L[2=1461 Electrode 3pacing=150m

21

43

64

Inverted Fesistivity Section  Iteration=¢ RM3=469% L2=245 Electrode 3pacing=150m

R2=10 ohm-m, R1=1000 ohm-m

W 3-25(a) DX #ERARTrEF e &%
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L5

L3

L2

L1

Depth (m)

Depth (m)

Diepth (m)

Diepth (m)

Depth (m)

i)

23

49

74

Inverted Resistivity Section  Iteration=1 FM3=107% LI=013 Electrode Spacing=150m

oo
25
49

T4

9%

Inverted Resistivity Section  Iteration=1 RMS=103% L2=012 Electrode Spacing=130m

Inverted Resistivity Jection  [teration=1 BRM3=210% L2Z=049 Electrode Spacing=150m

. 0.0 45 20 133 120 23 70 s 360 @5
25 4 F
43 4 +
74 4 F
vg

Inverted Resistivity Jection  [teration=4 BRM3=248% LI=068 Electrode Spacing=150m

g | | g T -

e P, ﬁ i ,.‘l;
- s
. E

133 120

Inverted Resistivity Section  Iteration=2 RM3=211% L2=050 Electrode Spacing=150m

R2=50 ohm-m, R1=1000 ohm-m

B 3-25(b) DX %Eipls T e 25 &%
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L5

L3

L2

L1

Dt (m)

Dt (m)

Dt (m)

Dt (m)

Depth (m)

Inverted Resistivity Section

Iteration=1 RMZ=064% L2Z=005 Electrode 3pacing=150m

Inverted Resistivity Section

Inverted Resistivity Section

Iteration=1 RM2 =133 L2=020 Electrode 3pacing=150m

Iteration=2 RM2=232% L2=032 Electrode 3pacing=150m

Inverted Resistivity Section

Iteration=2 RMS=646% Li=463 ElectrodeSpacing=150m

R2=100 ohm-m, R1=1000 ohm-m

W 3-25(c) DX %l T ek
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L5

L3

L2

L1

Dt (m)

Dt (m)

Dt (m)

Dt (m)

Depth (m)

1000

2
Inverted Resistivity Jection  Iteration=1 RM3=030% = Electrode 3pacing=1.50m

1000

2
Inverted Resistivity Jection  Iteration=1 RM3 =0.64% = Electrode 3pacing=1.50m

1000

2
Inverted Resistivity Jection  Iteration=1 RM3=1.70% = Electrode 3pacing=1.50m

1000

2
Inverted Resistivity Jection  Iteration=2 RM3 = 497% = Electrode 3pacing=1.50m

5
5 ‘w"‘-

1000

-]:.§
F]
s ow e ow
5 ® 5 u
S 5 8 &

2
Inverted Resistivity Section  Iteration=2 RMS=325% = Electrode Spacing=150m

R2=200 ohm-m, R1=1000 ohm-m

B 3-25(d) DX $R[#R T res 2%

gt % 1] 3220 e P-1 B %L T 4o DX F 4 @ * f]

HEth WIER J RS PIRTR 0 KA Jes 200 A b 3D kL Y
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)

ZREIAI -y A RIEEERFEFH62 2 L4472 % 3D
e B MRS T O M T ERBEFIERS 3D RP T B el it
FHTANE > FE AP LGRS A EF T RIS A %) o
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NERIEE LY

A1 % REN L

TRETEY RE S 2R IRIS = 2474 &2 e SYSCAL PRO

Switch 48 > 4B 4-1 %777 > P 7 7 L /A B F (transmitter ) > 5L

B (receiver) 2 7 R E (booster) » &7 ik ERINA T AL B
FF RGBT IRAEL R V0 ERF R RS
(z ) *plfc® » 7 2 41% Switch Pro box » 4o 42 i/ » h &
PREEREN G R REE T A RS232 i » AT gt 4
ELECTRE 11 % 5% £pMEs0 > Wil 3 5 v g7 £ipl o 4 7
ORI K T IEF 2o B R GEF R E B e (induced
polarization ) » #* ¢k B ¥ 2 F* Comsys Pro k4|1 &7 T R E P -

REAE AR 41 7 o

-

A& 7 #* ELECTRE III ~ ELECTRE II #% %8 & {7 5 B £ 423X T

RTAF 4347 0 TRAFTHE A H RO TRA ) 2

N

H-TREFIESFRIFRE > R RRBRHP ORI BT K

AT 0@ % (TR A iyl " SYSCAL Pro fifflie (77 0 ¥ ¥
#ARF|w (pseudo-section) 4~ i ? LFHL > FF # )8 L7 At ik

B iTe A0 0 > T RA%d bin 3 = dat o BRI ARACR] 4-4 27T o
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B 4-2 ¥z 31 #-SYSCAL PRO Switch Pro box
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W 4-4 3 Rl AZE
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Sequence
Tile ! |Test Nb quadipoles : 325
S— e woeoses: 25— [

Aoquistion st up————— - Geomoly parametess————— =
gm0 = [ Ovcedde ________EIgE
Stack. ;
oo, [ I*E;f'il Spacing D) L)
i — |____| |2:a v| l_é_E
Rhoandlp mode: = Ny Diepth leved [Lvi): —% Third lengthi
W £ ¥ ab | 5 Spacing (D)
Request ; I‘v’rm=5a'-'=merm'| X ZI = Iﬂ- uf_'\ﬂTF £
fieal R Other spacing >
oo B | | T = == =
| 0 | Xeacel| 7 hes |
¥ 4-3 ELECTRE Il sx# Rl f&K 2T
Q'__H&“._-'f-_".-'-lﬁf
L=l %2
WAk B o
4
e )k F2 5
ELECTRE 11 #% %
= [ EBERE
I | &
EERIA S




% 4-1 SYSCAL Pro Switch 48 % ® ¢ (IRIS, 2005)

BEHTFER A &K

RAWHEMR 25A & R T R 800V
K o F 250W(S00W: b B X F R DC/DC iR E) ~ 7T b4k
1200WAC/DC #4 2

T AR ERF 025025051248 #b
TR EREEE 02%

i A FA.47:100M-Ohm

B E o A 15V (10 channel)

Protection Voltage up to 1000V

50Hz~60Hz ;5% (Power line rejection)

TR EREEFE:02%

TR NE:L LV

A b RER > HITRERGE

IP T35 20 stk &M

WL

o & 55 2 5

47 21000 £ ##

RS-232 # #-E B5 L %/ T # % #

BB E A 12V/7.2A0 Fib 0 SR 12V 2B S R
AR E-20C~T07C

HERD: 31 X 23X 36 cm

¥ ¥:13Kg

B AT |

4.2 ¥ p| > Zerig #
FI* 4255 3% 5 & §8 7 & 5 Wenner ~ Wenner-Schlumberger ~ pole-pole -
pole-dipole §= dipole-dipole 7% % » K - = &L T 5 (subsurface)z #ic

) 0 PR T R S (Array) 0 R DAL R IR F S B R g

g0 Rz e TG o HEET Ar o dofl ¥ et erad 2 ek T
Bk ST 0 8 i TR B 88 F B A5 00 @1 4

i TR G e B2 E 0 BV PR LR AR A
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T OUTR BB s o v o Wenner 2§30 T L SR o H X

.
N

A AF mAc B g EARIERPF > ¥ 8 % Pole-Pole £ 72 » 7]
SN PRAAFRESES v d AR F A TR T
ZRBIER > TUERIFL P EET IR AT RS 0 %]
L)oo o BRI CERIEE > LR DA R A P2
e T L (DF BN, TR AL S B R T

LIRS KT R 0 VR * Wenner array © (2)F & P A RT3 w g

2

RN LG

A

R R ONE TR L B RE

E)

Ef§pF > 7 4% dipole-dipole array o (3)4rds T AIDF R LK T fod-B &
B3 g Tk D5k T 2 B A o
Wenner-Schlumberger array o (4) 8 % 502 7 =¥ BF > 7 % KT it

x5

5"

vt dipole-dipole B4+ sipole=dipole> £-F] 2 5 p|F 2 = & » & Jf R
T BB ROD RN o (S)AriB I B 2GR (T e iR T > TR

& B BE-[ 0 RV $UF 0 pole-pole array © (1 @1 2001)
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HeF] o &, oA | sREEAEA WA HE A
Wenner 3 127a EH AW
Dipole-Dipole 4 1/n? 1Bl r5 4L
Wenner-Schiumberger 3 1/n® G 5
il ey S 1
Pole-Dipole 2 1/n? 4] vip 4
Pole-Pole 1 12ra T &

[ix] F¥aa1sfd - FA25 024000 Md

i) i3 #¢ 1L i e
B 45 TR {AEELR

43 &3 % ol

4.3.1 3% F-ak prit :1 &
.i'.:..,‘

N Y

e f PR AR SRR B (P A

,-#“a
@goamg;@&ﬁLaf%a&»mem D AErE - A i

B AT R E  FIRER R R PRI -

)R

W46 AR RE KR BEE (Y AR)
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4311 BB ¥ T
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AR IR BT NELAS TR EE B E 2

R ST TRBERP L > AR BRI RS 2L E

AL R R TP A 1/50,000 & 7 BltER 0 A BT

N 1 <=
s ’F’Tf\i °
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\
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\m

P2 AFB2 ) SR IR R A E
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L AL

AELBIHE CRTRE BT BA KRR
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i

e HORE T L A
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AT REFF L op et ol AL Py
4 ggﬁ%iﬁiﬁﬁ s FlB A FPAZ R T T 5 A58 S H
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Flatd o Bd 132622 LEEEFEH2Z A FAE HP
frd Y482 FkF Y455 o AE P T E LR 30 2 80 o
CRET 1994 MEALR LY RH AL BERL > RIT
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B2 aiRz Aok s A KEER “ET;T,?L\_L.%J‘JZE B3R

R kR D P AR SR RS (T T AR IR 2 B AR K e

Bl 4-7 #7151 > 5P| BL3Ao ] 4-8 A1or 0 Rt R - 23D » T

PE'

)

TR E = 0% 2D 3 R IEFR] 0 MR RIEIL 3D R IEFRIZ & R
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N
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&
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£
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2692000 |—=~

2691000

2690000

220000 221000

222000
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3Dy T2 RIRE T T2RTHEB > RAPF ST FRp 2w
33ar ~dBokE e ISR AL LT ERBEFEER3 O
o MESE S ML TEG B RBTN LT S R F 2
BRI EE R E 2w 135 2% E o ok E BE E A 3D RSk
+ % > 2 dipole-dipole = V&R o 2D & FFEEE BRI E K 3 #F P LI~
L2 2 L3> L1 R AEE-RE P o 15 2% o L2 PSR 22 K
#ou 7S 2% R L3 RIS AT EER E P w135 2 % R RISLE & 60
SR oY 2NTEE THEBEFE3 2% 0 RIS 942 2t & 3D

plsn € & > ¢ % dipole-dipole = ;i {735 p] » drk 42~ £ 43

4 42 v3D  LYZ1 P& s p) ik

RIS A 3LY-1

RRE (2 5) X=3.0 2% Y=302¢
i el 72 4

ISR FE (= %) 157.5 =2
RIS Dipole-Dipole

4 4-3 2D LY-1 ip|55ip] 8k

IIE R R 2LY-1
T 1% B BE(m) 3.0 o ¢
(it 32 20 &
BB FE(m) 60 ==
KR Dipole-Dipole

122



433 3525 B4%

2D 2 3D ¥ T IEIERZ % 4B 4-9 o o d BlP F Ao d 3D
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TR S %K 0 2 LL 2 L3RI % B L1 RlSAz g 27 4

DR (G RN LS (K 2000hm-m > BlFE 103 @ 2 )¢k Tog

\

B AR e AL T i) 5 F R 2D RIS B % o pErk E #5025

R LD RIS E 2T 25 2R RETREIRG e AT 2 2%
P RIEFPRETRERLOEA R HT 22 FEFE T AT 103

SRFAFRBRAIEF AR FHIRF 2L RINI AP EF o LR

33 7 LT KR HA T A KBTS B g R

et RORR AL AT A e L R B REOTIEE
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HAoL2 PR BBk 4625 28) 285w 2T 902 {5y
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VAL A 1 O 1k

Inverted Resistivity (ohm-m)
775. 1524.

e 4R 32 E TR FE
21 e i HEER 2. P-1 4P 000 IR 3 % 2 Po1 n=0.001 2. % % i (70 4

dNILS AL > M H RS FERENEY P MIRE 2

Ll Bl sm 3 ERHRZ B R VP EFEE ERAINA X HF
P A o B T L1 B R T AR LR
Fon R EERTINEREZRET o FFRE IEA BT A
SR LR DAY T LIRS R 2 L L RN I

HEEAE > 3D A B RS AP BE o
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5112 Pl B 4T A 4+ & & 2B 48
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4r 2 m

Dapth(m)

R2 = 500hm-m, R1 = 1000 ohm-m

70 Chnm

5 WW 7
R2 = 100ohm-m, R1 = 1000 ohm-m
g 33

Inveted Reictivily Section  lterion=2 FI0S=105% [2=0850 Elecirode Jparmg=3m

R2 = 200ohm-m, R1 = 1000 ohm-m

W 5-3 BEEK M EH-DIE FRB R £ R 30 R)

5.1.1.4 = e o B2 sEd
37 fR3D R PR T AR RLE K R
E iRl UK 2 BEAL (Ao B-4 ST )T R 0 LRI R 10
THERE TEREFE3 2 2 27 2 £ 2 B4R 1 dipole-dipole

¥R B TR e
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