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Abstract

Currently the study of soil and ground water contamination in Taiwan has
recently initiated in-situ remediation phase. The distribution of the chemical
agents after injection is a key factor for the remediation effectiveness. In
practice, however, injection into low conductivity layer (such as silt-clay layers) is
difficult as most of the treating agents would most likely be dispersed into high
conductivity layer (for example, sandy layers). Consequently the contaminant
within silty or clayey layers could not be easily remediated and would
continuously affect the underground water environment. In order to enhance
site remediation effectiveness, site operators can adjust the parameters of the
injection plan according to the in-situ monitoring result on the dispersed radius
of chemical agents. Electrical Resistivity Tomography (ERT) is an effective
geophysical technique to monitor the distribution of in-situ injection by
measuring the electrical properties distribution of the underlying ground layers.
Conducting both surface ERT and borehole ERT within existing monitoring wells
can greatly increase the resolution in depth compared to conventional surface
ERT survey. However, proper application guideline for optimizing field survey
parameters is not readily available yet. Moreover, with the intention of utilizing
the existing monitoring well for borehole ERT survey, a recoverable borehole
electrode and cable should be developed for economical and convenience
purpose. Aim of this project is to 1. Study the optimized field parameters of
electrode array setup 2. Develop a recoverable and mobile borehole electrode
and cable. This project examines the aforementioned study in an in-situ
contaminated site, by applying ERT to monitor the dispersed region and path
and examine the in-situ application recoverable borehole electrode-cable

system.
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2 3V M5 04) ¢ BT ERT ;% 2 F 1L 2 4 DNAPL £ fr /& 3 4c @ L id # 4c
(%% B 2)° GPR % B £4945 DNAPL 2_ /i T ¥ #ic— 8t b F R M35 § eh
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PRI GIRRIE S e TR LR e B
# 1 ¥ % IR ¥ f° Fl(Reynolds, 2011)
. o Nominal
. Nominal Resistivity . N
Material (Ohm-m) Material Resistivity
(Ohm-m)
Friv$ (Sulphides) 2 i Biuftd (Liasclay) 4~20
% 4 (Chalcopyrite) | 1.2x10°~3x10" 7 (Boulder clay) 10~15
+ 4% (Pyrite) 2.9x10°~1.5 §o%% 4L (Clay (very dry)) 15~35
7% 7 (Pyrrhotite) 7.5x10°~x1" $ & Ik # (Mercia mudstone ) 50~150
> 4% (Galena) 3x10”°~3x10" 5 & 7 (Chalk) > 100
P47 (Sphalerite) 1.5x10’ £ & (Coke) 50~150
% 4 (Oxides) : iz 7 7 Gravel (dry) 0.2~8
# 47 (Haematite) 3.5x10°~10’ 4 {c## = (Gravel (saturated)) 1,400
BT (Limonite) 10°~107 % » % #5 (Quaternary/ Recent 50~ 100
sands)
#4857 (Magnetite ) 5x10°~5.7x10° LA (Ash) 4
5457 (Hmenite) 10°~50 2k (Colliery spoil ) 10~20
7 % (Quartz) 300~10° ‘% 4  (Pulverised fuel ash) 50~100
4@ (Rock salt) 30~10" 4 (Laterite) 800~1,500
# %% (Anthracite) 10°~2x10° %3 (Lateritic soil ) 120~750
#°% (Lignite) 9~200 §o% 70 F 2 3 (Dry sandy soil ) 80~1,050
i 2 (Granite) 300~1.3x10° | #) Bk 2 (Sand clay / clayey sand ) 30~215
B 7=f # (Granite 30~500 # % (Sand and gravel) 30~225
(weathered) )
&£ (Syenite) 10°~10° A G frm a2 i (Unsaturated | 5, 4,
landfill)
£ # (Diorite) 10°~10° Ffrim A5 2 (Saturated 15~30
landfill )
#E # (Gabbro) 10°~10° FaM R R ’J< (Acid peat waters ) 100
< ## (Basalt) 10~1.3x10’ feld %< -k (Acid mine waters) 20
S (FAfeZ®)
( Schists (calcareous and 20~10" *# & ;=% (Rainfall runoff) 20~100
mica) )
P # (2 &) (Schist 10~100 w3 f e ge s (Landfill runoff) | <10~50
(graphite) )
## (Slates) 600~4x107 &3 k" vk (Glacierice 2x10°~1.2x10°
(temperate) )
% 1 % (Marble) 100~2.5x10° | 4&# 7k ' 7k (Glacierice (polar)) | 5x10*~3x10
A7 # (Consolidated 20~2,000 At 4 (Permafrost) 10°~>10"
shales)
7 4 (Conglomerates) 2x10°~10" k# (Moraine) 10~5x10°
;¥ (Sandstones) 1~7.4x10° 7 # 7 (Hydrocarbon reservoir) 25~27.5
% % % (Limestones) 50~10’ & 7 # (Sherwood 100~400
sandstone )
v 2 % (Dolomite) 350~5x10° % 4 4oy (Alluvium and sand) 10~800
A (Marls) 3~70 2 3 (Soil (40% clay)) 8
2 (Clays) 1~100 4 3 (Soil (20% clay)) 33
(Topsoil ) 250~1,700




B A TIEFROERRIES %’%“—; hAe AR R RS Bl 7 P RO
BCL~C2m~3 kP > 1% T ixi& P1~P2 i
dZEROTREZTINESED F T ¥
(apparent resistivity ) » # — %ﬁ#&f{ R H @R s d
%%Mﬁ%?ﬁﬁﬁﬁﬁd ZREEETT R
BOMRLT [E E o v pIE
M2 R TR G o w2 T nd
ERmFE ARTERERTEINIBERERTRT a W T g g
FHRPEF AR FRE RN I YA ST A ¢ 4E Wenner -
Wenner-Schlumberger ~ Dipole-Dipole ~ Pole-Dipole % Pole-Pole % = ;% » 4]
8 U Ut A R AN B H R T B R4 R R FRIFER G M

*&‘x
(w,
?m,
=3
i=

C1, C2: Current electrode

P1, P2: Potential electrode

f i \‘Equipotcmial lines

Current flow lines

B 7 ¥ TR IR R ATE R T B

¥R A E G A RIER Y Ehod 2 977 0 iplcE & o BRI 2k
ﬁ%&ﬁwﬁéﬁﬁw@’4${ﬂ@£§%iwﬁ% FARRIER 0 Ft
L B E A FILIG v B R REKR PP T LRI RIFA
RE L%y ey ot oh o b TR i0E hd % 02 GBI
EE € BRI RRE TR oA AERFREIINGIFR L Fiud G
W RaEHmAicm S5 MR RENBRITRANEIRA] T FE Bde - i
100 2 & hiP|&> 14 Wenner £ 7% (riE P2 % B A JFERE 5 17~25m % &3
B L FFERIFRED S0 2 ¢ ER BRI > B TP
% 2 ’#7 PR Pt 72 3 2R RIF A& (Loke, 2010)
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Schlumberger 0.173~0.191 0.17~0.3
Wenner-Schlumberger 0.173~0.191 0.17~0.3
:3r 52 ht 7| ¥ B 4
Gradient 0.173~0.24 0.17~0.35 # ]%%J#‘:'JF e
FRIFR
R
Dipole-Dipole 0.139~0.22 0.13~0.3 BRI T A
FBLER
Pole-Dipole 0.296~0.38 0.29~0.5
Pole-Pole 0.65~0.867 0.6~1
a a a
<>
C P, P: C;
(a) Wenner electrode array
e 2L >
;
A 4
C P; ‘P: - Cy
Y X »~
(b) Schlumberger electrode array
na
M N

A B
(c) Dipole-dipole electrode array

pam——

<«
\ 4 \ 4
Cl P1 P C2

(d) Pole-dipole electrode array

B8 ¥4y TETHEEEET LN

FACE SBCR PS TOGEE R TR R L #U' D E AR
DAL MR AR BRI A S pHEREREL PP
FACEARF A AT AL B RiRR %’ﬁ PR F TR
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FACE SBF AP TR DS RIER T R AT EAXF )I‘% GGy R dIPES
AR T %Eﬁf%éimfﬁ“ﬁi’%{%%‘zu P 2 5k iR g e 4

e BO~B 14T 2 REEHZE? FLPTREFZ- AFHNEES
B D B OSRFRE R mﬁfﬁfﬁ“’ff’ ARG E R AR F B S
WBEEF]Z > m B - AR DfEdra i3 £ 8202 25 % (Zhou and
Dahlin, 2003 ; Dahlin and Zhou, 2004 ) » i&+ &7 & k4&4 3B Ad T8
FIPIEZTRY P RRFZEEBEOR TR AR &2 *??"f—'%*:;. N

b ¥ pFTHT IR > Wenner-Schlumberger #7032 2R lF ¢ TR & TR
Z_; Gradient #7230 p TR ¥ R ehF BRE LI PR DIpoIe-DipoIe e

PIEEE 2 X33 2 28 7T A IHBFORF Fu LT 107 1 foehkit
Pole-Dipole #* 7|;% 48 $4*" Dipole-Dipole #t 5| #7 % 3| thip| s & B | ;
Pole-Pole P| & % "UciplE B ™ i FIB A SFUTRIER » § BB fRE A
PGP EAF TP EE BT RFANAERL  EREH R
Wenner-Schlumberger ~ Gradient # 71;% » 4 & P#¥ 3 4 Pole-Pole £ Pole-Dipole
#rz e

Sensitivity
Values
(x0.01)

2048
1024
512

B9 = sWenner #5257 E X EH
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Sensitivity
Values
(x0.01)

2048
1024
512
256
128
64
32
16

8
Ly

® 10 = % Dipole-Dipole £ 5| 57 & & & §
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Sensitivity values
(x 0.01)
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Synthetic Model.
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Calculated Apparent Resistivity Pseudosection

Bl 15 3 %1 i e ol
LA eiliee sy

0.0 50 10.0 150 200 250 300 350 400 450 Ohm-m
00 s i ; feaeei i . j 4 y 490

23 385
46 302
6.9 g 237
186

Depth (m)
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Measured Apparent Resistivity Pseudosection 7
§
N iR i)

0.0 5.0 100 150 200 250 300 350 400 450 Ohm-m

Depth (m)

Inverted Resistivity Section  Iteration=5 RMS=145% L2=0.53 Electrode Spacing=1m

B 16 3 R reix gt ol

bt TR TR B H IV N B TFFRD F TS P TR
%= (Borehole Electrical Reisitivity Tomography ) » ik erific ¥ $d= e p g
5B R o 2 B en e 5 2 1 (Cross-Borehole Imaging ) »

BRI 2 B A Guehp st fod 2 B sr 2 N g 3 ik
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B3t 58 2 182 % 2 (Cross-Hole / Borehole Electrical Reisitivity Tomography »
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(a) Surface Electrode. (b) Single-Borehole Electrode-

ealy AjAnisues
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(¢) Borehole-to-Surface Electrode- (d) Cross Borehole Electrode-

Bl 18 3 TIFRIP L AP THEGKEAIRFFT LW

245 Rubin et al.(2005)4] * #cid Hgi (731 p 47 P12 %!i&«f% 5 > B 19a
Al T R HCA B 19b 5 R B A TR HEOSRIF B % 0 Bl 19¢
BB 19d B4 W) G fp e g o :s%}stau SRR S A RPER R - ANV ]
T WY E AT RETHUITIEZLEF RE R LETEF I AP R @
PR 2 5 R % D AT I T R R AR 0 Tt F B4R BEAANIT
BRI EP 2 fRdTa 4 AR @ ié vhorRE R G Bk
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(C) Distance (m ) “ (d)

B 19 3 £ grgpest po TP iR 2 % v #&(Rubin et al., 2005)

3.2.2 7 It p TARE R 25 R

.
e ot N R IERIE R R 2

ZEIP R RAEE AN HEHITREE FME T RS ;'% i 19
E X4=dp 5 # * Pole-Pole £ 71;% > 4r[] 20 #75 » d 3" Pole-Pole £t 73 A&
PR EREZORY PG MBRPTREERCE AP O SE 2 & R
AW DR AR P PO BER AP AL ez o L 287/
et iEEZ TR EFER ‘5—3&}?&1“ B Bie FF antE ”V?.’Fé#”'lzz 2REY
PRREAA AL PR - KA T NI SRS AR Y 2
TP EFEL DA E L5 R &L HE 5 AP > Society of Exploration
Geophysics of Japan TiEx B fa ¥ * 2. B £ 5 4B 21 #7571 > ¢ 35 Pole-Pole
array ~ Pole-Dipole array ~ Dipole-Dipole array ¥ % Arbitrary array o m ¥3% &
-SRI TRER? > RFTREEPRT TR UE 2 AT H 2T R
fie B 4 % 5 F % £ P (In-line measurement) & 5 % £ P (Cross-line

measurement) = f& » 4 @] 22 #77 o



Remmole elecinsde

Rexistivity meter

Bl 20 # 2 23V p ¥ T rEiE R L m*ﬁ#kﬁv—r.&ﬁl (Pole-Pole
electrode array)( Society of Exploration Geophy5|cs of Japan, 2014)

Remote Remote  Remote

electrode

clectrode electrode

-
® He
r - P @) P,
Remote Remote Remote
electrode clectrode  electiode
O [n O . e[
G | ()

* & P:
G c: ’
2 @ \
® P P, '& P
® ®
P: —_ |l] _T
(a) Pole-Pale Array

e,
(b) Pole-Dipole Array

) (c) Dhpole-Dipole Array
W21 ¥ B3 A gr3tpoy T PRdR R T

(d) Arbitrary Array

Remote

& B o+ & Bl (Society of
Exploration Geophysics of Japan, 2014)

Remote

Remote Remote

Sﬂ}it;c d““"*"‘; electrode clectrode
G
& N

@ © P21 1
C —4cC i ‘ ®I -
T

(a) In-line measurement

(b) Cross-line measurement
W 22 F s E R s £ P(Society of Exploration Geophysics of Japan
2014)
% Pt At A5 R 2 A A2 T

pr*ﬁﬁﬁgg’aﬁiwﬁ

RO I i K SR
(CPPC)

AP ¥R A

S
ﬁ_,
h
:

B (CCPP)rz 2y (CPCP) >

S HE T R A A QA

CrRimsPiT it 4rfl 23 2 H
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24 #5570

aves(CPPC) :j) Pves(CCPP)

(b) (c)

-
-
-t

W 23 & &N 2 Bt

Bh tp-p
- 3
lHl @EE .
@

T & fe ¥ (Hargery, 2012)

a) b)
o (CPPC)

Ml B

n

ave (CPPC

i

¢)

ave (CPPC)

Bve (CCPP) BVC (CCPP)

0

Bl24 BRAN2 B3y 2L

R {32 e BN

PR EEH
> %3 (Sensitivity Equation) k3% T f&fe &

% &pe & (Hargery, 2011)

B4 F LS EAE R

ES 1 4 o“,ftbz;f’} » Hargery % 4

(012) M BB W72 P R tRfe B 24 > T/ - R4k B4 29
ﬁ)‘:'q'] &ﬁtf/k’ /ﬁ’}'ﬁ_ﬁ —L% 5 LU 7 IE' y 7‘. 'K%’;‘v&r'_f .

Tmodel R " Tirue
M Ed F B BT £ R Lz 3t E 40T

R = (G"G +AC)716TG

;}7? ' > Hargery % 4 1212}7%\ R & I"% ﬁi:;fé"ﬁﬁ'

¥ &

TR IR RLRAE S HEE

Bl 25 o o d WPV R AR ARG F AR AR SDEIT R
(borehole-borehole)® » % T &7 &7 Bz B g €3 % b hfdiq
At LA AlenE Ateta? BFE G B AEoniitia 4 0 B2 AT
35 plenp e Hargety et al.(2012) 447 A4 L T 45| 2 BT

AR AR THRRS] D S R £ T R BRSO

AR K AIRBFRF E T o
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config. surface setup survey borehole-borehole|surface-boreholes
distance [m| distance [m] distance [m]|
0 4 8 12 16 20 24 28 QL4 8 1216 0 4 8 12 16
=3
Wenner |2 g
s g
Bl E
12
dipole- [£ £
. = g
dipole |z E
12
pti- | g
(pl— 'E_ -5
mised |Z E
12
= &
compre- |2 =
hensive |2 E
1

B 25 7 I3 £ &3 pERfEdT 8 4 FFFR (Hagrey etal., 2012)

33 FEALAFISRERZ BT PRI EFEER

B WA TR AERIS R R KRR BT R
AP R ﬂ%&ﬁﬁﬁzaawi@ W»wé’w%éﬁﬂ

BAHP I R > Goes and Meekes(2004)iE 3k E N T R B eng

ERESE 2 FOFEE (D/S) AW I PHRAFTHET  # R REALE

AGI(2003)>t 531 %5 B (7% £ p a2 2k D/S + 2t 1.5 5 4o 26 #77 o

Surface electrodes—___
~

a
- . o . . e . ;e e e -
4 : . i
Borehole 1 —» Borehole 2 ——» = Aspect Ratio, D/S, should be
A e i greater than 1.5.
‘1 ; = Electrode spacing can be
e P ” Y ever, > ~1 6
Borehole g 5 1! ‘ ::n‘:jior:‘ Huw:lu u"d for L?-I:"L:l
odeling and good resolution,
Electrodes——, 4 4! g 0o o
| D electrodes in different boreholes
eSS i B should be aligned at the same
\\ I depth as close as possible.
?. = Surface electrodes are not
I required but may be used to
- e improve near-surface resolution.
!. = The best resolution is about ¥2

of electrode spacing.

B 26 B3t 7 rEiplaR2 22 3% R 28 (AGI, 2003)
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KA KRB % B % aﬂ M SR S i

=

TR 370

7
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(CL,C2,P1,P2) T 3ag [ (Ohm-m) 1% i £ (Ohm-m)
#1,84,#2 #3 1236.67 2.58
H#2,H5,H#3 H#4 37.79 0.94
#3,H6,H4 H#5 43.63 0.24
HA,H7 H5,H6 1481.80 3.90
#5,H8 H6,H7 511.67 2.15
#6,#9,#7 #8 516.33 2.33
% 5 CableB*— s Te2z Tio@Ee Ly
Electrode # I 353 FE & (Ohm-m) =% i £ (Ohm-m)
(C1,C2,P1,P2)
#1,84,#2 #3 1472.67 2.63
#2,4#5,#3 #4 25.07 0.53
#3,#6,#4,#5 57.07 1.62
HA,H7 H5,H6 809.53 291
#5,H8 H6,H7 1167.73 3.82
H#6,H9 H7 H8 442.07 2.37
M FEH *?ﬁ@ﬁ IEFFMET S F A A (T R
EE)-# (e R s F) s 2 (T RERT AT %)



(R T R LR AR S A - AR TR BT S
THCtEg e BF A e B RN TR R P SRR S
T dh o TP ER T fL p B ERE WITL F SR TR

5.2 3 TR GIFRE R T 5| nifd
(Rt STENLINEE AN o8 =30 § W IRk 2

£
SN ARNT A G P o
5.2.1 #iie 7+
5.2.1.1 #EHHERL

LB HRIE NS A R R IDHE RS F B TE T IR R
VEERUIEN: S ‘”"J? TS e 2 2}%’ ™ ﬁﬁﬁﬂ*@i?l PR B TR R
Rz fpI Rtk e Fp o AP EHETLEN SIS UL E S
COMSOL (Ver. 4.3a)ix = = it & #-3](COMSOL group, 2013) o o ** 3% $k §8 22
MATLAB 333 B R &M > RE S 2 = 2B %L 5 » %4 MATLAB 3 +
SR R F P T FI LA A Frirg s pREgsrzay
RS E

AT RETRIRG A *%ﬂi%ﬂﬁﬁ%—iﬁ%&%%ﬁbgp
R RN o X P H - &Ebzb AR A AT 0 F AL (PR
ST AT R R H - g LIS B EES L e R
RIT R e Fl o B HORINA A A HE I s R R - kA
FHEF c PR B AP LR L S MTEF B AP e TIEFFT 44 0 40k 60

#6 AAFRIES A

T8 p R Rl ¥ EL?F_&SH%L?] (ohm-m)
MFIE L ) SO SR R <10
BRIESLY FEGWAA S BAEY & L 700-2000

B BRI F RIS s AP R T T 4R o B SR 23

4»m&?mﬁ%%ﬁ%ié1mmwm’$§n£%ﬁ4$ﬂfiélmmmmm,
F B E% 75 100ohm-m - 4c@ 40 5 B2 2R34T & B » #Fit £ & & 30m >
ﬁﬁyiﬁﬂﬁﬁ;3mPuﬁmaﬁé%@ﬂﬁmﬂ~$obaﬂﬁﬁi
Qﬁﬂﬂ*ﬁﬁﬁﬁﬁﬂﬁ’ﬂﬁ?ﬁﬁﬁ%iﬁ1miﬁ°%ﬂﬂﬁﬁ?
BB s 0.5m o ME Y EEGEING (it c BW R (5%

35




BRI AR R frd R TR AR e B

F) s uR AR ALT 6m s 16m -~ 26m i EF R <) A 3m*3mo B A
T B BEMAET vk TS d 5 £ 6m >~ Sm o~ 4m > 3m v B A e EEHL 0 1UEF
FICR ARGk E S L o AR R R e e e
Bl 41 557 o

w
o
3

ey .
= Iﬁm E 5
4 3
i 16m : i
(] : i
(=] .
2l : I
H 100ohm-m
ﬂ:- :
| bem )
3m E
T

B 40 H-ARIT X W




bR E - g arE P (0T BT FRIA) G - BRTAE
714 = 3 5% 245 Tsourlos et al. A 2011 & 3 11 en¥30 T 3 Pl &5 B B 7] e
BEF AR 420 BT FRMAOEF AL L Z BIMAEFTEE - 5 - WA
SHB o APIRES] 5 AL BLF A 0 A LF R
ARG - R ORI R SAPH A SRz F EH X
FHEAFZ A MR 2B 5

Wenner-Schlumberger -

7|3 = 4> ¢ 45 tdipole-dipole ~ pole-pole -

SUB-SET 1 SUB-SET 2 SUB-SET 3
1234 567 §910 1234 56 SRR
HEEENEBN
.
SENSITIVITY AREA SENSITIVITY ARE 12 2
13 13 !
“ SENSITIVAY AREA
14 14

15
16
l 17
\ 18

19

Nt

\
A
I
\
\
\
|
\
\

20

W42 TzpsE3e& (TsourlosP » 2011)
5212 72 F TP 7|H R~ %2 £ B

B R AT TR B K B #0# AGI Earthimager 2D 2 7 F &
&350 4o B 43 ~44 545 &) G dipole—dipole ~pole-pole ~wenner-schlumberger
R E R VR BRI ET UER 0§ B ¥ R IIgE ok T iR
40 ke ¥ > dipole-dipole £ 7 it pole-pole f= wenner-schlumberger { 47 i=¢

o ¥ BEHEIEPF o dipole-dipole B 7| AidfEw RN T At 49 { 4 guE R
R PR F RE 0§ T4 o dipole-dipole * v fgit ¥ b A AR S| { 4

FERAARBOTIEFE o

L
T
lﬂlﬂ

2
BRI ER AL ELHREE RRF BRI E R BB A
?ﬂug‘;mﬁ%aaﬁig, K d— B R ALY T g
WAL BIRR T Z AR A2 T AR FLﬁUﬂi\@‘m{" Reo J¥ &
;':.f%%_mg i % - dipole-dipole F 7 4p LAZTE R E (K TLE
% 10ohm-m) -

&rl;%‘]%%ﬁ’é?r}la}i;ujﬁ;jﬁ 4T e B AR 4 SR e
B o

3
=3
1=
L

37



Bl

|
b
v

VAR BT 2 e T RS L S e B

160 310 460 160 31.0 1640

Ireration=3 RMS=098% L2=006 Iteration=3 RMS=1.18% L2=0.10

(a) d=6m (b) d=5m

16.0 310 460 16.0 310 46.0

Iteration=3 RMS=178% L[2=0.14 Iteration=3 RMS=224% L2=023

(c) d=4m (d) d=3m

10 18 32 56 100

Reststivity (ohm-m)

%] 43 Dipole-dipole % 7|f-#t.% %



FIE REEHB

16.0 310

Iteration=3 RMS=028% L2=0.00

(a) d=6m

460 160 310 460

Iteration=3 RMS=030% L2=0.01

(b) d=5m

16.0 310

Iteration=3 RMS=033% L2=001

(c) d=4m

460 160 310 46.0

Iteration=3 RMS=042% L2=001

(d) d=3m

10 18

¥ 44

32 56 100

Resistivity (ohm-m)

Pole-pole & 7| g % %

39



hat

TP GIRRIE S EE R TR L sy B

160 310 60 169 310 460

Iteration=3 RMS=049% L2=001 Iteration=3 RMS=055% L2=002

(a) d=6m (b) d=5m

16.0 310 460 160 31.0 460

Iteration=3 RMS=065% L2=003 Iteration=3 RMS=036% L2=0.06

(c) d=4m (d) d=3m

10 18 32 56 100

Resistivity {ohm-m)

Bl 45 wenner-schlumberger % 5| #5558 %



80

70

60

50

40

30

C 3 To ) MEEmAN

20

(3

10

[0

80

70

60

50

40

30

(3 3 7o ) HEBEMmAAN

20

10

100

90

80

70

60

50

40

v 3 7o) B AmEN

30

(3

10

$I% BREHB

|
d
—=#—dipole-dipole
——wenner-schlumberger
—— pole-pole
1 2 3 4

5 % & JBborehole I FEJERE (m)

(a) -6m & ¥ % &

—#—dipole-dipole

—— wenner-schlumberger

—&— pole-pole

1 2 3 4
5 5B JBborehole K JERE (m?)

(b) -16m & % % &

20 -

.
—#—dipole-dipole
—i—wenner-schlumberger
—#— pole-pole
1 2 3 4

BHE Eborehole KFEJERE (m)

(c) -26m £ % % &
W46 = AR 5IF B85 E 24

SRR EES SN AR RED DB A L B4 A0
ﬂff’%}\ﬁiéﬁ%}?"%f{% kﬁ}ljj]k&pﬁjﬁﬁi%oﬁiﬁ:ﬁﬂ ,
wenner-schlumberger 3 2949 i F L8 5 pole-pole 3 3110 B FALEL »

41



ORISR RIE 2 B TR R R B

dipole-dipole 3 1764 i F418E - 4p+t @ 3 > dipole-dipole & 3 { ¢
FLEE RA L FR TS A0 E 25 R P RIS Ep 'ﬁ« |eie
g BN IRI (TR iﬁfr » wenner-schlumberger 2. Fise 2t it 4 i iE 3¢
dipole-dipole & 71 > pHFR S LR BT om KT > FR AR TF
RIMEFAANE Hﬁ% * wenner-schlumberger & 7 o

3\
=

—A=
“

LR A AR T B RE AL R 3m*3me R HIF
AR T A FER B R RSB R W REAE S
1m*1m &1+ -] » 12 dipole-dipole B 71| ~ d=3m efict & % 5 0] » &7 R
o 4@l 47 #7971 e

- B

16.0 310 46.0 16.0 310 460
Iteration=3 RMS=049% L2=001 Iteration=3 RMS=224% L12=023
(a) 1m*1m (b) 3m*3m
EE———
35 48 65 88 120

Resistivity (ohm-m)

W47 2 FEF "B HIRES

Bl a7 (a) B2 F HE L) 5 Im*Im e %> 2R 47(b)dpt fm 3 >
BRAREBEE UL 0 A HBEF RE S ?gﬂb;’ﬂfzﬁ*ﬁjﬁiﬂ#aié
AR e f&jﬁi‘ﬁ.ﬁi%# F‘%E'iljﬁ’— B G TE B R )
ol FoRARRHIEIEY RS ORE %f‘“/54*&%&mﬁk_% Lo
By o Bt PURINR svf*d RIS ERE 4 R F EFT



S T T N zws'l_;ﬁ, Ko dtp TREFEES 05m o ¥ A TR
0.5m-1m sh i & < de RN o 2 d 3 F R
1I45r'”{ FoBATig e e Eifi;'r*% Mo R b IR o F] B TFE
Bk iR RAFET PR P T EAEF o

1:;1
T
3

H
3
N

~£=¢
$+y
—
Y
p--3

[y
¥
A~
«_l
F_w.

5.2.1.3 3L 55 N 2 R

195 Tsourlos 3% 4 2011 & $3° T F PR AT T 7 > T F PR T ok
SR AEE g NIRP S IR % o B S R F R BT 0 15— B o 4[] 48 7
T PRI G F SRR O RE PR A N E I T AR
T%F’,m ﬁé’f\—" ’fﬁﬂ-"ﬂé’:l?ﬁ_/\ﬂl‘?‘ HEFREAEZAFE 3w om 11T £

HIRRA o d s A TR T R R o i R PRSI g o P Rk
Bt’ikql;:~ R 8 e é "5c E A Wﬁﬁgrjf o d Tsourlos ¥ 4 #2011 & 3% ) e
BEFE 22 REITHEA s THERFLIBR DS L TREMOEL
YUHP Y E H GU R g mﬁékq‘mﬁ’ Foigf> 3 adm? LIAEL
Bk TR G - BAREEARE ﬁ“%km&éﬁ@ﬁ PR E R
FREHREFTRET oD PR EESF B VAT MRS B
Bl o Flpt o I BiE S 2 HE W R PR e SR R EER
e REARE -

a flm \\?{»

=g

JE R 43 ~ 8] 44 -] 45 nlE % kg a7 # %_pole-pole - dipole-dipole §=
wenner-schlumberger ’FK%;'W - R Eﬂi\%‘h EE N ok Ry SRR E Y
WIEINE G L iRt o FFERIHE AN - TR N A S R ]
v RE 5 AR o RE SR ,—_ﬁ}?&yl | 3R % &E#ﬁ.{gﬁﬁa Am PF 19 2R 5
z"%éfa?:‘?']i']mmm;ﬁl ¥ Ry o om DFEH SMPFL GG FlELe FIM o 2 RTF
RIRAVR T o chfFRIFER (F 5 %E) 5 015 5 @}mu\. B o 4eE] 48 #7o7
= dipole-dipole 7 7%t ® % r= 3 /5 4 4= ol s % o B 48 fo Bl 43 & or 11 4p
WEAEF o AT FRMPNTEF WP KA T A RTIEFF 4«*" ’
ﬂF@ﬁ*ﬁ%%ﬁ”£?¢m&%${ﬁk%o

43



PORREPGIRRIE L T RS R e B

LI LI

e LLL L L L LR LR R R R TR LRI LI LY &

Z gumsmssmssEnean

16.0 310 460 160

s

0 460

Iteration=3 RMS=073% L2=0.03 Iteration=3 RMS=076% L2=003

(a) d=6m (b) d=5m

EEmmEEEEE g

=
1

NN NN RN N AN NN NEN NN AN RN NN NN RN
T

.
T
160 3L0 46.0 16.0

s

0 46.0

Iteration=3 RMS=083% L2=004 Iteration=3 RMS=115% L2=006

(c) d=4m (d) d=3m

100 178 316 562 1000

Resistivity (ohm-m)

® 48 dipole-dipole % 7% T e F i3 44 a5 %

TEE A ‘s&lé‘ééaﬁfﬁhﬂ fﬁi—%ﬂﬁ,% SHEA R (738 — b ehd i 0 e
%iE']fﬁi“giﬁf' | % 7 h’lﬁea H fo IR K T A o &R IRd 257



¥I % BFEEH

= 34> 1% dipole-dipole i& {7 5 ip] » 4r®] 49 5 ¥ LRI G A B4 L

B AR A B o 0t BF] 49 o] 43 2 B % $10 K RAPET] > B ek A ’Wﬁ
£R 02T FRE T & o — BRI 0w R e L PIREERIER 5 0.2 & iR
ME R F R ORISR 4 30m s BB EURA S R ] 6m o 20T
RO RS FIEA T S oA 2 R R RIRE R e (TR R
B B T B Ao B 50 TR o FISN 2K T F RIS RIS ARl ALS P
JVER 1150 o

10 310 610

Iteration=3 RMS=128% L[2=010

(a) d=6m

10 310 61.0

Iteration=3 RMS=212% L2=023

(b) d=3m

10 18 32 56 100

Resistivity (ohm-m)

Bl 49 # 2 Rl5 5 2 BB £ R HIRE S

45



PR GIRRIE I B T RF RSP B

Low sensitivity lt-:g_ng::

160 310 450

Iteration=3 RMS=224% L2=023

 eee—

12E-06 4.3E-05 20E-03 $2E-02 34E-00
Relative Sensitivity

(a) ¥ 2 RI5E R © 45 £ B=1:1

Low sensitivity zone
Low sensitivity zone

1.0 310 61.0

Iteration=13 RMS=12836% L2=6747

I L T |

25E-06 9.4E-05 3.6E-03 13E-01 S.1E=00

Relative Sensitivity

(b) ¥ £ pI&E R gFt & R=2:1
B 50 7 Fipl& 5% ] dipole-dipole & 5| & 5T & 4 1% ]



52.2 F P FifadFt
52.2.1 ®j4a ® K3

BF R LR ZRAL DI FEROER X E LIRS R l/'/%%
;}pﬁp?% AL E B FAATGHRER O B R iE e

Fom@d b i@ andmed TALAR o T NEREREF D LD
ﬁil.a%ﬂr%‘"t”* EFERE R TR R R T2 B%e e

?ﬁ\

A a G 2= A 47 88 COMSOL » *5 3P| 8T t#ic® 5 27 B > 7
&Y BB 5 0.03mo L T & 5 0.002S/meiERB e fEF) 48 ¢ < (4cB 51477 )
£ 5 % & W & (1) 0.5m*0.5m*1.0m ; (2) 0.8m*0.8m*1.0m ; (3)
1.0m*1.0m*1.0m ; (4) 1.2m*1.2m*1.0m - *5B|#t % % Dipole-dipole array ¥
Wenner array > & & #-3]2. 2 =1 5 1.0m*1.0m*1.0m %) 45 F B ##25 pl i
4Bl 52 ZBIS3 F UFRIEF BEE BT HEHEFEITL R e éﬁ-m
A& 0.002 S/m (& Fe3 % 250 Ohm-m)— 3k o A2 P i FH 3 F A
R HEBFEERESFZREE HE 2R A il/?%%%s‘fﬁf—‘“‘]"f“*’/?l
Dipole-dipole array 22 Wennerarray i& (7 # B & 47 > § %< = st pjfg 8] &

REZAEAS ;?,Fiﬁ:ia“i/w\ﬁ%i\%?ﬂigp?ﬁ%‘ ot z—} e A8
Brcz B8 o LB o478 % 4@ 54~ B 550 ¥ MBI F L T 5

1.2m*1.2m*1.0m 2 T F 2548 ¢ <1 5 1.0m*1.0m*1.0m 2 T 5 % F 4p
ZF A ABT R 0 T EP F A4 ¢ 4 5 1.0m*1.0m*1.0m pFif R o
[@E%ﬂ'%?; —‘ér':—;?_,rg—f K= f%‘}:k’j ’El/[:k’ y 27 EET;E&L?’@‘.F&&EELT , J«LL

e EE

N
Rl

47



BRI AR R frd R TR AR e B

(2)0.5m*0.5m*1.0m #} 4 (b)0.8M*0.8m*1.0m #) 4

= N
(c)1.0m*1.0m*1.0m %} #4 (d)1.2m*1.2m*1.0m #} {4
W 51 # k&) 48 B tE 3507

Dipole-dipole array 1.0m*1.0m*1.0m
0.000 o0 O.Eﬁ II.P llf? l)fﬁ llfs llft llf! 0.12 Ot o
o 0034 F 21
£
] — - -
an 2 — - i
uwa 00 ll.fﬂ O.}I GP ll.fb DP llfi ﬂfﬂ nrz 5%
003 + 217
E
g_ .03 F 208
on == 3 =
Cakulatodd Appurent Resistivity Pseudoscetion
090
0.00 -4
. o3
E
E 0.06 =
0.08 4
042 -

Inverted Resistiviey Section  Ieration =3 RMS=193% 12=0.18 Llectrode Spacing =0.03 m

#® 52 Dipole-dipole array *#)4a = <+ 1.0m*1.0m*1.0m 2. ¥ & % %



Depth (m)

Lepth {m)

Depth (m)

Depth (m)

Dopth (m)

epth (m)

FIE REaHE

Obm-m
353
o k2]
- 297
- m
250

Ohm-m

i :

Wenner array 1.0m*1.0m*1.0m

" Calcnlated Apparent Resistivity Psendosection

Imverted Resistivity Section  leration =2  RMS =2.40% L2=045 Llectrode Spacing = 0.03 m

® 53 Wenner array ** ;43 ¢ <+ 1.0m*1.0m*1.0m 2. » ¥ % %

0.8m-0.5m Dipole-dipole array Percent Difference of Conductivity

Teration =3 RMS=2.42% L2-040 Electrode Spacing = 0.03 m

(@)®) 48 & <1 0.8m*0.8m*1.0m-0.5m*0.5m*1.0m
1.0m-0.8m Dipole-dipole array Percent Difference of Conductivity

lteration =2 RMS=111% L2-0.10 Electrode Spacing = 0.03 m

(b)#7; 48 = <t 1.0m*1.0m*1.0m-0.8m*0.8m*1.0m
1.2m-1.0m Dipole-dipole array Percent Difference of Conductivity

027 0.36 045 0.54

-Ihraliou=l RMS=195% 12=043 Electrode Spacing=0.03m
()i 45 & =t 1.2m*1.2m*1.0m-1.0m*1.0m*1.0m
®] 54 Dipole-dipole array *+ % p#i$4 ¢ + £ B A 478 %

49



PRI GIRRIE S22 e TR G P B

0.8m-0.5m Wenner array Percent Difference of Conductivity

Depth (m)

-Iimﬁml—E RMS=2.66% L[2=046 Electrode Spacing =0.03 m
(a)®5 48 & <t 0.8m*0.8m*1.0m-0.5m*0.5m*1.0m

1.0m-0.8m Wenner array Percent Difference of Conductivity

" lteraion=2 RMS=107% L2-011 Elctrode Spacing = 0.03 m

(b)#) 48 = =+ 1.0m*1.0m*1.0m-0.8m*0.8m*1.0m

1.2m-1.0m Wenner array Percent Difference of Conductivity

027 0. 045 0. 2 (%)

Depth (m)

" leraon=1 RMS-2.17% 12048 Tlectrode Spacing - 003 m

(c)Fi4a & =t 1.2m*1.2m*1.0m-1.0m*1.0m*1.0m
Wl 55 Wennerarray > % Frjfat 1 £ B 2478 %

5222 F P Fifa A E TEFHR RS

o i BRI T A R %ﬁ < % 100cmx100cmx100cm & » i

ﬁﬁi}@ﬁfﬁ‘a%%ﬁﬁj‘@im?\?fﬁglﬂ .g;}gz;[ i r:ti\‘*%%#f}u 44
(TF) 48 > & % s % -] 5 0.147-0.351mm ‘& B2 7 BF) S BB AR o

b BSR4 RIER Y ORE A HREL  FIHE E R é»‘ﬂ;u%'ri’ L 3
BRIV HREFLFAN RS R -

AR IYR 5.1.2 & ¢ Ard T B NI p ?%ﬁi S W
B Arj$aid% e R * 0.03m n,ﬁzm% TRPIREIES 0.78m > T
ey 5 27 B FE&EMPEEACR 560 THEY IERLRE S TERL
Wenner-Schlumberger & &£t 712 i {7 34 2k o



52.2.3 % PR %S E HHH

PN F)FaEER % AR 57 AT @& KR ]\/ﬁlgl.—ﬁﬁ-ﬁh%'b’ﬁ 57(a)
SEATIEFR B EFREF DT > AR B?ﬁf—k"#’ﬂm
Wenner-Schlumberger & &£ 7]/ » B2 A /S F 2 JERE I Z T X B 1 2L E
prd RBE *#le PV R A RPTIEIFLF R VR E LTSRN %ﬁL
5o iffﬂ}%\mfﬁ i Fﬁé}#”};:}—-ﬁmjﬁ’*o BT reE o F 4oB)
57 (b)# » o £ K 2 B T RS SRR L MR ILE 46 (6§ A ) ol
SRR Wl W%%*LWH B 57 (b)2 BHREFE AT e

Bt BErREF 4 B2 R ERY %’i o /&ﬁ&%%&rl}%‘] 58
T IR 0.202 2 % iz B 2SS % S 0.048 2 % RIS 0.607 2
Qﬁ%%ﬁiﬁﬂﬁé%%QWBzhgﬂﬂwE&%% #e k4B 59
(@)#77 > F & Ede® 7 AT o BIAR 0.202 2 R 'J\';"%-—Js“_;z_‘/ﬁ'l-ﬁﬁ -
0.045 = = > PIAR 0.607 = % fee2 R LT X% 5 0.075 2 % R
%%%%Eﬁﬁﬁﬁﬂw aﬁéﬁlaGNﬁw%’Wé%fﬂﬂﬁﬁ%
LR 313 8 JEe LF BT ed F Al AT TR N2 A BRI R E R
TREFNT HFT LA TG A H 2o phth o gt R K el prfd ot A
AP 512 &7 FAEHE NN TR S BB IEN Gkt F R
E ST M AN TRLRPH G T AR

51



k2
=

- RIERGIR R E 2 e TR R el e B

0.54

Ohm-m

Depth (m)
=
3
1

Measured Apparent Resistivity Pseudosection

0.00 0.09 0.8 0.27 0.36 0.45
. L L d

0.63 0.72 Ohm-m

000 -~ ‘
0.04 -

Depth (m)
=
E

0.15

Inverted Resistivity Scction  Horation =3 RMS = 40.47% 12~ 18198  Electrode Spacing = 0.03 m

B 57 3L p = T BT
(AEE S AN

BIEPHRRHRLEE QFEATIEFF (b)

a #0.048m

50 100 150

Resistivity (Ohm-m)
200 250

F42=0.075m

Resistivity (Ohm-m)
0 500 1000 1500 2000 0
o 0
) ¥ 42=0.045m
-0.02 -0.02
p
-0.04 -0.04

@73111
-8

=
~.
~
-

006 -0.06
E \ é Ha
=0.08 =-0.08
=% \ =9
2 a8
_ 01 = -0.1
\\.
‘\
-0.12 > -0.12
-0.14 - -0.14
Iteration 3
~o-A £2.0.202m
0.16 | ks A | 0.16

Iteration 3
| —-24£0.607mA |

B 58 3P MASRERARE | E2F ¢ Rz HEBES

E
15=0.045m

F 50 %2 /27 e B4 7 R (2)Side View (b)Top

View |



27 RLEAT RS R

e R R : EEERkAEER | £F (%)
HAEE %% (m) L2 % % (m)
0.202m 0.048 m 0.045m +6.7%
0.607m 0.078 m 0.075m +4%

5.3 RIE%
53.1 IFFEH%KFH I 5

T RIREFRFERT IR T AN TETZFRNTILOLT @Y E
FF WP SRR PRI, ARBEFR TRLPCEF LA 22 L ir
FlFEH o FEI P PR G 30 REHZE R (EPB-MWS ~ EPB-MW9 2
EPB-MWOD > 48] 60 )7 & T -k Fﬁ-}é’v}i R (MW7 ~MWS8 2 MW9) >

] ¢ D00346 - D00347 £2 D00348 & AT % & R|¥ » ¥ A ¥ 3K E BHERT
2 T AR TS E AT UTATA S 2. F Wit BHERT § 2 Bl MR B Rk
NEREP B FE AT LY PERALPNEER L TS

B HEA A g

D00346

-
-
-

6 D00347
\
1

44 M

\

\ B
!

EPB !‘“'QD

~
EPB-MY9
1
BIW-05 @ s A0 Biwos
1) “BIW.06 T N
W%

BIW-02

) D00348
(L) Brw-o1

© WREEEH
@ HEmEENH
O HEmaH

@ = mEETH

B 60 Hsskpe & B2 SRS K TIF R0l W

AR ZkEIBITE - HFRI ZALTHR L B 8 AT 3~11 2



PR IE RGBT B T RF LS e B

Cde 2 KEA# 55 10-4~10-3 cm/fsec 3 £ 7 11~15 2 2 2 Kiga *
5 % 10-4~10-5 cm/sec - 3 »z3' 4 5 ¥ 0.01~0.3 (¥ %= B3k 0.3) Bk
@%ﬁﬁ (PV) & 217m2 (o o A )x12 (&) x 0.3=781m3 -+ & A %
EPB-MWO & jB| ¥ # B 2_ 3% CVOCs £ 2.0 mg/L> ¥ g T-k? Hv v &2 7
BERYFFT oA ARBE S EFERE  F 2 ORI FLETL
a2 EZVI®ZE R E 9 1.4 kg 1 PV )%@El_%gﬁfi EZVI®Z £ & % 1,094 kg( 781 m3
X 14kg/m3)e k%2 FEFR B FHFE KEASF 2Ry RREASCHK T H#
BEFEGEILZE  ZFEPERLERTE 25~8 28 5 BIERE 0L
ArE EZVI®EAE 3 O aiid 25 2 R LS (FEEHBPICFELEL R
£p) li’:w:n'}?,_)i 12m> 28 5%E THHE  HIBEEL- & /
EL?}E%‘L;E 9 F LS WEELAR BANEFEFEFIEAA J\’Fﬁ”lep @gz;‘]

B F A5 v o E v TR ESERE 12 0% BB o HH RPN M
EPB-MW9 % EPB-MWID % % > #hd 3 2 5 5 TR F R » A2 2
TR PR 6T S - FFEIRALY T2 Y B fe b TR
d i1 (25208 ) 33k (7.5 2% ) enT pIFEdE » (F 52 B2 2 pIEY 2> 1
B R SRS X @R o RIS SRR P RN Y 2 1422 (1Slot) > 7
L ERBR AL FARREE BAF IR B R FRILE R A
W R P Bp 2 B EEA R R R 033 BB AR 2}
Ao Wl R RINE AL A R AR EE HREE L TR HE 4 pF o
TV A EF 2 FRE RAIEY ) P S LRI RIS R o

5.3.2 WMIrs 1 (TR3]

AR 102 #4542 %875 %2 k%4 %4 EPB-MWI 2
EPB-MWID *tiT % i - &5 EPB-MW9 # ,;cgser%]p\ ($# 47T 7 22 ) PCE &
B % 0.0473 mg/L(5.7 2 ® E&)~0.0860 mg/L(2.6 == & B )~TCE }k & % 0.0276
~0.0486 mg/L > EPB-MWOD B|*t% £ T 141 2 % E&up|#% i 8 2 cis-DCE
(0.0343 mg/L); EPB-MW9 ™ 5% 5 = ® 2_ 373k ¥ B2 D00347 - E“J*‘v:“i*’v %
T 45 2% EUp|E PCEJER (0.0528 mg/L) A21E 0 ¥ £ T 45~14 2 & 2R

4z 2. TCE JE & (0.00647~0.154 mg/L) B "iTi5 4k & /%‘Jij Ak £
T AS5~6 R Up > RS ABEECEE B AT 14 2% & F e T SR
7 EPB-MW9 % EPB-MWOD *# & F 3 » 2LL[E % o



e & Hop @ il A B\I;u;;?éag FHpi% i D00346 ~ DO0347 27
D00348 = v & | ¥ “’“rlf]fl&i A, B,C= B3|k (4] 60 #7771 ) » L R B A
BER ST IEF R BEREE '—}’«%% fo et o L ES K BRI
i g ] A ﬁ%ﬁ%@@&i;‘i%ﬁf L IR RIER R G B A D P A
T 14 2 R s w) g;g‘g%ﬁ_ﬁ?;ézgf; BT I EIL N E6-12 2 % 4 &

-

THRFIELZ FEH50 8 APtk AR Bat e T2 R T
uﬂﬁpﬁﬁﬁﬁﬂr‘b'V’iﬁ#%ékmd&MMeﬁﬂoﬁﬁﬁlﬁ?
Z_B mwft TR AR SR TREE S GG ¥V 2 G A RIPRR AT AT
%2 ﬁﬁu\mﬁémfﬂ%i“ 12

&

5.3.3 & % ¥ 3¢4

g BED S TIEFEEI] G S K 4oB 61-B 63t R E
Z B3 e Epls I C 2|5 2%t #dE (B 63))BH-348 T R 47

EH o B R R RMEA - RAPTIEF TR R FFH D

;ﬁ
N
=K
Tr
T
=]
zm
gl
w3
#
-
R

B2e ABED > N dered R W RS EA A
VP$t3 T2 IRl Cole B F aBEETE

TORARE o JHRI T A AEA b e R AR B EROR A

1
>
RS
ér;\
It
;a

55



E E
IS I
g g g
o - (a]

10

-12

14 S

0 2 4 6
Distance (m) Distance (m)
BH-346 BEE BH-347 BH-346 7 BH-347

B 6LA 315 & % i ¥ {5 T 1w 1 G

Cistance (m) Distance (m)

BH-347 HEE BH-348 BH-347 RS BH-348

B 62 B 3 = % B 5T IEF R L EHF



BO
75
-4 70
85
~ 6 0
g 55 -
= E
g °
a -8 45 -
40
— 35
-10 0 -10
25
12 e 12
15
10
1448 5 LR / ‘
o 2 4 6 8 10 12 ’ 0 2 6 & 12
Distance(m) Ohm-m Distance (m)
BH-346 HEEE BH-348 BH-346 HEe BH-348

B 63C 205 & %8147 e % i 84

M RSB R o B H TOC kA & 0.8~1.0 mg/L (% WH-F
EPB-MW9 3 EPB-MWID *t > 7% & 7 H } 252 MWS8 %2 7 2. MW4_2 2 TOC) >
B ts TOCER & 2.06¥15.73 mg/L2 & > TOCER P &+ 2 » 4 57 BH§
AAET PRI RPN AT 2R R NS BT TR L B
ERRIe P RERRTEFTES TS Hm-Roa TIL ?ifzd * & ¥ i
- EREAE (T et it 2 R AL A B do R R% o @ o
AP 2GR O REY 2RGE LRI VAL TALER R
B DV EAFRY 0 BB kg o AR AT 2 65 NI
TIHRL T RS BY B ART - BRI L RF LRI A

57



6.1 23

FEpe 2RIV THRE TR TP IRR S AT B Tk
4?{@1’@:3*7 %l“"‘?»—\lﬁﬂgr B R S BARA 2 5 > TR
FOR G R OMHBPRLPER gttt IV TARF AR TR S PVC TR

’%?mglfﬂm@koipf&*&ﬁ%@?iiﬂﬁéﬁpﬁl
T 1 &1 0% A8 L FUHE S IFLARDBLIFEFME 2B
AR o PRI Y S K o BhdoT

3B o T2 N A R R 3D R RS S 0 Tl
35 (T3 NiR % (TRF if@iwé%:ﬁ;? Wenner-schlumberger % 71 >
FTERRGBLFRAEAMNEFRAZNA [ a A PRy WA TR B4
ERES *ﬁ@%mkg&@’%ﬁréﬁﬁ’é%ﬁ*ﬁﬂmﬂﬁag
112 ¥ £ plMRpeE

CBERNIRTERAFEE AR RN FRET MRS S 2
ﬁ%é%—“zb ML ABBEI P RET AR o AL E MR
FRARL TR T FIERG R IR s BRITS {7 3=

:

7 5
B REEALTR DRI I T EAST LG T
SR S AR R REGE D T ) AT R
NTRE GO A2 B

6.2 3

1. % H—"Jl‘jgg—]‘% 35 T2 %'L £%7 T%;&;};’;—J— j\,(._nme. i. T JIIJJL.,}_J,#]’ s
*W“Wiﬁ%ﬁﬁmiﬁwkﬁnﬂﬂ%%%ﬁ1*é5%“%ﬁ$&%ﬁ
oo R R ARG R

2. 754 (2 R ICRITH © 48 SR AL B 4
RAHE A LA AR TR (RBIER S AP RER KT R)T ¥
B % e 05T BB I AL H B R - 18 K
5P ek S EH T AR TR B S R L



FwmBEk

BRC ISR IV AR SRR N 3. O I A= el e A

e It THRE A A
FRAIRNA A > U HMHE TS AEDBEFE LD o

59



10.

TIR AT 4 B TR R R i B

54 %
Advanced Geosciences, Inc, 2003. Cross Borehole Electrical Resistivity Tomography (ERT)

Measurements.

Borle, Y., and Jaboyedoff, M., 2007. Phénomenes érosifs dans le bassin versant de
Lourtier (Valais, Suisse):étude d’une instabilité rocheuse et établissement d’un bilan
sédimentaire a l'aide d’une cartographie de terrain détaillée : méthodologie et

application. Master thesis in Engineering Geology. IGAR-UNIL.

Chambers, J.E., Meldrum, P.l.,, Gunn, D.A., Wilkinson, P.B., Kuras, O., Weller, A.L., Ogilvy,
R.D., 2009. Hydrogeophysical Monitoring of Landslide Processes Using Automated
Time-Lapse Electrical Resistivity Tomography (ALERT). Extended abstract, Near Surface

Conference, Dublin.

Goes, B. J. M., and Meekes, J. A. C., 2004. An effective electrode configuration for the
detection of DNAPLs with electrical resistivity tomography. JEEG., Vol.9. No.3,
pp.127-141.

Guo, K., Milkreit, B., and Qian, W., 2014. Geometry factor for near surface borehole
resistivity borehole resistivity surveys : a key to accurate imaging and monitioring,

GeoConvention 2014: Focus.

Hagrey, S. A., 2012. 2D Optimized Electrode Arrays for Borehole Resistivity Tomography
and CO2 Sequestration Modelling. Pure Appl. Geophys, Vol.169, pp. 1283-1292.

Hagrey, S. A., Petersen, T., 2011. Numerical and experimental mapping of small root
zones using optimized surface and borehole resistivity tomography. Geophysis, Vol.76, No.

2, pp. G25-G35.

Knédel, K., G. Lange, H.-J. Voigt, 2007. Environmental geology, Handbook for field

methods and case studies, Springer Berlin Heidelberg New York.

Lin, C. P, Hung, Y. C.,, Wu, P. L., and Yu, Z. H., 2014. “ Application of ERT to Investigation of
Abnormal Seepage: A Case Study at the Hsin-Shan Earth Dam in Taiwan,” Journal of

Environmental and Engineering Geophysics, Vol. 19, No. 2, pp. 101-112.

Michoud, C., Abellan, A., Derron, M.-H. and Jaboyedoff, M., 2010. Review of Techniques



11.

12.

13.

14.

15.

16.

17.

18.

19.

for Landslide Detection, Fast Characterization, Rapid Mapping and Long-Term Monitoring.

Edited for the SafeLand European project.

Palacky, G.J., 1987. Resistivity characteristics of geologic targets. Geosciences Journal,

Vol.3, pp.138-144.

Perrone, A., lannuzzi, A., Lapenna, V., Lorenzo, P., Piscitelli, S., Rizzo, E. and Sdao, F., 2004.
High-resolution electrical imaging of the Varco d’lzzo earthflow (southern Italy). — Journal

of Applied Geophysics, Vol.56, pp.17-29.

Power, C, Gerhard, J. I., Tsourlos, P., Soupios, P., Simyrdanis, K., Karaoulis, M., 2015.
Improved time-lapse electrical resistivity tomography monitoring of dense non-aqueous
phase liquids with surface-to-horizontal borehole arrays. Journal of Applied Geophysics,

Vol. 112, pp.1-13.

Renning, J.S., Dalsegg, E., Heincke, B., Tgnnesen, J.F., 2007. Geofysiske malinger pa
bakken ved Aknes og ved Hegguraksla, Stranda og Nordal kommuner, Mgre og Romsdal.

Geological Survey of Norway, report 2007.26, in Norwegian.
Rubin, Y., and Hubbard, S. S., 2005. Hydrogeophysics, Springer Press.

Qian, W., Milkereit, B., and Graber, M., 2007. BOREHOLE RESISTIVITY TOMOGRAPHY FOR
MINERAL EXPLORATION, EAGE 69th Conference & Exhibition, London, UK.

Society of Exploration Geophysics of Japan, 2014, Application Manual of Geophysical

Methods to Engineering and Environmental Problems, EAGE Publications bv.

Wagner, F. M., Moller, M., Schmidt-Hattenberger, C., Kempka, T., Maurer, H., 2013.
Monitoring freshwater salinization in analog transport models by time-lapse electrical

resistivity tomography, Journal of Applied Geophysics, Vol. 89, pp.84-95.

Wu, P. L., Lin, C. P, Lin, C. H., and Liu, H. C., 2015. “2D ERT Monitoring of a New
Embankment Dam — Monitoring Program and Forward Simulations,” 2nd Near Surface

Geophysics - Asia Pacific Conference, Hawaii, USA.

61



