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Abstract

The main purpose of this research is to develop a technique for directly
measuring groundwater velocity and direction based on electrical resistivity
tomography (ERT). The motivation for this technique is to be able to accurately and
effectively identify the direction of groundwater flow and direction with only one
monitoring well. Accurate knowledge of groundwater velocity and direction is
essential for constructing a conceptual model for groundwater water and soil transport
in a contaminated site as advection is the main mechanism for contaminant transport.
Without an accurate model for the transport of contaminants, the containment and
remediation efforts for groundwater and soil contamination have very little chance of
success. The other objective of this research is to evaluate the relationship between
the apparent electrical conductivity and groundwater electrical conductivity.

Tracer studies will be conducted to achieve the objectives. The main procedures
for the tracer studies are as the following: (1) fill the sandbox with sand, install
groundwater monitoring wells, and maintain a steady groundwater flow in the sandbox;
(2) inject high electrical conductivity sodium chloride solution into the flow; (3) use
ERT to calculate the change in electrical conductivity and use it as the change in
sodium chloride concentration; (4) obtain groundwater velocity and direction by
comparing the observed concentration with the theoretical values; (5) evaluate the
relationship between apparent electrical conductivity and groundwater electrical

conductivity using Archie’s las.

he sandbox is made of acrylic plates and has dimensions of 1.5 m in length, 0.5 m
in width, and 1.0 m in height. One 5-cm-wide compartment is attached to each end
of the sandbox for use as a constant head boundary. The packing of sand will be
conducted using sequential saturation method to prevent layer formation.
Groundwater monitoring wells for water head and pore water electrical conductivity
measurements will be installed after packing. The tracer experiments will be
conducted under instantaneous point source and continuous point source modes. The
ERT will be obtained using two different electrode arrays (Wenner and dipole-dipole
array) and three electrode spacing (5, 10, and 20 cm). Results from these different
settings of electrodes will be used to evaluate the accuracy and sensitivity of the
technique.  Archie’s law will be used to evaluate the groundwater electrical
conductivity and apparent conductivity and obtain the formation factor for the



simulated aquifer. The effect of electrode arrays and spacing and input current on
formation factor will be evaluated.

The research will develop a new technique for accurately and cost-effectively
measuring groundwater velocity and direction with only one monitoring well.
Therefore, it could be very useful in the application of site characterization and site
remediation, locating contaminant sources, and even in groundwater management and
containment of groundwater pollution plumes.

The results from reliability and sensitivity of the ERT experiments are acceptable.
The Archie’s law can be validated with the apparent resistivity from the ERT
experiments and the solution resistivity, which means the ERT technique can
accurately detect the change in solution resistivity. Using a dipole-dipole array setup,
the effect of the applied current strength on the apparent resistivity is insignificant.
The apparent resistivity decreases with the depth of the electrodes.

The velocity and direction of groundwater was measured using the ERT technique
under both impulse and continuous tracer injection schemes. The results from both
schemes show the technique can detect the groundwater velocity and direction. The
measured groundwater velocity from both schemes is within 10 percent of the actual
velocity. It is observed that the flow regime in the sandbox was non-homogeneous
although great effort was put into packing the sand during experiment setup; this
now-homogeneous flow regime is detected by the ERT technique.

The results indicate that it is feasible the measure groundwater velocity and
direction using the ERT technique presented in this report. Additional study in a real
test site is needed to further verify the practical and potential use of this technique.
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£ 32 7k THREFEEILER 2K

Amay type Zefa ZelL
Wenner 0.519 0.173
Pole-Pole 0.867

Dipole-Dipole

n=1 0.416 0.139
n=2 0.697 0.174
n=3 0.962 0.192
=4 1.220 0.203
=5 1.476 0.211
=6 1.730 0.216
n=7 1.983 0.220
n=8 2.236 0.224
Pole-Dipole
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n=2 0.925

=3 1.318

n=4 1.706

=5 2.093

n=6 2478

n=7 2.863

=8 3.247
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n=3 1.318 0.189
n=4 1.706 0.190
n=5 2.093 0.190
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n=7 2.863 0.191

(# w45, 2013)
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241 -FIRARZIFHRAI2ZIEFD (HEW)
= #
1 iEIE P 12| 1 2 3 4 5 6 7 8 9 |10 | 11 (s
Q;?qmg; |
AR AR AR AR AR
FHRW A F o2 ) —
0|/
TR BE T
e —
FiE 2 o R o v
% v Lol
T BB 3RS 1 Ry B P
——
i V|V
o B Sk i A gk P
——
H IV
rchie’s law 2% 3% ;%1% e ——————
|V | /|
WYz AELED — —
v |/ v |/
1R B A
( 3 # # ) |5%|10% |15% |20% |35% |50% (65% (75% [85% |90% |95% |100%
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1. l]ml f%h“\‘@‘!:-/},%l"]‘wl Fé’%jél #"T J\/n 1§ - ?’7 l

5

2. WP FLER

AN

L @ BRT B RREEE TR 2 R

2. Archie’s law #&#H ;%1%

3. AL IER

AL RHBE KBRS
BT A LA REE
ERE SO ES i R

’og,ggﬁﬁqﬁﬁ;g‘@;ﬁ s % ]

T L& 15 2% 55 05 22 3 o (B 4-1) e F kR ES
HLREF - 5 ALK mwwuw¢%»7@a4wmwwa%
WM ehr i L aFq oy REDERFEE o AL g RE- Kol
iFa v l“?/zéilf%i | TR P o
5@_@/7
//' =

—~—,

W41~ R&EHHT LW
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I

$o i SEEF R B AR

o2 E P L wF) o Rtk 42 47 0 ERwE PR T LEET
B #i i+ & Archie’s law» ® H 3k 2 #c (hydraulic conductivity, K) #24t2 353

NG 1 * i

FiE g5
2 {6 MAck

B3 E IR AR (9 70
L G A BERE (L) P 6T A
n$%+tﬁﬂﬁﬂﬂWL%ka, Koivo i

U

QQNﬁ”z%

7 AR ¢

N
=~

=% 5 4p{ri 22 (Bowen, Devlin, & Schillig, 2012) > #
wa R ek 0 {4~ 2 Sk (D) & o
% 5 o4 REE 4 DI KE

1-2 o> &

b

FlE L 1-2 2 & o et £ 47 3

< ‘.\,J-

EARE

":ﬁlE

»%waﬁﬁ«ﬁﬁ:

/n i%‘l

*

5 (27 ¢

2002) -
% 42 ER2 2 ERRE
o (mm) (Mash) (Min%) | (Max%) | (Max)%

0.60~1.18 20+30

202v | 17-23 ] . 99.5 0.02 0.1
(Min85%) (Min85%)

M. Zp/FeEq Ry

ERF PG A B D ERE T ORERTRE R e ERIE PN E 25

* K E% 323 (Slater et al.,

\

4 schedule 40 PVC ¢ #lig » fdg AN 3 24 B 40809 mit 3 0 o i
B WirR i AT EEIRE TP G 2030 24 FER - AR
TRIFRE B AR 43T o nF R TR p B E G 3 BTG o BEAET

AWAR A8 WA

Bed E o~ ghaow L 2545 %2 70 <
o R EDS BT RY (FlsEfpeies 2

"'H’li_70 \A\fﬁ

35 ;FIJ R

:7‘ "E’E?

)\.-\-!'—._]_ /’;””Q‘

@A ISR E > BMERLE 16 BTG

WE - RRIFE O RS
4-4 HW 4557 o ir FR R Y o B 5 em K

R Ebemy R E 27T XL T BpIARE R S 130cm s T p

#&E% T

SR RAE - LA
mmﬁi;}ﬁ 714 ) 43 R =

52 AJ\"I‘-B

N oo B 25

20cm~40cm~65cm % 95cm /v F W E

5 45 =

A i T2 /2 0.6 cm -~
F‘J‘J%ﬁ]ﬂ’,
—'- B 3 I'+/PJ45£°
THE o LW B 204 o FObA LR AP] A g
THEREFES L A o

SN H RS

3B

BEokg¥)o

6lcm: T &) A E
I Fe R0 xR

E
™
%F:'/n °i"i
v

h
W

7o R T Ar ) 4-6 ¢

WP AR T o B A

TREE v R Aol
- REE
KB ERET
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PRGN

W42-TFI7&4T &
- 150cm -
r— constant heat compartment !— oonstant heat corpartment
T Injéction wall
g
W 4-3 ~ R WK AR
. 150cm R

50 cm
Constant head compartment
Constant head compartment

o3

W 4-4 > % - FEBR SR AR
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>k BEAR

Injection well

70 cm

Constant head compartment

Constant head compartment

W45 % - FRE P S 3% - RIAL W

W46 F-MEREZREKE =~
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e Ve

24

IV. 22 2 3 T oRjnsd 3 0 TR T Bk

FEHW Y B TR ERR TS - mEng o nidkd F RIS s T oREr
B0t MR EEd R A5 TR M IR T s ek E ) d
R
i

BEEs R Bk d] -2 A R Mk o SR 0 T R G R RS
ERBEs SR KRR FEDP ho AL PEA R R A FNE

ﬁ'1
R R R G FINEERBEF ] BT HRB R ELEDE T
RIFES BRIE R Yokl §ERE YRRt 1A 30 05 24

B TORGFEELL ﬁ»@ﬁ%@ﬁﬁﬁf@'ﬁﬁ% o oF M| ehR s LT
B 5 5,000 uS/cm NaCl -Kiai o MAT 3 #0207 Bidia% - W#2hk (point
source) 3 TR P @ﬂi;] o B e g~ 2 NP5 % RS (instantaneous) % i
i5h (contlnuous) B A N o R BB O~ BRI R ¢ o A P PRk
5730 24 (W 4-3) RA 5k =T 20-30 2 A hue 7 B E ~ 2 ik 8 T R
AP e o BB PR et BER P 124 L~ 50 E A oT B o Bt 5 BRI P
RIIES RF A~ Tl A @ F 55 245 F A o BRSO
PR L 1-2 ) pF o

V. &7 S8R A AT

b R NHEAL > BT ORIL TR Y PR BRI EAEL o AT
%%ﬁﬁ’ﬁw mﬁéﬁéﬁiwﬁ«&’ﬁwfﬂﬁfﬁﬁéa
BT me TIERGIRR O FRZ R R o T RET R
SUNTEX = @ #7183 2 e T %o ¥ & 3> 2150 5 SC-2300(0 4-7 =) -
PHSAFRIR P cnRE L P A OYO 2 7 @1 e McOHM Profiler 4XP 32
PR EFRR & 3155 2140F- XPE(m47 L)o gl hELE 5= A A (1)
(R A2 HESG Q)AL L S A | R N2

s 2o 5 120mA > @Jﬂ:%fip 400V > i x5 4 Bk g (channel) ’
FRFE4 BT IR RE S ¥ ¥ i 32 L iRk Jf?\!;}j;@q’f‘k%l

T 1B 7 H5 (electrode array) » 27 p & BB o T Heth L 4 2 FHRd ¢
WAL F oWA8 5 hAEXRTFET LM

i

poh
-

Ci

,

B

}

—

M

2

A~‘I§+€n‘«eﬂ

H
\rn

S

W B e R

-

C -



SR T I

W4T BRRAS TR

Remote electrode (P2)

Remote electrode (C2)

TR
E 5 PROFILERS.
Electric profiling cable 7 | Electric profiling cable
Electrodes Electrodes
e %" McOHM PROFILER-4
ﬁ e i ’ e e

W48 - BT RhBERZATIH

P TIEFERRER T LB E- H T B T35 B
-4 #-i¢ * Advanced Geosciences #1 4! 4% z_ Earthimager 2D/3D i % f2 #1
R TR o ¥ TR g2 T EFLE TN 6 BRI GH 0 50
EF kT2 L2 E TR (344 33) AP RFPFHPA AT R
BRI AR REE B R

B =% A m
oA BT AR E T bR

;I,’é’k’;lj : /.R-'T & %%*X’E#EJI ;2‘ ° /R-‘l‘ E?'J/é—‘
P2 P adE 2 e AR BiRE > F]PE
L8 2 RTHETRALERERBGE o

8
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Py ks

42 T ]\/;ﬁsim'-'?'-ﬁ ) LN e 2 Mm‘l“i#ﬁ%"f

AP T2 P2 - Ll B RERAERT Lm<¢ 2 o d%?ﬁfﬁmj§@
m'ﬂmﬂfﬁﬂmﬁﬁwmﬁ’ﬁ%mu B R s TR e B
PR T T BEA A RN Ti@ﬁ%i&‘?\' , JJ.T,T&( )tl "'er'i;—iﬁ}ij’i@"ﬂl?\;ﬁrgﬁ ’
FA 7 B h QAT o AT A LR RER A F RS R

=3
=

l. "% w2k ik (instantaneous point source)

gugﬁ%;@%ﬁﬁ—Bﬁ&ﬂ&&,ﬂax%%@ﬁ%1¢m%
p T T A R AT X fh o @ épg,]p ¥ 7% (advection) % zf 4¢
(dispersion)= fa 4] > @ y 2 z $h> » P F 3 W47 o BE B T oRIE 5 Vo
X~y 3%z % autfrhdes B 5 Dy Dy 2 D ’ 5”%&5@?4%‘1&? ESE
BB 2 Z L% (retardation factor) ¥ £k o & U K 0 h- BT 5K

/@1 P is t R gk R, C, 5N 41 znﬁ(BaesIe, 1969) -

M —(x-vt} y* 72
8 ,7[3t3DnyDz 4D, t 4D,t  4D,t

F¢ M =T AR TR

C (4-1)

d 5% 4-1 BT o T HIR € F G uEiiER A PpR T # A x/éé’gﬁiafﬂ":\if‘*?&
HAavahs o 2 RGET UM 49T o W49 TR T RRFRE AL B
G2 EREREHLHIBR T ERNLFOTE L 99.7%m H & @@.I
S B (a4o;% 4-2 o

30,=3/2D,t; 30,=3/2Dt; 30=3,2D;t 4-2)

FY oy oy AEFERAEXYZ e BRRBL

Direction of flow
—
Spill
S &) ot Y
& . ZDY"

x=uty

b

|

x=vtp

x=vt3

W49 "B R AL L THMEI FREFLERAF 7 LEH (xy * )
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N L1

® X PhwinutirR s o B E F L HIEOM oo Flpt o KRR
EFdERAFTHE N A RS (LEF 4a) BEBIESE

@ GiTEB TREB{E 0 AR PF'FE’F#‘EL/?J/}E&A}#T%W)‘L B
BRATE » P PR ARF YT G R TR o

® Lfr-%g EARPERTENEREERLE VRS 42 % %
ELACIEAN R T E s

ARG AR S o R R 6 R SRR A 0 T
dERAR w2 TG > HEER AT ZERRL > L e TR
i 1""”##&@1??&57%1]\/” ;‘ﬁf%{""ﬁi

PR ERPETE B E R G 2 Bk 0 oA TR AT R
B FE IR R T M*Ji}éii“f TR P 7] 50 (electrode array) OB b o s 2R
Tete B2 BEAET M oo JLih b T ARt T EEY 4 2R ﬁﬁﬁ&ﬁa’ﬂa%&w
FEBL TP D ﬁ"’ v B PIPER El"}uﬁ o dept s ¢ R de G g
FER o 0 RF R REFERS S OEE 2 E R T EBFIER S S0
% cfeim 5 200105 24 o
Il. i 4§ 2k (continuous point source)

VLR BBE R S VAR (T T BRI EER 0 T oA Fla i~ i BRI FE 2 KA
ERERR ) > R ER TIEFREEED G TR @32 L 500 A
FAE R TR R AL o B R RRR R RS (S 0 B T KBRS o F R e
B2 AR R AR R E 2 LEER 5 Coo Rl BB efE AT fE 4t
4-3(Hunt, 1978) -

X _exp _ R Jere| - RV
Co®®| 5p, 2D, 2/Dt
C

S it V4 (4-3)
87R DyDz Rv R+ vt
+exp| — lerfc] ——
2D, ) | 2Dt
D D
BV R = X2+ 2 X +22 X 4-4
¥ \/ y D, D, (4-4)
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Py RE/ G

erfc = 4447 2% 4 & i (complementary error function)
2 x e
erfc(x)=1—erf(x)=1-—| e du
(%) (0=1-—7],

erf =24 % (error function)

943 ¢ AT RERT EOR RN B R Y BT o ¥ N 43R BN B -1
ﬁﬁfﬁimf& #P &“é%'g‘l‘"&\."ﬁf\"l-:; ﬁ?l“oﬁ]410m;\43_3"¢;ﬂf
RELUFR (ATt2 ) kR A% 1 £ B KW 4-10?ETF.§F\ IR IR

® LR GIRTHEBRAR

O LPORELTHMERZ XEE (M TR ) Ay e kR R B AT
& % (Gaussian distribution) > & ® H . B Jk B ¥ AR T T pF o
Tt E AR T AERFER L E e A (XY Ta) (ERATF B
NEBERATE (X2 y BiR) LRt pacgg S - B AR T
f,'-r,](;‘j:—% o

E=H

ip;ﬁ%uP%%’%ﬁ%%:mw #meﬁkﬁﬁﬁ’vﬁ
BA 2 ‘mmﬁm’;yi < kR ﬁzjwffhuf@’#ﬁ
P (x=X,y=0,z=0) JERMERFF@O)Z %1 0 d N 4-3dp

<
(=i
o

-t
=5 e (el
=

C (ppt)
100

3

80
y(cm) gg
40

20

0 50 100 150 200 250 300 350
X (cm)

WA410- 2 FBAFAITLE 2enERAF T X F
BRI BRI - o B R AT Bxi—%“fé*rv* 2 gy LI
Fe2 g B_F A Err TR R T B ;}a)i“f - R e 0 Rl (electrode array) ¥
b B At R 2 %%p@ﬂﬁiﬁﬁﬁﬁﬁﬁﬁWEﬁﬁrﬁ ®
A At R AR TR RD R 5 RRIBE S R s 6 F
e g oo ﬁl%)iﬁﬁﬁﬁﬁﬁ%ﬁ%§’$?§%%ﬁ
4&’1§“m&@_320 10~5 2 0

“«‘u

Wﬁv
E{g K N
=
7

‘)<‘*+' 3
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TR Y EEER

43 ¥ TRETREE TG 2 MABEEN

bR PR R R TR OE T R 525 (Earthimager) & 4ais % & 2 -k & b
4 ILE T B (apparent conductivity) p #ciE X # TR ETRZ I BB I ESFEH
F2 R F1HELpm2  RETRES TLER AT MArchie’s law (544-5) %
#. 51 (Archie, 1942) -

w = FGb (4'5)
Fald ow=F TORET R
op=% JL¥E 7 A& (apparent conductivity)
F =% -k k& %#ic(formation factor)
AR RN K DREETRATERTZRE P Z R T RE

TR (O TEM TG ARET R ﬁwﬁﬁs—ﬁf;’ Fiod i Fie
EXIIRT PN APE AL REFER R Z RN R EPEIZERAGF L2
35

TikF Mo Bl AR AR N A5 R B LR PR Y 20mA 2
100 MA & .5 i -

¥ oh e IR PR E P ”LF/\JJ*~$°]§] £ ¥ FEE R”L:{%@ﬁh&ﬁ%)\
-~
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e Ve

44 3 F RAER S S FH

Depth (m)

Depth (m)

30

A&y & % Wenner £ Dipole-diople 7 &£ 7] 87 % - FFEFES% o
Wenner £ 7172 i§ * 3505 K m‘,aﬁ CRIEET WL R R TRF 0 LA
2L L OE PR PE 2 GFR R ORI 2 32 F 5 @ Dipole-diople T &#t 712 B i
PANPOR S AR AR BERE T R EE R DRAR KT R
b2 AT RERE 0 LB RCRRL PR ER Bas2 > T 4pt
Hwpls kB o

Wenner & #&£: 72 27T R T 75T 7 PIEARTET A L 84 »
#prﬁfWE%%] THREREMT 0.05m % 0.23m(i-H) 4-11 #57)e & 1
B FALBEG S RARIFR LT 0.05mM ¥ 2K FALLY L THRFER LT 0.08m
3R TREBEOLTRERAMT 0Im. . Nl ¥ 8 FTHEBENE TR
# & 11™ 0.23 m e Dipole-diople & &4 7]/ 27 1T &£ 7T > AR T R T
%&é24%oﬁ%ﬁﬂ%&ﬁé?ﬁﬁﬁuf(m5mi031mﬁm442
rn)e & LR OB RRFERMT 005m % 2 F ’f’é’]mm’fﬁ/#}i
T 006 mooF 3K FHEENETRFRAMT 007 moo ptEEd o % 24
B 7R BES) 5 T H&iF A T 0.32 me Wenner #2 Dipole-diople & &# 512 9 %
PEEdrd 4-3977 0 W R ARFRFIELETERZARATIEFESE o

0.00 0.15 0.30 0.45 0.60 0.75 0.90 1.05 1.20
0.00 3 4 . 4 4 i & 4
0.06
0.11
0.17
0.23

W 4-11 ~ Wenner &5 )i TREFHBE-E

0.00 0.15 0.30 0.45 0.60 0.75 0.90 1.05 1.20
000 4 & 4 4 4 ry ' e
e TTERELIRIEI I IR
0164 T iR e EDE o E D
ggsd 2090909090900 " Be fTEE.L-Ec:T
0.31

@ 4-12 ~ Dipole-diople € {&#5i2 T e TR BL- &

2432 TREAI NPT HRIER
£T R L k| R RER | RO | RTPER
Array = =
(uS/cm) (cm) | (cm) | (cm) | (mA) (sec)
4000 Wenner 70 5 20 | Auto 1

4000 | Dipole-dipole | 70 5 20 | Auto 1




4.5 Dipole-dipole j* f247 4 # #F 3t

KA RO R AR ALZ S 6 B DR 4 Rk iE 2

s
451 £

T 4f F % % % 12 Root Mean Squared Error, RMSE (' 4-6).% % ¥ 5 & 5%
gtk "RMSE E4%] » 2 7 EAFFREAHFFLE > €4 2H -

RMSE = \/%Zil[pz(i) —p,()]? i=1,2,..n (4-6)

Hep (D ¥-ZFHREFE p,(DEF-FHEFE 0 5 FHBK
B o Bifitdodk 4-4> F %I 2 600 uS/cm 2 353 -k L% 3 -k 70 cm
(Br ik F) L3mi-kizdEb5cem( £ 7 15ecm)fE i > THRFREK
BLHEATEOMe k=T NE 0 FF 16 FEE 22 B
PIRPHRET ORI LRI T L8 o

3 A4-4~ EAFPR HiEE

TR Array = i ki | BEE | GRER | Ton | kT PER

(uS/cm) (cm) | (cm) | (cm) | (mA) (sec)
600 | Dipole-dipole | 55 5 5 | Auto 1
600 | Dipole-dipole | 55 5 5 | Auto 1

600 | Dipole-dipole | 55 5 5 | Auto 1

4.5.2 atRp
S fRE TR BT R BN ﬁ&:é’% TG R AP %
P U2 R EFETRZEIBRLE EFE IR EREIRL LR R -
F BRIt 4o 4-50 F S 44~ w2 600 ~ 800 ~ 1000 2 1200 pS/cm 2323
ok LRI k55em( £ T 15cm) RHRIFR S AT S5cme R kRS
T REES S S T 4p B> $ 0 Archie’s law B FE T o
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Py ks

% 4-5~ Bl R BRig it
ET R Array = i R | FEE | RRE | Tr | KRR
(uS/cm) (cm) | (cm) | (cm) | (mA) (sec)

600 | Dipole-dipole | 55 5 5 | Auto 1
800 | Dipole-dipole | 55 5 5 | Auto
1000 | Dipole-dipole | 55 5 5 | Auto
5 5

1200 | Dipole-dipole | 55 Auto

P

453 # it

Bl L 00 AR khei7 i %k NiE2 2R ERBLER T 2
THRFEETR2ZM G AT %HEM T 55 A5 15emE RS 25em>
FR G 10cm(4rm 4-13) - S R F S FREATEY MSN 28 e 7 &
ﬁ@ﬁgﬁi%ﬁﬁ’jh»%k%?&iﬁ*i%é%#%ﬁ°uiﬁ
RREEESH RS RHE S FAL o 2 LARENT P
JA-BAgZTRLENUNAT I E s B2 FERDTILE o

R=—"2> 4—-7)

HYREATFRIE; AV T A\Bﬁ%?@izléﬁﬁ» Tk A LA
A~B A EHER - RIR ST 2B TRAAAFHRBUTRIFL AL EE

A ot s TOFEE R 2 B .

W 413~ AR RHERY
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$o i SEEF R B AR

B R e g w i (electrical resistivity tomography, ERT) » ;;ﬁ—d LI S0 RE
Ty e k() mﬂﬁwmmW&@WUiﬁmﬁﬁ*ﬁﬁﬁﬁﬁ%ﬁ
By S e 7S+ K(Geometric Factor) » f5d 3 5 {87 7 FIAL T IE F (pa)it & ¢
G

AV
Pa = KT (1)

PREFERRTERDET R AL K A R ET A (apparent
conductivity) » »* e E X 3 TR ETRE I FI R FESFBP T2 BE FAEL
Fid oo PIET REE TORET RV Y Archie’s law (5% 2) & % 7 (Archie, 1942) -

pp = Fpy, =0""p, (2)
Fa pp=AlL & FE Z (apparent resistivity)
pw= TR ILF
F =7 -k & %#ic(formation factor)
0=3' 1. %

m B8 2 G Mk Rk Archie(1942)4y zé_%“ FiEdmsa 1.8
I 2 2R o ¥R RERY AR 0 Bm ~ 9 E13 £4-68 7 &7
ETMET o G @J ) Ffﬁ_@% o

% 4-6 ~ Formation factor with 8 and m

m

0 1.3 1.8 2
0.3 4.78 8.73 11.11
0.4 3.29 5.20 6.25
0.5 2.46 3.48 4.00
0.6 1.94 2.51 2.78
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4.6 # v At 3t
AELHEIG RN C] AR RS THRIF R E 4 1F S v
Dipole-dipole # 71);% 2_ 3+ % e %
4 6 1 %] 2 EL,

F A 600 pS/cm 2353 Bk Lis 3ok 55em (3 £ 7 15¢cm) >
;‘ﬁ A BKE A AUto~20mA~60mMA 2 120 mA s drdk 4-7 #7170 Poen i

pi‘%}»umu JEYARRRBEEET > F R RETEFERIESE o
AT~ @ R R RiE e
FRA L |k | EEE | ER | Rn | R ER
Array > =
(uS/cm) (cm) | (cm) | (cm) | (mA) (sec)

600 | Dipole-dipole | 55 5 20 | Auto 1
600 | Dipole-dipole | 55 5 20 20 1
600 | Dipole-dipole | 55 5 20 60 1
600 | Dipole-dipole | 55 5 20 | 120 1

4.6.2 & 1& B

Dipole-dipole #:7[;x &0/ —- 2 /el - 23 = BiREFH TIE2Z &

R R R T RO EE(R) 5 AR o Bl S iy e [ eniedE(na)

FOREE PR K DFERITAH c AT LB R B BIRRFEE@) 0 45 cm

3 20cmo REES S EcHFE TR ERIZBES BB FHRiEEL A 48 FEHHK

82 600 uS/cm 2. 353 KRB Tk 55em (3 & T 15¢cm) > § iR EEA B

*E 25cm~10cm-~15cm % 20cm=e A B EFEE T AT RS
ForprHE LB R

% 4-8~ BB R SKiE
ET R L, |k REE | RR | RN | RTER
Array = ;=
(uS/cm) (cm) | (cm) | (cm) | (mA) (sec)
600 | Dipole-dipole | 55 5 5 | Auto 1
600 | Dipole-dipole | 55 10 5 | Auto
600 | Dipole-dipole | 55 15 5 | Auto
5

600 | Dipole-dipole | 55 20 Auto

(RN [ NN [N
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¥

AN - T

46.3 TIHRIFR

9 Bt 412 600 uS/cm 2. 393 Bk Lk 3 k= 55cm (# £ T 15¢m) 0 T
iR A ERKE SR AT 5cm~10cm 2 20 cm(% 4-9) 0§ T ARIF R A 4o o
PITHEg T ks - "R FRRFEREFLARTILF S 2 FF > A4
HARZ I o

1 4.9~ TIEIRR P S iF ¢

SRR, L, [ ke |mE]EA [T [ eTEr
(uS/cm) Yo (cm) | (cm) | (cm) | (MA) |  (sec)

600 | Dipole-dipole | 55 5 5 | Auto 1
600 | Dipole-dipole | 55 5 10 | Auto 1
600 | Dipole-dipole | 55 5 15 | Auto 1
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e Ve

4.7 "% s BER A SR
AP R F % ¢ L% 600 pS/em 2 Bk 0 NI R 253 L~ 600
uS/cm 2_ Bk > T ATTE AERE A CERE TR 2 nd o FEk R BT H PR
B~ - K2 PIAGEBR MR Z AT PRS2 PIRERA B F X P y=20
25~30CM % B = (R o T PIAREHZA NI E XS » y=15-20+25+30- 35
2 y=20~25+30 35+ 40cm % ¥ T PR o

2 TR I R PR R IR R EE B R N R F e T F
TR EQIFEZHEAI SR HPIREF = 2% 0 Q » 45 #4245 1170 - 864
z 369 mL o r 4B 9T e 2 B § # (A=3290 cm?) o 3+ B Q/A=q - RiE A& (apparent
velocity, ). 5 0.36 ~ 0.26 2 0.11 cm/min - 3t 4 /i1 (pore velocity, v)+* #idiTF
S REEN N ESPmET SN P ) G FICHEFO) 0 E v=0/0 TR A
ik RFERIEEIVHIL 044 BV AL 0.81 ~0.6 2 0.25 cm/min - =
RIS E T ORISR SR (FV R ) E 5 0.2 cm/min FUR IR A 208
E3ry=25cm FEE R U - S N 0 HF R 5000 uS/em 2. F 1Y Ah o B
1L oy g paTms *Ew H TR ERT 4 4557 B

TR 2 %%ﬁvué;%] FA, o Tt ERT RIS S ppld ZpE - f1* ERT
FRDTESM R A EEEFL PV el quJ\,,.xﬁoﬁsg*a: B
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