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Application of SP monitoring to the analysis of anisotropy of aquifer

Sung-Ho Song and Hwan-Ho Yong
Rural Research Institute, Korea Agricultural and Rural Infrastructure Corporation, Ansan 426-170, Korea

To analyze the anisotropic characteristics of fractured aquifer, variations of streaming potential were measured
during and after pumping over several wells at the two test sites. Surface electrical resistivity survey, normal resis-
tivity logging, and stug test were performed at the wells to identify the hydrogeological structure. Applying the
results to the recently suggested model, the aquifer of the two test sites showed confined characteristics. Anisotro-
pic direction appeared in using equi-potential maps from self-potential monitoring results matched well with the
results of the hydrogeological test. The self-potential monitoring method adopted in this study would be useful for
providing a more reliable information on the anisotropy of aquifer in the pumping test at single well.

Key word : anisotropy, self-potential, pumping, normal resistivity logging, surface electrical resistivity survey
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Fig. 1. Hydraulic gradient and flow direction at each
aquifer at test site 1. Closed circles indicate the shallow
aquifer well {30 m) and open circles indicate the fractured
aquifer well (100 m). Arrows mean the flow direction of
each aquifer.

£8 Al F-BuUshe selsigion, 7 AERY o)
3t i 54 g A 2uHE R eny
2, A ST AEEg S HASK geEe
TEEAAE Bsin). o] AR 25 deE: oAt
M%i’é% A= 30mel, RS 1m TRE 047
ol Aold, she Adate] sty Az 43
ot 9t Uls AlFEES HE 100 mold, AE
a5 20 m7b] @87 AolAe dxelgy o sl
=069 UF HEiR fX8ch
o] FelAE S48 sk sl Waly
o2 7k A £AREE ol fdle] FUATe] &
4 AerelE sigaeg Babslglon, olF o)
ste] Z3 didat vt hesg TRe Seralg
23] f5ake 2 sisichFig 1), Aslkey B
o Awt A gz g tigge] B4 7}
2} 00277 0.0258 Vit Zav) VRN, A)EHe
# EXe) Ak Rl AR T Jeldel
e} 7 3 d At M2 oE Hos i
9,
gl o Bk AE gt g A3
¢l DW3R tl e 157 m¥dayd] Yo ofpA
g Ay DW2 Algael serdstato) 28 et
&}31 '@313 iz Aol SWist SWaolxis Al

Xtﬁ slepsiAl vieldol, DW3olMe] S=elzrater 1)
FYhsE08 718k Theis WHO R B3

L-»}(Thexs, 1935), Fr#Asd AgAse e o
7h 0.1315 m/min®} 0.036582 vYelriFig. 2). w3
Sht HeE AlEAC tiE SUeWEAlY Aag

8 Aaae) BUEYe] 44 51

2% ﬁ ¥ ¥ T T "
—~— purping well
() )
204 Ll il SRRV
E 15 ’ E
‘éw ]
© a5 4
a0 r - Adhad, e+
. 5 L x
4] 100 208 300 400 s
elapsed timedmin)
1 Ty v T
& fcld dote
r L]
[
014 4
=
ki -
-~ F
- -
- -
o ~ 4 L
1 10 100 1000
elapsed medminy

Fig. 2. Results of purnping test at test site 1. {a} drawdown
of observation wells with pumping test at DW3 well. (b}
interpretation resuft of pumping test at DW2 well with
Theis method.

Table 1. Calculated hydraulic conductivity by slug test at
test site 1.

Hydraulic Conductivity (m/min)

Well Number .
Injection  Withdrawal  Average
DW1 0.002093 0.002154 0.002124
DW2 0.000407  0.000366  0.000387
DW3 0.002597 0.601557 0002077

Bouwer and Rice (1976) Wy e® BA% Ha
DWist DW3 Alg3de FedeEs 0.0021 mmin
Hel2 DW2 Alde] Aol wig] of 1o A% =
A e, ole dEEd 10 28 A8 A
g7t Fede Brsty DW2 AlEy Sle] g
£4o] DW1st DW3 Alggo] 9algk B1s Aolgh
ZAog FebElt(Table 1)
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Fig. 3. Results of normal resistivity logging at fractured aquifer wells. Graphs are for the DW1 (a), DW2 (b), and DW3 (¢),

respectively.
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Fig. 5. Drawdown and SP variation curve with pumping at
test site 1. Graphs are for the drawdown (a) and SP
variation (b), respectively.
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ELEVATION (METER) ELEVATION (METER}

ELEVATION {METER)

{©

48 204 857 3587 14998({chm-m}

Fig. 9. Inversion resuits of Schlumberger array electrical resistivity survey at test site 2. Graphs are for the Upol (a), Up
{b), and Upocross {c), respectively.



W oy BHE A AAd mUEEY 4

M) MBS EAG A7 5D AAE Aoeh U
N3te Ao UelsdthFig. 6). AARY 9L ol
g3o] SAQANNE BAS A Ao I
9] DW3 Aoz 2e) DW1 A4 Wako ol
7} YERIE, 95 2R FolE AR HEde
A7t YebstthFig. 7.

32. MHHE 2
o] HHHRL AL % o 1~2m Zolo) EAE,

¢k 5~6m Zole] F8Z, % 2m Wee E3) ¢
I 3ol iHKEe R dEo] itk o] dAdlAle
FUA ) vl 430 AEAL 23S U5

Bzl W Ae) mlobe 93led AE A MIANY &

55

b HEWEe] 7
4 4xe NEEE
(Upocross)& ooz
Q WskE ATk
zt Z2dol digk A7 miAg—EARE o] Aol HAA
ol v wool wet £HH<) x| B Bl
o] WSl Ball Ao Ash FeH} &
< £8HA wgHE ol EHeH(FHAE 5, 2001),
AZAEE GPS 29 A#E o]43kd XF HAo
¥3hE AU E ol B3ITh(Fig. 9). EEUE S
g 9t A3t A% oF 30~40m Wele] ZHololA
SR 2 oF 1,000 ohm-m oo} v|=&k 7} 1}
EMD% N75W W8 22X AnE Zrieha A9

&4 (Upol, Upo2)7t YE= Hj
T NI5W rake) 24
Sasle] ArIulAge] 324

e FEdon, 7t AR e =AYES o PUFS BAE TANAGUE A PR AR
% LEEE, PRI FUE AQANES At o weshs o® vehdel nel YojHos
23131tkFig. 8). olW H7WA TR AEHE X &Aool Wkl pioket Aog HHL) ulwt
resistivity(ohm-rm) resistivity(ohrmm)
0100 1000 10000 6\(1) 1000 10000
i —— short normal
(a) - fong o (b)
201 temperature 2F
40 |- -40 E
B €
§ ol ol _
8L ‘0 L 4
100 —_— 1 1 1
12 13 14 15 15 16
{ermperature("C)
100
0
(c)
20k

temperature(°C)

Fig. 10. Results of normal resistivity logging at fractured aquifer wells. Graphs are for the Al (a), A2 (b), and A3 (c),

respectively.



56 AT -

A 43te] AEAE gl AYR o AR xS
FYS U eE #

Aok, 2 gHEe Aap 8 o @] g Aoy
Agke] 7% oF 1,000 ohm-m ©]3}e] EE7}+ VERH]
ok oF 65m ©]at AEANA 5000~10,000 ohm-m=
FA “dedhe Aozt velyth olgd Aaje] o
2 & 65m °|5ke] AE due] #Ys) FHE Re
2 gaEH, o] A9 thEe 30~60m PRl
Ao g wasle Zloz uEHtFig 10).

AR 20 i A -2 viEFHF
SALECZ 4m, YEYTORE 4~6mé] 7HE o
i, A4 AEAL o83 3xEe] PPAY
7R F8 I SESIAE 7|7 S AAHY H
3= ZYUER SthFg 11). A2 30~35 1/
min® %o AFsIRoH, Theis HEoE 24
gk Az 3aEe] Aol doldl zh Ao B
FA AFATTE A1 A= ERSTHTable 2).
E A29F A4 AR W EeAdsiA A
dojA FHATE7F 0.00013 m/min FEZ FrARIE
2, 22 A A g e Jelhd 9% dig

9 54< wgshe Zos UEiTHTable 3). A4

Nt

ofj

D 110 1 i —— . 1
O] @ T
30 a3t
&m
® ® % ®
29 28 27 om 26
® ©® © -t 0
21 22 23AA 24 s am
®© © o @ ob ?5 B e
20 19 18 17 2 3 4 5 33m

®© @ ® ® % ®
9 8 3

&bm*ém%Abm—N—bm——efbm*#%bm‘e——émﬂ
11 12 13 14

ém

L g PRAYS Y] F 317l 4
3 MRS AQANRS N A P

Wi}l FE5H9 84S A ldse 202 et
50 T T T v T T T
45r (a) pumping stop!
ol A e :
E 30 -:: E
g 25 i
g 20 S -
©asp observation well (A3) " 1
1.0 % E
o t-'/—f s Y]
0.0 Bliewaeet T L ' . L

2
0 20 40 &0 80 100 120 140 160

elapsed time(min)
5 T T T T T T
—v—No6
Ne.16
(b) :— No.19
-—a— No.21
O P
M,ﬁ
Y

potential (mV)

10 k

pumping stop
5 . . . . . . )

0 20 40 80 80 100 120 140 160
elapsed time (min)

Fig. 12. Drawdown and SP variation curve with pumping
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variation (b), respectively.

Table 3. Calculated hydraulic conductivity by slug test at
test site 2.

Hydraulic Conductivity (m/min)

® ® ! Well Number — -
6 5 Injection  Withdrawal  Average
Fg. 11. Array map of non-polarizable electrode at test site 2. A2 0.0001429  0.0001177  0.0001303
Ad 0.0001273  0.0001367  0.0001320
Table 2. Results of three times pumping tests at test site 2 (Theis, 1935).
Step Al A3 Pumping Rate
T(m%/min) S T(m?/min) S T(m%min) S (m*%day)
1st 10.66 2.512 10.88 0.771 10.05 0.467 34.98
2nd 19.05 2.365 21.92 0.232 11.32 0.313 30.83
3rd 18.67 2.512 16.89 0.756 12.26 0.333 32.20
average 16.13 2.463 16.56 0.586 11.21 0.371 32.67




g ol BHE 9F AU muuRe) A8 57

i

, ol A7IRIxE gake}l H7MHIA G HEola e}
e A A BehFig. 12). xe) 2Ed
1 rRVRAZ St 2de 2ed AS o
TGN Fr Al B FEA] BFS sk
&l o3l o] AL PHAIE 2l A5}
oz, Asee] gt AmsE dE AldA ARl

F

20

15 W 10 minutes (2)
. *  60minutes
S 104 | 4 120mintes
E v 150 minutes
= 5 A
] U
g 0 // ™ i
3 . g
;-? S
410 4 H -
15 i '
- iy a4 A3 A2 Al

~— ‘;‘

™ -
| In

-3 }1
a !

Nk

Fig. 13. SP variation and drawdown curve due to pumping
at A4 well in test site 2. Dot lines mean inferred equi-
potential lines (a) and water level (b), respectively.

Water level (m)

|

|

s I
I

I

A8 WPz ke W bE Aadg ws)
& BAIRE F, AlEAC] gl W] Wste i A
3 7189 RddM AAE Aol dXjshe Aom
UeERdTHFig. 13).

AP FHRE olgsle] TAAMAAE Al
AFe AAHeRE FrEA MERE 293 B4
oz ol dthzt vehtzd), o] A9 trd
Z7F 2281 A7MIAR BAelA veRd FA )
i Fo dEE 2o APY F QUrkFig. 14).

o

—d

4.4 B

H AL o)A T2 AX A7NA A} wig)]
TS ek =3 S g
AERY FRHERE FF3 tles FElEA

ol

e

7 3
& BAsiich 5 AR AN Ao o
€ A9 A8 HAAE Titov ef al. (2002)°] A
Ag Bl 189 A, T AG A9 sS

s PO 2

%y ° ° ° e ;

B e s ° ’ !

i) 0
26 L] pJ BRY ° ° * ¢
e £ S o "o ¢

' o A

10- I
° > °

()

Fig. 14. Equi-potential lines during pumping test at test site 2. (a) 10 min, (b) 60 min, (c) 120 min (pumping stop), and (d)

150 min.



58

D
oL
}O‘l

o og Az Asst Ak 2 HAY
gom), PAE 717t Bl P4
BRI EUEFE A0S FE olg
A9 RERS A48 A% AL Q7RG
WANGEF L SO 5 T o
A qlod nﬂf—i—sﬂ ol WA ABE Wtekh
o el o] Aol AEE oY A
9 Asel BINGE o188 olPA B4 AW 4
Ae BEo] gk VIYRAYe e o

e Fg3=d B 48

2
0““—|—'r01'm3:‘—{)1
2 )

3R 2 K ood rok 3O

oo

T

¢

=2 -

e

Al Al

2 Adve 2147 ZEE|IAWIERAIKIC] Ak
A&A Fr71EEARTe) AN AEAN S 3-
3-1, 3-5-1)°l 3 S AFY T

Anes

AT, AE, ol8l, A¥7] (1993) AF= 7]A4ste]
PR o]A]- s&x}t+6¥:€]Z] 304, p. 352-360.
7‘:];6; o]tﬂi w@ <=3} (2001) 22]“1 R 7)8) A &
A 3 AFuldy e vlm. $=EREEEA], 38

3, p. 116-128.

54935, o[, A5, WHE (2000) WA TR
SRS o3k SP @ D= Ay MAE BAl] AE.
A8 A A, 33{ p. 417-424.

FA435 (200]) AAAYYE o] 83 FEANLE T &
A At BAERI=E. p. 8-12.

$£435, 9EF (2002) 29492 3%*4 £4g 93 A
9] Feas B, A7E, 5Y, p. 9-18.

43, MiFe, 883, 9 (2002) AFHASEAE ©]
23 A3k {5, A AEs] FATESeY
E3 223, 123p.

£835, 9T, AeA], 29F, A5 (2001) ERA}
2 olgq F $HOAAY A} Al BH0AA
°—E‘| B A% SRR 718 AT EE RIS
2001 47153 2 A33] 5 A¥EAL, p. 122-140.

23%F, A¥7), AF3, e, HP3 (1990) 1287014
ZH5¢d4: SP Monitor System i@ 2 28 AT
KR-90B)-18, 3352212072

2%, 387], 458, AAS (1996) A v 52
gele siel SPVLE wapsl 484, 4087343,
294, p. 623-627.

Bouwer, H. and Rice, R.C. (1976) A slug test method for
determining hydraulic conductivity of unconfined
aquifers with completely or partially penetrating
wells. Water Resources Research, v. 12, p. 423-428.

Park, S.G., Song, Y, Song, S.H. and Kim, YW. (2001)
Application of Geophysical prospecting methods to
investigation of contaminated soil with petroleum
products. 2001 International Symposium on Appli-
cation of Geosystem Engineering, Seoul, Korea. p.
157-162.

Semenov, A.S. (1974) Electrical prospecting with the nat-
ural electric field method(in Russian). Elektroraz-
vedka metodom estestvennogo elektricheskogo polia,
Nedra, Leningrad.

Sill, WR. (1983) Self-potential modeling from primary
flows. Geophysics, v. 48, p. 76-86.

Telford, WM., Geldart, L.P and Sheriff, RE. (1990)
Applied Geophysics. 3rd(ed.), Cambridge Univ. Press,
p. 649-650.

Theis, C.V. (1935) The relation between the lowering of
the piezometric surface and the rate and duration of
discharge of a well using groundwater storage. Trans.
Amer. Geophys. Union, v. 2, p. 519-524.

Titov, K., Ilyin, Y., Konosavski, P. and Levitski, A. (2002)
Electrokinetic spontaneous polarization in porous
media: petrophysics and numerical moddelling. Jour-
nal of Hydrology, v. 267, p. 207-216.

U.S. Army Corps of Engineers (1995) Geophysical explo-
ration for engineering and environmental investiga-
tions. EM 1110-1-1802, p. 7/16-7/20.

200349 19 8 ¥wAH<r, 20039 2¢¥ 18 AlAjE<l.



