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Application of SP Monitoring in the Pohang Geothermal Field
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Abstract : To delineate geothermal water movement at the Pohang geothermal development site, Self-Potential (SP) survey
and monitoring were carried out during pumping tests. Before drilling, background SP data have been gathered to figure
out overall potential distribution of the site. The pumping test was performed in two separate periods: 24 hours in
December 2003 and 72 hours in March 2004. SP monitoring started several days before the pumping tests with a 128-
channel automatic recording system. The background SP survey showed a clear positive anomaly at the northern part
of the boreholes, which may be interpreted as an up-flow zone of the deep geothermal water due to electrokinetic potential
generated by hydrothermal circulation. The first and second SP monitoring during the pumping tests performed to figure
out the fluid flow in the geothermal reservoir but it was not easy to see clear variations of SP due to pumping and
pumping stop. Since the area is covered by some 360 m-thick tertiary sediments with very low electrical resistivity (less
than 10 ohm-m), the electrokinetic potential due to deep groundwater flow resulted in being seriously attenuated on the
surface. However, when we compared the variation of SP with that of groundwater level and temperature of pumping
water, we could identify some areas responsible to the pumping. Dominant SP changes are observed in the south-west
part of the boreholes during both the preliminary and long-term pumping periods, where 3-D magnetotelluric survey
showed low-resistivity anomaly at the depth of 600 m~1,000 m. Overall analysis suggests that there exist hydraulic
connection through the southwestern part to the pumping well.

Key words : self-potential, geothermal, monitoring, geothermal reservoir, pumping test, electrokinetic potential

20043 79 7Y H4¢

1) f&%xl%d_xkﬁ% e Zlél—?ﬂ%‘ﬁ%%‘—(KlGAM)
2) soj=dTY A5 AT (KARICO)

3) Y& AIY71EEFA T AIST)

4) AEOEL A - oA z)g et

164



i

%

olml el AFE I T 9o AGMEE s Bo]
AEE SP A= A 717 FoF A #EsleE 2UEE g
02 ALF 5 I H2E ksl o457
T B g AETE A Fo AR Bx wIE
BR5h=d] AREE Y QTH Yasukawa e al., 2002). 2 -2
Ul Aol IFFHO T 228 FEAEEY] T A S
of B3] A= drhEAdE, 2001).

duird o2 Sp= MZ Hali e w57 OE F Ay
AtoloflA], Aol g3llEo] = 2] f712 T 48
T dsle] oA, aEjx AsjEe] ZAHe 53 of
EE AEE 24 o Bo] 32 59 Eatg)

AL O = S BNG) =

T Utk 0|9} 7he SP Ao TSt tiAUE FoA, ¢
AAHY AR 37 sl A9l E5dos w7
8} 4] (electrokinetic) S 7. & Corwin and Morrison,
1977; Corwin and Hoover, 1979). 71958 sp E3= 4
Ao 7t A 48} o]&e) 7]Z5R=H|(de Groot and
Mazur, 1962), o]l 2]3F SP o] FA] 57 19 wE A
Fol Ae A BAE sl dste] sjalsiA | 28y Hie
Al dojuhs W78k Sp a2 ARH o T xsl= vle
2 7R of#EHge] Atk A vAle AR W)y 9H
(source)°l] &% SP A Brgo) Baspy| ujiol Fkol sp
Ao} ofFthz Aot ¥ WAl SP Alutelx 03 AFs
A3 Al (cross-coupling coefficient)S] 549 Al$(stream-
ing potential coefficient)E &7 H¥ O 2 A F3}7)7} 4]
St Aeolth o)¥ &4 #4 Ao oj# e A 93l
TFET 0|24 Aot H2e] Sp A Bdle AFrt =9
Hol o7 UvhiIshido, 1981; Sill, 1982, 1983; Yasukawa et
al., 1993, 2002, 2003; Ishido and Pritchett, 1996).

Ag RN ALE Qe SPE ZA SP ¥Aleh &
7] SP #5522 Ug F Utk SP BAE AT i  Fu
o] HlwA e Ao i3t A& SP BEE #3R= Ay,
A=) Batel] ol gt who] & A o]&¥o] it}
(Ishido er al., 1989; Matsushima er al., 2000). SP o]’+& =
A AU BHsA BN o 2o gk 2
o] Rt o} AL A UM 2] 5 (recharge) P& vl
Z (discharge) H9-2 A x]5le] Zolshido, 1989). 3pARt A
ol EAlske A A2 o) wlwol 7bg & SP ool
olg3 F5 TF 99| AHE3 Ix2ty WS ojF )
webr zsle] FEA A A 2ok AVMAY 5 A L5}
A 25 A 2Esle] SP AEE 248l siMsle A
o] S 83}t Yasukawa and Mogi, 1998).

FH A7) SP #HZL gt AL FAISR A7 AR

A SP ¥3lE F=3c) ek Sp o|Ake Yo 63k g
glo] NES- fa0l 98 A9y ALletar &, A=l

3 g Aurx| oA SP A7 B s

o
-

SP 242 E3l] A AFZFL As P skl
Z ZAA|t}, A7) A=A SP AR sl gloix ojFE
= el 9 8T o, Xx7] WE, 7
3 2 A& 919 Spof| HES X T
o}, T3k A7|go] e olgtaL 71
& YA (reference point)ys A= Aol wf-$-

)\]-}(-10‘1 7]_711_; ,or];‘q_g_ 2= Aol A;q o)

[o o\
o
rot
jn)
ot
o
2
>
o
[
at

el
2]
T o
T
ﬂ?
ekl
4z
>
o
:
<
>
S
)
N,
o
S
2
>,
3
e
i
Ay o Xy

¥ & o>
:
3R
£y
RN
n%é&
> 2
X
=
AN
S
o
i,
H
ol
o o
_OE
o g
: &
j;_d
> o
g
mloz
o

SP 3} ) X E ARFT AT FIS FHAEY BH o= SP
A7) A2 ANEAD FFAIES T AR AFF FollA
AE 13km F3FOA] AN, oF 165m ASE FiL
AAE AE 1.1km Al AlFFoME FpARe] 8E=
Foll A3l Wsks AEsich

FEAIE Bkl Bl Fpe, 2, RSy T A

PrAES) o ZAM Y Agle] Z3F S BE AR
2 vlsial, gl 9@ A% G5 HEoR BT SP
) FRG 9§73 5F PY 5L Jolnan 39
o, mat 5ol xjJolN] g 3D MT BA Zgfeh Az
53} e vk Qs JuE ) olg sl A5

St sk,
olel] H ATE WA AFFE TS| Aol A WA S

BPAke] Aol thstel THBT o)Fe) YAl o2

o7 AEsh BY AZke] 24T SPABZ i - A}

Rkt

jav]

£ e

X AR ARG A FAL AE TIYA] B9
B30l Y118k oM (Fig 1), e Sl o] x9S
AR TR R B A 37) LRA FRe] giRRo) 3%
s uztz)shaka] ol &alth(Lee, 1977). Yool A<l =3
2 wloly] AARrEate] sl §dhs HAURE H)
AFO2 3l o]F AT A 3719] AP, SRS
TS W Az 123 o) &S FEse YU A

20021 10978 ot AA S, A-rEE e e
= R AP} ool AR2RE A ol A o]
] d AFE

AR A2 165 m BoX Hx(oflA] 7 72l AlE
o] ZAHTt. AT g A

=
—



166 UM - oJElE - £8F - ©A4F - Kasumi Yasukawa - FHE - £94

Fig. 1. Distribution of lineament around the Pohang geothermal site
superimposed on Landsat TM image. Square shows the survey
boundary and black bold lines indicate the lineaments extended into
the region.
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Fig. 2. Schematic diagram of geologic stratigraphy deduced by
geology, core and well log analysis near the two test boreholes.
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Fig. 5. Distribution of SP monitoring stations around the test wells.
The reference point is denoted by ‘R’.

ofe] o] HHEAQL ob] FAIR o R AlFE e M

olE ZEoE A B I F-go) EolA yuzt

Fow A ME NEg T5o] Ak Blad 2 SP ol
BE Ao AT 234 7] FFAES o9 22 9
FrAdeR dste] Ashrel7t ds] ol 4ol 72
AT FF 7Y o}"iﬁ}

7 FFAE N7 AR QAR 13 s B At
B Fo) mE HE) nieksle) ARH R SP WS Fo| 5
mV oPfE 5] g Fo Iuiste}t FoletA 2T 5
AAUTHZE A=), 01D olFe 24009 &2 FF R 350
m/d W2e] 2 FFFLR 3l AR oR 2 ALF
F5o) o3 D798 D BB WEQ] Aoz 7
T E B8 olfie A5 AT B v Bl i
o2 93R%0] 10 ohm-m 0)3te] W& A7 M| AlE Hol:
BHZF0] 360m FAZ FH-E I Qo] AL el
&% sp A7 o] HAFE SAStH sl AlE A

I fo o £

EEShal=
12} pA o HlaiA] AEst 1.3kmE 2718 Soff A3
Els zz} %tTAI 71 e A% 2;4 SP 7] #Zo] o]Folx

CisR gl 20 s ] 83 FUdle
o 7] AFAHE ES f’o:(

of] W9 o)
Iﬂ"\""—vl 4] ®sh, Askr
2= gy 2R A 24 A8 55 948 T UArkFie
7 #x). 22k SP 471 #5 A7 Fol 22 ZFE TN Y
BE 7% YE(median filten 2 52 7hd3] A A1 8}
2 ez Fig 60 YeRA.

Qa AR nfe} 7ol ARl A widoe] A &

OME




EF NG MER Gl 9] sp 7| & 169
20
Station
. ;,A A/\ ——t—— P19
10 — {15 N 4 fd - }\ 3 M 7 —_— g;g
] [ -
5 3 | e PAT
EE.' 0 n P49
%] ——a—— P50
7 E&;i Y P53
10 — " ’\\ P\ g ———— P58
W"V”\Vj\fﬂ/f\, g P78
- b [P
—p>—— P92
i T u l 1 ™ | |
25 26 27 28 29 3 3 o 02 03 04 05 07 08 08 10 11 12
March April
Fig. 6. SP time series observed in the period of second SP monitoring.
ST JSIE B, AR Ade] WP HUBelA AR o WY WL s} BFHoR Aeajel P AAE dovle
ARS HE R AskE f5 3 dFoR Hole 10mVv & E, 2001), FPAIE AARSH SP 7] #3 AL 5E Bl
olde] iz Z Sp rashyt oM] B g7] FAIE el slo] yEAshs 2 °4%L P E olgh 2k =719 <7
AZHYT. o2 13h9) b SP wske ol Aol oMl gee wefaA At
2 7] FEAROE v wA B ko] ATt S EHAA,
Eg 130 Wisje] 2ol AFF AR Aol woh e 2z o uF
Rl ARZ WHo| 2A Uoliy] WFolek Azher
"2 2 SP Wb} Fig. 604 Bo)A|uk, T8 &}F F7) 22 SP 7] HZX ] HlawA FHE SP HEE Hole
2 A7) 9% 5ol g DASPL A dehky ok ol HR 208l YR A FYIEAT LA of ]
3 A3l oo V)8, A, ERFESE 2 AFen & 2 A7) keAlE B zl3e} v - waAEe] Bttt SP &
Water Temperature
3 48 o s L7 )
@ 8 47 .
a 2 45 PY
£
& s I I
280 [Water Tabie|
290 3 Water Table
300 —F
E 310 —
(b) £ 320
& 330 ]
340 — Long term pumping test
350 — ) Y g
360 — S ,“32
FTo ' 3 3
! : 8 8
© L D L L L L L TN L L L N LA AL N BN R
1440 2880 4320 5760 7200 8640 |10080 11540 12060 14400 15840 17280 18720 20160 21600 23040 24480 25920
I Time {minute)

[ well Pumping Period]_ (X 1) 8

SP(mV)

)

Station

P49

Fig. 7. SP responses of selected stations (d) along with the variation of water table (b) and water temperature (a) during pumping test (c).



170 A2 - ole)E - £ 83 - 435 - Kasumi Yasukawa - =S - $Y9¢

& AgoX 4FF 4AstE Holw ojyg YAt dFe
AARTFE AL ui$- ofE e Lol gzl A3 IF&
HASHE 7R oz 24X7 B Aol ARE Hst
o] o 717ke] HAHY {5 FEE vehiE drt. o7
IME S & FEE D] FEE AAY sp A A5
A5 FFAE AAE visie] FAEE Got A

olld| 3 &7| b=AIEH 2 SP

SP 7] B2 Foll AAF o] 2 ) AP oz RE
Gl o As919 AEg 259 Al7HE Q) W3S Fig,
790 VERAIEE. AA BA] AZHE Fig. 635U, 71F Al
7kl 02 39 259 19A)2 3rt.

Fig. 7(dy= ¥]a3] 251 T3] SP H3lE Rele SHE
oM I AFE Yepd Aolt) Fig 7(c)e W53 77+
SP A8E A vlwsled v, AAFQ sp AFoNM F5
%, o T 9% AAEAA 9L 4A FEEH o] Holx|
=Tt o)A olfis A AHE n} o] AFF F9)9 A
HE A=A vide] T4 A58 e A FS I A
Zr g7 Aoz A7), el B3, oly) A
o] UAY 10,0808 A7 (Fig. 79) FH oz HAF A7+
el SP ghol A A & 4= AA}. 9,726%-0 Y3}
7] A3 ofH] FFAI ol e A7 AY dA Jel
3 2K ojHF vl A3} At} Fono: 49
ol 2ol Z713 EAL Bnyed, ol#d A I
A59 B SHENAM v A A sp Wst P T
HAXJo] A& oui3ith. AA SP 7] B= =7 FolM A
715+ o] FFAE AolA Lol A< SP WstE
ol 1AL 966055 SAZF 7HHoE Sp R¥TE A
o Fig. 8o Z=AIBIATE. g Al&8E7] o 1Mz Al (@)
I F F A7 B2 b)E HlwEHE AFFe) dAE- A Y
oA SP S/t FREA BRIt ojs S7He SPY o)L
FT 24 A FAA(Fig. 89 () FAIEITL ool g3t
7] ©139] SP EXEE Eol2-S B § Ut} 29 o]delN
Fe] o) do = SP o) de] R FUtel F 717 B9 e
02 A&H o)#3t SP sl L YrE AT AR AFE
HEoZ Wsk= XET f5ddl o Aoz Az,
A AsolM AHEE SPrF & F0F W A7HE 23}
SP 7] &= 717+ < 2 A= o A=HA

7| A-AEE SP

27} SP 7] #Z 717+ Tl T2A2H] F7] Al o)
AR} durF o GRAHLS P HgolA ek,
G2, 24889079 Eh), A7HAEE(EC), $:40] 5% (pH)
T & A7 mE tdst Al ARE 94 g 2 2
AME B7] FrEAE Amst #A59 Spete] JAAE Yol
T2} S, 012 s FrARel me xals B 7

(a) (e)

et 239500 2000 22600 230000 220500 251000 231500 222000 20

(b) ®

d
i

- | 200

207500 287800

2 i asroo0

[mv]

230000 230500 231000 21500 e 2Ew 230000 230500 231000 231800 252000 ns0

Fig. 8. Contour map of SP values at every 5 hours during
preliminary pumping around 10,080 minutes. (a) 9,660, (b) 9,960,
(¢) 10,260, (d) 10,560, (¢) 10,860, (f) 11,160, (g) 11,460, and (h)
11,760 min.
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Fig. 9. Comparison between temperature, water table, EC, Eh, and SP during the second long-term pumping test.
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