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Evaluation of Hydrogeochemistry of Geothermal Water at Heunghae,
Pohang Using Pumping Test Results

Byong Wook Cho* * Uk Yun * Yoon Ho Song
Korea Institute of Geoscience and Mineral Resources

ABSTRACT

Hydrogeochemistry of deep geothermal water (temperature: 42.2-47.9°C) at Heunghae, Pohang was evaluated using core
logging, temperature and electrical conductivity (EC) logging before and after pumping tests, chemical analysis of
geothermal water with depth, and observation of water quality variations during pumping tests. The geology of the area is
composed of highly fractured marine sedimentary rocks. The hydrogeochemistry of geothermal water varies with drilling
depth, distance from the coast, and pumping duration. According to the temperature and EC variations during 4 times of
pumping tests, main aquifer of the area is considered as the fractured zones (540 to 900 m) developed in rhyolitic rocks.
The high content of Na and HCO; in geothermal water can be explained by the inflow of deep groundwater from inland
regulated by dissolution of silicates and carbonates. High TDS, Na and Cl concentrations indicate that the geothermal
water was also strongly affected by seawater. The molar ratios of Na:Cl (0.88~2.14) and Br:Cl (21.0~24.9 x 107) deviate
from those of seawater (0.84 and 34.7 x 107, respectively), suggesting that water-rock interaction also plays an important
role in the formation of water quality.
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Table 1. Depth and location of geothermal wells in the study area
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Fig. 1. Geology and borehole location of the study area.

Well Depth (m) Casing (m) X UTM (m) Y UTM (m) El. (m) Distance from the coast (km)
A 490 - 530355 3993332 18.0 7.5
B 570 - 530007 3993410 16.0 7.2
C 500 - 531165 3994930 13.0 8.0
D 303 - 532062 3994211 11.7 6.8
E 435 - 529257 3990864 81.0 7.0
F 200 - 531716 3994009 12.5 7.1
G 1505 420 531655 3993064 14.1 6.2
H 1100 600 531813 3993107 13.0 6.0

Journal of KoSSGE Vol. 11, Ne. 3, pp. 20~30, 2006



2 9% .8 %

o] 7IHkRke o] FaL Ut} o VNl &Y,
%, TalE, ol%%E, FoF 50F #AE Al 37 vl
Aol AUZT ATEC] FHUKEHEE £, 2004). ©]

S 4R ¥3sh,

ASEL Haeloll &4 7190l HA3e
#2987 710 B AHAYRE
(Hwang, 1993).

BAA) ADSRE A 01831 Slslel A7)
e Aalge it dedme 1), olgsl F4
=9} 91X 5 Table 13} Zt} o& 22 FollA =
K%, BeHE, rAIgel B AN T 24T
Golth. =33 GO xS

4t

ATAHY A|Fo] vl
Aol g AR It 4] Wil ReldoR
2= 23 ] FRAg SdEHE 1 digs
o7 FE3IA o] lole 2BV AX|Ho] ot F
2E Go °“*4741— Fig. 2¢} #& v, 2@ 342
14"-6.5", Aol 7B 12"-5"]th. A% 420 m7HAE
EF AoAo], A% 420~1,335 m/RAE FEHoZ A
Egurt dxEe] lom, 1,335 mPE IFA7AE U
(open hole)e|th. =23 GollA A|E9] HWstE 1}
obsly] 9% AR oy A AAEAoM, B A
To| o]8H FPAEL AZHEEA 4 FFAIE A =
2y Go FAMEE 1,030 m(12Y), 1335 mQ3}),
1,505 m(3, 42he]c}.

}.‘

3. ity

BTAY AGre] FXELE TS et %
ATIRE ZA) ZoPAEH 2UAF, A FAR A
A% B4, FFABA B FAus) 249 A 4
#Hoz FreEn,

At AGpe] eAget B4 Adn wid
AL A7) well, 23F 6ok HY FPA B &
2 (slurry)e} FoIE o831 A7R%e] AERES 3}

CleiSic). Got el vl geldBe o) el oiol
Ao, o) F& AASE LY BHoIRT, sierlel

Table 2. Borehole conditions and results of the pumping tests
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Fig. 2. Construction details of borehole G

Drilling depth Pump Duration Q T H EC Eh Dat
(M) Capacity (Hp) Depth (m)  (min) i) o P @Sem) @mvy O
1st 1030 40 400 1450 360 422 8.28 2080 -97 12/19/03
2nd 1335 60 800 4320 340 453 8.05 2780 —48  04/06/04
3rd 1505 60 800 10920 340 46.3 8.12 2930 -103 10/27/04
4th 1505 60 800 8640 200-300 47.9 7.86 3550 -169  01/21/05
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Table 3. Physicochemical data of groundwater samples with depth from borehole G

Sample EC K Na Ca Mg Cl SO, HCO, Br F  Si0,
pH

depth (m) (uS/em) (mg/L)
500 9.58 3890 12.3 866.2 1.9 24 625.0 2126 1072 1.7 35 71
635 8.34 5330 16.4 1188 19.6 7.8 994.0 540.8 9390 2.7 33 304
700 8.38 5340 159 1150 192 74 1002 550.1 9333 2.8 34 323
760 8.33 5330 15.2 1150 19.7 7.6 984.2 533.6 934.1 25 34 308
850 8.44 5350 152 1152 203 79 1005 549.3 9275 23 34 310
1100 8.39 6390 186 1311 26.4 10.2 1346 676.0 8209 35 24 327
1230 8.32 6470 19.3 1430 27.8 10.7 1371 7023 8044 31 24 345
1350 8.29 10590 32.1 2164 84.7 304 3165 353.3 6244 84 22 216
1497 7.89 20100 58.3 4036 2641 76.7 7101 192.0 3026 209 1.0 66

Seawater”  7.96 50700 440 9850 364 1180 20150 2730 134 710 01 0.9

Seawater? 380 10500 400 1300 19000 2650 140 650 13 -

1) Seuldo lighthouse (Cho et al., 2003), 2) Garrels et al., 1975
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HTghe 7B e, MAE] YolhA, FAlE 22
o= ZHz}, 2,780, 2,930, 3,550 uS/cmE 7123}, o]y
& AGge] A7HEE ghe AEA DL AT 1,000 m
9] 5200 pS/emETHE B gho oA, 4 A] Sewst
o} nEIIRZ Z2F G F Ul A% 540-900 m



Aol S TG oA ARG SRS T 27

iele] FEUAINS AAgTt. 1RfRTE 23}, 231ET
T 3, & FERAEA WIRER Fe] B8 RE SR
=7} 1,030 m, 1,335 m, 1,505 m& Z7}317] g&o|n,
FRET} 2R AVIARE Fro| 18] Wt}
(Table 3, Fig. 4).

WFAIEA] pHSF EnGEE 23} A HERATE A
B RS BT &, SR} Ze SAIEYT
2 pHE YWolA(Table 2) 3ol 77k 3k& Bk
FFEBAY EhE SRANETL 2L 3, 42 FFEAIFAL
1, 24T B ke BolA Ko} 4lEe] Xds) u
FHE skt FAIRE Bl wE pHOF Eh 3]
Heh= 13} RAIES AlJslae drrlkte] Bads
2 oMY EolAA, R} AR IS4t FFF GR
UL AAS.

42189 A1 AEFY 2, EC, pH, Eh W3}
2 F3ehd oed 2o FAE0) 1,030 m) 1R G
FAPAE AlTle] BRARTE 239 U REE
E A- A5, Ehe 248l Boh 34 829 Ag
71 WiEEE APRI a8y 23 A EINE
1,335 m)@ 3, 43} FEFAIREIAE 1,505 mPRAlolE
WFAIZI0] AT AFF] 23 A HEEE HE
wolA|1, pHe} Ehis HA FobdA, Kot A e
AGF7E 2245 G2 FYES AL UK Gaona-
Vizcayno et al., 1985). I3l Fig, 7oA Re= nls} 2
ol 1, 2, 3, 43 WYFAIEA 2t A7 IREES A
7ho] ARE 1Ao7} A HojA, R A)o]
ThEe] 2u MUHER Ao] A7E HolX] YT
= A4S} 1,030 m, 1335 m, 1505 mZ EZAE,
22T GO F therze AE 540-900 m Wele) 5
gL ANZIT 22T Golle AR 420 m7HA] A)9)
Alo] Ax|=o] JQal(Fig. 2), A%=7F 490 me} 303 mSl

Z2F A, DoAY FFAE Al T, 23t dao
Ne@E3E 9, 2000; HIFE 9, 1993) Q7R Aol
F e fEl gy s g8 ARBlaL Ut

44, YHE Xgho| Fo HE B U

FrAIRE Aol mME AFe] T8 AdRe] e wst
ks ffsle diFF O R 23} FEAIEAE YBARY
H2 F o3ld dAA FAEE A EAsHT
(Table 4). BX9 Zxjo] w2 Y57} APFe) wahy
A E4e] = B Bro] RS hAshs whHe HCO;,
o} FY e F7Isld, 34 F29 slig 717t gt
AGrEThs Boh AR £ YERAM 4d=e A48
AR A Aele] 717t soRle AE57) wiEHE
XS Ut ol#dt YT A G F4 ol FF
Al pAlgte] ATE A5 27 A7 RE
57} ZA3EAL Ehe 71819, Bok 1% A5 7Y
o] HA Jrishe A Yxska Aot =3 Y5t 7
3ol webd Na:Cl SHlx ZFFA7E 12089 1.879
A o F7191 AN 381080 2.971A] A5Ehs
HAo}.

ANl mhE A Ee] RS Hetsly] Hsied
F A9 epm%E Piper diagramell TAISITH(Fig. 8).
Fig. 894 K= ule} o) gol9] Ariololagieln
T YAl A= A ge] FAE-E Nagdoll ¥s)
7F itk ey ol Atololadlel e Cizt
SO, A @HellM M HCO, Al FHo2 o)5stn
QoA HA] HE AFFY] FoE ArSk Jitk oj¢t
2o] SAlTle] Agel wet Sl F el Clix
HCO,2 ©)5dh= AL Fig. 614 B ulel o] 33|
NA FRZ LHEFE AEF9) FATA0] Cl B9
Al HCO; GF o2 olFslal = A HIssh, &

Table 4. Physicochemical variations during 2nd pumping test from borehole G

Elapsed time EC K Na Ca Mg Cl SO, HCO;, F Br SiO,
(min) (uS/em) (mg/L)
120 5360 23.61 1280 17.5 7.14 1057 635.0 909.2 0.10 2.79 28.7
900 3700 18.15 830 9.66 3.96 656.2 271.5 9153 0.72 141 255
1300 3290 17.41 743 8.38 3.19 548.7 213.9 1019 0.68 1.36 24.8
1650 3050 15.66 700 7.74 2.86 493.5 186.0 1043 1.39 1.27 244
2400 2920 1491 651 7.21 2.57 267.6 98.3 1050 1.44 0.64 242
2560 2880 14.61 642 7.19 2.52 407.9 142.5 988.5 1.38 1.24 24.8
3060 2840 1443 618 6.78 244 393.9 135.8 1068 1.31 0.96 244
3810 2800 14.34 611 6.87 238 320.8 107.9 1098 1.38 0.86 24.6
4170 2780 14.07 611 6.81 235 3714 124.2 1129 1.37 0.92 244
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Fig. 8. Piper plot showing the change of water chemistry with
pumping time at borehole G
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Fig. 9. Piper plot showing the chemistry of geothermal
waters in the area.
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© AL Fig 99) Piper diagramollA Qg & Q)=

ol 2T} Ee Gl Hoks G2, G2HTRE G49] £

% 1,335 m), Gée 43} FFAIEEUAE 1,505 m)

Al AFHA Algelty, £EEA 2= Table 59 2
2 1} ZRANET) Ze FFAFATE ArAEET) B
obA dflge] WEkS o] Yol Wgke-<- AR} olg)

Table 5. Result of chemical analys?s of geothermal water in the area

Ao BT} si5e) Aol IR Ygol= & g
Uit gie.

AT Wk of)e} sicko 2XEle) A7) EE S
o oiME FEA XDl vkl sfigee] dgk vt
GER|7] Wi, YFAIo) o)Foiz FAF G FH A
GFol oisk] A3k Table 1) FARAANESE 537,
St (Table 5). F2F Fol 39 ZIAHEE 200
mell B3R, it Z7te] fixska 9, sigue
T 125 mE WopA A7IAESE 1,686 pSlemely, 2
27 Be ZANET) 435 mo) A9t Sitss} 81 mo]
A ANAEEE 601 pS/emE ZAE FY AV |AEER
o # Yok 22 DY A9 AEUT 303 mell B3

Bore  EC K Na Ca Mg cl SO, HCO, F SO, Br Br/Cl
(x107) Date
hole  (uS/cm)
(mg/L)
A 1806 401 424 394 085 102 382 884 425 196 037 363 17/04/05
B 1936 416 460 319 100 126 695 1007 462 201 042 333 17/04/05
D 1671 302 353 346 005 276 068 48 306 148 103 370 17/04/05
E 601 107 143 119 0.3 53 21 316 091 156  — - 17/04/05
F 1686 320 350 430 040 280  3.00 449 320 153 087  31.1 09/21/04
Gl 1987 522 466 396 181 136 347 1053 440 184 033 243 12/21/03
G2 2780 14.1 611 680 240 371 124 1129 137 244 092 249 04/09/04
G4 3550 970 766 870 360 525 233 909 420 258 1.10 210 01/27/05
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AT, AE7E 490 m, 570 mSl E2F A, B} AH7)AH
Ex gho] oy FAzAe si5) o sy
(Fig. 9). Wepy ATFRAG Agpe] a8 Azl of
Yzt sikke2RES) A, st iM% sl
FIETI} APEda B 4 Qo)

Br: Cl T38I= si4Y] = 3l 93] 28 A
A2 dHA AchRichter and Kreitler, 1993). Yukao.
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2 FEold 7180 FIHAE FETHFetter, 1993).
g} 718 BEu HERET M 8)Ee) F35)
o JE HEl siA Br:Cl 2EH= Gae nkg 5
Aot AFAE G5 Br:ClY = GI, G2,
G49] 79 21-24.9x 1072 Kole whd 233 g2
AT AZ 200~570 me] Uz 2239 ALe
311~370 x 107 B ik sje] Br:Cl &3
B2 &332 342 x 10%Morris and Riley, 1966), <2+
€% s 353 x 107EHS 9, 20037 Hl=8 gre
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54 2
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