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Geochemistry of the Heunghae, Pohang Geothermal Fields, Korea

Uk Yun*- Byong-Wook Cho

Korea Institute of Geoscience and Mineral Resources, Daejon 305-350, Korea

ABSTRACT

The geothermal research has been carried out on the Heunghae, Pohang geothermal area known as having geo-heat-flow
area in the Korean peninsula, This study results so far indicate that geothermal water in the area is in peripheral waters of
hydrothermal area and is not in equilibrium with the reservoir rock. The average oxygen and hydrogen stable isotope
values are as follows: deep groundwater (average: 8 0 =—-10.1 %, 8D =-65.8 %), intermediate groundwater (average: &
130 =-8.9 %, 8D =—59.6 %), shallow groundwater (average: & '*O = 8.0 %, 8D = ~53.6 %v), surface water (average: &
B0 =-79 %, 8D =-53.3 %) respectively. Deep groundwaters was originated from a local meteoric water recharged
from distant, topographically high mountain region and not affected by the sea water. High temperature zone inferred from
water geothermometers is around D-2, D-5, D-6, 1-04 well zones. The estimated enthalpy from Silica-enthalpy mixing
model is near 410 kJ/kg, which corresponds to the temperature of 98°C, and in consistent with the result of Na-K and K-
Mg geothermometer.
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Fig. 1. Geological map and water sampling sites of the Heunghae area (Song et al., 2004).
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Table 1. Physiochemical data of groundwater and surface water from the Heunghae area

Sample No Well T oH EC Eh DO TDSY Log Pco,?
Depth (m) °C) (uS/ecm) (mV) (mg/L) (mg/L) (atm.)
Deep groundwater
D-04 303 28.5 8.5 1671 -16 7 662 -2.84
D-05 490 38.6 8.1 1806 -3 0.7 571 2,13
D-06 570 40 8.2 1936 -30 1.8 631 -2.24
D-2(200 m®/d) 1503 48.1 7.7 4610 -164 1.1 2208 -1.90
D-2(250 m’/d) 1503 48.2 7.8 4000 -188 0.9 1864 -1.92
D-2(300 m¥d) 1503 47.9 7.9 3550 -169 1.3 1580 -2.00
Intermediate groundwater

1-04 170 19.1 8.1 850 61 1.9 262 -2.50

1-05 150 7.8 794 55 2 300 -2.21

1-06 150 26 8.1 1686 -105 1.4 667 -2.50

I-12 170 14.6 6.8 566 -152 1.8 304 -1.61

I-15 17.9 83 181 -73 4 119 -3.40

I-16 146 17.7 8.3 262 -51 1.3 142 -3.30

Shallow groundwater

S-02 6.3 11.6 5.0 334 259 2.8 220 -1.30
S-04 45 9.3 4.9 062 286 3.7 454 -1.33
S-07 5.3 10.3 6.0 427 107 6 284 -1.86

S-08 5.9 13 5.5 664 193 0.6 460 -1.74
S-09 20 14.2 6.9 497 -119 | 234 -1.38
S-10 20 14.9 6.7 825 -33 1.8 412 -1.24
SP-01 0 13.2 7.8 261 -104 2.2 158 -2.92
SP-02 0 13 6.7 92 135 9.3 74 -2.50

Stream water

ST-01 14.6 6.9 206 66 9.8 137 -3.04
ST-02 11.5 7.7 187 3 10.3 121 -4.11

D2 calculated from using computer code PHREEQC.

Al F7IAY AR Aslee] BAAR T (8%0 =
-10.7 %, 8D =~79.3 %)ETh= et B #E HSl
thaAdgle] 1998). BE AIRE Craig(1961)9] &84 A
(MWL) i} SizF ol TAHo], ZR9-2 28 7RIS 1}
ERdiT). o]dAla 22(1994) F44 IS vehllE=
d gl o8k A8d Z$(d<~109} UE A-E, 71,
ALY F(d>~107} BluAd Z EETal stk £
Aol 4B zJelr= d #hol 12.1~16.3% Ko, F1t
2 AR AFlE d ol 5.5~129 F UEE He &4
Alrgol wet 2 A71E gelshe A2 sidE)
A35] Ak g BAYA 2 B o) 24
Aol 3 ARE AT o F 157F 2E5E
$A Y] Hrlee Yol 799 FodL AEE
79Tk 8809 A% IE 100 mF —0.15~-0.5 %,
SDE ~1~—4 % A% 7HAl= o)E A Te} gt
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Table 2. Chemical data of groundwater and surface water from the Heunghae area

Dissolved constituents (mg/L)

Sample No
Na*  C&' Mg* CI 8O HCOy .SiOxg NO; F  APY B Br Li' Fegou
Deep groundwater

D-04 30 3530 35 0.1 276.0 0.7 4483 148 01 31 00 09 10 03 0.1
D-05 4.0 4240 39 0.9 1020 3.8 8835 196 10 43 01 11 04 03 0.0
D-06 42 4600 32 1.0 126.0 7.0 1006.7 200 02 46 00 12 04 03 0.0
D-2(200 m*%d) 13.0 9760 13.7 56 763.0 4010 8715 271 01 35 00 22 17 08 00
D-2(250 m*d) 108 877.0 109 45 623.0 3040 9015 260 01 39 00 20 t4 07 0.0
D-2(300 m/d) 94 7660 8.9 3.6 5250 233.0 8955 258 0.1 42 00 18 L1 06 0.0

Intermediate groundwater

1-04 1.9 1770 8.4 03 8.0 354 371.8 27.8 2.1 06 00 06 01 02 0.0
1-05 1.9 1710 6.2 0.0 96 950 362.1 11.4 33 08 00 05 01 03 02
1-06 3.2 3500 43 04 280.0 3.0 4487 153 01 32 00 09 09 04 03
I-12 29 501 304 9.6 294 1280 145.8 26.3 01 02 00 01 01 01 264
I-15 0.5 202 13.0 2.1 6.7 229 67.1 423 0.1 03 00 00 01 00 0.0
I-16 1.1 328 164 1.5 8.6 428 83.8 352 14 03 00 00 01 01 0.0
Shallow groundwater
S-02 63 193 235 90 218 101.0 39 254 123 04 04 00 0.1 0.0 0.0
S-04 4.8 46.7 49.7 18.6 19.2  280.0 32 28.8 1.6 04 34 0.1 01 01 0.6
S-07 5.1 14.1 443 106 267 1170 10.9 247 301 03 04 00 01 00 0.0
S-08 12.8 324 568 23.1 348 260.0 5.1 276 118 04 05 01 01 0.1 0.0
S-09 24 66.1 220 82 286 03 2537 314 0.1 04 00 01 02 01 212
S-10 6.2 844 693 102 148 173.0 2795 323 01 05 00 02 01 03 0.1
SP-01 1.0 163 226 6.8 8.4 50.7 68.5 31.6 0.1 03 00 02 01 0.1 0.6
SP-02 0.6 8.0 3.0 1.8 6.0 9.7 114 286 126 02 00 00 01 00 0.0
Surface water .
ST-01 1.9 94 134 5.3 73 68.1 5.4 26.7 42 03 05 00 01 00 0.1
ST-02 1.7 87 136 6.1 76 465 23.8 23.1 72 03 00 00 01 00 0.0
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5.1. Xgd=e] 7|9 E3] dasnol B 43S rlXIth(Fournier, 1981)
o] Asieke Ad " A2y Ve H5E 5 8l gstH o mRkEAHd AE(ClL, B, Li, Rb, Cs B
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5.1.1. CI-SO4-HCO; Diagram

st B kel AT RS C, 50,
HCO,9 4 E=E Fig. 39 =251 tHGiggenbach,
1991). o] "L B A=, 1_% st 9 $71= v
FH EF pERih B3 SV Jdegw i &
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Table 3. Hydrogen and oxygen stable isotope data of
groundwater and stream water samples from the Heunghae area

TM Coordinate stable isotope value (%)

Sample No o 7 5 % D
D-02 231407 287583 -10.0 -64.4
D-04 231814 288732 -10.3 -65.9
D-05 230311 287132 102 -65.6
D-06 229972 287204 -10.2 674
1-04 227940 287601 9.6 -65.0
1-05 229058 288977 9.6 -64.0
1-06 231516 288531 -10.0 -68.2
[-12 230242 287291 6.0 427
I-15 226747 290616 8.9 -59.1
I-16 227216 290236 90 588
S-02 231183 286722 78 . 537
S-04 230902 288041 74 483
S-07 230112 287340 79 -54.2
S-08 231146 287936 75 -49.0
$-09 231902 288513 6.8 -48.1
S-10 229365 288542 8.4 -59.6
SP-01 225759 286680 9.1 -56.9
SP-02 225847 290461 8.8 -58.8
ST-01 227945 287581 8.6 554
ST-02 225760 286681 75 -54.8

I At o] AF9] FA4R AdE Na-HCO; % Na-
Cl fgelt. sligkdt Azt 77ke A o] 9] A3
7] o] g elEle e a1t c1e] §8hk= sl
o T BEEY] 1 2 ARESE 138 4 ok
T2t CYNa F=8I7} s 1.8%1 2ol vis) £ A9
AlZE 0.8 oJ3lE AE3] Na o] 34 o=
Elp, Akh 2 A0k EeieA B s sl
o] ohd Ao FAAET} Fig 30 HAIE AR X)5ke
ABEZrY] dxle Hrh A2o0A COE FHE Askr
o} %5 A Z71ol bk HCO, v57} 371k 19
ZAlereke] 43 weAEeta A "ok EE AlEE
HCO; Bol] 3h, A4t FEE4 D-2(200 m'/d)
oA ko] FvMl wet, 183 D-5SE ESE Hrt
Aol Aleke] AEE S BT SR
AR Al A Bl PSR 2ol £ XA
AREAME AR St

5.1.2. CI-Li-B Diagram

Li& 22 93 Fgelir] Ao gk v o ol

FEo= Fo A wiyAEY cit Bo 719 59
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Fig. 2. Stable oxygen and hydrogen isotope compositions of the
groundwater samples.
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Fig. 3. Relative Cl, SO, and HCO; contents of groundwaters in
the Heunghae area.
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Fig. 4. CI-Li-B diagram for elucidating the origin and age of
deep Heunghae area.
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52. X E25A

AGAdzALIAM 71T E3] A8ue WHTY st
g}8t AFALEAS AMEEN] Aste] 2EE 5 A
olt}, oA AFAN T8 Fvdshel A AH
o] 2EE SAse o8t 9 W dw, HlF
Mgt 3]A TR WA Jlov oF o] 71A] F
Fo] AdL-TA e} vlaskd sfadsh=r Tgo] Het A
AR Lo Yubgog FAGRE o}, 423
FHog tekslel AFALEAE AlFEe] HAE dies
o] 2EE Yol o] §HrhAbdelkarim S.A.AS,
1999).
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Z)BA) (geothermal system)l] ol 8743 F48L7
93t 43} (water chemistry)yS AFE3lEE A=
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A, F2 A3} L= FAI=T] o]&HH o]
Eo] gl e 29 ¢l we} wgt. 340°C ©)8
Ae 2E7) Al vt del7RiEe] SlEs 5
3] 7Asled, AubEQl ddE AE AdEALl Hel o]
£ET}E 120-180°C oPte] LxolME Age] faixr}
A AFdelA & HeFtssg Alskd, 49 A4
2EAE 150-250°C 2% HeMe 2 Be 2oz B
olc}, ey} o]Hu} e 2hoME, S5 2 T A
g7pde] &= Avlrte] =5 SAIS (Fournier, 1977).
£5e A= ofugt QEQ} FHAME HPETt
T EQPFSIAIE, S5 Mgl uiske] d9shQl wkg-

o] t} W=7] wjFolr}.

Bo] g zolA] A7k AT JES e, e
100°C ©J3le] LRoME 82 Ayrlses ?rﬂl P
At oY ¢ B 2noMe EAEH o FElslA|
7 olg- ghgo] =M HAIE & 5 gl7] i), &
7} 180°Ce] 2xoAE £& A7) w28 AIdta
B H v} 9ok (Arorsson, 2000).

/3__];;]7}9] L= OEV\LHA /x-]oﬂo]ur LFQ,}. H] o]_Q_z;;}
3] /\1317}.7},] uﬂ‘dﬂ)\l-];]]?; E_];HE 7;]] 25]—1:]— 7=1 /\o} .%j«
257t Ao Hger Ho R ddHe)E=
Zo] Y3 AT Amorsson, 1975). AG3} S 2|27
7t A3t 5E FAskeY| o8, t5o Ao o]&
o

Mo F 7o) §lSAl(no steam loss)(Fournier, 1977)

2o

b

.

pe=—199 59315
5.19-1logSiO,

A9-100°ClA #Ho] F7] &4 (Fournier, 1977)

1522

—==__ 273.15
5.75-1ogSi0,

t°C =

SFZ 710 g8l (no steam loss)(Fournier, 1977)

1032

_— 27315
4.69-logSiO,

€C =

242 100°CoN Hell Z7] £21( Fournier, 1977)

1182

—_— 27315
5.09-logSiO,

t°C=

Table 4= Z7] ST S8 %) glo] Aol
Hyg oFa Avke 71y Bl A

F50] L5 (T,, 9k Al 37) | s g #
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Table 4. Comparison in-situ measured water temperature with the predicted subsurface temperature from various plausible

geothermometers
Tineas Tq Tq'® Tehat® Tehat'” Thak® Tra’ Trwe'
Sample No water usage
(°C)

D-04 spa 28.5 37 59 24 28 32 91 103
D-05 spa 38.6 48 68 34 38 36 95 73
D-06 spa 40 49 69 35 39 34 3 72
D-2(200 m’/d) spa 48.1 61 79 47 50 52 110 79
D-2(250 m®/d) spa 48.2 59 78 45 48 48 107 77
D-2(300 m*/d) spa 479 59 78 45 48 48 107 77
1-04 domestic 19.1 62 80 48 51 42 101 67

1-05 domestic 27 51 15 20 44 103 97

1-06 agricultral 26 38 60 25 30 34 93 78

YFournier (1977); PArnorsson 5(1983); YGiggenbach(1988); no steam loss; Pmaximum steam loss at 100°C

£ olEths 7 3l AePls == Al vl &
(T 1047} 7FF £2 591 742} 62°C, 80°CE
Uebdch D-02(200 m¥/d), D-02(250 m/d), D-02(300
m¥/dy= 59-61°C, 78-79°CE ZHz} vehio] XE 219
7 e AAAAE ®HAth D-05, D-06= ZHZt 48
~49°C, 68~69°CE Mol F7} gAlore dAHe] 3
W Mo A W) AFElcdor & Ao= oZHr)
(Fig. 1).

37] £4gle] S5 HEE olFa dtka 7Kg 3l
A7le s ARt 5] 25 (Ta') 2t 57
E4E e 47 HEE olFm rkal 7HY sl A
HIFsER AR t43e] 2% TGV e 2
-, 100 °Collx] ) F7IEAyE o) 7P =2 2
¢l 237} 48°C, 51°CE UERAL, D-02(200 m’/d), D-
02(250 m’/d), D-02(300 m’/d)7} 45~47°C, 48~50°CE
242y btk B3] Ty A9 1048 A9 dlae
258} A FARSH olo] PSS ElEle] Far
Atk 1-04r 829 - S Lo} AJolrf & AL A
|52 Alo)Ao] BHlA AfEe Aoz siMdn

Z]
A=
=71

522, Yol AEREA

Na-K-Mg Diagram : Giggenbach(1988)2 Na-K-Mg
tholojago g £& U 2olA] Au Shwy, o
5 BY, et HE3)eR st NaK vl
I KMg? BIE] F AR A4, Mg 83X Na
BN Ao R 77t AL 2 BN Ugt
At Na/K HlE9 KMg? Bl9] gk 25 el
sldal7] HEel] o5 e Hedd) sPet Naksh
K-Mg 549 THe §Y £58 Uehiel, B9} 4%

IAF

¢

Journal of KoSSGE Vol. 10, No. 6, pp. 45~55, 2005

Na/1000

Fig. 5. Distribution of waters in the study area in Na-K-Mg tri-
linear diagram (Giggenbach, 1991).

o] TN FEANT HES o8 ol dFet A9 &
ZHEHE (full equilibrium) S Uehdc} dutzoz 4]
FH Alge ol RN S48 2=RT ot o
F& 250wy Spde] EA)Ech

Bl D-oaxlgE S HFd vl =AIEY D-
2(200 m¥/d), D-2(250 m’d), D-2(300 m’d), D-05, D-
06 5 VN AEe FEHHEY Foo] =AjdT) o] =%
ol A} Na-K %A= ¢F 100-110°C, K-Mg %A=
100°Ce] o3tz A3} digrthe] 255 UERdtH(Fig. 5).

Na-K ARLEA : S50 IR0l s 243
of Na} ko] olemembge] BRI} Lol ¥} @
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A= A& ol sk Aotk o] vl LGukHl wet
S AV v
K*+ Na-feldspar = K~feldspar + Na*

@lolE) (334

Arnorsson 5(1983)°1 2J3F Na/K AF A&

993

= -273.15
0.993 -log(Na’K)

t°C

Giggenbach(1988)°1 23t Na/K AE4-&

°C = 1390
1.75—log(Na’K)
Na-K A}t 2EAR ALkt tige] 255 Tk

(Amorsson 5-,1983)2] 73-%- D-02 A& (48~52°Cy'} 7

EOMW, 1-05(44°C), 1-04(42°C) o= YERATh Tyx

(Giggenbach,1988)2] 74-%- D-02 AlE.(107~110°Cy’} 7

Eom, 1-05(103°C), 1-04(101°C) 4228 Jeh} A3

o= A7} 25A19F e S Bl

—273.15

K-Mg A818 %4 : Giggenbach(1988)= &3 K4
A K259} HUA #R7e] 3o ok K-Mg 2%
218 BIsIHT) o5 Ee]4 M W] whgsle]
A, O NZLA 9} vlasle] S WE EojlA] H
WA e Lng HalEr)

4410
14.0—log(K>/Mg)

K-MgA|g}el 2EAZ A4k b3 5 Ty,
(Giggenbach,1988)2] 749+ D-04(103°C), 1-05(97°C),
D-02 AlE(77~79°C)E Hof olixiel tha b AH3S
Btk Na-K 2 K-Mg 254 (Giggenbach, 1988)°] 2]
3 ti5sY] 257 A9 2 S5 2AEY 24 =4
Uehe AL m2oxe dej7te] weEsrt wEr)

t°C = -273.15

B9 MeEEL wek 2Rt HARE 2hg Hokes Ao
2 BT Teit B4t W] BR gl 95

(=}
o ARerle 298 Auc) o B el £us
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[e] = = A
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il
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Fig. 6. The silica-enthalpy mixing model for the groundwater
samples.
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Axkshe 28 ARSI dey] Ayt =30 E3R
d(Fournier, 1977y ARdl 259 €49} 7y A8}
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(Enthalpy-Silica) E3t2d-2 43} Ag}7} P 2HE
T EFEES AR BAES A BT &5
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