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Geochemistry of the Borehole Groundwater from Volcanic Rocks in the
Northeastern Part of Yeosu Area

Yong Kwon Koh*, Kyeong Su Kim, Dae Seok Bae, Chun Soo Kim and Kyeong Won Han

Korea Atomic Energy Research Institute, P.O. Box 105, Yusung, Taejon 305-600, Korea

The geochemical studies on groundwater in the borehole, which is straddled by multi-packer (MP) system
carried out from a volcanic terrain in the Yeosu area. The pH of groundwater collected from selected sec
the MP-installed borehole is much higher (up to 9.6) than that of the borehole groundwater (7.0~7.9) collected uscon-
ventional pumping technique. Hydrochemistry shows that the groundwater has a typical chemical chang
increasing sampling depth, suggesting that the groundwater is evolved through water-rock interaction along t
ture-controlled flow paths. The groundwater from the deeper part (138~175 m below the surface) in borehol
characterized by the Ca-Cl2 type with high Ca (up to 160 mg/L) and Cl (up to 293 mg/L) contents, probably reflec
seawater intrusion. The groundwater also has high sodium and sulfate contents compared to the waters fr
boreholes. These observed groundwater chemistry is explained by the cation exchange, sulfide oxidation, a
ing process with seawater along the flow path.
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���� �� Schematic diagram of boreholes in the Yeosu are
The depth of packers and fractures investgated (Kim et al.,
unpublished data) are also shown.

���� �� Multi-packer system (Westbay, Ltd., Canada) showing sampling procedure.
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Table 1. Geochemical data of borehole groundwater, surface water and sea water from the Yeosu area.

Sam-
ple
no.

Water
type

Sampling
date

 Depth
 (m)

 Temp.
 (oC)

 pH
EC
(µS/
cm)

TDS
(mg/L)

Alkalin-
itya

(x103)

(mg/L) Log 
Pco2

b

(atm)Na K Mg Ca SiO2 Cl SO4 HCO3
b CO3

b NO3 F Al

K1-1 Groundwater 99.8.19 17.5 21.5 7.9 149 151 0.84 12.9 0.72 1.40 17.1 27.2 13.6 7.7 50.1 8.9 0.8 0.007 -3.20
K1-2 (Borehole K1) " f0.5 20.5 8.5 168 161 0.87 20.9 0.89 0.85 13.9 19.3 12.4 14.2 50.6 0.8 1.2 1.0 0.024 -3.81
K1-3 " 40.0 20.0 8.8 125 122 0.70 19.5 0.48 0.25 7.2 17.5 10.4 6.3 39.6 1.2 2.9 2.5 0.062 -4.22
K1-4 " 74.0 18.7 8.2 150 138 1.05 18.3 0.91 0.75 12.7 20.0 11.7 8.4 51.3 <0.05 0.9 0.043 -3.51
K1-5 " 85.0 18.0 8.6 139 137 0.87 20.4 0.66 0.38 9.8 18.3 11.8 7.2 50.2 0.9 <0.05 1.9 0.044 -3.92
K1-6 " 171.5 18.8 8.2 628 372 0.25 38.5 1.10 0.88 84.5 17.8 175.0 54.1 14.3 0.5 1.6 0.029 -4.08
K1-7 " 180.0 18.8 7.5 168 115 0.56 9.4 1.13 2.15 13.7 13.2 10.0 18.0 33.7 11.8 0.2 0.015 -2.99
K1-1' Groundwater 00.3.9 17.5 12.9 8.1 159 145 1.10 15.8 0.53 0.99 16.1 25.5 7.4 7.0 65.6 4.2 0.7 0.014 -3.31
K1-2' (Borehole K1) " 30.5 14.4 9.3 129 110 0.84 19.8 0.33 0.16 7.8 17.3 6.1 6.5 41.8 3.2 1.9 2.2 0.039 -4.67
K1-3' " 40.0 14.9 9.3 125 107 0.80 19.6 0.22 0.03 7.5 17.9 6.1 5.9 39.4 3.5 1.6 2.0 0.067 -4.75
K1-4' " 74.0 15.9 9.0 156 135 1.10 18.9 0.65 0.48 12.2 20.0 6.9 8.7 60.0 2.4 0.4 0.9 0.045 -4.21
K1-5' " 85.0 16.2 9.6 129 110 0.83 19.7 0.44 0.11 7.0 18.5 9.4 5.2 33.2 6.7 <0.05 2.8 0.123 -5.16
K1-6' " 171.5 18.2 8.9 1,143 613 0.66 57.7 0.88 0.61 151.0 17.5 255.0 92.0 30.3 11.9 0.1 2.4 0.025 -4.42
K1-7' " 180.0 18.8 7.8 207 136 0.82 16.7 0.61 0.75 15.3 17.6 11.7 13.6 49.0 9.4 0.5 0.063 -3.15
K1-1" Groundwater 00.5.22 17.5 16.5 7.9 141 135 0.95 12.5 0.37 1.26 16.1 26.8 6.3 6.5 57.1 6.3 0.5 0.009 -3.16
K1-2" (Borehole K1) " 30.5 15.5 9.1 128 110 0.86 20.9 0.27 0.21 8.3 17.1 5.6 6.1 45.9 2.4 1.2 2.2 0.034 -4.44
K1-3" " 40.0 15.3 9.0 124 107 0.83 20.7 0.18 0.10 7.6 17.9 5.8 5.4 45.2 2.1 1.4 2.0 0.042 -4.40
K1-4" " 74.0 16.0 8.6 162 143 1.20 20.4 0.57 0.56 12.9 20.4 6.7 8.6 69.6 1.2 <0.05 0.9 0.039 -3.76
K1-5" " 85.0 16.4 9.5 123 113 0.91 21.0 0.36 0.15 7.0 19.7 7.0 4.3 41.2 5.4 <0.05 2.4 0.114 -4.87
K1-6" " 171.5 18.3 8.9 1,226 676 0.55 67.1 0.56 0.44 160.0 16.0 293.0 105.0 23.7 1.1 1.5 2.3 0.026 -4.61
K1-7" " 180.0 18.7 7.8 203 159 1.08 19.6 0.54 0.86 18.3 18.9 13.6 13.5 64.7 7.2 0.8 0.063 -3.04
K2-1 Groundwater 00.3.10 18.6 14.8 8.4 166 149 1.24 19.5 1.32 0.22 15.7 26.1 6.1 5.2 73.1 2.4 0.7 0.009 -3.56
K2-2 (Borehole K2) " 26.1 14.9 8.7 183 166 1.54 21.4 0.57 0.82 16.7 25.5 6.5 4.7 87.3 2.1 0.1 0.1 0.012 -3.84
K2-3 " 35.0 15.2 9.1 137 116 0.90 19.7 0.16 0.07 7.4 17.2 5.3 4.8 48.7 2.4 1.4 2.5 0.040 -4.40
K2-4 " 51.6 15.5 9.0 146 121 0.85 18.4 0.29 0.41 11.6 18.3 5.3 10.0 46.3 1.9 4.4 1.6 0.069 -4.33
K2-5 " 58.0 15.3 9.0 135 117 0.90 19.7 0.18 0.87 8.8 22.5 6.7 7.9 48.3 2.3 <0.05 1.4 0.070 -4.38
K2-1' Groundwater 00.5.23 18.6 21.8 8.5 151 145 1.26 19.2 0.15 0.41 16.3 25.7 6.4 5.8 73.3 1.1 3.5 0.8 0.011 -3.61
K2-2' (Borehole K2) " 26.1 16.9 8.5 172 163 1.45 22.0 0.55 0.83 17.6 26.3 6.8 5.8 84.5 1.2 2.0 0.7 0.008 -3.59
K2-3' " 35.0 16.0 9.0 121 104 0.82 20.1 0.13 0.13 7.9 16.5 5.5 5.1 44.6 1.9 2.0 2.5 0.038 -4.36
K2-4' " 51.6 15.8 8.7 135 122 0.93 19.0 0.25 0.38 11.3 17.2 5.5 8.5 53.3 1.1 3.8 1.4 0.051 -3.98
K2-5' " 58.0 15.9 9.2 179 109 0.80 19.3 0.17 0.13 8.6 21.0 6.7 7.6 40.5 3.0 <0.05 1.4 0.064 -4.65
K3-1 Groundwater 99-8-26 15.0 18.3 7.0 129 137 0.65 11.2 0.49 1.85 14.2 24.0 14.8 14.9 39.6 1.5 0.3 0.002 -2.42
K3-2 (Borehole K3) 00.3.21 30.0 13.5 7.5 163 151 1.19 16.0 0.35 1.36 15.8 26.8 6.7 5.7 72.0 0.5 0.9 0.011 -2.69
K3-3 99-8-27 45.0 27.9 7.2 197 120 0.55 13.9 0.60 1.36 10.9 18.3 13.1 13.0 33.3 5.4 0.8 0.011 -2.64
K4-1 Groundwater 99-8-28 80.0 24.2 7.6 164 158 0.89 14.3 0.58 1.68 16.8 25.0 14.0 13.5 53.5 4.6 0.8 0.013 -2.86
K4-1' (Borehole K3) 00.5.34 80.0 20.8 7.9 170 164 1.40 13.1 0.68 2.08 19.5 28.5 6.8 4.7 83.9 0.1 0.5 0.028 -2.94
K-S Surface water99-8-19 - 22.6 6.0 80 76 0.17 7.5 1.01 1.94 4.4 15.2 8.8 14.8 5.7 1.5 0.1 0.020 -2.26
K-Sea Sea water 99-8-20 - 27.8 8.2 39,10028,038 1.918076.0309.001065.00 336.0 1.615588.02155.2 87.0 0.0 2.1 0.072 -3.40
aAlkalinity=molality of H+ equivalents calculated from in-situ measurement.
bCalculated from measured alkalinity and pH data, using computer code SOLVEQ (Reed, 1982).
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���� 	� Temperature (oC) variation of borehole K1. Each
point shows the temperature of groundwater collected from
each section divided by packers. The geothermal gradient
(0.25oC/10 m) is also shown. 

���� 
� pH variation of boreholes K1 and K2. Each point shows the pH of groundwater collected from each section 
by packers.



��� ��� �

 from
� .�*� z9�N! �� n] �$N �N�� y'

>g$+
n2��
 ^ Ñb��
 ^ zb��
�

���� è�>g ��
6£¤!" >Ví 
 E�

ûo�"� ����� ]2 Ñb¨�!"� ��
3

�$� â �7! ABA� ��
3 �� =� ��I3

cÉ ?�! �{��
 ��4@!" ABA�C��

� '(3  9 �0! 3� <�g ûo�eq/*�

z9¥��
3 �$N 6qrs6]!�� $+�

� û2 6h � y ]7�`!� 6h
� 6hi

#$ ��
3 _ã� !" ABA� �n0u� 6h

iF ��
� Ò� ��
4@N Á`÷] 0¾ ��

nw� Ü��ª�A� Ü���E� ûo� æ|D 


E*� ����� ��ß 6hÊ6 6h
� �$N #�+F«

3 Q� ú_#�#$��
� eV�½*� 670 �

�é! �� ��
3 �$N $+�� E�Ð z9¥

� ¾'>g $+
n2 �e�� ABF� E*� z

9! �{ ��
3 �$� WXú)� ±nb�	���
 �

7� ±�b�	��#
�7� �«��� 4+++� )ß� �ß

! rs� ��
3 �$� ��+F«� J2 Q���35

���
� ú_#� E*�1���� �� ,�"� �
� ?Z y'>o

� Ñb��
� c5�� z9 �++ � 0F3 nb

��
3 �$N ��+! N�þ Q� .�*� û2 #

4�_� D e
0*� \�` 0pP� �F ��


3 �+, -e�q! 3�) < &�!"3 ��


3 �$� Ibc ��+0�g ûo� ú��� E*�0°

þ :� ���#� T�U :� ����� �VW :� ����� �

VW :� 4+++� Å�ý :� 4+++
� j� 	�i� 	4i

#$! ^Ç� 	)i� 	*i� Ino� Ai�����

�
���
��
nw!" ââ z9 *��� �+ �!" rs�

��
6q3 �$� ��+0�3 Q�#�+5#��
� ú_#�

E*�1���� �
� 01� Ainw!"3 �$ �q� z

9¥� rs� ��
 6q3 <�0�Ð� z9! �

� �7� �K6�� ë� Ainw!" 6qrsN

0pPt] xH! nb��
�3 _ã�n� ���

_� D û0*� 	�i ±�b�	��#
�72 ¡¢ æÇ

� �� 0n3 nÊ� 670 ���½�!9 ���

� ��
� �e��\2 �$Q� úg*� 0 �72

���P ��! 3�) aåIN }g�� b�½o

u�,�"� )
� *{ �7! §; 
K¾99N %� \[

"�Å�
 :� ����q
 6h Ê6 #º/ 6h
3

ýÓ0 ��0 ��� �!9 @8 c5�� E� ûo

� eq/*� 01� �n2 �¦Æ �q .Ð [·

� *�! ]d� 
K+, cÉ?�!"9 e }g/

*� 4+++� )ß� 4+++� �ß! rs� 	4i3 ��

��
 �$���)5���
� 6]¥� N �0� ú0� ë

� z9¥� I4� �N�� 
n� ú_#u� 	�i

���� �� Electical conductivity variation of boreholes K1 and K2. Each point shows the EC of groundwater collected
each section divided by packers.



�� ��	 
�� 
� ��� 
��� 

� �� ��

! n(�� �7 ��
� �e� Q� ú_#� E

* �1���� �� ,�"� �
�

	�i! I� ¾]¾99�(/
 $+� WXú)� I

bc3 �70 6]¥ j� z9¥� N �0� ú0

� ë�Ð� 	��3 �7 ��
� ?0�� %� J2

¾]¾99 Q� ú_Y*�,�"� 3
� 6]¥ �0! E

P"9 ¡¢ æÇ � ®������� �ß
 Æ / Q0

N¦ \� 0��4+++� )ß� �ß
 Æ Ç� Pf

���� �� Variations of Na, Ca, Cl and SO4 concentrations in borehole K1.



��� ��� �
 9 �N�_� F]������ �ß
 Æ <�� 6h


! 3� ýÓg ûo� eq/*� 0®g 	��3�73

��
N 0n>o� J2 ¾]¾99 Q�34�5��443

µ98 �
� ú0� û2 n] �73 ��
N C���

'(! 3�_ J2 ¾]¾99� N�� / û0�]

ú*� nb ��
�� ÔK ��I� �� *{ ]

�3 ��
N �º�� E� ûo� eq/*� 0!

I� �Â� æ|2 �d�½*� z9¥ ¾]¾99$

+ 
n0 Ò0>0� ë� �8>0� ���� �7

¥� ABA� û2 < & �'!" hn�� ��


���� 
� Variations of NO3, Pco2, DIC and F concentrations in borehole K1.
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borehole K1-6 is chemically characterized by Ca-Cl2 type.
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Table 2. Saturation index with respect to representative minerals for borehole groundwater, surface water and sea w
the Yeosu area.

Sample 
no.

albite
anor-
thite

beide-
Ca

beide-
Na

calcite
Clchlo

re
illite

kaolin-
ite

lau-
mon-
tite

K-feld-
spar

Ca-
Mont

Na-
Mont

musco-
vite

Nont-
Ca

Nont-
Na

quartz

K1-1 4.1 4.7 11.0 10.5 -0.5 12.3 8.8 11.9 13.1 5.7 9.2 8.7 16.4 12.9 12.4 0
K1-2 4.3 5.4 10.2 9.7 -0.1 18.0 8.8 11.1 13.5 5.9 8.9 8.5 16.2 12.4 12.0 0
K1-3 4.6 5.9 10.8 10.4 -0.2 16.8 9.2 11.7 13.9 6.0 9.1 8.8 16.9 12.4 12.0 0
K1-4 1.8 0.1 5.2 4.8 -0.4 8.2 3.5 7.0 8.4 3.5 5.0 4.6 9.5 11.4 11.0 0
K1-5 4.7 5.9 11.3 10.9 -0.1 15.7 9.7 12.2 14.1 6.3 9.5 9.1 17.5 12.9 12.4 0
K1-6 4.8 6.3 11.7 11.2 -0.2 13.6 9.7 12.5 14.5 6.2 9.6 9.2 17.8 12.9 12.4 0
K1-7 3.5 4.7 11.8 11.3 -1.2 9.4 9.4 13.0 12.7 5.6 9.1 8.6 17.9 12.2 11.7 0
K1-1' 5.0 5.7 12.6 12.2 -0.4 12.5 10.6 13.2 14.7 6.7 10.5 10.1 18.4 14.2 13.7 0
K1-2' 4.6 5.6 10.0 9.6 0.3 18.1 8.8 11.0 13.9 5.9 8.8 8.4 16.1 12.7 12.3 0
K1-3' 4.8 6.0 10.3 9.9 0.3 15.4 8.8 11.3 14.3 5.9 8.8 8.5 16.4 12.7 12.3 0
K1-4' 4.9 6.1 11.0 10.6 0.3 18.7 9.7 11.8 14.5 6.5 9.6 9.2 17.2 13.1 12.7 0
K1-5' 4.5 6.1 9.6 9.2 0.5 21.0 8.8 10.7 14.0 5.9 8.5 8.2 16.2 11.8 11.5 0
K1-6' 4.7 6.3 10.1 9.7 0.9 17.4 8.6 11.0 14.4 5.9 8.8 8.4 16.1 12.6 12.2 0
K1-7' 4.8 6.3 13.2 12.7 -0.7 11.3 10.7 13.9 14.6 6.3 10.3 9.9 19.3 12.9 12.4 0
K1-1" 4.6 5.2 12.1 11.6 -0.6 11.7 9.7 12.8 14.0 6.1 10.0 9.5 17.5 13.7 13.1 0
K1-2" 4.6 5.5 10.2 9.8 0.2 17.4 8.7 11.2 13.8 5.7 8.8 8.5 16.1 12.7 12.3 0
K1-3" 4.8 5.7 10.6 10.2 0.1 15.6 8.9 11.5 14.1 5.7 9.0 8.7 16.4 12.9 12.5 0
K1-4" 5.0 6.1 11.8 11.3 0.1 16.2 10.1 12.5 14.6 6.5 9.9 9.6 17.9 13.3 12.9 0
K1-5" 4.8 6.3 10.3 9.9 0.4 20.5 9.2 11.2 14.4 6.1 9.0 8.7 16.7 12.4 12.0 0
K1-6" 4.6 6.2 9.8 9.3 0.9 17.1 8.2 10.7 14.2 5.5 8.5 8.1 15.6 12.4 12.0 0
K1-7" 4.9 6.5 13.3 12.8 -0.5 11.7 10.8 14.0 14.8 6.4 10.5 10.1 19.4 13.1 12.6 0

K2-1 4.8 5.2 11.3 10.8 0.0 11.6 9.6 12.0 14.1 6.7 9.5 9.1 17.3 13.8 13.3 0
K2-2 4.8 5.4 10.7 10.3 0.4 17.4 9.3 11.5 14.2 6.3 9.5 9.1 16.5 13.6 13.2 0
K2-3 4.7 5.6 10.5 10.1 0.1 15.0 8.7 11.4 14.0 5.6 8.9 8.5 16.2 12.8 12.4 0
K2-4 5.0 6.4 11.3 10.9 0.2 18.6 9.8 12.1 14.7 6.2 9.7 9.3 17.4 13.1 12.6 0
K2-5 5.2 6.4 11.5 11.1 0.2 21.1 9.9 12.2 15.0 6.3 10.1 9.8 17.3 13.4 12.9 0
K2-1' 4.3 5.0 10.2 9.7 0.2 14.5 7.8 11.0 13.3 5.1 8.8 8.4 15.0 12.7 12.2 0
K2-2' 4.6 5.0 10.6 10.2 0.2 15.4 8.9 11.4 13.7 6.0 9.3 8.9 16.1 13.4 13.0 0
K2-3' 4.6 5.6 10.4 10.0 0.1 15.8 8.5 11.4 13.8 5.4 8.8 8.5 16.0 12.7 12.3 0
K2-4' 4.9 6.1 11.6 11.1 0.0 16.0 9.7 12.4 14.5 6.0 9.7 9.3 17.5 13.1 12.7 0
K2-5' 4.9 6.2 10.7 10.2 0.3 18.2 9.1 11.5 14.5 5.9 9.3 8.9 16.5 12.9 12.5 0

K3-1 3.5 3.5 11.8 11.2 -1.7 3.9 8.6 12.8 12.0 5.1 9.0 8.6 16.7 12.9 12.4 0
K3-2 4.9 5.4 13.4 13.0 -0.9 8.4 10.7 14.1 14.4 6.3 10.7 10.3 18.9 14.1 13.6 0
K3-3 3.3 4.2 11.2 10.7 -1.5 7.1 8.2 12.4 11.8 4.8 8.5 8.1 16.6 11.4 10.9 0

K4-1 4.1 5.1 11.8 11.2 -0.8 11.0 9.1 12.6 13.2 5.6 9.5 9.0 17.1 12.5 12.0 0
K4-1' 4.8 6.0 12.8 12.2 -0.3 13.9 10.4 13.3 14.5 6.5 10.5 10.0 18.5 13.3 12.7 0

K-S 0.9 0.0 0.0 1.7 0.0 1.6 0.0 -0.8 19.3 2.8 2.2 6.5 3.5 2.0 9.5 -0.
K-Sea 3.8 0.0 0.0 10.7 0.0 10.8 0.0 0.4 8.9 5.5 8.9 12.6 5.6 9.1 16.9 0

Beide=beidelite; Clchlore=clinochlore; Mont=montmorillonite; Nont=Nontronite.
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