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Hydrogeological Characteristics and Groundwater Table
Fluctuation of Dongrae Hot Spring

Dong Young Lee* and Jeong Ung Lim*

ABSTRACT : Dongrae is one of the most famous hot spring resort area in the Republic of Korea. The water temperature
ranges S0C~66%. The chemical composition of the thermal water is quite different from normal groundwater, Na'
and CI™ are the main components, measured more than 75%, Ca++ is contained about 22% and the other ions such
as SO, or HCO, are the minor components. The heat source is uprising along the fracture zone of granite which is
indicated as a subsurface high temperature belt. During the research period of 1991~1992, the groundwater table was
lowered down to the depth of about 100 m according to continuous increase of daily use of thermal water. The groundwater
table was fluctuated with an amplitude of day, weak or seasion. The groundwater table was the lowest at 18:00 h in
a day and also lowest at the weekend for the week period. There was a relavent relationship between drawdown and
the amount of thermal water use on a long term base. To protect such a rapid drawdown of groundwater table, Dongrae
resort area is now asked to take strong municipal control for the daily use of thermal water.
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Fig. 1. Location of pumping wells for thermal water at Do
ngrae hotspring resort area(The number corresponds with
the pumping wells on Table 1).
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Table 1. Pumping wells for thermal water at the Dongrae hot spring area at the year of 1991.
Pump Capa. Mean Yield of Water Tem
Owner Well No.  Weil D.(mm)  Deptth(m) Depth of Pump(m) HP Gr. Wa. © Remarks
City well Meas. We 250 210 210
1 200 100 Not in Use
2 250 120 Not in Use
3 250 120 110 35 in Use
4 200 120 100 5 in Use
5 200 120 100 5 in Use
6 250 120 Recleaned
Dongwon H. 7 150 120 100 5 in Use
8 150 105 105 5 in Use
Hyundai Hotel
9 150 110 110 10 in Use
Backrim Hotel 10 150 115 100 10 Not in Use
1 150 120 98 10 in Use
Munhwa Hotel 12 150 107 9 3 Not in Use
Jungang Hotel 13 150 115 ] 10 in Use
Oncheon Hotel 14 150 115 100 10
Bulro Hotel 15 150 120 100 10
16 150 125 120 10 Stopped
Cheonil Hotel 17 150 120 100 10 Stopped
18 150 100 100 10 Stopped
19 150 120 100 10 Not in Use
Keumcheon Hotel
20 150 115 100 10
Kyungdong 21 150 125
Mansoo Hotel 22 150 120 119 Stopped
23 150 120
24 150 120 100 10 Not in Use
25 200 125 100 20
Nokcheon Hotel 26 150 125 100 10 Not in Use
27 200 120 100 10
28 200 120 100 10 in Use
29 200 125 100 10 Not in Use
Jeil Hotel 30 125 110 100 10 Not in Use
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Table 2. Groundwater table fluctuation according to daily use of thermal water for the period of 1991-1992.

Use of Thermal Water GW Table at City Well No. 2 GW Table at Private Well 2
Date of Measurem.
Priva. Public Total Lowest Heighest ~ Daily Flu.  Lowest Heighest  Daily Flu.
1991
KA S 950 1053 2003 84.2 81.9 2.7
18 M 735 1041 1776 83.3 82.5 0.8
19 T 576 1021 1597 83.0 81.7 13
20 w 608 1093 1701 83.0 81.6 14
21 T 705 1017 1722 83.7 81.4 23
23 S 794 1034 1828 84.3 82.1 22
24 S 915 992 1907 84.1 82.8 1.3
25 M 76 964 1680 83.2 82.2 1.0
26 T 648 1022 1670 834 81.2 2.2
4. 20 S 650 1103 1753 3.5 83.5 81.3 2.7
21 S 566 1016 1582 74.1 84.4 81.8 2.6
22 M 557 1082 1639 79.7 748 49 83.4 82.2 1.2
23 T 483 1060 1543 79.1 73.7 54 81.9
24 w 316 1055 1371 78.7 75.5 32 827 81.1 2.6
25 T 454 1042 1496 72.1 721 5.0 82.2 80.5 1.7
26 F 481 1093 1574 78.6 7.7 6.9 83.0 80.6 24
27 S 1037 1068 2105 78.9 735 54 83.5 81.4 2.1
5.7 T 411 1032 1443 783 729 54 82.8 81.1 1.7
8 w 343 1079 1442 718 7.5 55 824 80.7 1.7
9 T 359 868 1227 76.8 71.8 5.0 82.1 80.9 12
10 F 471 1005 1476 78.1 714 6.7 820 80.2 1.8
11 S 488 984 1472 78.7 7.3 64 80.9 79.4 1.5
12 S 624 995 1619 7.9 81.9 79.6 2.2
13 M 460 1002 1462 78.3 74.6 37 79.8 71.7 2.1
14 T N 9888 1359 81.9 79.1 2.8
6. 11 T 301 718 1079 78.1 78.1
12 w 181 745 926 74.2 74.2
13 T 369 709 1078 73.6 73.6
14 F 337 759 1096 3.7 73.7
15 S 345 802 1147 76.1 76.1
16 S 412 850 1262 712 712
17 M 358 786 1144 748 74.8
18 T 275 784 1059 74.7 74.7
7 9 T 250 718 968 75.5 75.5
10 w 150 mn 867 74.5 745
11 T 242 722 964 73.1 7.1
12 F 302 697 999 73.7 73.7
13 S 402 733 1135 73.0 73.0
14 S 394 766 1160 76.7 76.7
15 M 309 785 1094 733 733
16 T 270 699 939 734 734
8 20 T 197 675 872 734
21 w 142 570 v 73.9 69.9 4.0 73.9 69.9 4.0
n T 264 685 949 731 68.9 42 73.1 68.9 4.2
23 F 269 648 97 2.7 69.7 30 72.7 69.7 3.0
AH S 316 803 1119 74.0 67.3 6.7 74.0 67.3 6.7
25 S 33 834 1166 76.1 68.5 7.6 76.1 68.5 7.6
26 M 263 706 969 742 67.3 49 74.2 67.3 49
27 T 269 10 979 76.1 69.7 74 76.1 69.7 74
28 W 253 694 947 76.0 70.6 54 76.0 70.6 54
9. 16 M 389 785 1174 715 727 438 715 727 438
17 T 282 679 961 78.1 71.5 6.6 78.1 71.5 6.6
18 w 295 856 1151 78.2 7.7 6.5 782 7.7 6.5
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Table 2. continued.

Use of Thermal Water GW Table at City Well No. 2 GW Table at Private Well 2
Date of Measurem.
Priva. Public Total Lowest Heighest ~ Daily Flu.  Lowest Heighest  Daily Flu.
1991
9. 19 T 320 §32 1152 78.2 71.9 6.3 78.2 719 6.3
20 F 383 872 1255 80.2 7.9 8.1 80.2 71.9 8.1
21 S 824 7.7 9.7 824 .7 9.7
22 S 858 585 1443 69.4 69.4
23 M 726 66.8 5.8 72.6 66.8 58
4 T 558 918 1476 71.7 67.9 58 717 67.9 58
10. 10 T 1043 1088 2131 76.2 74.7 15 784 715 0.9
1 F 1041 1158 2199 75.1 79.2 717 15
12 S 957 885 1842 784 7.3 71 79.0 76.9 2.1
13 S 1167 938 2105 733 80.2 718 24
14 M 1139 820 1959 72.8 79.1 78.1 1.0
15 T 886 718 79.0 711 19
16 w 1021 809 1830 713 715 5.8 78.0 771 0.9
17 T 903 867 1770 75.6 70.4 52 783 712 1.1
18 F 1703 937 2640 78.1 70.7 74 789 76.8 2.1
11. 15 F 975 922 1897 81.9 78.3 3.6 81.9 783 3.6
16 S 1038 866 1904 829 78.6 43 82.9 78.6 43
17 S 1115 858 1973 84.6 80.6 4.0 84.6 80.6 4.0
18 M 1023 866 1904 82.9 80.9 20 83.1 81.0 21
19 F 946 926 1872 82.3 79.5 28 823 79.5 2.8
20 w 910 911 1821 79.1 79.2
21 T 762 891 1653 83.3 80.5 2.8 83.4 80.5 2.9
2 F 979 941 1910 83.9 80.5 34 839 80.6 33
23 S 985 913 1898 84.4 80.1 43 84.3 80.1 4.2
12. 1 S 1091 959 2050 87.3 82.3 50 873 824 49
2 M 995 968 1963 85.5 84.3 1.2 85.5 84.3 1.2
3 T 802 993 1795 85.0 81.9 31 85.0 82.0 3.0
4 w ™ 1025 1726 84.8 81.4 34 84.8 814 34
5 T 831 997 1828
6 F 888 996 1884 854 85.4
7 S 1060 971 2031 86.5 86.5
8 S 1082 949 2031 87.9 87.9
1992
1.4 S 1048 896 1944 84.4 81.6 2.8
5 S 991 831 1822 85.7 82.3 34
6 M 995 841 1836 84.7 82.5 2.2
7 T 847 891 1738 84.7 81.1 3.6
8 w 877 861 1738 834 80.8 2.6
9 T 898 914 1812 81.5
10 F 843 879 17122
n S 1019 846 1865
12 S 1225 810 2035 86.9
2. 15 S 860 1193 2053 88.6 86.4 22
16 S 972 1221 2193 89.2 86.9 23
17 M 908 1188 2096 88.9 87.4 1.5
18 T 1204 1133 2337 88.4 87.3 1.1
19 w 998 1081 2079 88.9 86.9 2.0
20 T 904 1095 1999 88.3 87.2 1.1
21 F 821 1127 1948 88.1 87.0 L1
22 S 893 1185 2078 86.1
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Fig. 2. Example of daily fluctuation of groundwater table for
the period of Sept. to Oct. 1991 at the pumping well No.2
belonging to Busan City.
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Fig. 3. Example of daily fluctuation of groundwater table for
the period of Oct. 1991 at the pumping well No.2 belonging
to the private company near Dongrae hotspring area.
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Table 4. Chemical analysis of thermal water from different pumping well of Dongrae hotspring,
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Contents Priv. -1 Priv. -2 Priv. -3 Priv. 4 City-3  City-4

City-5 Dongwon Hyundai Mansoo Baekri Nokch-2 Nokch-4 Jungang

T-Solid 5850 6080 7720 570 9520  963.0
K 2.67 1.92 5.67 443 6.87 6.14
Na 1110 95.0 1810 73.0 2360 2580
Ca 43.7 472 47.6 47.6 58.5 62.5
Mg 5.18 8.66 1.80 5.97 0.16 2.64
Fe 0.01 0.01 0.02 0.02 0.02 0.03
Mn ND ND ND ND ND ND
Li 0.07 0.07 0.09 0.09 0.11 0.12
Sr 0.21 0.20 0.24 0.41 0.32 0.68
Cu ND ND ND ND ND ND
Pb ND ND ND ND ND ND
Zn 0.38 0.78 0.09 0.02 0.03 0.02
a 2120 2060 3100 09.0 3980 - 433.0
SO, 332 320 49.5 50.4 69.6 72.9
F 0.80 0.60 1.50 110 1.60 1.80

HCO, 492 46.2 - 38.6 40.3 43 47.7
Co, ND ND ND ND ND- ND

Free CO,  6.40 7.46 1.80 3.84 1.52 3.62
H:S ND ND ND ND ND ND
Si0, 528 53.3 51.0 51.6 493 483
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ND
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6.65

273.0
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0.02
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0.12
0.68
Tr
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0.06
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435
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041
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7.03
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318
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6.36
2310
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0.27
0.03
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0.11
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ND
ND
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2.82
ND
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715.0
4.21
191.0
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1.48
0.01
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0.37
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7.58
ND
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6.68
1340
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ND
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Fig. 4. Temperature logging at the pumping well No.2 owned by Pusan city and 4 wells recently developed near Dongrae,

5o} ek 712 LAR G A 1009 LHEE o)A 24
85 A3 st g AL 2 AR Fo4
7] 41 & A5 00, HCO, free CO, 3 HSE 87
A AAslglon 1 9o JREe Ay E4L shglc),
Table 4 oA H& ups} o] ARt} 207) e
dAdgon Mg wag 46}01 *HT ez
@A s, ey 3
Hco@, Si0, 52 L}EMD%

&
A =]
TAE

O

f]ﬁ}"q 7 "é”—4 X“H iE"J ppm
TE3ke] 2k (equivalent per mi 110n)§}°£ #atste]
LGk &, 39 okl &9l K Na, Ca, Mg} 8 &o] &9
CI, SO4, cOs HCO; "] 3{:}' 3 a (E[L)Il'l——i I]-/\]-zs}o:] o] %}]\.o
A 2 A ARG A5, Fol & Fol 4 Nag) 45u) 7}
B AN & 5% A8l Ca7} %k 22%, 121
K, Mg7} 2~3%% A3 rh Na& 54 439 716%E
FH 94 784%9) WL B} w3 Fofolpo A=
Mg7} 33%% Ao, b2 LA S e oF 19 n)yhe)
Mg 24ul5 Bolx 9lt}, o9} o] 2449
A Aok glou, AAHOZ H413 ool T}aé“’
ol 3l F2 Fol& FoAE Clo] oF 80% 127 SO,
St HCOs7L 47t 10% A=) #4240 & !

O]J— M

o, & i-’ﬁlé”ﬂ‘i" HE fAR
Hale} o9} e 25 AR Plper«] =5l

FEoEE AN oy oo o
ELX-LFO-?L

—1 AT '1 %
241946}1% 40 ppm
49.7 ppm< ¥.<l}
1ppm ®|gte] A} A ¢

54 439 115ppme 2%
Fe Boli gtk

E719 NDE Holx 9t} F=
B 2eae] 190 ppm Abol e ¥

223
A NEZAA el A Az A Lrge
A4et7] Astel L Adzubd, AdAHFAE 52 A
Astid 71¢ LA A9 2539 Ay &
A3 2 AEAYG 3 e Aass AAsdd
A= iﬂxl:ﬁ%ﬂ AH8ekA] g EAEE] ofy A}
Aot o] Fole F53F77F AAFo] 9l &

Aol Prhsad,



174 °o]%

AT
l_ ‘_iiil\
il

i HHHII
i ”dl

i
]
I~ 'Tﬁll

T T il
Il R L1 I H‘}H..i“ il
Flg 5. Reglstlvny logging at the recently developed well No. 4
near Dongrae.
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Fig. 6. Gamma logging at the recently developed well No. 4
near Dongrae.
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Table 5. Hydrogeological characteristics of Dongrae hotspring.

Pumping Pumping R. Draw- Observa- Transmissivity

Well  m'/day down(m) tion Well Coef. (m'/min) 08" ¢!

Privat, -1 260 849  Privat-4 1.55X107  132X10°°
Privat-1  4.01X10*  7.18X10°*
Privat. 2 270 8.41
Privat-4  4.28X102  112X10°*
Privat-1  549X107  435x10°
Privat. -3 950 749
Privat-4  569X107  132X10°°
Privat-1  1.26X107*  1.33X10°°
Privat. -4 640 7.11
Privat-2  1.22X107°  §70X10°*
Mean 3356X10°7°  LOTOX10°¢
EBO e
58 '."\"'
: 80 *
£ .. a.g}é
R '8*%”
g * R
gb”lo
@ 65
Eéo

500 1000 1500 2000 2500 3000
Total amount of daily groundwater use (m’/day)

Flg 7. The lowest groundwater table from the ground surface
in a day at the pumping well No. 2, owned by Pusan city
according to the total amount of daily groundwater use at
Dongrae hotspring,
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