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ABSTRACT

This study was objected to provide suggestions for best management practices to restore the cultural and historical values
of the wells in Palaces as well as their water qualities. Water resources in the five Palaces in Seoul Metropolitan, including
Gyeongbokgung, Changdeokgung, Changgyeonggung, Jongmyo Shrine, and Deoksugung, were surveyed for their
physical flows and chemical compositions from April to July in 2010. Ground waters in most wells were found at depths
within 5 m from the ground surface, showing typical water-table aquifer systems. Hydraulic gradients indicate water
resources in Gyeongbokgung, Changdeokgung, and Changgyeonggung flowing toward south, and toward east in
Deoksugung area. Especially, water-level fluctuation data at S-10 in Deoksugung implied the influence of groundwater
discharge facility. In Jongmyo Shrine, water was not detected in wells, indicating the water level was lower than the well
depth. Based on the water chemistry and stable isotope analyses, water resources and their qualities appeared to be formed
by the water-rock interaction along the groundwater paths. S-10 (Deoksugung) and S-14 (Changgyeonggung) samples
were contaminated with nitrate (NOs) in levels of higher than Korean drinking water standard, 10 mg/L as NO;-N, but
once in four sampling campaigns. In the situation that water resources in Palaces still maintain natural characteristics, the
materials that will be used for the restoration and improvement of the Palace water supplies should be carefully selected
not to disturb the natural integrity. In addition, because the wells are located in the center of metropolitan area, a
systematic monitoring should be applied to detect and to manage the potential impacts of underground construction and
various pollution sources.
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Fig. 1. The location map of the Palaces in Seoul metropolitan (1) Gyeongbokgung, (2) Changdeokgung, (3) Changgyeonggung, (4)

Jongmyo Shrine, and (5) Deoksugung.
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Table 1. Elevation and type of water resources at Palaces in Seoul
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Name Sample 1D Elevation Well Well Depth (m)
(m) Shape Type
T A B3 S-1 543 Circular Well 5.77
Az ok S-2 54.4 Circular Well 4.57
b oA S-3 54.8 Circular Well 6.45
Haxz] Mo S-4 85.0 Circular Well 1.61
Changdeok H8x] S-5 70.0 n/a Pond
gung o84 S-6 140.0 n/a Well -
AL S-7 104.6 n/a Spring -
QA A= S-8 523 Circular Well 0.91
3%3 S-22 82.0 Circular Well 1.52
A} ok S-23 39.0 Circular Well 2.57
Deoksu pA=RoS S-9 36.2 Under wall Well 7.72
gung 94 S-10 40.0 Rectangular Well 6.17
b Rl S-11 50.0 Circular Well 5.09
5=Ae g S-24 44.0 Circular Well Dry out
okt oF () S-25 40.0 Circular Well -
Changgyeong okt & (k) S-12 51.1 Circular Well 5.12
gung 24 5 S-13 53.8 Rectangular Well 1.52
AEA S-14 55.0 Circular Well 1.34
3 S-15 519 Circular Well 5.15
AW S-16 489 Circular Well 3.10
A} S-17 50.0 n/a Well -
HEA = Agat S-18 49.9 Circular Well 2.58
Gyeongbok LS B At S-19 53.7 Rectangular Well 2.75
gung WePA - oju]Ak S-20 47.6 Circular Well 2.25
7r3A S-21 46.9 Circular Well 5.33
A MS At S-26 50.0 Rectangular Well 3.53
A S-27 40.0 Circular Well 4.51
Jongmyo
Z4 oA S-28 279 Rectangular Well 5.62
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Fig. 3. Four types of water resources in the Palaces; (a) circular, (b) rectangular, (c) well, covered with rock, and (d) spring.
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Table 2. Water-level data of water resources at Palaces for four months

Sample Elevation Water level (m)
Name
ID (m) April May June July 5~6th July 26~27th
S73A) (83 S-1 543 50.27 50.17 50.46 51.55 50.98
FAlz) ok S-2 544 51.45 51.39 51.63 51.84 52.07
A&z} S-3 54.8 51.84 51.81 52.16 5321 51.24
Haz) Ay S-4 85.0 84.22 84.20 84.27 83.89 84.75
Changdeok Hax S-5 70.0
gung 2534 S-6 140.0 - - - - -
AL S-7 104.6 - - , - _
A A= S-8 52.3 51.24 51.30 51.45 51.49 51.59
3235 S-22 82.0 dry
A} ok S-23 39.0 dry
Deoksu Ea=R-3 S-9 36.2 31.56 31.53 31.48 31.75 31.07
gung A S-10 40.0 36.38 36.23 36.34 36.44 36.45
b Kl S-11 50.0 46.58 46.47 46.72 46.25 46.88
5=Ae o S-24 44.0 dry out
ksl oF () S-25 40.0 39.80 39.05 39.16 39.80 39.80
Changgyeong k319 oF (K) S-12 51.1 4922 48.77 48.94 46.95 4891
gung EmA] S-13 53.8 52.66 52.61 52.90 52.86 52.88
AEA S-14 55.0 53.75 53.71 53.85 53.80 -
FAA S-15 51.9 49.62 49.57 under construction
Rl S-16 489 46.14 45.98 46.44 46.30 46.32
IAFA1Y S-17 50.0 - - - - -
gdA E= Ak} S-18 499 47.10 49.54 4734 4738 4741
Gyeongbok g3 E= sk S-19 53.7 51.35 53.25 52.00 52.00 51.98
gung TEA - ofm|Al S-20 476 45.50 4737 4578 45.76 45.84
7R3A S-21 46.9 40.84 45.95 4121 4136 41.63
g9 NS Mg S-26 50.0 dry out
AR S-27 40.0 dry out
fongmyo %5 o4 S-28 279 dry out
© - ] ry

=] 2] BEE F3 A= EEA T
A EkeE 323 QS ¢ I Utk = eiie
ZRE Aslre] FEBEAET AR 55 AYAA
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ol 50% o) ZoAaL k. o] TR =
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Fig. 4. Distribution of hydraulic heads and directions of groundwater flow in the study area of each Palace.
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Table 3. Chemical composition of water samples from Palaces in May
EC  Temp Cation (mg/l) Anion (mg/l)
Sample 1D pH o -
(us/em) (°C)  Ca K Mg Na Si Fe Mn Cl NO; SO, Br HCO;
S-1 741 173 144 2388 4.67 400 457 558 022 0.05> 3.06 20.85 12.17 184 70.0
S2 7.8 152 155 1712 593 379 929 596 0.05> 0.05> 233 13.69 1544 BDL 59.0
S3 658 135 125 1757 2.09 418 624 842 0.05> 0.05> 1.72 17.05 10.83 BDL 60.0
Changdeok S-4  6.02 156 154 1389 173 3.15 13.17 1208 0.05> 0.05> 6.75 13.19 31.64 0.02 18.0
gung S5 771 187 19.6 2446 3770 265 9.77 0.86 0.05> 0.08 5.00 0.12 13.75 BDL 101.0
S-6 598 181 135 1757 0.90 266 1530 1559 0.05> 0.05> 11.80 18.15 25.06 BDL 32.0
S-7 624 426 128 3597 157 488 32.01 13.08 0.05> 0.05> 84.88 21.15 2339 0.02 37.0
S-8 8.75 92 193 1542 141 072 330 125 0.05> 0.05> 1.80 5.00 6.54 BDL 53.0
Deoksu S9 6.89 855 159 6623 21.57 3051 29.15 10.60 0.05> 0.05> 10445 7.82 5492 0.08 2722
gung S-10 649 469 13.8 3328 27.79 9.75 2555 17.56 0.05> 0.05> 25.09 3420 4521 0.04 1343
S-11 6.69 495 13.1 4161 569 8.01 2039 1293 0.05> 0.05> 4990 26.69 3897 0.52 89.1
S-12 696 351 15.1 3644 385 13.11 11.61 794 0.05> 0.05> 554 BDL 2789 BDL 187.5
Changgyeong S-13  6.43 261  19.7 3107 2.07 4.56 1339 10.15 0.05> 0.05> 4.15 BDL 2795 BDL 1094
gung S-14  6.38 174 184 15.12 1.19 2.76 1528 15.17 0.05> 0.05> 5.08 11.71 3321 0.07 402
S-15 654 553 143 4975 655 11.89 1992 13.43 0.05> 0.05> 108.71 295 2882 0.58 96.7
S-16 754 387 152 3878 327 1779 428 6.09 0.05> 0.05> 2576 7.85 1139 022 181.8
Table 4. Chemical composition of water samples from Palaces in June
Sample D oH EC Timp Cation (mg/l) Anion (mg/l)
(wsem) °C)  ca K Mg Na Si  Mn ClI  NO; SO, Br HCO;,
S-1 7.51 154 157 2516 4.09 290 327 4.62 005> 482 1956 644 BDL 63.47
S-2 749 136 181 19.06 536 290 6.03 450 0.05> 1.64 4252 8.15 BDL 6225
S-3 6.46 136 134 1983 225 389 6.63 7.71 005> 163 3835 873 BDL 61.64
Changdeok S-4 5.96 114 17.1 1258 1.83 267 868 805 0.05> 346 4098 1778 BDL 12.82
gung S-5 Under Construction
S-6 5.96 161 158 1730 094 235 1586 14.79 0.05> 9.04 BDL BDL BDL 2624
S-7 6.23 347 152 32.02 148 3.89 26.85 11.63 0.05> 6324 BDL BDL 0.03 3845
S-8 7.20 85 234 1349 163 088 534 3.05 005> 142 38.11 643 BDL 4028
Deoksu S-9 683 849 168 82.16 2275 3145 3090 994 0.05> 111.87 7.87 4758 0.07 257.55
gung S-10 644 441 171 3266 29.83 935 2678 16.74 0.05> 2235 8577 3692 0.03 11840
S-11 640 511 147 5754 828 9.82 21.92 11.54 0.05> 7024 2637 33.77 0.74 83.00
S-12 6.91 362 17.0 43777 501 14.15 1393 7.17 0.05> 525 29.59 2326 BDL 180.65
Changgyeong S-13 6.28 232 17.1 3215 209 4.66 13.10 899 0.05> 3.26 3933 19.17 BDL 103.14
gung S-14 622 162 193 1725 133 274 16.14 1325 0.10 484 6241 2417 006 39.06
S-15 Under Construction
S-16 722 438 174 5627 4.03 1934 371 781 0.05> 4143 11.55 9.16 031 196.52
S-17 670 503 170 61.89 585 5.66 28.67 450 0.05> 6478 1821 1877 0.02 145.25
S-18 9.79 155 188 2516 3.10 039 9385 1.39 0.05> 11.56 1579 443 BDL 81.78
guy;;“gb"k S-19 607 463 204 5161 120 1070 1994 207 005> 5300 2127 4953 003 5737
S20 625 420 155 5173 238 813 1937 759 0.05> 5451 1123 23.52 0.16 10741
S21 741 551 15,0 79.08 343 3.13 1540 1.72 0.05> 10599 32.65 10.04 0.81 70.79
Rain (Jun 11) 5.70 38 209 033 856 005 0.10 0.10 005> 6.07 051 030 BDL 0.89

£ Ca-Na-Cl 89 =28 B4

AR NEES S-14 A

=
5=

Agkd yeAE BC
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Table 5. Chemical composition of water samples from Palaces in July 1st campaign

EC Cation (mg/l) Anion (mg/l)
Sample 1D pH  (ps/ Temp
cm) “C) Ca K Mg Na Si Zn Fe Cl NO; SO, Br HCO;

S-1 771 151 163 24.01 431 286 337 439005> 005> 210 1695 6.67 BDL 64.69
S2 750 135 20.0 1847 546 2.80 583 448 0.05> 0.05> 139 1138 7.84 BDL 6225
S3 669 144 169 23.15 235 381 586 7.180.05> 0.05> 158 13.13 8.50 BDL 68.35
Changdeok S-4 654 137 20.0 1691 227 259 813 739 0.05> 0.08 349 17.69 17.03 BDL 25.63
gung S-5 Under Construction
S6 615 169 167 1794 0.84 239 1566 13.83 0.05> 0.05> 9.75 16.10 21.27 BDL 26.85
S-7 635 368 173 36.67 156 430 26.12 11.58 0.05> 0.05> 69.05 13.54 1849 0.02 37.84
S-8 7.03 112 259 1586 1.86 121 7.02 448 0.05> 0.05> 1.61 831 9.11 BDL 45.16
Deoksu S99 622 904 234 8198 2252 31.87 30.10 9.41 0.05> 0.05>110.36 BDL 50.77 0.09 261.20
gung S-10 638 425 184 26.68 29.76 7.75 28.74 17.07 0.06  0.05> 25.89 31.77 40.15 BDL 92.77
S-11  6.62 516 144 5391 770 891 22.05 10.99 0.05> 0.05> 66.52 24.25 33.67 0.69 80.56
S-12 690 323 165 36,58 3775 11.12 15.81 10.99 0.05> 0.05> 7.07 8.85 28.73 BDL 136.70
Changgyeong S-13 644 243 181 3379 212 4.69 11.64 840 0.05> 005> 436 11.09 1923 BDL 100.10
gung S-14 625 198 19.0 1847 154 338 18.18 1449 0.05> 0.05> 6.82 1196 3390 0.05 28.68
S-15 Under Construction
S-16 697 455 192 5587 658 1695 10.88 9.51 0.05> 0.05> 3927 545 11.38 BDL 186.80
S-17 672 519 185 6222 6.17 558 28.64 4.350.05> 0.05> 64.74 12,51 19.68 0.04 141.60
S-18 999 156 205 2525 352 025 1010 1.09 0.05> 0.05> 248 1225 439 BDL 79.34
S-19 625 474 219 5318 132 1057 19.72 1.77 0.05> 0.05> 4944 BDL 52.59 0.04 67.13
S-20 637 393 16.0 48.08 220 742 1925 7.54 0.05> 0.05> 4445 BDL 2546 0.21 106.20
S-21 743 565 163 7347 341 6.76 1475 442 0.05> 0.05> 106.7 33.68 10.25 0.83 68.4

Gyeongbok
gung

Table 6. Chemical composition of water samples from Palaces in July 2nd campaign
EC Temp Cation (mg/l) Anion (mg/l)

(us/em) (°C)  Ca K Mg Na Si Zn Cl  NO; SO4 Br HCO;
S-1 732 177 199 2876 490 346 376 623 005> 231 1729 945 BDL 79.34
S22 671 191 202 1892 734 403 1297 9.84 0.05> 322 1754 19.68 BDL 6347
S-3 647 134 148 17.07 240 370 685 889 005> 194 16.52 1255 BDL 48.82

Changdeok S-4 Under Construction

gung S-5 Under Construction
S-6 602 149 174 1591 089 219 13.65 15.56 0.05> 698 1596 27.03 BDL 1587
S-7 630 283 177 2952 143 341 1975 1341 0.05> 3588 1828 2436 0.02 25.14
S-8 697 57 257 7.65 085 059 310 249 005> 078 474 559 BDL 13.70

Deoksu S99 670 888 167 84.57 2349 30.89 30.67 1048 0.05> 105.62 898 64.36 0.06 219.83

gung S-10 620 421 177 2532 2920 7.87 2877 1937 0.05> 2487 3224 5345 0.03 7348
S-11 674 358 189 4805 795 743 1605 14.88 0.09 23.83 1513 3411 0.18 7568
S-12 695 390 183 4899 545 1544 13.74 10.82 0.09 6.13 822 3347 BDL 136.10

Sample ID pH

Changgyeong S-13 641 281 182 4586 2.16 651 9.68 9.20 0.17 4.05 2198 BDL 98.26
gung S-14 622 221 202 2234 149 4.14 1728 17.76 0.08 866 11.02 5245 0.06 2441
S-15 Under Construction

S-16 7.18 480 214 6748 456 1993 525 1140 0.08 49.53 923 15.00 0.36 159.17
S-17 6.97 556 20.1 67.79 6.69 6.12 33.41 6.61 0.09 71.18 14.06 2642 0.03 128.41
S-18  10.27 174 21.1 2878 3.60 032 9.1 3.02 0.09 3.76 1331 566 BDL 68.11
S-19 6.06 522 198 60.81 148 13.13 22.79 3.30 0.10 5479 3630 75.03 0.04 43.45
S20 630 383 169 5179 214 779 1772  9.12 0.08 31.23 11.16 29.87 0.07 98.26
S-21 741 601 170 86.13 362 7.88 1426 642 0.11 11407 3459 1376 0.60 67.13
*BDL : denotes below detection level

Gyeongbok
gung
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Table 7. 8'30, 5D and deuterium excess values (d-value) in water
resources at each Palace in June 2010
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Fig. 9. Correlation between §'*0 and 8D in water resources at each Palace in June 2010.
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