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A Method of Estimating Conservative Potential Amount of
Groundwater

ABSTRACT

By far, groundwater management has been conducted by ‘safe yield’ policy based on the estimation of annual average of groundwater
recharge throughout the world. However, as groundwater recharge show spatiotemporal variation, dynamic analysis must be carried
out to evaluate the sustainable groundwater resources. In this study, an integrated surface-groundwater model, SWAT-MODFLOW
was used to compute the spatial distribution of groundwater recharge in Gyungju region. Frequency analysis is adopted to evaluate the
existing values of potential amount of groundwater development which is made by the 10 year drought frequency rainfall multiplied
by recharge coefficient. The conservative methods for estimating recharge rates of 10 year drought frequency in subbains are newly
suggested and compared with the existing values of potential amount of groundwater development. This process will promote the
limitations for existing precesses used for computing potential amount of groundwater development.
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Fig. 1. Study Area and Watershed Delineation
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Fig. 3. Comparison of the Simulated and Observed Streamflow at Moa Gauing Point for Calibration Period of 2006 to 2011
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Table 1. Statistics between Simulated and Observed Groundwater

Levels
Statistics Value
Mean absolute error, MAE 18.650
Relative mean absolute error, RMAE 0.175
Root mean square error, RMSE 23.850
Relative root mean square error, RRMSE 0.223
Correlation coefficient, R 0.883
Determination coefficient, R* 0.772

(b) Simulations

Fig. 6. Comparison of the Simulated and Observed Groundwater Levels Distributed by Kriging Method (June 2011)
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Table 2. Simulated Annual Average Hydrological Components (2002-2011)

Subbasins | Area (km?) Precipitation (mm) | Water yield (mm) | Evapotranspiration (mm)| Recharge (mm) | Recharge/precipitation (%)
1 40.14 1,308 419 554 298 22.8
2 15.84 1,223 404 523 259 21.2
3 21.69 1,239 322 521 355 28.7
4 88.20 1,248 396 511 302 242
5 77.13 1,144 391 516 165 14.4
6 54.99 1,264 389 515 298 23.6
7 100.26 1,077 395 504 130 12.1
8 93.69 1,258 373 514 346 27.5
9 29.07 1,285 415 547 299 233
10 19.35 1,187 580 471 117 9.9
11 38.70 1,190 516 523 136 11.4
12 9.99 1,416 460 536 402 28.4
13 7.92 1,431 436 534 443 31.0
14 9.72 1,431 327 537 527 36.8
15 46.98 1,301 435 528 310 23.8
16 88.65 1,147 316 508 285 24.8
17 64.53 1,369 519 541 287 21.0
18 57.60 1,375 410 560 376 27.3
19 76.05 1,180 355 524 213 18.1

20 49.68 1,184 534 486 134 11.3
21 20.25 1,172 509 488 130 11.1
22 49.59 1,410 600 547 187 13.3
23 77.85 1,176 487 503 162 13.8
24 67.77 1,135 525 495 101 8.9
25 79.11 1,332 484 535 200 15.0
26 52.38 1,368 459 553 303 22.1
27 26.19 1,428 521 547 331 23.2
28 41.67 1,222 353 514 306 25.0
29 60.57 1,447 570 541 240 16.6
30 77.49 1,528 710 525 234 15.3
Average - 1,270 445 521 260 20.1
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Table 3. Potential Amount of Groundwater Development from Method 1

Groundwater recharge Potential amount of GW development
Watershed Are? Precipitation | Total Wa3ter3 resource Amount Rate Amount Rate
(k') (mm) (10°my) (10°’m’/yr) (%) (10°’m’/yr) (%)
Total 1,324.43 1,258 1,665,756 322,791 19.4 234,197 14.1
Unmun dam 142.33 1,227 174,639 26,046 14.9 19,142 11.0
Upper Hyungsan | 135.39 1,382 187,109 37,368 20.0 25,794 13.8
Daecheon 163.45 1,098 179,468 19,941 11.1 13,175 7.3
Namcheon 90.60 1,251 113,341 29,898 26.4 21,356 18.8
Deokdong 53.71 1,381 74,174 9,883 133 7,054 9.5
Bukcheon 33.94 1,266 42,968 10,148 23.6 7,551 17.6
Chilpyung 100.80 1,181 119,045 11,290 9.5 7,243 6.1
Gigye 38.15 1,206 46,009 9,042 19.7 5,986 13.0
Angang 177.05 1,265 223,968 42,846 19.1 27,708 12.4
Lower Hyungsan | 52.58 1,358 71,404 19,349 27.1 14,639 20.5
Dongcheon 85.78 1,240 106,367 25,134 23.6 19,721 18.5
Daejongcheon 163.85 1,350 221,198 55,054 24.9 43,719 19.8
Haseocheon 64.05 1,217 77,949 18,831 24.2 15,159 19.4
Suryumcheon 22.75 1,236 28,119 7,963 283 5,950 21.2
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Table 4. Precipitation and Recharge Rate for 10year Drought

Frequency
Watershed : 0 }.]ear mean 10 year frequency(mm)
precipitation (mm) | Precipitation | Recharge
Unmun dam 1,227 872 101
Upper Hyungsan 1,382 982 152
Daecheon 1,098 781 68
Namcheon 1,251 890 183
Deokdong 1,381 983 103
Bukcheon 1,266 901 166
Chilpyung 1,181 840 62
Gigyecheon 1,206 858 131
Angang 1,265 900 134
Lower Hyungsan 1,358 969 205
Dongcheon 1,240 884 163
Daejongcheon 1,350 962 187
Haseocheon 1,217 868 164
Suryumcheon 1,236 878 193
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Precipitation (mm) Recharge rate (%) Potential amount of groundwater development (mm)
Watershed ;\(/)e}r:;; rr:igi}r]: 3:“ fr]e(()ll}l/::(:y average |adjusted | method 1 method 2 method 3 method 4

Unmun dam 1,227 902 872 14.9 12.7 135 130 | -3.3% 111 | -178% | 101 | -24.8%
Upper Hyungsan 1,382 954 982 20.0 17.7 190 195 | 2.9% 174 | -8.3% 152 | -19.9%
Daecheon 1,098 725 781 11.1 8.1 81 87 7.6% 63 21.7% | 68 -16.2%
Namcheon 1,251 894 890 26.4 20.4 235 234 | -04% 182 | -224% | 183 | -223%
Deokdong 1,381 986 983 133 12.0 130 130 | -0.3% 118 | -9.7% 103 | -21.3%
Bukcheon 1,266 942 901 23.6 20.3 222 212 | -4.4% 183 | -17.6% | 166 | -253%
Chilpyung 1,181 758 840 9.5 8.1 72 80 | 10.8% 68 -5.8% 62 -14.6%
Gigyecheon 1,206 798 858 19.7 15.5 153 165 | 7.4% 133 | -13.1% | 131 | -145%
Angang 1,265 818 900 19.1 15.7 156 172 | 10.0% | 141 |-10.0% | 134 | -14.2%
Lower Hyungsan 1,358 1,027 969 27.1 23.0 278 262 | 5.7% | 223 |-20.0% | 205 | -264%
Dongcheon 1,240 973 884 23.6 18.7 229 208 | 9.1% 165 | -28.0% | 163 | -28.8%
Daejongcheon 1,350 1,072 962 24.9 22.3 266 239 | -102% | 215 |-194% | 187 | -29.7%
Haseocheon 1,217 980 868 24.2 20.4 237 210 |-114% | 177 | -251% | 164 | -30.7%
Suryumcheon 1,236 924 878 28.3 21.9 261 248 | -5.0% 192 1-263% | 193 | -26.0%
Total 1,258 913 900 19.4 16.1 177 173 | -1.9% 145 | -179% | 135 | -23.6%
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