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ABSTRACT

There is an increasing need for water supply plan using sustainable groundwater to resolve water shortage problem caused by drought due
to climate change and artificial aquifer recharge has recently emerged as an alternative. This study deals with recharge potential
assessment for artificial recharge system and quantitative assessment for securing stable water and efficient agricultural water supply
adapt to drought finding optimal operating condition by numerical modeling to reflect recharge scenarios considering climate condition,
target water intake, injection rate, and injection duration. In order to assess recharge potential of injection well, numerical simulation was
performed to predict groundwater level changes in injection and observation well respect to injection scenarios (Case 1~4) for a given
total injection rate (10,000 m®). The results indicate that groundwater levels for each case are maintained for 25~42 days and optimal
injection rate is 50 m3/day for Case 3 resulted in groundwater level rise less than 1 m below surface. The results also show that influential
area of groundwater level rise due to injection was estimated at 113.5 m and groundwater storage and elapsed time were respectively
increased by 6 times and 4 times after installation of low permeable barrier. The proposed assessment method can be contributed to
sustainable agricultural water supply and stable water security for drought adaptation.
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Table 1. Distribution of Geological Layer and Hydraulic Conductivity

. Depth (GL.-m) Hydraulic Conductivity (cm/sec)
Geological layer
Range Average Range Average
Alluvium 1.5~5.8 3.1 4.05%10°~1.14x10" 4.11x10™
Weathered soil 1.5~6.5 3.7 5.82x10°~4.10x10™ 7.00x10™
Bedrock 5.8~123 8.7 1.40x10°~2.13x10™ 7.20x10°
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(a) Water table distribution (b) Groundwater flow direction

Fig. 3. Steady State Simulation Result
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Calculated vs. Observed Head : Steady state
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Fig. 4. Result of Steady-State Model Calibration
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Table 2. Precipitation Data (Seosan Meteorological Station, 2010~2020)

Year Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec Sum

2010 555 584 792 522 168.0 949 447.1 707.0 4020 29.1 120 364 21418
2011 88 558 345 962 1079 4626 6565 1512 503 181 489 13.6 17044
2012 15.1 24 416 1135 145 9.1 266.8 6479 201.5 100.7 82.1 654 1642.6
2013 36.8 657 60.8 61.8 1149 944 213.8 1206 1474 77 659 328 1022.6
2014 7.0 170.0 312 856 527 693 151.7 2423 1067 1172 37.8 81.6 1000.1
2015 20.7 231 206 1168 40.6 64.1 1585 63.1 151 742 1547 63.6 815.1
2016 219 617 243 87.0 1537 368 2956 340 53.1 73.8 175 627 922.1
2017 213 314 48 389 279 233 3278 2313 376 255 247 359 830.4
2018 21.0 405 76.6 1328 147.7 1623 1529 156.8 82.7 1532 739 268 12272
2019 1.1 302 437 439 201 563 1745 121.1 181.1 81.0 1246 374 915.0
Average (mm) 209 38,6 417 829 848 1155 2845 2475 1278 68.1 642 456 12221

Cumul Rainfall (mm) 209 59.5 101.3 184.1
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Table 3. Water Budget Analysis Result

. Main demand period and dry season Low-demand period and wet season
Period 3 3
(m”/month) (m’/month)
Month 1 2 3 4 5 6 7 8 9 10 11 12

Maximum water
Demand Demand
analysis Maximum demand
with safety factor

527 476 527 2,010 14,427 51,110 30,127 49,327 17,710 1,277 760 527

580 524 580 2,211 15,870 56,221 33,140 54,260 19,481 1,405 836 580

Supply Present water supply

. . 572 445 428 5,184 9423 8842 7257 6,375 6,511 5,858 5939 578
analysis capability of wells

Shortage analysis 7279 152 2973 -6446 47379 25883 -47,885 -12.970 4453 5103 -2
Natural groundwater ¢ o) ¢ 71 988 18765 21.440 26,607 68,814 57.817 25217 14705 13.071 10,498
Recharge

Recharge CorEe 4490 8226 9,560 13,581 12,017 17,765 61,558 51,443 18,706 8847 7,132 9,920
Present usage

source
analysis Stream discharge 25,888 26,396 38,917 86,970 84,940 102,537 343,313 354,142 186,462 64,805 44,670 28,426

Available total

30,378 34,621 48,477 100,551 96,957 120,302 404,870 405,585 205,167 73,652 51,802 38,346
water amount

Recharge potential of

3 27,527 28,353 29,885 31,223 29,725 22,832 29,893 21,005 19,384 22,308 24,431 23,307
target layer (m”)
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Table 4. Artificial Injection Scenarios for Numerical Simulations

. Injection Rate Per Well Total Number of Duration Total Injection Rate
Scenario 3 .. 3 Remarks
(m’/day) Injection wells (day) (m’)
Case 1 20.0 20 25 10,000
Case 2 333 20 15 10,000
Case 3 50.0 20 10 10,000
Case 4 62.5 20 8 10,000
Case 5 100.0 20 5 10,000 Overflow
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Fig. 5. Change of Groundwater Levels in Injection and Observaion Wells by Injection Scenarios
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Table 5. Groundwater Level Rise by Injection Scenarios

Groundwater level rise[m]

Scenario Injection well 10 m downstream 20 m downstream 50 m downstream
(Iw-4) (OB-1) (OB-2) (OB-3)
Case 1 0.82 0.65 0.52 0.29
Case 2 1.22 0.96 0.74 0.38
Case 3 1.64 1.27 0.96 0.44
Case 4 1.94 1.49 1.11 0.48
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Fig. 8. Groundwater Level Rise in Injection and Observation Wells for Case 3
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Fig. 9. Changes of Groundwater Flow before (left)-and after (right) Installation of LPB
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