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ABSTRACT: Groundwater with high concentrations of Fe’* causes the precipitation of iron hydroxides and
corrosion of a pump in water-curtain greenhouse regions. This can result in decreased crop productivity and
increased management cost. Injection of oxygenated water into anoxic aquifers has been used in order to remove
Fe”' from alluvial groundwater. Alternating injection method with two wells produced a sufficient oxidizing zone
in underground, making Fe* concentration drop below the target concentration of 1 mg/L. Furthermore, this method
was more effective than continuous injection method with one well. In addition to injection rate of oxygenated
water, injection duration, interval, and frequency should be considered when designing an efficient in-situ iron
removal system.
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Fig. 1. Location of the study area and groundwater wells. (a) Location of the study area and geologic map, (b) Location

of groundwater wells.
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Table 1. Specifications of injection wells.
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Injection well Diameter (mm) Depth (m)

Depth to water (m) Screen depth (m) Distance from PW-1

IW-1 100 14.77

3.80 6~bottom 3.0

Iw-2 100 14.30

3.73 6~bottom 3.0
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Fig. 2. Location of pumping and injection wells.
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Fig. 3. In situ iron treatment system using an injection
process of oxygenated water.
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TRRERR[A| L Fo) g WE XSt E XIS A 28 Bt 307
Table 2. Results of hydrogeochemical analysis for groundwater samples (April 2014).
Well pH DO (ug‘/fm) (3/) (%) ca® Mg® Na° K HCOy CO;y CI SO Fe*'
PW-1 6.54 246 490 299  13.7 4131 10.19 3497 158 47.57 0.01 649 69.0 6.90
PW-2 691 230 393 262 133 26.03 6.88 2595 091 39.03 0.01 363 49.0 21.50
PW-3 536 0.70 309 310 154 1754 6.05 1946 096 34.15 0.00 239 320 2090
HG-1 633 1.65 308 405 18.5 - - - - - - - - 4.70
HG-2 487 1.82 348 461 17.3 3832 10.39 1629 1.41 64.02 0.02 253 33.0 0.15
HG-3 470 2.24 325 385 147 2822 996 18.14 1.53 28.60 0.01 342 440 2.18
HG-4 436 228 275 361 14.8 1947 6.76 18.67 1.08 2562 0.00 243 41.0 3.02
HG-6 490 4.02 244 469 11.2 2090 8.07 15.17 3.12 27.60 0.01 26.8 33.0 0.02
HG-7 4.81 3.98 278 481 104 17.63 6.40 1436 2.86 17.07 0.00 284 350 0.09
HG-10 598 5.16 233 540 117 19.84 6.54 6.54 326 3046 0.02 22.0 23.0 0.05
HG-13 480 1.73 324 244 15.0 2550 8.80 16.31 1.15 51.84 0.01 229 23.0 7.00
HG-14 4.86 0.69 309 246 152 27.88 1032 1696 1.44 59.76 0.01 252 240 890
HG-15 4.69 192 304 248 129 2790 9.22 14.08 154 63.41 0.02 203 18.0 6.10
Ave. 532 238 318 362  14.16 25.88 830 18.07 1.74 40.76 0.01 29.5 3533 6.27
Min. 4.36 0.69 233 244 104 1754 6.05 6.54 091 17.07 0.00 203 18.0 0.02
Max. 691 5.16 490 540 14.16 41.31 10.39 3497 326 64.02 0.02 649 690 2150

Concentrations in mg/L unless noted otherwise except for pH.
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Fig. 5. Changes in F ¢*", DO, pH, and Eh during a continuous injection of oxygenated water. (a) Fe*', (b) DO, (c)
pH, (d) Eh.
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Table 3. Continuous injection test of oxygenated water.
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Continuous injection test

Division
Step 1 Step 2 Step 3
L in the daytime 140 m3/day 195 m3/day 154 m3/day
Injection rate-; - - 3 3 3
in the night time 80 m’/day 80 m’/day 154 m’/day
o 140 hr 170 hr 90 hr
Injection time
total 400 hr
Injection pressure of oxygen 0.4 bar 0.5 bar
Injection rate of oxygen 7 L/min
Table 4. Alternating injection test of oxygenated water.
Event Conditions p . | ( 3) P ing hour (hr)
vents umping volume (m umping hour (hr
PW-1 PW-2 ping ping
Ist Pumping Injection 283 51
2nd Injection Pumping 646 115
3rd Pumping Injection 294.5 71
4th Injection Pumping 380 69
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apatol o) % We g RIS e F4U-
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mg/L7HA] AF5stAt7E F4o] HE F gadhe
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pH, (d) Eh.
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