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Assessment on Saline Water Intrusion between Types of Injections of Artificial Reclaimed

Water and Extractions in Artificial Aquifer

Jeong-Ok Kang - So-Jung Lee - Chang-Gyun Kim

Department of Environmental Engineering, Inha University

ABSTRACT : The study with laboratory sandbox model has been carried out to address potential use of reclaimed water, as a way for
artificially recharging the coastal aquifer, to effectively prevent from seawater intrusion. To do this, we assessed hydraulic and geochemical
properties depending upon various extraction and recharging conditions. While solely being recharged, the intrusion could be significantly
retarded than those of recharge and extraction implied together. At 0.5 to 2 for the ratio of the extraction over the recharge rate, the
fresh water was exploited from the tank, where the void regime was simultaneously saturated with the recharged water. In the meantime,
the saline water zone was diluted and back-tracked by the recharged water due to forming a hydraulic geochemical barrier around the injec-
tion well. However, if the ratio was being increased to greater than 4, saltwater more deeply intruded to the freshwater zone because the
artificial recharge was not sufficiently supplied to timely back-fill the void space. When the aquifer water was intermittently extracted at
the ratio of 0.5~2 over the recharge rate, the value of SM.L decreased, but increasing it to more than 4 unlikely escalated the value of
SM.I as much as 3~47% indicating that the salt water intruded. It finally revealed that the proper ratio of extraction/recharge or in-
termittent extraction would efficiently retracted seawater intrusion while the freshwater sources could be conservatively utilized.

Key Words : Seawater Intrusion, Artificial Recharge, Intermittent pumping, Coastal Aquifer
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Fig. 1. Schematic diagram of sand box model.

Table 1. The experimental condition on water flow through
the sand box(unit: mL/min)

Extraction
5
10
10(intermittent)
20(intermittent)
5
10
10(intermittent)

Fresh water Saline water Recharge

20(intermittent)

Table 2. Water quality of lab prepared fresh, saline and
reclaimed water

Lab prepared
reclaimed water

NaCl + NaCl + K,804 +

Fresh water Saline water

Component Tap water Tap water KNO;+ Tap water
Specific conductivity, 0.17 109.2 1,035
ms/cm
Salinity, ppt 0.1 79.5 0.5
density, g/L 999.9 1025 1014
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{
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]
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l Cation ions : Analyzing by ICP-OES J l

Fig. 2. The sampling and analytical procedures.

Table 3. Saturated hydraulic conductivity observed from the
constant head methods

Run | V(em®) L(cm) A(em®)  t(min) H(em) Ks(cm/min)
1 2,233 88 2,000 4.30 4 5.71
2 2,490 88 2,000 4.53 5 4.83
3 2,615 88 2,000 4.77 5 4.83
4 1,790 88 2,000 3.08 5 5.11
5 1,800 88 2,000 3.57 4 5.55
6 1,360 88 2,000 2.17 5 433
7 1,460 88 2,000 2.50 48 5.35
8 1,480 88 2,000 2.40 54 5.02
9 1,452 88 2,000 2.68 48 4,96
Average 5.08
TR B OILIX] 263 62, 20061 6Y
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Table 4. The physical properties on the artificial aquifer within
the sand box

Soil . . e .
ype Diameter(mm}) C. | Cg |[Soil classification| Porosity
Dio | Ds | Deo
Sand 1.89 | 0.82 | well sorted sand | 0.37
0.87 | 1.08 | 1.64
15 05
1 -1
5 05 J s
=3 .
B O £
© 05 o
2 2 25
o -1 =y
4 45 g
-2 -356 T
2.5 -4
0 20 40 60 80 100 0 20 40 60 80 100
Cunulative frequency (%) Cumulative frequency (%)
4 25
35 ° 2
g 3 © 15 F
E I 1
5 25 %
o
g 2 ) 05
15 - 0
; 05
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Cumulative frequency (%) Cumulative frequency (%)

Fig. 3. Cumulative frequency curves for the determination of
threshold values on ions in the sandbox.
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Fig. 6. The temporal variation of interface between saline and fresh water for
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Fig. 7. The comparison of S.M.I values at the various sampling points between continuous 5 mL/min and intermittent 10
mL/min extraction for 5 mL/min of recharge.
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Fig. 8. The temporal varlatlon of interface between saline and fresh water for 5 mL/min of
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Fig. 9. The temporal variation of interface between saline and fresh water for S rnL/mln of

recharge and 20 mL/min of intermittent extraction.
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Fig. 11. The temporal variation of interface between saline and fresh water for 10 mL/min of
recharge and 5 mL/min of continuous extraction.
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Fig. 13. The comparison of S.M.I. values at the various sampling points between continuous 5 ml/min and intermittent 10
mL/min extraction for 10 mL/min of recharge.
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Fig. 14. The temporal variation of interface between saline and fresh water for
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Fig. 15. The temporal variation of interface between saline and fresh water for 10 mL/mm of
recharge and 20 mL/min of intermittent extraction.
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Fig. 16. The comparison of S.M.I. values at the various sampling points between continuous 10 mL/min and intermittent 20
mL/min extraction for 10 mL/min of recharge.
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