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Fresh Water Injection Test in a Fractured Bedrock Aquifer for the Mitigation
of Seawater Intrusion

Jehyun Shin** and Joongmoo Byun?

Geologtc Environment Division, Korea Institute of Geoscience and Mineral Resources, Daejeon 305-350, Korea
*Department of Natural resources and Environmental Engineering, Hanyang University, Seoul 133-791, Korea

Fresh water injection test in a fractured bedrock aquifer was applied as an efficient approach to lower saline con-
centrations in the saltwater-freshwater transition zone formed by seawater intrusion in a coastal area. The methodol-
ogy and effectiveness of fresh water injection for hydraulically controlling seawater intrusion is overwhelmingly site
dependent, and there is an urgent need to characterize the permeable fractures or unconsolidated porous formations
which can allow for seawater flow and transport. Considering aquifer characteristics, injection and monitoring bore-
holes were optimally designed and completed to inject fresh water through sand layer and fractured bedrock,
respectively. We devised and used the injection system using double packer for easy field operation and mainte-
nance. Overall fracture distribution was systematically identified from borehole image logs, and the section of fresh
water injection was decided from injection test and monitoring, With fresh water injection, the fluid electrical con-
ductivity of the monitoring well started to be lowered by the inflow of fresh water at the specific depth. And this
inflow leaded to the replacement of the fluid in the upper parts of the borchole with fresh water. Furthermore, the
injection effect lasted more than several months, which means that fresh water injection may contribute to the miti-
gation of seawater intrusion in a coastal area.

Key words : fresh water injection, secawater intrusion, permeable fracture, borehole image logs
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Fig. 1. Location map of the boreholes in Baeksu-eup, Yeonggwang-gun, the western seashore of Korea. (a) Distribution map
of estimated equivalent NaCl concentration (Hwang et al., 2004) and (b) Borehole locations for fresh water injection and

pumping tests.
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Fig. 2. The cross-sectional view of boreholes for fresh water injection tests in the coastal area. Borehole YK-21 is cased and

fully slotted to the final drilling depth for the observation of fluid flow and three boreholes have been specially designed for
injecting fresh water through sand layer and fractured bedrock (YK-22, YK-23, and YK-25).

Table 1. Details of the injection and monitoring boreholes

Borehole Diameter Drilling Depth Casing Groundwater Level
No. (mm) (GL. m) Material Casing Depth (GL. m) (GL. m)

YK- 21 NX (D76) S0 PVC with screen All 334

YK- 22 NX (D76) 21 PVC with screen Al/16-21 m (screen) 3.32

YK- 23 NX (©76) 50 Steel 0-23 m 3.30

YK- 25 NX (®76) 50 Steel 022 m 3.30

Table 2. The fresh water injection system

Length  Diameter Maximum Pressure

Module =) (mm) (kbar)

Packer 1.2 45-130 10
Injection hose 100 20 22
Inflation hose 100 8 22

£ 700 mm, 37L& 45 mm, BF 7158 A F4L
ek 130 mm, H) 4L 10 kbarolth, FUZFE )
7 BAE 52 D AF e FAE AXSr] A% A
# 37 Haeeh)ol FAYeH FYsT AL
20mme) Y. Fo gEe 22kbarolth SAY I
37, $A 5L olgs A HAE 529 AL

Fig. 3. The fresh water injection and monitoring system. () o7 orE.O ChAaZ0] TL7Lo.
The packer modules, (b) The container of nitrogen gas gmmel Hh §HE 22 kbarolth. BEFU L

for the expansion of packer, (c) Injection hose, and (d) si|gle] EAe) ulEhA] 2ol rkssie Hul e
Temperghm;/ﬂuid electrical conductivity logging equipments 3melt}. tiRie] | AgAsl T REo 7y
formonitoring A ol 4ES wEs Hoigle] BRI WE A

7F dlel] &¥ol rFssleg At A 7hsd
FARGT) QUSRS AGHAT, GEFYNEDE AR AU 100meld A8 Y AFF) FAE 3
Fig. 3% 209 A 2g9| Zole 12m, HAHe]  x|o]tK(Table 2).
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Fig. 4. Fracture detection and evaluation for the understanding of the fracture distribution and characteristics. (a) The
magnetically oriented amplitude images of borehole wall from acoustic and optical televiewer in boreholes YK-23 and YK-
25 and (b) Fully interactive structure interpretation including histograms of fracture dip versus frequency for entire fracture
population, stereographic projections, and rose diagrams of fracture orientation.
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Fig. 5. Fresh water injection test for the determination of freshwater injection section. It delineates the profiles of fluid
electrical conductivity in monitoring borehole YK-23 while injecting fresh water into the injection borehole YK-25 at each

depth of 44~47 m, 39~42 m, and 32~35 m.
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Fig. 6. Monitoring results for the fresh water injection in a
fractured bedrock aquifer. The logs indicate that fresh
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Fig. 7. Long-term monitoring results to evaluate the effect
of the fresh water injection in a fractured bedrock aquifer.
Injection effect lasts more than several months, which
means that fresh water injection may contribute to the
mitigation of seawater intrusion in a coastal area.
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