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Monitoring of Seawater Intrusion in Unconfined Physical Aquifer
Model using Time Domain Reflectometry
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In this study., a phenomenon of saltwater intrusion was monitored under various conditions
regarding recharge and pumping rate using time domain reflectometry for a laboratory scale unconfined
aquifer to verify the basic theory behind seawater intrusion and to investigate movement of
salt-freshwater interface in accordance with the ratio of pumping and recharge rate. Results showed
that a thick mixing zone was formed at the boundary instead of a sharp salt-freshwater interface that
was assumed by Ghyben and Herzberg who derived an equation relating the water table depth (Hp) to
the depth to the interface (H.). Therefore our experimental results did not agree with the calculated
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values obtained from the Ghyben and Herzberg equation. Position of interface which was adopted as
0.5 g/L isochlor moved rapidly as the pumping rate (&),) increased for a given recharge rate (@,). In
addition, interface movement was found to be about 7 times the ratio of @,/@- in our experimental
condition, This indicates that pumping rate becomes an important factor controlling the seawater

intrusion in coastal aquifer.
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: seawater intrusion, salt-freshwater interface, TDR, unconfined aquifer
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Fig. 1. Ghyben—Herzberg approximation of estimating
a depth(Hs) to the salt-freshwater interface in an
unconfined coastal aquifer.
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Fig. 2. Schematic diagram used for delineation
of salt-freshwater interface in an unconfined
coastal aqguifer.
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Fig. 3. Physical
salt-freshwater interface in a laboratory scale.
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Fig. 4. Plan view of Time Domain Reflectometry(TDR) installed in the front side of the physical aquifer

model.
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Fig. 6. Salt-freshwater interface formed by (a) diffusion after 68hr and (b) under a recharge rate of 25

mL/min. A thick solid line denotes a 0.5 isochlor.
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Table 1. Computed and observed values of parameters involved in Ghyben-Herzberg approximation(Eq.(2))

and estimation of interface toe(Eq. (9), (11))

s (-) L (m) z; (cm) h; (cm) hy - z; (cm)
Computed 40 1.77 22.47 36.34 13.87 J
Observed 288 0.32 7.3 36.10 28.8
(a) (b)
(d)

lwell well |

Fig. 7. Interface movement with time for Qr = 25
(d) 18hr. A thick solid line denotes a 0.5 isochlor.
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Fig. 8. Interface movement with time for Qr = 50 mL/min and Qp = 100 mL/min :
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(d) 16hr. A thick solid line denotes a 0.5 isochlor.
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Table 2. Speed of moving interface for various pumping rate when recharge rate = 25 mb/min

Pumping rate (mL/min) 25 50 100 200

Travel distance (cm) 2.09 86.80 63.79 105.63
FElapsed time (hr) 76.0 12.0 4.0 5.0
Speed of interface (cm/hr) 0.03 7.23 1595 21.13

Table 3. Speed of moving interface f

or various pumping rate when recharge rate = 50 mL/min

Pumping rate (mL/min) 25 50 100 200
Travel distance (cm) -9.41 37.65 115.04 103.53
Elapsed time (hr) 42.0 64.0 16.0 6.0
Speed of interface (cm/hr) -0.45 0.59 7.19 17.26
o] W& AAW W3S Fig 73 Fig 89l 44 % 16-18A1 2kabel] H3jdelo| =ddte e ¢ 5
Ase B A B Foal gk iz AN 4 YU 2 e wsl B 7
o] Haled Al7te] A3l uwhel 05 g/LA 05 AW o] E45E (5 g/LAL 7I1F0g AT 4
isochlor7} AfF23 olgstgony, k3 o  #7} Table 29 Table 3o Z4 FF5HNAG. F
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