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Abstract

The protection of groundwater resources against pollution is
an important and essential issue. One of the effective methods
in the treatment of aquifers is the utilization of the injection-
extraction well pair system (hydraulic fence system). In this
study, the remediation system of a pair of injection and
extraction wells near a stream was analytically analyzed. The
potential and stream functions were analyzed together with the
capture and release zones of the wells in three configurations.
The base flow rate (i.e. the minimum flow rate to initiate the
circulation cell between the recharge and pumping wells) was
calculated and analyzed in different modes. The critical flow
rate (i.e. the allowable maximum flow rate for the extraction
region of the pumping well without intercepting the stream)
was also specified and interpreted in the configurations for the
problem. In the first configuration and when the wells were
located at the dimensionless distance of 2x0.4 from each other,
the critical flow rate (Qcr=1.07) was more than the base flow
rate (Qes=0.22). In the second configuration, equality of base
and critical flow rates causes a common stream line passed
through the stagnation points of the recharge and pumping
wells, while the stagnation point of the pumping well was
tangential to the stream. In such a situation, the dimensionless
value of the distance between the injection-extraction well pair
and the dimensionless value of the critical flow rate (which in
this case is also equal to the base flow rate) were achieved as
2x1.04 and 0.61, respectively. In the third configuration and
when the dimensionless distance between the wells was equal
to 2x1.2, the critical flow rate (Qcr=0.59) was less than the
base flow rate (Qss=0.70). According to the results, the flow
rate was determined while the remediation system captured
stream’s water and the conditions of entrance of the pollution
into the stream from the aquifer were created. Also, the
minimum flow rate was determined for the well pair system
which can has full and gapless coverage against pollution.
Keywords: Hydraulic Fence, Analytical Solution, Stream,
Aquifer Remediation, Well Pair System.
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Fig. 1- Schematic of the hydraulic fence system including an injection-extraction well pair (plan view)
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Fig. 2- The location of the aquifer remediation system in the present study (an injection-extraction well pair
near a stream)
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«eesee... Equipotential lines

Stream lines

= Boundary of capture & release zones

for dD =04

“| () Q,=0.200
(b) Q= Qu=0.224
(c) Q= 0.612
(d) Qy= Qg =1.073
() Q = 1.400

Fig. 3- The flow field for hydraulic fence system, configuration | for dp=0.4
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Equipotential lines

Stream lines

= Boundary of capture & release zones

3,

Fig. 4- The flow field for hydraulic fence system, in configuration Il for dp=1.041, Qo=Qss=Qcr=0.612
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......... Equipotential lines

Stream lines

m—— Boundary of capture & release zones

ford,=12

(a) Q= 0.500

(b) Q= Qur = 0.585
(c) Qy=0.612

(d) Qp = Qqs = 0.699
() Qp=1

Fig. 5- The flow field for hydraulic fence system, configuration Il for dp=1.2
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Fig. 6- Variations of base and critical flow rates versus the dimensionless half distance of the wells
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Fig. 7- Variations of circulation ratio versus dimensionless flow rate for different distances of wells
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Fig. 8- Variations of extraction ratio versus dimensionless pumping rate for different distances of wells
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1- Pump and Treat

2- Injection-Extraction Well Pairs
3- Hydraulic Fence

4- Groundwater Circulation Cell
5- Contaminant Plume

6- Hydrodynamic Control

7- Capture Zone

8- Release Zone

9- Stagnation Points
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