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ABSTRACT

Permeable reactive barrier (PRB) is a prominent in-situ remedial option for cleanup of contaminated groundwater and has
been gaining increasing popularity in recent years. Funnel-and-gate systems, comprised of two side wings of impermeable
walls and a central gate wall, are frequently implemented in many sites, but often suffers from bypassing of groundwater
due to the progressive clogging of the gate wall over extended period of time. This study investigated technical feasibility
of a hybrid funnel-and-gate system designed to address the flow deterioration in the gate wall. The key attribute of the
proposed hybrid system is the operation of drainage units at the barrier walls and rear end of the gate wall. A conceptual
modeling with MODFLOW indicated the groundwater inside the barrier was maintained at appropriate level to be guided
toward the gate wall, yielding constant discharging of groundwater from the gate.
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Fig. 1. Selection trends (1982~2017) for decision documents with groundwater remedies (US EPA, 2020).
Fig. 2. Various configurations of funnel and gate PRBs (Starr and Cherry, 1994).
oA shbs Hdsks e QEEds AAsk=t 2 e 54 2 L9=d X0 By vl 24

23 AFARE} sl 559 DR TATE AThPowell Asl47E 25 PRBE AUbA 7ithal BAs 4= Qidt A
et al, 1998; Gavaskar 1999). =L ZollX] FG PRB 7% 3l LETHE WAE 2N LAABT rEEE
= 7F8 Be A7t JERAAL, Fig. 29 2o] A8 7} bl 77l Zx4 PRBE A g
% B2 Jei7t AA=EATKStarr and Cherry, 1994). AR} AP T2 Ak white] BV A9t B

J. Soil Groundwater Environ. Vol. 28(3), p. 1~11, 2023



3lo]BE]= Funnel and Gate A3} EEA|0]5 531 W9 A x| A 3

Ground

/AN

Groundwater level

Enclosure structure

Sheet Pile

H

Impermeable
stratum

Fig. 3. Concept model of seepage field distribution around a sheet pile (Zhang et al., 2020).
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Fig. 4. The site status used to derive input factors necessary for the conceptual model simulation.

Table 1. The hydrogeologic data fo national groundwater management monitoring network (GIMS, national groundwater information

center)
Alluvial Bedrock
Statistics Thickness Depth to water Hydral{lif: Thickness Depth to water Hydral.!lif:
(m) (m) Conductivity (m) (m) Conductivity

(cm/sec) (cm/sec)

Min 6.0 0.6 2.41E-06 17.0 0.0 2.16E-07

Max 40.0 50.3 2.19E+00 490.0 72.4 7.13E-01
Average 12.7 6.4 2.76E-02 813 7.3 5.87E-03
Geomean 12.0 52 9.20E-04 77.6 - 8.67E-05
Median 10.0 5.1 7.46E-04 80.0 5.4 6.03E-05

FHIEAY A5E L83 16070 A H>
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Table 2. The summary of conceptual model condition
Condition Description Condition Description
Constant head boundary
Model Size 100 m x 150 m x 80 m go‘;rzﬁ?gn North: GL -6.1 m
South: GL -6.6 m
.. Wall boundary
Grid Size Imx1Im Confudltloln itnthe Thickness: 1 m
et p K: 1.00E-07 cm/sec
Drain boundary
Alluvial GL(-) 0~12m Condition at the K: 1.00E-03 cm/sec
(1st layer) K: 9.20E-04 cm/sec gate part Drain Conductance:
1.00E02 m*/day
Bedrock GL() 12 ~ 80m Contaminant gf)n]s(t)e(l)nrtn ;;)ilcentratlon boundary
(2nd layer) K: 8.67E-05 cm/sec )
4mx4m

GL: ground level, K : hydraulic conductivity, C: concentration
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simulation.
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(a) case 1: conventional funnel and gate PRB

. (b) Case 2

o

(b) case 2: hybrid funnel and gate PRB
(case 1 + drain boundary condition)

Fig. 6. Conceptual model type and monitoring well location.
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3.1. Case 1: conventional funnel and gate PRB
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(a) contaminants transport for Case 1
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(b) contaminants transport for Case 2

Fig. 7. The simulation results of contaminants transport.
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Fig. 8. The displacement of groundwater flow around funnel and gate.
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Fig. 9. The Change of groundwater level and contaminant concentration at the monitoring well located inside and outside the funnel.
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