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Tablel Contaminants for which Fe” is not able to work

Organic Compounds Inorganic Compounds
chloride
perchlorate

dichloromethane
1,2-dichloroethane
chloroethane

chloromethane

Table2 Contaminants and reactive media

Type Components Reactants
Chlorinated PCE, TCE, DCE =
Hydrocarbon PCBs Pd/Fe (Bimetallic Metal)
Nutrients Nitrogen ammonia Zeolite :
Phosporous SM dlag, Wastelime

cr® Fe°, Zeolite, SM slag
Cd, Zn, Cu, Pb, CN, Hg  Zeolite, SM slag
Sulfate S0,% Al(OH)3, SM slag, Wastelime
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Table3 Conditions of the numerical analysis

Aquifer Gate Funnel
kaquifer (cm/s) Wgate (m) I—gale (m) kgale/kaquifer qunneI (m) qunnei (deg) kfunneI (cm/s)
GW-Series 50x10°% 2~ 12 1 10 8 180 1.0x10°®
GL-Series 5.0x10°° 4 1~11 0.1~ 1000 8 180 1.0x10°
GK-Series 5.0x10°° 4 1 10 8 180 1.0x10°®
FW-Series 5.0x10°° 4 1 10 2~ 32 180 1.0x10°®
FA-Series 5.0x10° 4 1 10 8 20~ 180 1.0x10°®
|
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Fig.6 Plan used for the numerical seepage analysis
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Fig.7 Mesh plan for the numerical anaysis

Fig.8 Parametersfor the analysis
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Fig.11 Results of numerical anaysis on the effect
of gate width: gate width versus retention
time and capture zone
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Fig.12 Results of numerical analysis on the effect
of gate length: gate length versus retention
time and capture zone
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Fig.13 Results of numerical analysis on the effect
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¢ = Gate Width (m)
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Fig.16 Effect of some geometrica conditions on

retention time and capture zone

Table4 Summary of the sensitivity results of parameters

|| Retention Time Capture Zone
Were || ogreat effect significant effect
Lge || Significant effect minor effect
Wiinne || minor negative effect minor effect

Retention Time = flﬁNgate. L gate s Wiunne ) (©)

Capture Zone = f2 QNgate' Lgate!qunneI ) (7)

00000000 Gatel Wge 3MOLge  3mO
000 FGSOODOO0D0DOOOD CaptureZoned O O
000000 LD 00000000000 Lgge
0000000000 O000000O00 CRetention
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d[Al/dt = —ky[A

d[Bl/dt =k,[A -kg §

dlcl/t = kg[8 -kd g ©
d[D]/dt = ke[c] - ko[ O

d[E]/dt = ko[ D)

O0O0O[BODID0000O000CO[EODOOODO
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000000000000000 Table5000
0000000MO1ml000000000 1n?
0000000000000000000 PCEODO
00000000000 Residence TimeO O 000
Table 6 00OOOOO0Table 6 09O ODO OO
RunngeKutta 0 0 00 0000000000000
PCEDOOOODOO TCEDGs1,2-DCEO OO VC
00000000Gs12-DCE 000000000
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Table5 Published reaction rates of contaminants with Fe°

Reection Rete (Lhr)

Type Orgaric Conpaunds Commedd Iron

Rurelron

Terachoroethene 0.133(min) —2476(mex)  0.064 (min) — 0.330 (Mex)
Trichloroethene 0,071 (min) —1035(mex) 0151 (rin) — 0.151 (Mex)
heres 1,1-Dichloroethene 0126 (min) —0248(nmax)  0.019 (min) — 0.046 (mex)
B e 12 Diciarodhene 0108 0,091 (in) — 0141 (&)
ds-1.2-Dichloroethene 0035 0.015 (min) — 0.064 (Mex)
Vinyl Chloride 0.055 0.086 (min) — 0.148 (nex)
Hexachloroethane 53329 —
1,1,22-Tetrachloroethene 13081 e
Bheres  1,1,1,2-Tetrachlorogthere 14148 —
1,11-Trichlorogthane 0495 (min) — 10666 (mex)  0.169 (rin) — 0408 (mex)
1,1-Dichlorogthane — —
Carbon Tetrachloride 30,142 (min) — 231091 (mex,  0.816 (min) — 2.236 (mex)
Metheres Crioroform 0465 (min) — 0950 (Mex) 0144
Bromofarm 16909 —
1,1,2-Trichloratrifluoroetheny 0.630 —
1,23 Trichlorgpropare B 009
1,2-Dichloroprapene B 014
Orer 1,3-Dichloropropene B 0315
1,2-Dibromo-3-chloropropean — 0963
1,2-Dibromoethere —_— 0.107 (in) — 0.462 (mex)
n-Nitrosodimethylamine 0379 —
Nitroberzene 86.659 —

Notes: These values are normalized to 1 m? iron surface per mL solution.

Table6 Examples of the calculated residence time

Initid Concentration Reaction Rate (1/hr) Resdence Time
of PCE (mg/L) PCE TCE ds12DCE__ VC (day)
10 (fastest casd) 2476 1035 0.064 0148 365
10 (dowest case) 0.064 0071 0.015 0.055 16.74
100 (festestcase) 2476 1035 0.064 0148 515
100  (dowes casd) 0.064 0.071 0.015 0.055 2314
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O Minimized  Cost index = ¢ (x) (13)

0 Subject ol ; () = y; i=12 (14)

00 O DX = (X1, X2, X3) X1 = Ware[ Ko = Lgarel X3 = Whynne D
c(X) =ax X% +bx0(10)d 000 My, = Residence
Time y, = Contaminant Width 0 00 O 0O f, 0 Retention
TimeOODOODOOOfO CaptureZoneO OO O OO
000Do00o0oo0ooo0oooooooooooo
O FGSO DO OO OX, = X110 X = X[ M] O X3 = X3[n] O
0000 Retention Time O f; (X, mn) 0 Capture Zone O
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Obtan values (f; (x;mn)) Of retention time and capture zone :

for an assumed FGS geometry (X = Xq[1], X2 = Xo[M], X3 =
x3[ n]) from the numerica analysis.

i _______________________________ E

| Givey, and y, from the site information |

—)| Assume funnel width x;* |

Interpolate retention time and capture zone for an assumed
FGS geometry (X = X([l], Xo = X[m], X3 = Xg*) from
equation (15).

Judge whether the grid square (x[l] % Xq[I+1], X[m]
Xo  X[m+1]) can be obtained under the condition of
Min (fiy, fiz fia, i) -~ ¥ Max (fig, fiz, fia, fia).

No ¢ Yes

Judge whether constraint conditions (19) can
be solved.

¢ No Yes

[ oo ]
No Yes

Obtain x* |

v

| Obtain cost index from
objective function (13)

Yes

I=1+1

Continue O |

¢NO

| Cost index[ x; chart |

Fig.20 Optimum design flow of FGS
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Evaluation of the Perfor mance of Per meable Reactive Barriers

for Contaminated Groundwater Remediation

Takeshi Katsumi*, Hiroyuki Ishimori**, Kazuto ENDO***, Masashi Kamon*, and Ryoichi Fukagawa**

* Graduate School of Globa Environmental Studies, Kyoto University
**Department of Civil Engineering, Ritsumeikan University
***Department of Civil Engineering, Kyoto University

Synopsis
Performance of permeable reactive barriers for contaminated groundwater remediation was
evaluated using FEM seepage analysis. The retention time and the capture zone were calculated on the
funnel-and-gate systems (FGSs) having different geometries, in order to evaluate the effects of these
geometries on the FGSs performance. Based on the cal culated results, costs associated with the installation of
funnel-and-gate systems satisfying a certain performance were obtained to estimate the cost-effective
geometry. Finally, optimum design flow for FGS was proposed.

Keywords: groundwater; seepage analysis, remediation; FEM; funnel-and-gate system
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