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Table | Contaminants for which Fe® is not able to work

Organic Compounds Inorganic Compounds
dichloromethane chloride
1,2-dichlorocthane perchlorate
chloroethane
chloromethane

Table 2 Contaminants and reactive media

Type Components Reactants
Chlorinated PCE, TCE, DCE Fe’
Hydrocarbon PCBs Pd/Fe (Bimetallic Metal)
" : m
Nutrients Nitrogen ammonia Zeolite _
Phosporous SM slag, W
6+ 0 .
s Leolte, SM Slag =~
Heavy Metals Cr Fe', Zeolite, SM sla;

Cd, Zn, Cu, Pb, CN, Hg  Zeolite, SM slag
Sulfate S0, Al(OH);, SM slag, Wastelime
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Table 3 Conditions of the numerical analysis

kaquiﬁ:r (cm/s) Wgale (m) Lga/e (m) kgale/kaquijer Wﬁ,,,,w[ (m) a[unnel (deg) kfunnel (cm/s)
GW-Series sox10?] 2~12 1 10 8 180 1.0x10°
GL-Series 5.0x10° 4 1~ 11i 0.1 ~ 1000 3 180 Lox10°
GK-Series 5.0x107 4 1 10 8 180 1.0x10°
FW-Series 5.0x10° 4 1 0] 2~32 1801 1.0x10°
FA-Series 5.0x10° 4 ! 10 8] 20~ 180}  1.0x10°
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Fig.11  Results of numerical analysis on the effect
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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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Table 4 Summary of the sensitivity results of parameters

" Retention Time Capture Zone

significant effect

Wowe || great effect

minor effect

L pose " significant effect

minor effect

W funmei " minor negative effect

Retention Time = f](Wga,e,Lgm,qunne,) (6)
Capture Zone = f, (Wga,e, Logies W, fu,me,) (7
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dlA)dt =k ,[A]

d[B)/dr = k 4[] k5 [B]

d[C)/dr = k5[B]-kc[C] ©)

d[D)/dt = kc[C]-k,[D]

d|EYat =k, [D]
Z 2T, [BI~D]: BIERRBIOBRE. (E] : BREEK
MOBE. kp~kpy : RIGEEESK. FI5RHE X
T5RIGHEEEEONRKMZ2EE Table 5 IR, 72
BEPOBEIT.EER I mLH72 0 SR ETHE 1 m?
Xt 5ETHDE, —HlE LT, iIERMEPCE L&
Mhgkkr & ORIz FT 5 Residence Time D EFl %
Table 6 /R L7s, %23, Table 6 IR xt LT
Runnge-Kutta =2 AW CTHE L TWa, Z Z T,
PCE 2 L BI4ERR S5 TCE, cis-1,2-DCE B LT VC
OBEZER L. cis-1,2-DCE 3 TR BE 5 R sl
0.04 mg/L {2 § 5 F CORER 2 Residence Time & L
oo —RRIZ, VC ORIGHEE EHIT cis-1,2-DCE 21k
LT RE WD, cis-1,2-DCE 25 0.04 mg/L £ THRE
T5LE,VC LRISEOREETEREL TS LE
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Table 5 Published reaction rates of contaminants with Fe®

Type Organic Compounds

Tetrachloroethene 0.133 (min) —2.476 (rmax)  0.064 (min) — 0.330 (max)
Trichlcroethens 0071 (rin) — 1.035 Grax)  0.151 (min) — 0,151 (k)
1, - Dichioroethene 0.126 (nin) — 0248 (max) 0019 (i) — 0.046 (rmex)
Ethenes  ans 1,2 Dichlorosthene 0.108 0.091 (i) — 0.141 (ma)
cis-1,2-Dichloroethene 0.035 0.015 (min) — 0.064 (max)
Vinyl Chloride 0.055 0.056 (min) — 0.148 (max)
Heachloroethane 53329
1,1,2,2-Tetrachloroethane 13.081 —_—
Ethanes  1,1,1,2-Tetrachloroethane 14.148 ——
1,1,1-Trichloroethane 0.495 (min) — 10.666 (max)  0.169 (min) — 0.408 (max)
1, 1-Dichloroethane —_—
Carbon Tetrachlaride 30.142 (min) — 231.091 (mes; 0.816 (rmin) — 2.236 (max)

Methanes Chloroform 0.465 (min) — 0.950 (max) 0144

Bromoform 16.909 —_—
1,1,2-Trichiarotrifluoroethars 0.680 —_—
1,2.3-Trichlaropropane —_— 0.029
1,2-Dichloropropane —_— 0.154

Other 1,3-Dichloropropane —_— 0315
1,2-Dibromo-3-chloropropen: —_— 0.963
1,2-Dibromoethane —_— 0.107 (min) — 0.462 (max)
n-Nitrosodimethylamine 031 -
Nitrobenzene 86659 —

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

Table 6 Examples of the calculated residence time

Titial C Reaction Rate (1/7) Residence Time
of PCE (mg/L) PCE TCE__ s 1,-DCE___VC (day)
10 (Castest case) 2476 1.035 0,063 0.148 365
10 (slowest case) 0,064 0.071 0.015 0.055 1674
100 (fastest case) 2476 1.035 0.064 0.148 515
100 (slowest case) 0.064 0.071 0015 0.055 23.14
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Costindex=a-Wage - Loge +b-W fypne (10)
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[Subjectto] fi(x)=y, i=1,2 (14)

AT x= (%), X2, X3)\ X1 = Woares X2 = Logen X3 = Wpiners
c (X)) =ax;x;+bx; (10)RDEA). y; = Residence
Time, y,= Contaminant Width %7~ L. f; X Retention
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Fig.20 Optimum design flow of FGS
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Evaluation of the Performance of Permeable Reactive Barriers

for Contaminated Groundwater Remediation

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

* Graduate School of Global Environmental Studies, Kyoto University
**Department of Civil Engineering, Ritsumeikan University
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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 calculated 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.
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