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A ARBEMBZTEARAMEIEE  FHRETREHR A
ZHG REAESH EMBEI S BEIM T AR ERRBAGS
}Eﬁ °

AR EDFE AB Ay ~ BB - BRI G ROEH 2 ER
RIEHR BB T HEEC LB REBELLARARY S LT A
B 2h 48 2 K J1 3% K& % 60. 2m/1000m - 38380 45 2 K & 4. 21L/day
RAGE4E S 0.52Tn/day » o488 02 B RIEMBZ ZHH 28 AL
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Abstract

This is one of the sub-program of the integrated project “Serial integrated
remediation technology for chlorinated ~compound-contaminated sites”, which is
granted by the Conservation Society of National Science Council. The purpose of this
sub-program is mentioned the remediation technology to treat chlorinated—
compound- contaminated sites by the composed metals. The research results include
next three points. 1. To develop the evaluation models that depends on the material
properties and tests data in this two years; 2. To analysis and verify the sensitivity of
the parameters of the models; 3. To simulate and evaluate the models that depends the
data of the polluted sites; 4.To explore the relation between the treatment efficiency
and cost for the development the methodology of multipurpose-analysis and decision-
made system that depends on the amount and market price of all materials.

The ferrous powder, catalytic metal, quartz sand mixture was filled in a sand box as
the reduction reaction wall in this research. That approximately simulated the real
situation the reaction between the composed metal reactive wall and the chlorinated —
compound- contaminated groundwater. The hydraulic gradient was 60.2 m/ 1000 m;,
the liquor flux was 4.21 L/ day; the hydraulic conductivity was 0.527 m/ day. The
composition of the reactive wall is: the palladium catalyst is 14.7 g/ L; the ferrous
powder is 882 g / L; the crystal sand is 1.47 kg / L. The composition of the reactive
was quoted from the conclusions of the column tests in last report. The reaction rate
constant was calculated as 7.79 hr'. The initial TCE concentration was 35 ~ 50 mg/L,
that was reduced under N.D. level (0.5 1 g/ L) through the “funnel and gate” system.
The elimination rate was 100% approximately.

The research conclusion was applied in one-field sites in Taiwan. The thickness of
composed wall was evaluated as 4.5 cm from the previous parameter and the “funnel
and gate” system. The coarse price of all materials was 955660 NTD. The research
results of this sub-program can evaluate the benefit of on site remediation. The design
parameters and cost-benefit relationship can support the other sub-program as the
development of the decision-made supporting system and uncertainty analysis.
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NS A B RAGETRFTE  UAFTEERBRRIER
(Pump and Treat) 5 32 - {2 %@ A5 A 69 E5 > IR E A HN B HL
7k & 89 Ik K 7% 7% 48 % 52 (Dense Non-Aqueous Phase Liquids; DNAPLSs)
TRk SN EMETEELNRARENRS - BbA 2
S UWE R G FERAARAGET BN QR GF LG R &
i 8% 25 R A B 300 - A& #(In-situ funnel-and-gate system) &t 4 £ 18
SR YRIEAGAMT RESHEITFRBIR LG - BT
BREANFRBFTEMEEET RS A4 A &KER
FTARRTF®H REF S EHBERATBHEIREE  TEKTHS
AARYEDERRERE LR AN BT AHBEH KT REER
W REZBARFHIIGBEER  LEEETROUER L5 5K
AR -

BATHARBEEATRAAREEENEFTRESS FIRA
BEEHBABDFRGEN  URGEKE > BERK - BERFEZH
RABREHAF S RA RIS HTEGHBTRUES LB REZ
RALE B0 CRAZFETAE Q4 LIEHE AR ¢ R At H

ZERHRERREZIPE 2HEAANGFEFRHREKRE BRZT



BHOZRIRTFALZTARABRK -FARFTEEZFARKRETRAER
EREEARE KRR - RN FEHRMERBZIHE UM A
funnel-and-gate % #t3& 3852 5% o H =R BRI 7E MMM 7 E 4
ZHRHRERFZE X R4 EHARFHGE » BEpFo TR
2B QB I BATH R - XA RBTERIAN A HFiwseiFitey F XL
REZBHEERMASRA KGR E -
AMRMFZALRROEGERELBEMRERRE=ZALH
(TCE)& R 7T %0 L X &880 B4 RIFE R » T BRI B 4R 6948
o HARARBRERMA HERARES T E¥REMBRRK > &bk
AT AR o T ¥ SR Fo B SR AR B X T R A AR T L
BR R BILBEHREABILERERTY AR maée B &
28 PACA) A 78 s A 888 PA(B) 2 e LB A Ba % i R » ¥R
B A A 5-10 BRI - AERETRT SLREHRAINES
14.7g/L o5 » A4 REBHRFEFHE T.79hr" » SBHINELE L
20.4 g/L o5 AARBREFHLEHA 5.7 hr' > EXREH®
B Bt imERARREBRE A RIFAHKRMLMHA
BN R T ARG R A5 0 3 4% B TCE 48 > T
AR AT AT B 2 R B % R R T AR 53T B 2 R

AG TR B 0.6 Aoy BERREZER THIGHLH BT Z B34
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B M REEMEZH -

BENREZHERR  SFLIHLBRAS
1 RBEAT —ERAFZERERRR B ZHAE A LBHTZ T
B -

SbEZ TAE B EALR B ik R (B AR E
HARBALE) MMt EXREREZRB|ABLN > LETRRAR
g (REMBZEERTRZ RH) TIRMBIREAEL -

2. XS BB M RBREE ¢

MRz R B R BATRE I — R AT A S K
ZRBENH - 5B AREEN (AHESAIAEEE - BARIER
E-NEZRHEHRE) BREIZBRESHZER - EABRBEAE
BERBRDHATRE T HHZ R — - HERNBRESTAERM -
SIEEME 2 BB - LTHFRMRERKE X EILFEE
Bl EHFARMELLE -

3. RE BT AKE 350 A K EBATEEGHE -
Wz IR aESHE FHE—AE  REBRT ARG
ak (BE RCA REM I MAHELERE ) HR FlEATHREGHE -

B ERRBALSH EMARIRRITFE T ERARIEA L
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¥—%F HHFT EZAKEEA

2.1 2RA MY A
SRABMAREIELRRE LR ZABER LT ELF
BANSRAE B w A 8 —RFR - ZRLHE -WHRT
WA LLI-ZROURE - R BA SEMN ~ ARTARME ~ SRS
BACR b E FARABAS %k BB R FIER(%, 1992) -
ERELEREARER S RA B RLBEE NS A KRY i
BRE > NEAEX - AAFEHEE -
SREMMBFTRAR AN BRAGHN > REHERET R
o B RAERMS BRI EGILEY  — B ANEMB T RS
WBALEBRHAET R HBRBEMRB LB UEJBEZERhsedE
f%ﬁéii#hi%&%‘%’ﬁ%(é, 2000) - A RAMRMBRHEMER
BEBEN Pl R H  WRLH - wRALEAS CEERY
Byt B F & B o) 2% B ¥ (LaGrega et al,, 1994) -
REBHERERWHBERELKEGBRAZRILEY —EE
AARARRACEERERASEANLERB T AEHFELELK
B BRAERBKRREN HBARERXBRRGFTRER  EFFTRY

W F ARG AT EE -



2.2 FMBHESRARYAGERBRERBMRE

Matheson and Tratnyek(1994)3% i B H 2 RA BB O RER
R - F—HREREAHLRABRMARA LB AGHBYRE
TRABRYMLBARHEBLBAB L EFAHNEE THELI A%
HELZRBERKE Lo B 2-1 A% o % A8 RIERIE B 4 K BIRAT
AT ERBAARKERAEELTRE -

Fe’ +2H,0 — Fe** + H, +20H

AAAEXMELNRALEAR G FRICEOBIETEL o THRA
DR

catalyst
H, +RX ) RH +H' +X

RXAZF2RAEHY  LEREREwWE 2-2 FT o

RCI

-l ETEHKBADF LI ARMELRRRNARSE



(a)Fe® + 2H,0 — Fe?* + H, +20H-
(b)H, +RX ——— RH +H* +X-

RCI

RH+CI
A\ g

2-2 FEHFKERmARZABICEGOBICTELORAER

BE °

2.3 B RAMYBRBREATA AN

B3 o AR 4R 69 RE 3R B8 7T LA R A8 330 R 32 3k 4k
BABREE A Bk T BEOREREZIRZAMAR -
BATRF AT ARKFEICLBERL)RETELB A AT LR
REBFEMANRE  RHAHE - RBREXHESA RIFGRA
i% % (Mufitikian et al., 1995; Grittini et al., 1995; Appleton, 1996;
Korteet al., 1997; Li and Klabunde,1998; Odziemkowski et al.,1998;
Zhang et al,, 1998) - {40 R 4 TR oy & @ L4E E 0.05%(wW/w)de Bp
TERERAZACHFPOEENERRE RERRERERNE

18 455 — £ F 18 $ ¥ & (Muftikian et al., 1995; Korte et al, 1997) - {2 ¥



REEME  E8E02 AR ALEdR  RRRARAMBAA %2
WM R 5 RN fdeth & & LM T RE(Cheng etal ., 1997 ; Kim
and Carraway, 2000)

Mufitikian et al.(1995) 5 R =R LHHM AR E LB H S BT
Pl kBN BOERBDR - ERENREHLE - =/
LR ~ ik P 7 8.4 pH {4 - Mufitikian et al.(1995)3 5 = 8.2
WO BRRMAEIEHAAEB/ENEB L BA =R O & ALEi
64 & & % Ak 3% 21 64 Pd-Cl $2(Bodnariuk et al., 1989) - & AF 4K AL
FAEANEFRALRERERARLA T RBIEH B ERBLA
REEMBTUH ~ —BEBETFRET -

- Mufitikian et al.(1996)45 @am&{b%—ﬁ tHEFRATE BA
£ B AE LA KRB ALY RE B ALY & B R B ] EA
bl k@ - B T & L BICHREAHAT B FLEAREHA QR
HEALLE R AL BB AR AR REHAT AL QBB ERE
BREAS A B » FEMFE RIFHREHEFE (Siantar et al,, 1996;
Schuth and Reinhard, 1998; Schreier and Reinhard, 1995; Lowry and

Reinhard, 1999; Lowry and Reinhard, 2000; McNab and Ruiz, 1998) -



2.4 B BILR B R B & A1

BN ERRMAREHEE e BILBI AL  FFAERER
FE#) /105 L AR B H B H Rt fo R BRE MG 0 — @50
ALK T T FESRRIEM ) iBREE T 5 KA.
1 ABrm ) REMHE ERBEBEHBBCB 20 AT » £ R dMBAL
BlERBEHE XM THLBLR—FAS -
2. FLIBAA A A AR A BRI R BHARS > BAZH
BRI EMFPEE  REWE B BILRNEAR TN o REE
AR ARMERF BRI TN BB BT -
LERBREM :EARBY S TRELEEAGHY FLE  ERRE
BEEERY » REERMUBILE L BBRBI LR T &R -
LB EAER ) T REAE R B Y4B T AR A B BB ik R g )]
TE G EAATHERFRANKAEGHM S 2B REiEE X
NEEGER R & SRR R EP % P R4 (Hatfield et al., 1996) -
FAINERAKT R RBETHE O E RGBT TR EREE 4

H 1% F% %] (Burris et al., 1996) -



2.5 KA HRBAE
£ TR A REP BT B EAR T R b e B IL R R L T Ao &

KR iR T 8 AR(Hill et al., 1988) - BB R B8 R K40 T
Pd
HCO; + Hy ——» HCO, +H,O

B o B SAR T AR F 4 RA M F I e & @ o 7 4 F BART
B e AL KB AR A — BAbsR Bt — BALE R AL R A
ety k@b o Bk AR & Fm R BELEEM il etal,
1988) - 4& &y BA4m A AL Bl A K o 6f B HABLG R ER TR BUR A £ M T K
4 5% B SR T — 18 4L 6948 AL 41 %I (McNab and Ruiz, 1998)
BhEgLHHARYZRTH — R TR RXAFHERKR
FREMAE  BRRAREAME LG TR HCl LeHepgiuHl
& 4 75 M a3 %] (Bozzelli et al., 1992) - Fl#kE 3 Bk 5 & & £ 5L
fAv —QALH R ALY > BRE R 48 ppm &Y R E BP9 HAEILHE
# .47 %(Berube et al., 1987) - R@ LY R MBI R L HERGHRER
AMREZFTFE#AT BATLA KB oYK AR BRI B SR 0HE
(40 HS ~ SO5*) & # i s {b#%] % 1t (Schreier and Reinhard, 1995) - 3%
mgpH AP B AT AR AR  EHBETAEGERBRE—# R T
ERBENEBCBORBE R AL RBUARBRARK BB Ee

¥p 4l RFE 4 R B SRR B F B 4 69 7 Ak (Berube et al., 1987) ©
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=¥ HMRERNEZERFE
3.1 XBEE

FREEXZOGUE - BREARKNBAEAZTE -2 EEY
Vo -AARZBRY @ RRMEAREGHEAEE RIS 2R3
HREE BEBEMBRTESYEFIRA Tygon % » AL UREARE S 4
BHE - TREEWE 3-1 A% -

WNERAKPZ RGBS HEERYE SR ERAKRZIBHBE
ERBEMAGLERAFBELZRA P QS5 B Twie
RAKIRE - B A RAAABAREA TR RBE #AAK > ot TR
KEHERA R EELE R EM - BRAKREERE OIS H
FIRBEZ G HNEANDHE T BITHRBETHES LB REIEL 24 E,
AT RGBT RAER - DB RS B2 53854 > 2K 120cm -
REH442em> KA T0cm- kMt 2 6 HERAENSHN -
BARGESA 40cm » UAFABBZIWTKE 5 B85 - BB R
BEBEIERYREHGRARLERRER MMEABER LKLY
NE - BRFEOZREHSHE 32 EEEREILNH LERD S K
S I15-25em BR EHKD - R OARE LB RO KRBZE

o ERBAREED R 2 E XS B -
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3.2 KW %
321 sk Ey

HEBRTRKAZEEHT FEANILHRATEAELSN » BEK
EAHERZRAE T AR AR B i B 3R GRS EM 5 B
FEAHBREET A CHFBER L AR EEARERT - oA

TCE 44 4% BiR4 » 4 v Nz TCE mé\mﬁ?’ DB EEBRFZEARK -

322 GHHREHA

HTHLEADREERE  AERALBE FRABERE -
AEBERAEBRRBEZRAEBRALT AR FERBRAL
RXIBEITRRMEZ R R ZHE A RESA3cm EE A
44cm > GHE A 40cm o BFERE ~ BRI R B R ATRENL
EHHGRE > BAERATEGI RS REHA - HFRARLHFRES
SEBICH R B R E X EBHEIE 100g > S HE B NBIR T Ak 4534
QM BRAAEANERN S LS HA S A% A5 39cm
Bk o 2B EENGHRDEHAAGEER Ocm - RENETEHATE
BoOURBRKBGDHENREERT > FEARKBDERZ AR N

HiERHR o FEE KR E MBS T RGER -
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3.2.3 KM mER

a. 484y (R1830-150mesh ~ 45 99.5% ~ # 14 %5 A Hoganas ~ T ¥ Bkt
&)

b. seAEAL A GRS /74325 mesh ~ By A 1%Pd + 99%:% e ~ ity
% Aldrich ~ R H| &) -

C. B RE(RETHiBE3-3 > HABALHELRHGARAST) -

d. Z®& T (C,HCILs;, GR. grade, Merck, 99.5+95 ) -

.2.4 ¥ F %
3.2.4.a L EMARI &

R RUE SRR O 3045 KRR 0 SLEP SR B A 150 2
AP FLO A M ARE IR S A EBREBRETEL A A
FE R dml 2 K4k 0 EIEA Snl fA 0 A RRTAE IR 250] &
FRESSHRAE L TR AR SU BEERIHZRBE MK

T AR EHER Y TCE RE -

3.2.4.b RAARMREA T TFRRAR B 44
#ﬁéﬁﬁ\ﬁﬁ#%%mDBQA%%%£RWMXOQmmX
LSpm) » AR AL GLERLK > RES 5 m/min - EHABE B

150°C > EFHE XRR BBA S 230°C» 5B E =544 A 40°C 445
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3R AFESEICHABREE 0CHIE2 N4 R LIHBQYE

%’B%’Faﬁ/,ﬁ) 8.1 min -
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k31 BRBRESH

B o)

40
35
30

42 (mm) E %)
<0.053 2
0.053-0.074 12.6
0.074-0.105 20.9
0.105-0.149 342
0.149-0.210 19.5
0.210-0.297 8.3
0.297-0.420 2.5
b RERIRAE 4 E

........................................................................................................................

.........................................................

<0.053 0.053-0.074  0.074-0.105 0.105-0.149  0.149-0.210  0.210-0297  0.297-0.420

A 42 (mm)

3-3 BRBRESHE
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4.1 %%
4.1.1 HXERR
LEERDHZA LB RN oo b RS2 ERE A RRTAMGERMER
R MRZ T ERBEKREH E R o BRI ERE - E

KJE B 4.84m/day °

4.1.2 BHEZANEFYGRE

A8 Z KN B 60.2m/1000m > B BEV 2 KE B 4.211/day »
P Hk A TFHRERUKRBBS A RN ORI ANEE
1A% 7T A o 32 08 24 RAF

Vz%z—ki :>k=—Ki—

BHRERZANEEAEA 0.527Tnvday » SR H KK st 2 REAR £ 1K
THTE ERTHRALRTAHRBAEK -

ARREBZTHARR D THRBERZ A AAAKRARE@Z
BHE o AR EERRE —RABTRAREZERER X
# 4 1~80cm/day K% » MBS $ F ey P34k A 3. 2cm/day » B HB K
BEREABem EXFEIMAKRNRREWBOART > KO

@B%’Faﬁylﬂ% 26 X °
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)’aj f\f] A‘*mdﬁ "l‘F‘Fﬁ%‘%B%' @‘El%""ﬁlﬁ@%%’]‘lﬁﬁ/m_
Rt 2 B K ME|EEBAEASREIE TG BEERZ AR
FBRFEAKRDI B ;M ALKE R FEBB2 KA R

Qaverage ~ Q Sunnel
Va vel X Al = Vﬁmnel X AZ

rage

-V x Al ~ V imet X A,

average

Quversge = WFEZ TP E
qume, EERSRIER R E
Viverage = WFEZ P
Viuma = 5 SRIERE R & FiE
A, = 3B B
Al = IDFE BTEE
A, = BER IR Bim&
BT ek A 32cm/day » B @S 1547cm’ 0 de s A RE
A2 BT @M A 210cm’ - T H4F R BEHE P2 ik A4 2 23. 6en/day -

TR BB REECREEEEARYE. 1 IeF-

4.1.3 TCE 75 $ mFEK
TCE #x M B R FER > WNIEEE R 1lom ~ FE 12cm B RS

¥iHEN > M TCE JEAZ B % 500mg/L » %€ % 1mL/min -
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4.2 7 55 A R R
4.2.1 T®R5H BHE

TCE 3£ A = % 44 (2002/09/05)% & R B4 B $R AR 26 - ATHRAR 2
Voo N EAFOIREBERERE ATRLAEFAI X TH &
HRFMALER —REZRBBRTHREIN A5 dNBDRIK
PR IRNR AT OB BRI B A — R 0 BT T AR

ot o R Rdok 5-1~% 57 -

422 FRE iR B
¥ P #c 4% surfur7.0 P92 Kriging k88 ®ig » A& RwE 4-1~

B 4-7 -
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#% 41 TCEEA3 RENIELFHEIN 15em (F = B)RHE IS E

£ o (ND X &RARA A RIHEFR 0.5 1 g/L)
2002/9/5/15:30

%% %48 ¥ ik & (mg/L)
W1-2 0.0031
W2-2 0.27
W3-2 0.0048
W4-2 0.0031
W5-2 0.0794
W6-2 0.0021
W7-2 0.0027
W8-2 ND
W9-2 ND
W10-2 ND

%42 TCEEA 4 RENIEE K 25cm (F — B Z 04 &

R o (ND R EMBPEBAER 0.5 g/L)

2002/9/6/15:30

% #Aa T k& (mg/L)
Wi-1 0.0045

W2-1 347

W3-1 201

W4-1 031

W5-1 350

w6l 1.03

W7-1 0.032

W8-1 0.025

W9-1 0.029

W10-1 ND
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%43 TCEEA 5 RIENIEH K Sem (B Z B Z S W&

£ o (ND R ABEAEBIFER 0.5 1 g/L)

2002/9/7/15:30

%% %A+ iR & (mg/L)
W1-3 0.0018
W2-3 0.0281
W3-3 0.0081
W4-3 0.0016
Ws-3 0.0022
Wé6-3 0.0019
W7-3 0.0012
Wg-3 0.0016
W9-3 0.0017
W10-3 ND

& 44 TCEEN 6 REMNIERH I 15em (B —B)KREZ - E

X o ND &K & AR E RIAEFR 0.5 £ g/L)

2002/9/11/15:30

%k 48 ¥R & (mg/L)
W1-2 0.0649

W2-2 9.07

W3-2 0.041

W4-2 0.0053

W5-2 9.14

Wwe6-2 0.162

W7-2 0.065

W8-2 0.671

W9-2 0.238

W10-2 ND
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% 4-5 TCEEANT RENIEH K 25cm (£ — B2 0 &

X o (ND K& AKF A RIAE R 0.5 1 g/L)

2002/9/8/15:30

%% A8 ¥ R E (mg/L)
W1-1 442
W2-1 341

W3-1 73.8
W4-1 5.85
W5-1 308

Wé-1 49.7
W7-1 0.53
Wg-1 18.6
WO-1 0.098
W10-1 ND

% 4-6 TCEEA 8 REMIEES 8K 15em(F —B)KRARZ 5474

R o (ND & & &A1 RER 0.5 1 g/L)

2002/9/09/15:30

%5 #& A8 iR & (ng/L)
W1-2 0.0016

W2-2 6.59

W3-2 0.0018

W4-2 0.0018

W5-2 0.0060

W6-2 0.0019

W7-2 0.0019

W8g-2 0.0072

W9-2 0.0031

W10-2 ND
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% 47 TCEEAN9 REBEMNWIEZ R 25em(F —B)®RF 2z s &

R o (ND X & A&RFE B4R R 0.5 1 g/L)

2002/9/10/15:30

%% #&48 iR & (mg/L)
Wi1-1 76.9
W2-1 361
W3-1 205
W4-1 94.2
W5-1 357
Wo-1 329
W17-1 0.39
W8-1 48.1
W9-1 32.7

W10-1 ND
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4-3 TCE JEN 5 RENEZ #H A Sem (B = R)®RBZoWER

#| A surfur7.0 & % Kriging A8 M2 ERE &R -
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1.14 o AR ENAERBBZERE B RMEXEETE
— A R RS R E AR GE BAT AL
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T4 e B AAKRTF 0 5.1 D eF2 R B EF R 7T 4% TCE JRE & 500mg/L %
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4.3 B LB BEREE ARG Z ML
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HEZREMBEE -
#4% TCE 2 /B & & 8100pg/L A& 2 76 B 4% 70ng/L > % A 4o 45
WikAg 14.7g/L » i E=882 g/L » & Hh & FHmE=1.47 kg/L %

WIH RN  RBE-FERESH XS
ac _
dr

B2 G5 E & 0.61 /NBF o ARIFFIGHE 2 T AL S AT T 4T 3F

-kC
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%k 4-8 BAREAG &Y &BEH M R A
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