= B e










11
12
13
14

2.1

2.2

2.3

3.1

3.2

311
3.1.2

WaSte CharaCteriStiCS  .uvvveeeeeeeeeeeeee e

SIte CharaCteriStiCS  wovvveeeeeeeeeeeeeeeeeeaans



4.1

4.2

4.1.1
4.1.2

4.1.3

LS 11 | S 4-20



2.1-1
2.1-2
2.2-1
2.2-2
2.2-3
2.2-4
2.2-5

2.2-6
2.3-1
2.3-2
2.3-3
2.4-1
2.4-2
2.4-3
2.4-4
2.4-5
2.4-6
2.4-7
2.4-8
2.4-9

o 9

(FELLEr, 1994)..... . evvveeeeeeeeeereeeeseeesessesseeeeeseeseeee 2-1

(Philip et al, 1999) .......cooorrrrreeereeeeeeenen 2-5
(Philip et al, 1999) ..ovvvvveeeeoeee oo 2-6



A1-1 st 4-2
A1-2 s 4-7
A1-3 st 4-8
A1-4 e 4-12
A1-5 st 4-15
4.1-6 EimcoBiolift™ e 4-16
A1-T st 4-17
A1-8 s 4-32
A1-9 st 4-34
A1-10 s 4-38
A1-11 sttt 4-41

4.2-1
............................................................................................................ 4-44

4.2-2
...................................................................................... 4-51
4.2-3 | s 4-55
4.2-4 | ——————— 4-56
A2-5 et 4-62
A42-6 4-63
A2-T st 4-66
A2-8 e 4-67
A.2-9 st 4-73



4.2-10 4-82

A.2-11 e ——————————————— 4-86
A.2-12 e ————————————— 4-91
A.2-13 e ———————————— 4-92
A.2-14 e ————————————— 4-94
4.2-15 1 2 3
............................................................ 4-100
4.2-16 4-103
A.2-17 zZeXOliNe 4-120
A.2-18 e ————————————————— 4-125
A.2-19 e —————————————————— 4-131
A.2-20 e ————————————————————— 4-132
4.2.21 LNAPL 4-132



131
1.3-2
2.2-1
2.2-2
3.1-1
3.1-2
3.1-3

3.1-4

3.1-5

3.2-1
3.2-2
3.2-3
3.2-4
4.1-1
4.1-2
4.1-3
4.1-4
4.2-1

Vi



4.2-2
4.2-3
4.2-4
4.2-5
4.2-6
4.2-7
4.2-8
4.2-9
4.2-10
4.2-11
4.2-12
4.2-13

Vil



11

1970
1980 Comprehensive
Environmental Response, Compensation and Liability Act CERCLA
Superfund

1976 Resource Conservation and Recovery Act
RCRA

80 4



85

87

88

15

12

24

11

88

12 15

88

13

89

89

1.2

— N M < 10 O






~—N

N N

)

(



1.3

1.3-1

~ ~

SN N N

~—~

N N



131

1 4

5 10
11 12
13 15
16 21
22 25
26 42
43 ol

http://ww?2.epa.gov.tw/Soil GW/index.asp

92.05.20



http://www.epa. gov.tw/SoilGW

1.4

(

1,300

22

)

1.3-2

(

(

(

49

48

15

)

)

)

15



1.3-2

/

92.01.08

90.10.17

90.07.04

90.06.11

92.05.07

90.11.21

90.11.21

92.01.08

92.05.07

92.05.07

92.01.29

89.05.04

89.05.16

89.10.23

90.11.21

90.11.21

91.07.17

91.07.17

91.08.28

91.12.27

90.02.20

92.03.21

92.03.21

92.01.21

92.05.20




21

(Fetter, 1994)

2.1-1



211

2.1.2 /
/
/
(direct disposal of hazardous materials) (indirect
disposal of hazardous materials) (non-point sources)( Joseph et al.)
2.1-2
/

(non-agueous phase liquids, NAPLYS)
(Borden and Kao, 1992;
Nyer, 1996)



(volatile organic compounds, VOC)

2.2 /

(water table)
(unsaturated)

221

(soil-water zone)

2.2-1
(saturated)

(major root zone)



Joseph et al, 1990
21-2
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Capillary
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2.2-1 /

(intermediate zone)

(Philip et al, 1999)

(root zone)

(capillary zone)

Vadose waler

Ground wator or

phreatc water



2.5cm

200 cm
2.2-2 2.2-2 (vadose zone)
|
! ‘
III
I". Forosity
Vadose
zone
|
Watar lable
] L |
Capillary
IC-FI“IE
Moisture content by volume %
2.2-2 - (Philip et al, 1999)
2.2.2
25
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(specific yield)
22-3 224
aquitard
2.2-1 (6% 92%)
30%
1% 10%
2.2-5
47.65%
2.2-1 (Philip et al, 1999)
Material Porosity (%) Mabarial Porosity (%) Material Porosity (%)
Gravel, coaras 28t Sandetona, madium ar Clayetons 43
Grawvel, medium  32%  Limeslons 30 Shale (]
Graval, fine 34%  Daolomite 26 Till, prgchpaminanthy sill 34
Sand, coarsa 34 Dune sand 45 Till, pradominantly sand 31
Sand, madium 34 Loess 449 Tufl 41
Sand, fina 43 Peat 42 Basalt 17
Sl 46 Sehist 38 Gabbro, wealhassd 4%
Clay 42  Sifistone 35 Granite, weathered 45
Sandslone, line 33
55 WA LES ale BAMZEE, BIE L 10 MDAHE ar &,



..--""_,.;"" L.--'" }‘_.,,.- i
= < Ay
Porcs in unconsolidated Lava wubes and cooling
sedimentary doposing fraciures in exprusive

ignecus rock

Caverns and other solution- Joints i Tlat=lying
enlarged openings in consalidated sedimentary
limestone rock

Joints and fawlr in loints in metamarphie
falded consalidated and intrusive igneous
sedimentary rock rocks
2.2-3 (Heath, 1989)
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2.2-4 (Freeze and Cherry, 1979)
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2.2-2

1. (aquifer)
2. (aquitard)
3. (aquiclude)
4, (aquifuge)
2.2-6 (confined)
(unconfined) 2
(water-table aquifer)
water table

(artosian well)



2.2-2

Material Particle Size (mm)
Clay <0.004

Silt 0.004-0.062
Very fine sand 0.062-0.125
Fine sand 0.125-0.25
Medium sand 0.25-0.5
Coarse sand 0.5-1.0
Very coarse sand 1.0-2.0
Very fine gravel 2.0-4.0

Fine gravel 4.0-8.0
Medium gravel 8.0-16.0
Coarse gravel 16.0-32.0
Very coarse gravel 32.0-64.0

Source: Morris and Johnson, 1967

Recharge

area _ )
| Piezometric surface
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P00 strata OO

e el
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2.2-6

Linconfined
aquifer
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Confining stratum «x
et g
Cacilined aulor 1

(Philip et al, 1999)



2.3

(hydraulic gradient)

(diffusion)
(advection) (dispersion) (adsorption) (capillarity)
(abiotic) (biotic) (chemical reaction)
(retardation) (vapors) (bioaccumul ation)
(biodegradation) (immobilization) (Sabatini et a., 1992 :
1998 Bedient et al., 1999)
(nonagueous phase liquid, NAPL) (organic
vapors)
(residua phase)
(LNAPL pooal)
2.3-1
(free product) (bailing) (skimming)
(reservoir)



ENvaCTon
difhuaion
deciy

| saturaiog
Barplan i dismcivad
pluasa

2.3-1
(flow velocities)
(gradients) NAPL NAPL
(spread)
(phase partitioning)
2.3-2 2.3-3
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2.4

(floaters)( ) (mixers)(
) (sinkers)(
2.4-1 ) (Palmer, 1992)
(viscosity)
NAPL
1. NAPL
2. /
3. (micro-stratigraphic features)
/
4.
5. NAPL
6. (slug)
7. NAPL
(Devinny et al., 1989)
1.
2. (sorption)
3.
4,
.
6.
1.
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24-1

Fetter(1994) (contaminant Plume)



(porous media)

(1) (diffusion)

Fick's Fetter
Fick’'s
F__pdc
dx
F:
D: « 7 )
C: « 7 )
dC/dx: ( / / )
D
D

1x10°~2x10° m?%s

Fick’'s
0C /ot =D 0°Clox?
oC /ot
Fick’'s
(D)



( )
0.5~0.01
(2 (advection)
Darcy’s
v = Q _Kd
“ nA n.d
Voo X
K:
n,:
A:
dh/dl:
2.4-2 Darcy’s (

)

2.4-2 Darcy’s



2.4-3
(@) (b)
3 (mechanical dispersion)
(streamline)
dispersion)
(lateral dispersion) (pore-scale)
2.4-4 @
(b) (©)

(laminar flow)
2.4-5

2.4-3

(longitudinal



K

QO

2.4-4

2.4-5
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(dynamic dispersivity, a, )

(mechanical dispersion ¥ a, Vv,

4 (hydrodynamic dispersion)
(molecular diffusion) (mechanical
dispersivity)
(D)
D, =4V, +D"
D, :
a: (dynamic dispersivity)
V.. X
D":
(heterogeneities)
(spill)
(slug)
2.4-6



2.4-6

(5) (retardation)

(reactive)

(radioactive decay)

Cl™

(conservative)

HCO, SO NO;

Cl~

(retardation factor) =1+ (p, / 0)(K,)

(M/L®  gm/cm®)

)
(L¥M  mL/g)



V., =V, [+ (p, 1 0)(K,)]

X (L/T ft/day rmvday)
( CICy=05 )(L/T ft/day nvday)

2.4-7
(solute front)
2.4-8 2.4-9

2.4-7
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| i

1 & ST B

Bromodichloromethane 2-chlorophenol
Bromoform 2,4-dichlorophenol
Bromoethane Hexachlorocyclopentadience

Carbon tetrachloride

p-chiron-m-cresol

Chlorodibromoethane Pentachiorophenol
Chlorobonzene Tetrachlorophenol
Chloroethane 2,4,5-trichlorophenol
Chloroform 2,4,6-trichlorophenol
Chloromethane Bis(2-chloroethoxy)methane
Chloropropane Bis(2-chloroethyl)ether
Dibromomethane Bis(2-chloroisopropyl)ether

Cis,1.3-dichloropropene

4-bromophenyl phenyl ether

1,1-Dichloroethane

4-chloroaniline

1,2- Dichloroethane

2-chloronapthalene

1,1- Dichloroethene

4-chlorophenyl phenylether

1,2- Dichloroethene

1,2-dichlorobenzene

1,2-Dichloropropane

1,3-dichlorobenzene

Fluorotrichloromethane

1,4-dichlorobenzene

Methylene chloroide 3,3-dichlorobenzidine
1,1,2,2-Tetrachloroethane Hexachlorobenzene
Tetrachloroethene Hexachlorobutadiene

1,1,1- Trichloroethane

1,2,4-trichlorobenzene

1,1,2- Trichloroethane

Bis(2-chloroethoxy)phthalate

1,2-Trans-dichloroethene

Bis(2-chioroethoxy)ether

Trans-1,3-dichloropropene

1,2-bis(2-chloroethoxy)ethane

1,1,2-Trichloro-1,2,2-trifluoroethane

Trichloroethene [, 2bdyiv g fd s B
Vinyl chloroide Acetone
Total chloroinated hydrocarbons Acrolein
Hexachloroethane Acrylonitrile
Dichloromethane Benzene
2-Butanone
Carbon disulfide
Cyclohexanone




42312 A RAEAFEpFIEAFES (F-)

I, 2 308 45 4 ()

IV, 2bdit LITgid 5 84 ()

Ethyl acetate

Benzyl alcohol

Ethyl ether Bis(2-ethylhexyl)phthalate
Ethyl benzene Butyl benzyl phthalate
2-Hexanone Chrysene

Isobutanol Dibenzo(a,h)anthracene
Methanol Dibenzofuran

Methyl isobutyl ketone Dimethyl phthalate
4-methyl-2-pentanone Dimethyl phthalate

n-Butyl alcohol

Di-n-butyl phthalate

Styrene

4,6-dinitro-2-methylphenol

Toluene

2,4-dinitrotoluene

Trimethyl benzene

2,6-dinitrotoluene

Vinyl acetate

Di-n-octyl phthalate

Xylenes

1,2-diphenylhydrazine

Fluoranthene

VX TET TR 1

Indeno(1,2,3-cd)pyrene

Benzoic acid

Isophorone

Cresols

2-methylnapthalene

2,4-dimethylphenol

Napthalene

2,4-dinitrophenol

2-nitroaniline

2-methylphenol

3-nitroaniline

4-methylphenol

4-nitroaniline

2-nitrophenol

Nitrobenzene

4-nitrophenol

n-nitrosodimethylamine

Phenol n-nitrosodi-n-propylamine
Acenaphthene n-nitrosodiphenylamine
Acenapthylene Phenanthrene

Anthracene Pyrene

Benzidine Pyridine
Benzo(a)anthracene 2-Methynaphthalene
Benzo(b)fluoranthene Bis phthalate
Benzo(k)fluoranthene Phenyl naphthalene
Bznzo(a)pyrene

Benzo(ghi)perylene




4312 2P RAEAAPERIPEAFES (F2)

V. ¥ 5 H VII. & Fas F
Aldrin Hydrochloric acid
Bhc-alpha Nitric acid

Bhc-beta Hydrofluoric acid
Bhc-delta Sulfuric acid
Bhc-gamma Sodium hydroxide
Chlordane Calcium hydroxide
4,4 -DDD Calcium carbonate
4,4 -DDE Potassium carbonate
4,4 -DDT

Dieldrin IX. $ &%
Endosulfan I PCB(Arochlor)-1016
Endosulfan I PCB(Arochlor)-1221

Endosulfan sulfate

PCB(Arochlor)-1232

Endrin

PCB(Arochlor)-1242

Endrin aldenyde PCB(Arochlor)-1248
Ethion PCB(Arochlor)-1254
Ethyl parathion PCB(Arochlor)-1260
Heptachlor PCB NOS (not otherwise specified )
Heptachlor epoxide
Malathion X, 3 BFBEFF
Methylparathion Acetic acid
Parathion Acetyl chloride
Toxaphene Aniline

Aromatic sulfonic acids
VI. £ &5 Cresylic acid
Arsenic Formic acid
Bismuth
Lead Xl. 222 B3 B~ %
Mercury Fluorine
Tin Bismuth
Selenium
VII. ##3g
Asbestos




4312 A RAENFEN

PR RAFES (F2)

X 24T8 14 & B

Metallic cyanides

Aluminum

(e.g., ferricyanide, sodium cyanide )

Antimony

Barium

XVI. 5§ i &

Beryilium

Chlorates

Bismuth

Chromates

Cadmium

Calcium

XVII. & R#

Chromium

Sulfides

Copper

Phosphides

Cobalt

Hydrazine

Iron

Magnesium

Manganese

Nickel

Potassium

Selenium

Sodium

Vanadium

Zinc

XI1. bt 548

Radioactive isotopes of

iodine, barium, uranium

Radium

Gamma radioactivity

Radon ; alpha radioactivity

XIV. 4 8§ 4

Organonitriles
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Cyanide
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(1) 3 #4 2 £ :0.025-25% (W/w)
(2) B4 5 £ : 10-40 % (w/w) °
(3) kA 5B 1 60-95% (wW/w) o
(4) AR 0 <1/4wd o
(5) 8 & : 15-35C -
(6)pH : 4.5-8.8 ¢

FRAR A P ERE R L G RFAP AL i o Bl 2 4
fRig gt FAR IRk SR o ipdd A kY gk e TSR
FenTpB o T RE AR P T L A0 B A RGP
AR > IR A PR fRE o o & 413 5 % gk FAp g ik R
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BT R 1,065 7.6 498 1.2
% PAHs 55 27.3 57 7.1
z&(phenanthrene) 36 324 47 8.0
Y 21,900 311 15,800 21.7
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LA By e 48
Benzene ~ Chlorobenzene ~ 1,1-Dichloroethane ~ 1,2-Dichloroethane ~ 1,1-Dichloroethylene ~ 1,2-trans-
Dichloroethylene ~ Ethylbenzene ~ Methylene chloride ~ 1,1,2,2-Tetrachloroethane ~ Tetrachloroethene -
1,1,2-Trichloroethane - Toluene ~ Trichloroethylene ~ Vinyl chloride

2.PAHs ¢ 4% :
Anthracene - Benzo(a)anthracene -~ bis(2-Chloroethyl) ether - 1,2-Dichlorobenzene -~
1,3-Dichlorobenzene ~ 1,4-Dichlorobenzene ~ Hexachlorobenzene ~ Naphthalene ~ Hexachlorobutadiene »
Di-n-Octyl phthalate ~ Fluoranthene - Fluorene ~ Pyrene ~ Phenanthrene
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413 #4 2 ¥ 2 #EJ2 (ex-situ thermal treatment)

- ~ B 44 2 /5% (hot gas decontamination)
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(4% : http:// www.frtr.gov/matrix2/section4/D01-4-26a.html )
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% 42-7 THTF T2 IHER %#ﬁj\ @ﬁ’]‘% fg_;\l(5’16'156)

B g 2 Sl i ﬁisal A2.5¢
u* T+ $ »Ah 5 F (Effective Ton Mobility) u=D zF/RT
"4 »xdf4c % Bic(Effective Diffusion Coefficient) D'=Dztn

rsiﬁ;—f % #c(Valence of the Ion)
% % ¥ #i(Faraday Constant)
R 12 & ¥ % #(Universal Gas Constant)
T % 8 & (Absolute Temperature)
T iZ 3% F]+ (Tortuosity Factor)
n 3t M & (Porosity)
D& m\ﬁ-‘fﬁﬂ*’r T %ﬁ—"‘ Bpd B R v 4 $rtr ik

(Diftusion Coefficient in Free Solution at Inifinite Dilution)

J" a5 B4k £ (Migrational Flux) Jm= U,-* C V(-E)
U334 »cim s s (Effective Ton Mobility) U'=U,zn

C 2 3¢+ ahj 4 i 5 2 k& (Molar Concentration)
% 1 (Electric Potential)
UJ- %’H.—? o1 14 (Ion Mobility)

J" % % % i it £ (Electroosmotic Fluid Flux) J™=(C/Cy)0e
Oe /% i% 3 4 /v %8 (Electroosmotic Pore Fluid Flux) de=Ke VA-E)
Ke % % i% 2 #ic(Electroosmotic Permeability Coefficient) Ke=((€€)/ n)n
G 'k 1% B Jk & (Molar Concentration of Water)

e A8 T 7 ¥ (Flux Permittivity)

ERER x:(Zeta Potential)

n 48 4E & (Flux Viscosity)

vp e+ 1% & (Velocity of Particle) Vo= ((2e€E)/3n) fi(xa)
Oeo % 0% 1% A i & (Electroosmostic Volumetric Flow Rate) Qe=(- s&E)/n)(An/r)
Keo 7 % 1% 7% Bic(Electroosmotic Permeability Coefficient) keo=(-€ENMT?)
fy 25,4 & #c(Shape Function)
«k Debye-Hiickel Factor
a ¥+ L j (Particle Radius)
7 =% & (Voltage Gradient)
A £ 5 # (Cross Section Area)




BF REFEEFTEALI D XF o2 S F ARG ES A
23D 9 RN

I ’fé . MC(OH)H(S) 4+ ne — Me + nOH"

4 H +e — 0.5Hy?

Me™ + ne” — Me Me : & &
LR REF BEARY Bk g B - TR R P
pH EF % 3 20 =+ » A leird 4 ha 3 R3S B F

USSR Hvs‘irré—’fﬁ/%@ii EJg ; g@;t;ﬁ,ggal ,

e A4 2 i3 ‘Li“Tk\ﬁ*s\mig?
pd AV aBEEEy #5445 o o Yeager'*V¥ 1% § § &
TiRBRRAKEEF LA S BAYHF BBLT A ST S
5 ﬁi:

(D) HE£4BTF2RE
O,+ 2H,0+ 4e— 40H Eo=0.401V (d&H-k3%)
Oyt 4H'+ 4e— 2H,0 Bo=1.229V (Bt kia i)

(i) %X 2 BT+ 215
O,+ H,0+ 2¢e— HO,+ OH Eo=0.065V (#&1-ki% %)
HO, + H,0+ 2e— 30H Ey=0.867V (d& 1+ ki3 %)
Oyt 2H™+ 2¢— H,0, Eo=0.67V (ki3 %)
H,0,+ 2H'+ 2e— H,0 Eo=1.77V (Fet-kiziz)

A fBF REEZ D BT R A0 TEH LS
B FTEMALA G LGl sk o BRI A 36
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FlrE ST ERYET FPETR -ATE - £TERED
¥ TR 22 RAEHFTLTRPTERE A HF
FRE AT o A RCH Rk AR B AT A i
ﬁgﬁ*ﬁ\%ﬁ%’ﬁi?ﬁﬁiééio

Rahner"'% « pl3& & e %8 (microconductor) 2z 22 » #-
ﬁﬁﬁi@ﬁﬁmé—ﬁ%i?ﬂ?ﬁ@&ﬁ@%»ﬁwﬁ
Tt 2 AT Rt F i RRAEAR BT AoR)
42-15#t7 c FIEF A p LT FEH2 5 LBR s X
THELXE2ZFTCEMF R (micro-reaction) =% » 7%
FARY FLEE TP RN TR RS BT o
TH2 T FF AL A E 2T HEF BoaiplF RU

-~

ﬁ{flﬁ%?%JER%cxif?ﬁ?ng ’;F’fnial'ﬁf /Fﬂi",f_'.%
TR TR A T S Zfﬁ»fé_l“ VE AT AR BT
BF (T R WAL AP AL BRSF

< 3

z_iv* o d ¢ ’Z%t%;%%"é‘iiﬂz‘ﬁd MG T 7 5

FERHEFHR S22 (Dldcd 589 2 48~ 4F 04501 &
PriE G R RS RE ) Ak Hppa
BoadBPERITEFRREE BILIEY 287 o
pt b > Rahner 52 3 #d 54282 2 5 B2 B 7 & Bt
32 FEISHERBRTA L ' 24218 80% TR
TS A BT AEN AFER T E R RS AR
H TR



[ £ 1%
(+) )

1L A AT &2 >

B 4.2-15 * e AW 0 (1) Hisgks (2) EETH3Ek
(3) ERTHRB LI -

ﬂéﬁ%‘iﬁﬁﬁﬁﬁ%#§~hﬁﬁﬁmHﬁ HER -

FAPRBEEERE G T IARAES -

(AT R 2 VB F
WRE S EEFE O MITTRRTALBICR G g AN E
By ehlRat o FlA E KB AP BIE 20T o RV IR GF
75 4 4% 1* (activation polarization) ~ J& A & i* (concentration
polarization) % %< #* #& it (ohmic polarization) % 7" 79 ;= M4 4&
MARKRERIEE BYE D0 B aidd > AT
FlAZ2 F AR RETROT LD T R
FREFRR @+ Tz R kREBR G TH 4
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Pt TR 3 RN ETRERE A THTER oo )
R R RTEBL T TR 2R GV §F A

B - B (M BRIBLF I - 2B LR
%ﬁﬂﬁﬁ ”)ﬁ’€64?ﬁ~mwﬂﬁ’“ﬁ?%ﬁ
H +37f;é_+§_ntiﬁu%w TE BT

VIES: &3 H*
I GoRF 2 P RMERFLE S PN S AP AL
2o LR LG 2 g TRk ’¢4§¢r%%§@é@@
o S IRy o SRR L AT Mn B s T
(3)2 EA B B
d A BB B K@ A
4o pH B2 1 k22 § /iR R 5 &% oKrishna & < 7
FHEH- RGN MEFT RS T BEFRE
AT T R P § A T T Rl
AR PR R A R IR A BRI P A
¢ 7 RaEenai N > ® 3R BRAT KRR 4 pH &1
#&°ﬂﬁ’¥iZﬁﬁ&ﬁgﬁﬁﬁ’%éyﬁ%ﬁéﬁ
3

"R GE A A 2 M o g b Vane ¥ Zang

-*-‘4‘79!-

LA IS

o

£ PRS2 AR B E 2R
RAET YT RENFEE2F o 2EFREI
pH=S PR &5 pH=3 pF2. = B » Fai EHJ§ 7 2
R AEE (e M2 I R R S RE 2 pH &% itz =
WA ER S ) 7 T B s 4 o
(4)pH &2 # H &
FokEfRF Berd 22 Hags & OH B AAA R o
RERIELS R R s SRR 1 BE S A L I
TiEZE FAP g E o pth s AN pHERET - %
FENEBEA L AL R DA T B2 AL
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wH sk o Lee &2 Yang @8 41% 3z i N
RSE 2 pH B > 87 T84 BSR4 42 % 42 #%
%ﬁtbﬁé@é‘:ﬁ%;ﬁwé MBEE 2T RS E T
P oo Akd pH E 2 F Mg F P EEYE 0 11 1.1 L/min
Wi F VM ERR pH Bd 2 # 43 4 ek pH
B 12 "3 8o pteh s AEIIRY AP R AT TRA
B X RITAE R IR N PREREL P o A s pH E
WWHERERET Rz a @ L FE e o o H
EF R M S el ¢ 2 pH AT 64 B
B e & F]E
(5)3 A4 fEap kR
RIS PR R IR SR B A R A
BAMFEEIEDE R JHI R BRSNS H 2 5
Wy pv I B F R RSP b oL B (G4
B R b ) ERIEIe ok R b FEAT R RR
AR U FRRBREZIFEERF b A2 &
%?%%&ﬁi%aw%i’%%@i%%aiﬁéﬁﬁ
Mo T pHEERL R HRFLFLIT ke o1&
B 2 B e 2 Ak A e f T AR 4 ¥ ¢ > Wada
2 Umegaki "% 41443 ¢ 3 H AT 6 4 Bk
R O BRE I AL ERBEPEADBS I LR

N

o

4y

3% pH ERBENPLE 2 BF - LIHHERBE
FPEEITESIDENRASFICRLE A P A

5 i3
BEEHRETE AN Y BERIMABITR R E T A

A5 5 Nt w5 =g T A S
Hamed % A CV% 1172 52 B 443 B EFRRTEGE N
g fied ¥4 0.123 mA/em® 2 0.615 mA/em® % 7 B F

m“—é— ’%ﬁ,”‘wﬁm&m ?)i\_} ;}i?ﬂ/‘;}g/ﬁ'—/fhi
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B BV REEITFLHATFENNTLER 2 e

Rt s - BRHRT R FEF T RERSREE
1%?%@%@@&6&&%%“? # g e Baraud
Jo % pH i 27 R R S B R

g3
BRYERBYT PRI BB E R R IR
BETG k0 S RPF L RRER ERPTHA
e 2 b TR YR TR E B PIT S o

53 3 1

ek e ST B i S EBETL
(LB 42-16) BRIP #F5w 5 4k r 29 570180

4
}%@/:_ PO

&
\

£ & VR LR

SABBE S

3. WA kTR
BT E S BSOS R TR R RE R R

)
PR ok ¥ L EP G xR s Ao TH
PR 2 2 RS2 P 1T K B4R (steady state) 2o
ommy gl 3 S PET 4 ATRT2 TS 2 0 f Rk



ﬁ@ﬁ?ﬁ%éiiﬁ?ﬁﬁ\ﬁ%%ﬁ*i%%aiawﬁ
BOES F o dofe F KT B4 R FIEARZ HRTC IR % 2 pH B4T
FIREAE £ & LA $ R pH i T AR Mk
/iﬁﬁii\lbﬁﬁii,’lﬂﬁ’i = 5 BB pH B4 %ﬁd i
g ivamskgrdle st b R4 HpEd WF R T ek L 3R
HIfMBEE IR FLFE L 22 Ui gaLt 2
2B o TE A Fie R L5 R L4
%\ﬁ%ﬁﬁﬁ<mmﬂ&f%q@>uaﬁ@$4(wmg~
Frfe® )~ DNAPLs (& F2t-k4pie M)~ § it 5 ~ T plld it &
PARFPHT S REFWAPIFTLY T AERT LS
%@éﬁ%%azﬁiégﬁm%wﬂ’mmﬁam%m,ﬁ
B 4 PO IR Bt B 7| ik
(Dﬁ“ﬁfﬁ@?%i%:%?3W?mi1?M¢%Mﬁ&%%\
I EMBEP DI EANT ST LHF o
(2Q)d W RILEARY T RE AR FF AL gt g
BE L g o
CVEic# %g 0 - mhd £ H2 b &7 L 2 g S
BF WAL E SRS
(A7 R ok 2 2hepfok 3 3E o
B)#rF A= * G F RGPS K TIEE 50~130 £ ~ /0 o
(6) 32 4 3P il Sidh Prd® = 2 5 2> P iR B
B oo FEY R NFERT EHREE H T ok BRET L
B o
(2) Rd4 2R ALYF2 AT
TH A ZR TP AR E RIRFF ] 5 e DNAPLs
BAAE 2 A v Az - (D0 m e s m g
LB R ER R AR BN A hES LS
HRFRT  EFHRIANFERTT S FHR2EFF[F P35 7
ZAE o A2 G AN Sl A EBIT LA
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(G degs 4L 45 A~ & ~ 42 5 £ 4 (45395105 108,175,187, 188, 197)

- T S T G IS SN A IE o A )(124, 165,182,190)
SR WE A (bleeF 0 F 20 558) G0y 2 a0

ERLE A

R IRE Y ¥

(' 6334
g
\\%‘

N

-

%}3%5% %@i%iﬁflwﬂ;z - R EE Y
BEE A B ik F o & 42-8

) ﬁ‘}”}«{b:‘ £2 %52 725 ? Bruel %
BEBRAEF A 2L G HIP nZg g2
A i EF o JIF BV EEIER 2 04 Viem 7 =1 & ~0.66
VHF S 80% £k A 833 kg/m ATRBASIEET > = F ¢
ZOAmARE T A4 g SaE 50% ~ 90% ~ 9% #TF chpE R A v
5158 % ~309 % 2 405 % o Acar £ A O 24 2 AaT F
500 mg/kg 2 B A2 o FMATHA T I AL REd B
BB T VORI R T 2 Ik s g TR g
B4 DR 0 45T i 85%05% 0 FTEEH L T4 G 18~39
kWh/m® - Takiyama 2 Huang'*"#= ERE 10° M NaCl % T %% 3%
T~ 1 Viem & PR ARJEX [ ~2-4 5 ~3-5 % 4-% 513
S22 (7B HL=11) ufsé%%ﬁiﬁﬁ?,i?%%ﬁw 1l LA 1
T THEFININF A AN L 2-F >3- >4-F >
oo AR FRETBERS I F RYFRIFZ AL pH A

AR TA R CTFERRE P IS R 2-5 4
"% 3T £ 93% - Awad 2 Abuzaid 'V { - iy D T hs 4 iF
* T AR T - TR E AL T 2R
fem #fim o 25 COp 2 H :

3
PR

/\(27)%«f * :E:

E B A

sa@w
\%“m\mk

% 4

=
| i3

&3
bin
\?k <

C¢H¢OH + H,0 — C¢H,O0,+4H" + 2¢” (1)
C6H402 + 6H20 - C4H404 + 12H+ + 2C02 + 12¢” (2)
C4H404 + 4H,0 — 4CO,+ 12H' + 12¢° (3)
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% 428 T4 Ry Einz AHmg O

90I -

R 2| T (RARE | TR/TIN | ROERE | SAER | 54P |AOIEE| AR EE A ALY
FiE | FiE R =] A kR
Electrokinetics, B A2 [N/A 3 N/A FrrREA & 60 v~ F|4L 6-8 B | IL A N/A
Inc. (EK)— 30 ~ R 3 1,000-5,000 ppm
CADEX™ = Jed2 14
Electrode System N/A
Environmental &  |[Z} 2 N/A N/A 10-15A  |N/A £ 200 %% ~ [VOCs~ [3-12 B |fdZw 17 £ ~/og
Technology % 200 ** ~ |BTEX -~ VOC : 10-30 ppm |50 % =/
Services (ETS) =70 R TPH BTEX : 3,000 ppm g
LR ‘
VOC © <0.1 ppm
BTEX : <40 ppm
TPH @ <35 ppm
Isotron Fi% % (N/A N/A N/A N/A N/A &~ & IN/A i L N/A
Corporation — Y gl & 1 10-20 ppm
ELECTROSORB™| & Jed2 14
Process & 1 50% -90% #% %
Consortium of ZEE 2.7 |15 100-140 V |N/A £ 15 =~ |TCE 4-36 B 0 | dLw 140 £ =/
Monsanto, DuPont |% % 4 40-45 A 10 R ~7% 15 1 ppb-1760 ppm E wA-
and General R 2_ Ak R JEL 90 % ~/
Electrics — 2 < 1.5 ppm EwA
Lasagna'™ Process




LOT - ¥

3428 T BB EERFFET (F-)
(SR Ba T |TARE | TR/ O|EEE | AR | ARP | REER| RILREGF AP |[RILF Y
B BEE | R | A A ik R
Geokinetics A2 5-10 =% |0.3-3.3 7 |5-20V  |F& ~ % £ 230 % ~ (4% ~ 4 > [2-18 B P 2w 300 % ~/
International, Inc. 0.5-1.0 A 10 %R~ (44~ 45 4% 600 ppm F -
(GII)—Pool E330 |8 4 : 500-1000 ppm |500 % =/
Process 45 : 860 ppm Ea
4+ 300-5000 ppm
& 1 2600 ppm
RELNE
4% © <50 ppm
4 1 <250 ppm
4% <80 ppm
& 0 <75 ppm
& ¢ <300 ppm
Isotron Corporation |8 4 4 ~ |4-5¥ 2w 90-100 V |#& #5p& ~ & 9 » 4~ & |20-40 X | AR 95 % ~/
—SEEC™Pad  |# 40-50 A e |E 8 - & 1 600 ppm v
Technology and 2w Fed2 15
ELECTROSORB™ b1 >99% %
Process
West Virginia 2 4F B fe |N/A N/A N/A N/A N/A Zon N/A N/A N/A
University R 4




801 -t

% 428 FH04 My KL R A

e

1

(H=)

FyH B T (TR |TR/D| T | SRS | SRS | ARSIFET| ARSRT S AP RS2
B MEE | RER <] A ik R
Lynntech, Inc. |3k 2 N/A N/A N/A N/A N/A B E s 39RO R 65 £~/
d it N/A X
T 125 % =/
& 1 65% #'% A
Sandia National |4#fc/& 25|N/A 15 = N/A F L4 700-1000 |4 ~ 45 |4-12 B 2 R 50 £ =~/
Laboratories % 2 K4 2 AR E £ 1 25-10,000 ppm |#f-
(SNL) fod i 15 % R 5 150 % =/
g2 TS% O0% 45 % |
Texas A&M BAL S5 5 100 V BAFHE ~ By | K 100 2 |4F ~ 45 |6 B # 15,000 ppm # % |39 % </
University BB § o~ EDTA ¢ ~ %50 |1 14 4 : 10,000 ppm #% | ¥ =4
&b 2 DR NFES ‘%
University of B~ NA N/A N/A X FRZ A1 IN/A &~ F ~ [NA N/A N/A
Massachusetts at | % 4F & fie L2 ik EE
Lowell ER: 4 i TE

TCE
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3428 T BB EERFFET (=)

L 23 T |TeE | TR/ FERFT | FAFH | GFAY | REBFR | B ALY | R
FH | FE FR s s kR
Geokinetics A2 5-10 % |0.3-3.3 R |5-20V fé ~ k& £ 2307 ~ |45 - 4F ~2-18 B P |EE N/A
International, Inc. 0.5-1.0 A 107 ~ (44~ 45 4% 600 ppm
(GIT)—Pool w33 |4 4% * 500-1,000 ppm
Process 45 : 860 ppm
4% 1 300-5,000 ppm
& 1 2,600 ppm
RELNE
4% © <50 ppm
4 1 <250 ppm
4% <80 ppm
& 0 <75 ppm
& ¢ <300 ppm
Massachusetts | 4+ 20 24 |15 24 20V v ik FHRE I (B P |9-60 % Je B wh 20 £ ~/vf
Institute of ZEfo & 40% -k + -30 £ /e
Technology 200 mm~ = 500 mg/L 4%
(MIT) /% 32 mm 60% & 4 2

fi= + 45-450 ppm
Jed2 {5

# 1 98% # ",%
fm - 94% # “,‘%
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3428 T P EERFFET ()

R Sl LR T (Rt~ | TR/TI| T | SRR | SR | REER| Rme AP | 2R
e ¥ BE R = i A kB
Electro-Petroleum,|® 4 2 ~ [N/A  |[N/A 30V EDA~2 |F 5% 3¢ |4 484 +24-170 /] [dZ® 375 % ~/
Inc. and Lehigh  |#) ~ &k 2 1.5A Bk [ R T.6214% - &5 4F S|P & 1 10-100 ppm  |[EwA
University P A A = 4%~ 44 1 1,000 ppm
3.55 &4 |8 B E £ * 3,000 ppm
& F & 1 5-130 ppm

44 1,000 ppm

£~ 115,000 ppm
& 122,500 ppm

& 1 30% -80% #% “ﬁt?
£8,:95% -100% #% “ﬁt?
2 70% -90% #% “ﬁt?
1 95% # “,%

1 60% -80% #% “ﬁt?
2 94% B “,%

1 60% -85% # “ﬁt?
- 35% -65% # 'k




ook s HoY¢r £ Bit im#%(DOE) 2 % Wk % & iF 5 4]
Lasagna'™ = N5 - BE 46 2% ~ B 3028 ~F4627
’iibﬁﬁ%iﬁﬁﬁﬁ%i’ﬁu4omA?ﬁ’@4%5
SRS BT RY 138V THEL 105V Bl e T B
ﬂjﬁﬁ1pm4ﬂmumm’@ﬁmm%éaﬂjﬂgﬁ%g
10,000 pS/cm > *+7F 3 2= 2 3 g R 15CH 23 45C = &
e i T“’ T E ) 98%4 o XA N da A IR A F ¢
BRI AAAF o I B L AR

BERIN ARG PR FEHI B A EARTE S A
Fr (R4 429) > blde: 445 AU Py 4 th gt s
ARz R A AR A T EREIRAAFSSRS
WA (TR R4 EIT > Aradr; Sk g A S 2 5 kg
WK RST H 2 1 CaCly 5 3 (FiR T 7 ] 96%2 4 %
gk o et ARl Viem R R R E F RS A2 E B
WMEFf R R ¥ e RRFPFREY AP RS
AUS Vgt F 4 I AT R4 ZEFDTFHLBES &
BT o B P nhmE T R 2 e AR -
pleppedriE e T o ufla F pd KAL 20 AT RR RIS HEE
ABtEE A2 43 pd ARAEFRFIRL T EFF AR
EREE S FRBEREESCEA R ARL F A d A
s SR € e AT R 4 F e AR R i
IardpEAssl e

EDRA RREE FE AR TR ) Tk
d RS R TG IS AP R R B R S
4“”%’@«}&4#‘ Higy o P EpEe N &
‘v & (treatment trains) > 3§ fie & fAH T2 BB I e dT %
%(193).\;4 %#(171 183)%45}_13_055%4 EUR B R D
F& i &
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% 429 Wp g6 4 2

SR 4

TSP LMY

i ERNIE 54 B e T T
442142 % (1998 |7 #+ 4 -iu Fenton i &2 |f5 ~ 4-% > Fite 105 5o 2 Bedol $0 R T 2 ¢ Rl fﬁ ¥
(192) IS WA N IR AE N F99.7% » et 4-F i i 36% o 1B i 0 AJT
By proE > }qlﬁ%—@—/ﬂ%i64é'iﬂ%éﬁil6’“°
A4 3 2 (1998 | # 4 -Fenton i AJLfs ~ |5 ~4-% 15 7 e BUR R BRI T 4B(0.0196 M r2 Ty £ R4l &
191y IS IR . E oy A AR 0 F 20 iR 4 B kR F T 48(0.196 M~0.0196
M)pF > R E kg 5 A e
e g A 11998 [T de 4 2 AR R (B 4E R 122 Viem ® B AJE 411 mg/kg 2 F 42 0 5.5
B2 v FEPAY AT 959%2 Ak S TG 7.8 kWh/m® -
u+xi}*@“’200mg/kg4%ﬁ» r§$4 v 5 % ¥ iF 87.6%
dp % o F 4 gL 22 kWh/m' -
Yang £ Long"*® (1999 |Removal and Degradation of | 11 0.3% Hy0, 5 1% A LR 75 1.05 g B Aoks »t 3
Phenol in a Saturated Flow x’-’r}‘% & ! 7 # 4 -Fenton /% A&J2 10 X {8 Bpkig 4 x/%
by In-Situ Electrokinetic FiEI99.7% L FEDORFE € TSR B
Remediation and B0 M B e o
Fenton-Like Process
A g a0 11999 B d 4 T LEERAL 2285 ~3-F0 [ 1Viem § EH R A G FRITHE BB P F B
- 1L U £ 5y 4-% po BT A F AR RO ER o b RRELY

FRARP LB ESE Y o HNASLE E BT AR
A2 PEEF BRSO A KRENAT B AP
LERZFZES -




elr-v

2429 AP T4 B2 RILLIHY 5

W2 pMey (F-)

Contaminated Soils by In
Situ EK-Fenton Process

it 20 [f@p S AR SRR

1 £ 422 T4t 2000 |7 # 4 -Fenton ;2 % & 4 4 |7 & B> £ 117 4 -Fenton ;2 (% 5 o Ed®» P 7 & 4 -ficd $ %

(183) SR ARSI F S fapd ek B o R BBEF LA ER T 3.5%F B
432y WA FRB D T79.77% -

Weems « M 12000 |§# 4 -Fenton i AT 4-F |4-% RN R Sl RV S
CHEEE FIEET Dy ) PR A R AR R L B T R
B 4 Rt F sk 5 ¥ o B RE4 Fenton iz 2 F B3 & - [y #

3 ﬁ;‘_‘—t °

Ehp g W ooy [HI* ReR2ATEIER (140 Jﬁle%mmgﬁﬁ#M&’@ﬂ%ﬂii,ﬁﬁ

R R 4 %’Fﬁgfﬁ"ﬂfﬁr, B e Mg 4 0 B G BRI
» R RE iRk o

EFE A 0000 (X FEFWAAFIHEL [ ¥ o7 F 2 SDS/PANNOX 110 1% 5 #k (7% %”fﬁ e ¥z -0
TEA - m A kS F oo H A2 FF i 91.3%~95.0% o Bt I L AT A
FLIESY =iy e R e FUHAERE TR G AL AR L -

Yang £ Liu"* 12001 [Remediation of TCE 3¢ "fﬁ ® % BABob (T 5 T # 4 -Fenton /% cnif it & » 2% 31

FHEIRAR Z 7 R R e pE > R AR A A

AT E T o
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3 429 Ap 84 2003 g

WS AFLAANET (K2

i RN Y L ERES-EJ R N X
Whams + % o0l |F# 4 -Fenton ;2 3 3 4-Ff ~ T & ~ |11 T 4 $jbv - Fenton § it 2 5 KB F R
BT R ZEL F RS A Ha AT R o <?ﬁ 4}%_6 §4 3
ﬁ_ﬁ'—i#%‘r’%ﬂ: FHEGIAIALI B
Wy A RN B o
RN 2001 |AF & G E AR T (e & % viAF & B o 2 R(SDS/PANNOX 110) & 4 (E 5 B
TR 284 PLirrgie 0 PCE 2 % S5 4 T R M 4o £ 8 7 it
OB AAT 2R 58.1%~863%: &2 V/iem T =4 AT » HF ek L
TR AR EILT AL 4857 B A R A AL A
0.8~1.9 i o
,+)£;;A(177) 2001 |B EENT A R4 T £ 3%&% 1 Viem § =4 B 53 % Ba2is » 44 ¢ TCEi",lrffjfji
FLRARITIEZF 76%50 kLR AR ARH L 2 Viem BEo 3 8 5T i 91%
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