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(styrene) (phenol)

2.1.2

2.2

2.2
2542)

(Ppm)
20,000

7,500
1,500

500
50-150
25

5-10
30
60

60

(solvent)

8.8



0.5 L US.EPA.

5 lig/l US.EPA.
0.5 mg/Kg
2.2 !
3
(Hydrodynamic Processes)

2. (Abiotic or Chemical Processes)

3. (Biotic Processes)
221 (Hydrodynamic Processes)

2211 (Advection Processes)

(hydraulic gradient) (Darcy’s law)
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21 (hydraulic gradient) (Knox , 1993)
22)
v=1 (2.2)
q= (Darcy velocity)(L/)
V= (seepage or pore water velocity)(L/t)
= ’(‘“- = (hydraulic gradient)(L/L)
K= (hydraulic conductivity)(L/t)
= (porosity)
2.2.1.2 (Diffusion and Dispersion Processes)
2
1 (concentration gradient)



path)

11

Dd

Dimension)
(24)

Toedi Fx
Dd

(pore)
(tortuosity of
(2.3)
Dh=otv + Dd (2.3)
(dispersion coefficient)(L2t)
(dispersivityXL)
' (pore water velocity)(L/t)
(molecular diffusion)( L2t)
(Column Test)
(dispersivity, @)
(av)
(Mass Transport) 1 (One
Fick (Fick’s first Law of Diffusion)
- p %
F. = -D, = (2.4)
=mass flux (MILZT)

= diffusion coefficient (L2T)
= concentration gradient (M/L3L)

22 24



2.2 () ()
(Phillip 1994)

o G s
o SR

Friction in Pore

2.3 (longitudinal dispersion)
(Phillip 1994)



Gran
7,

24

2.2.2

2221

(Adsorbate)

Direction of average
flow

Velocity
distnbution

(2)

(Knox

1993)

(Abiotic or Chemical Processes)

(Photodegradation)
(Adsorption)

(Adsorption)

(Aquifer Matrix)

(Hydrolysis)

(Adsorbent)



10

22.2.2 (Adsorption Mechanism)
2
(Physical Adsorption) (Chemisorption)

(Van der Waals Forces)
(Dispersion Forces)
(Multilayers)

(Chemisorption)

(Activation
Energy)

(Physical ~Adsorption)
(Chemisorption)
1
(Desorption)



kcal/mol

2223

(Irrevisible)

20 kcal/mol

(Adsorption Equilibrium)

(Adsorption Isotherm)

(Linear Adsorption Isotherm)

25)

1

20 keal/mol
100



Kd

8
74 -—— Alachlor
=== Atrazine
6 e & Single Solute
= + X Binary Solutes
<8 ¥
= —
: =
3 /
SV AL 7/ S N AT OO
Ceq (ug/L)

2.5 (Knox , 1993)
2. (Langmuir Adsorption Isotherm)
(Langmuir)

L
2, (monolayer)



X =x/m (x)
Ce (mg/l)
X
Monolayer
b
1.8
1.64 Rhodamine WT
Distilled
1.4
_F1.2]
o Y B
S S 1.0
o g 0.8: ‘/’
£ 0.6- /
0_4: - Linear
0.24 — Freundlich
0.0 T T v T y Y v
1000 2000 3000 4000
Ce. (ug/L)
2.6 (Knox , 1993)
3. (Freundlich Adsorption Isotherm)

(Langmuir) (2.6)

X = XnbCe/(1+bCe)

(Freundlich)
(27)

xim = KC, "

13

(26)



. (ko)
Ce = (o)
K/l =
(batch experiment) 25 27
0.20
0.15 -
_& 0.10 4
0.05 .
a
0.&1 Y T T i v y
0.00 0.02 0.04 0.06 0.08 0.10
1Ce
2.1 (Knox , 1993)
(pore water velocity)
2.8
(Retardation Factor; R) (2.8)

R = 1+ (p/n)Kd



1.0

(kg/m3)

CiC,
©
1

i

0.0

2.8 Breakthrough Curve
1994)

2.2.3

(oxidation)
(anaerobic)

2.3

(Biotic Processes)

(biodegration)

catechol (

(Phillip

(aerobic)
, 2542)
(Pseudomonas)

15



2.3

2.3

Conroe

Borden

Norman

(Alluvium)
Norman

(Knox , 1993)

0.03

0.1

0.2

0.2

2.3-2.7

0.9

10-74%
99%

1 (one dimension modkl)

(steady state flow)

120

40

16



iy

(Monod) (2.9)
d’c - _ . éc
D -V #lietY  =r—" (29)
Thei c = ( 9l)
V = ' (Ut)
= (L2
X =
Il = (First order rate
constant)
y = (Zero order rate
constant)
R = (Retardation factor)
24

Schwarzenbach Westall(1981)

(Linear Isotherm) organic - carbon content 0.1%

Chiou - (1983)

12 (benzene) (anisole)
(chlorobenzene) (ethylbenzene) 1.2- (1,2-dichlorobenzene)
1 - (1,3-dichlorobenzene) 14- (1,4-dichlorobenzene) 1,2 4-

(1,2,4-trichlorobenzene) 2-PCB 2,2-PCB 2,4-PCB 2,4,4-PCB
(loam  soil)

(single solute) (binary solute)
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Misra(1993)
(batch experiment)
0.146-0.448
0.94 - 2.0 - (column experiment)
CXTFIT

Patterson , (1993)
(PCE) (BTEX)
Swan Coastal Plain

1.1x104

Corsevil ~ Weber Jr.(1994)

Niglson  Christensen(1994)

8 (lag phase) 9
30
Barcen , (1997)
0-0.0010 MTBE  0.00C6-0.0014

Mohammed Allayia(1997)
(BTX)
1
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1.04

0.052
Yerushalmi Guiot(1998)
(BTE)
16.1 -660 2.5
16 0.72-5.04
Fortin ,(1998) ! " (xylene)
(dichlorobenzene) (sand column)
(xylene) (dichlorobenzene)
12.8% 13.6% '
(aqueous solubility)
Schirmer  (1999)
MTBE Borden
(Phytoremediation) 1
0.003 M~BE 0.0012
Prommer . (1999)
(Petroleum  Hydrocarbon) 1
PHREEQC
18 80 240
‘ , (NAPL)

(steady)
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18 (Denitrifying)
(Sulphate - reducing) 80
(Sulphate - reducing) 240
Franzmann , (2002)
Swan Coastal Plain 17

Desulfosporosinus Meridiei

Zheng , (2002)
(Aromatic Hydrocarbon)
(Column  Experiment)
Garder
10° C 1,2,4-
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