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ABSTRACT

A new type of chemical oxidation technology utilizing micro bubble ozone oxidizer and a pneumatic fracturing equipment
was developed to enhance field applicability of a traditional chemical oxidation technology using hydrogen peroxide as an
oxidizer for in-situ soil remediation. To find an efficient way to dissolve gaseous ozone into hydrogen peroxide, ozone was
injected into water as micro bubble form then dissolved ozone concentration and its duration time were measured compared
to those of simple aeration of gaseous ozone. As a result, dissolved ozone concentration in water increased by 31%
(1.6 ppm — 2.1 ppm) and elapsed time for which maximum ozone concentration decreased by half lengthened from 9 min to
33 min. When the developed pneumatic fracturing technology was applied in sandy loam, cracks were developed and grown
in soil for 5~30 seconds so that the radius of influence got longer by 71% from 392 c¢m to 671 cm. The remediation system
using the micro bubble ozone oxidizer and the pneumatic fracturing equipment for field application was made and
demonstrated its remediation efficiency at petroleum contaminated site. The system showed enhanced remediation capacity
than the traditional chemical oxidation technology using hydrogen peroxide with reduced remediation time by about 33%.
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Fig. 1. Conceptual diagram of the micro bubble ozone oxidizer and the pneumatic fracturing equipment.
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Fig. 2. Experimental area and control area for a field test in the
train repair and maintenance point.
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Table 1. Hydro-geologic characteristics and contaminant properties
of field test area

Contaminated soil volume 4,585 m’
Maximum concentration 13,676 mg/kg(TPH)
Contamination depth 0~4 m
Soil pH 6.7
Organic matter 3.77%

Permeability (direction) 2.96 x 10*cm/sec (W — E)
Soil texture (sand/silt/clay) loamy sand (83.7%/14.8%/1.5%)
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Fig. 3. Ozone concentration in water with time. Micro Bubble
Ozone (MBO) injection and simplex ozone aeration process were
used to dissolve the ozone gas into water.

3.1. 00|32 E 2= HEM HI}
eF] 9 W 2 AlTlel] mE §F 2F:
>

=
Fig. 3o =AJ8IGAH. 222 we FUH A ¥4

J. Soil & Groundwater Env. Vol. 17(4), p. 44~50, 2012



48 ozl .

8 Zrkeje] 208 Folke BRI ol=3la HI4

AN 9z vlolmzHy 0F Fez FAT A3 o

2.1 ppm, QEVRE e FV1SE A 9F 16

$28 Aoz s, vlolaHl JHz 92 F

Asto =y dse F7] WHHEG oF 31% =2 0ETE

= Q% & U 55 92 W] Tk BT
=

2 WEe RS AT & e ol 2F0
50 um ©J3te] wA7IE FElZ EEe] gi7] FOo= nf
2 EEHA ekl e Yol BFE7] iE] RS
2 gdEchelss)t 9, 2010). =3 AFAZE 308
QF IS HFI §F LEFEE A&HoE =3
sl QFF U 2F9 AFARES Jrig A9 oS
FrE7] sl ThE 2Ee] e 8 2EFEE oF
o T FHIFEY 50%Z A= o 2FE vlola

HE FHZ U 0FF0] 85 2EFEE oF 33

=
HE Tl LES violAZHE FER el FUA
7= AT 29 wEok AFARE W TS FSl
KX = o]
= L— S

i 25 7iAs]

[9%]
S
ok
s}
B
E
0
S
M
ofm
ot
02
ook
e
o
10
s
o

o

s F7VF AEE Tl o] At
Ul =9 Higke =4 2ar FuE st Akl
Fah= 71O ATE BS7gelA Y] st e
7] FA=st 7] 9789 sk #5719 A
o we} 2pol7t ot oF 5~30% ol o] Hargkdl

al
wUe ) 345 WS FHE ngth =9 T3

=

g
] At AhesE Angige Ade S 89
T & 99k o) FHE Sl 1gte] B = )
FLL WSO B2 FNY F JEE HYo] A
Qe Dot 7S F3T ek

Bk gl W AN JF WekE S5
7] sk Bk A B7) FQRANN 1394 TR
H BEYI ZHY GBS Fig. 5o eRigich
Ag<pel w2 At ) g1

o) QEREE AL He AE
[e)

B2 FIaske Aoz dEA oW (Theis, 1935,

J. Soil & Groundwater Env. Vol. 17(4), p. 44~50, 2012

<]

(=]

o
Il

w »
o o
o o
1 1

Pressure (mmH:20)
N
8

100

0

0 5 10 15 20 25 30 35 40

Time (sec)

Fig. 4. Pressure variations with time by pneumatic fracturing at
monitoring wells. Numbers on the legend mean distances
between the air injection well and the monitoring wells.

1,000

® After fracturing

6 m  Before fracturing
N
I
E 100{ e
3
“.‘x -0.007x
[ o y = 277.799¢
(=)} e
c
2
g 104 ®em _y=395050 " T
= ".-\_\ e e
S
£ -

1 Tl
100 200 300 400 500 600 700

Distance (cm)

Fig. 5. Pressure changes at monitoring wells with distance from a
vacuum well. The pressure changes were measured twice at the
same site before and after pneumatic fracturing.
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