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ABSTRACT

The purpose of this study is to see the remediability and pilot system operating
condition on diesel contaminated areas. Air permeability(k) and trend of gas phase
(02/CO2/VOCs) concentration to determine the remediation rate of the contaminated
sites are very important. So we tested air permeability and trend of gas phase
concentration. Throughout soil vapor extraction(SVE) and bioventing hybrid pilot test
on different conditions, the range of air permeability(k) was 1985~1194 darcy. The
tests result in soil vapor extraction and bioventing hybrid system was appropriate on
this test sites, and the suitable injection air flow rate was 3.5m%/hr.

Key Words : Soil Vapor Extraction(SVE), Bioventing, Air Permeability, Biodegradation,
Pilot Test. Hybrid System
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Fig. 1. Total petroleum hydrocarbon con-
centrations of test site.

7~8 mel WPAZ Qo] 6~7 m F2oA A3
7t &3l 2] s Aeg ZAEAY. Fig. 12
Ahdx el 3eolH TPH(total petroleum
hydrocarbons)d 3= EEXL2A RFAZHDIE
Aoz dAfrt B4=o) TPHZY 2 m ZeoldX e
oF 0~10.000 ppm, 4 m ZelelME 0~14,000 ppm,
283 6 m #HoldAe ¢ 0~18,000 ppmeZ &
ol w2} LHHWA7} HoiAw, TPHY FE=E ¥
oAl AL B 4+ Utk AUy FHE A&
Fig. 1914 gk 7122 400 m, M22% 50 mel $
23 glen, EF MEHL Geoprobe 540 M
{(QeoprobeAt, Bl=) Alxwlg& ALg8Ith
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2.2. 2YEA2| BHEY

Core 3Ele] EYAEE A EYL 91258H 10 cm
FAeZ A-1, A-2, A-32.2 35EEHNL, C EY
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ticle size distribution(%)& sand”} ¢ 80.15%.
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% loamy sand2 UElgtth pHE 7.213% 7.07.
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2 ZA 9t} Sandd FA¥7t 80.15%=2 %71
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go] AFAY Aoz A=, £=%, pHE 4
tx o2 n|Ygo] A AL 4 e 8FY pH T~
89 Welolnz YEUHNEFHE ALY AS o
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Table 1. Physical and chemical characteristics of contaminated soils

.| pH | BD" | Porosity 2 » | CECY | oMm® Particle Size(%)

Unit fm v Texture
(1:5) | g/em® % me/g % sand | silt | clay

A1l 721 | 1.04 | 6057 |0106|0111| 579 | 144 |8267| 991 | 742 | LS
A2| 726 | 144 | 4556 |0.115|0.166| 571 | 2.13 |8241|10.05| 7.54 | LS
A-3{ 707 | 163 | 3829 [0.108|0.176| 449 | 145 |80.01| 999 | 10.0 | LS
c-1| 694 | 1.40 | 47.09 |0.136|0.190 | 3.89 | 256 |77.55|14.97| 7.50 | LS
c2| 712 | 1.53 | 4208 [0.127|0.195| 548 | 196 |77.74|1497| 7.29 [ LS

. Inorganic Nutrients(mmolc/kg) NOs-N | NH'-N | s04-8 | P
Unit Na Mg K Ca Fe Mn (ppm) | (ppm) | (ppm) | (ppm)
A-1] 2.488 | 0.0263 | 0.7558 | 0.0417 | €0.001 | (0.001 | 74.09 | 131.73 | 11.33 | 21.33
A-2 | 2.483 | 0.0241 | 0.7545 | 0.0414 | 0.06 | <0.001| 72.73 | 129.29 | 15.24 | 39.75
A-3| 2.331 | 0.0176 | 0.6083 | 0.0459 | 0.05 |<0.001 | 73.48 | 42.86 | 10.33 | 24.37
c-1| 3578 | 0.0142 | 1.1128 | 0.0176 | (0.001 | <0.001 | 48.19 | 54.21 | 6.99 | 45.20
c-2| 2728 | 0.0154 | 0.7538 | 0.0253 | 0.08 |0.001 | 58.33 | 46.67 | 874 | 26.77

V' Bulk density. 2 Mass water content, ¥ Volume water content, ¥ Cation exchangeable capacity,

¥ Organic matter, ® {0amy sand
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Note) S, Pl, T1, Fl{pressure, temperature, flow-
rate measuring sensor), L/V Separator(Liquid/
Vapor Separator), O/W Separator(Oil/Water
Separator))

Fig. 2. Pilot-plant system layout.

O mioction Wellaw)
@ Extraction WellEW) /
O Moattoring Wentuw) ('] )
I Air Permeability Teat Well(AP)

Fig. 3. Well location and distance on the

test site.
= _Q_._ -
—ln(—r—e”—) + In(#H]
P : gauge vacuum(g/cm - s%)
m . stratum thickness
r : radial distance from extraction well
{cm)

Pas © pressure(latm=1.013%10° g/cm-s%)

Q  : volumetric flow rate from extraction
well(cm®/s)

: air viscosity(0.018 centipoise)

: air-filled void fraction(%)

: soil permeability(cm®)
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o o ZV|E F23%9 € A% FFIAAF
kE AP-190A 1,738 darcy, AP-2°14 3,137.8
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Fig. 4. Vacuum at 3 air permeability test
wells.

¥ Aoz gddHd, 3 FH& EIYER TG
i 3.5 m¥/min®l #FoE FNE 3L AH
F71BRA S ke AP-1914 1,703 darcy, AP-2¢
A 1,737 darcy, 23813 AP-39lA 1194 darcy®
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Aez wd=EAct weM € 4@E e st
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Zt 4oz FUE FUddn AT FaAF
Z VOCs/CO2/028] =W S AWE Za Y7
£% 1.1 m¥/hr2 3P ul 02(%)9] WslzEe
MW (monitoring well)-1o14 18.9~20.1%2 <
0.2%9] #go] sUfeny, MW-3dA4& 19.5~
20.1%2 < 0.6%2 <o) WL HHY:,
MW-59 & 19.5~20.0%2 ¢ 0.5%9] ¥st&g
Bgong Atae] Wl ARk CO(%)Y A+
Hrjel ¥algo) 0.2% Az E HE_ S B+
AATH. =3, VOCs(ppm)e ¥WE&E Table 3ol
Ueld dis} go] Oy 3A g& e vER
t} o] 2%z B o 1.1 m*/hre §%o2 B/ F
4l 244 2w A Az A MW-19lA &
Abag] o] 19.0%24 g MW Hlm g o &
A veeg Aio FFFo] FEHA Rilvte A
2 B 4 U, =3, Eh vy g B4 A
Aok 7H R SE A A 2] VOCs/CO/ 029
ZAoRE ¢ £ Ut Al @& VOCs/
COx/0:9) ¥3Hgol A9 gllenz ngEe] &
A5t ol Fold L EEAE AAHYD & 5 S
Aoz &9t

3.5 m¥/hre] o2 BrIE FUHZ AR,
02(%)9] A% MW-1elM 20~12.5%2A <
7.5%% Za2€&E< 2en MW-3dAHE 19.0~
9.5%2 < 10%9] Za&< VeI, MW-5¢]
NE 18~8%24 % 10%9 H2&¢ B4
VOCs E3 Ztasdle AL & 5 e oz
3.5 m*/hrel fFog F7NE FYPL AL A
Eo| Agstrld AR 28 4TS FYPA
te AL ¢ Usien, BEHLZ Ot ¥ 9%
o] A&7 COe 9 0.5%9 714 H3loH,
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Table 2. Oxygen concentrations after 48 hrs fresh air injection (unit: %)
M’ MW#l | MW#2 | MW #3 | MW#4 | MW #5 | MW #6 | MW #7

ow rate

0.0t 19.9 19.8 19.9 20.0 19.8 20.1 20.0

1.01 20.1 20.1 20.0 20.0 19.9 20.1 20.0

1.1m’/hr 50t 19.7 19.7 19.7 19.8 19.6 19.8 19.7

17.01 19.6 19.6 19.5 19.7 18.5 19.8 19.6

20.0t 20.0 19.9 20.1 20.1 19.9 20.2 20.2

24.01 20.1 20.1 20.0 20.1 20.0 20.3 20.3

0.0 20.0 19.5 19.0 18.5 15.0 16.0 17.5

1.0 20.0 19.5 19.0 18.5 15.0 16.0 17.5

3.5m’/hr 5.0 20.0 19.5 19.0 18.5 15.0 16.0 17.5

17.0 19.0 18.5 18.0 18.5 18.0 17.0 17.0

20.0 17.0 18.0 17.0 17.0 17.5 13.0 13.0

24.0 125 10.5 9.5 8.5 8.0 8.0 7.5

0.0 20.0 20.0 19.5 20.0 20.0 19.0 19.0

1.0 20.0 20.0 19.5 20.0 20.0 19.0 19.0

5.5m>/hr 5.0 18.8 17.0 17.0 17.0 15.9 14.7 14.1

17.0 18.8 17.0 17.0 17.0 15.9 14.7 14.1

20.0 18.8 17.0 17.0 17.0 15.9 14.7 14.1

24.0 19.5 19.5 19.5 19.0 19.0 19.0 19.0

1 Oxygen concentrations measured time after 48 hrs fresh air injection

Table 3. VOCs concentrations after 48 hrs fresh air injection (unit : ppm)
Location yrw gy | Mwa2 | MW #3 | MW #d | MW #5 | MW #6 | MW #7
Flow rate
0.0t 5.0 8.6 18.8 4.0 7.0 6.0 6.7
1 1m*/hr 50t 5.0 8.6 18.8 4.0 7.0 6.0 6.7
' 20.01 4.1 6.0 11.1 3.2 4.5 2.7 4.5
24.0% 2.0 4.7 4.1 1.3 6.0 2.4 2.3
0.0 16.5 19.1 22.1 17.4 21.8 20.5 22.7
3 5m®/hr 5.0 13.8 16.6 18.4 14.1 18.1 17.9 18.9
20.0 14.9 21.5 17.1 15.0 19.3 15.9 16.9
24.0 14.9 21.5 17.1 15.0 19.3 15.9 16.9
0.0 14.9 16.1 16.4 15.8 19.9 16.4 18.6
5 5m*/hr 5.0 13.5 17.9 16.2 15.3 17.9 16.8 19.2
20.0 16.2 18.6 17.9 16.2 16.6 16.3 16.4
24.0 16.2 18.6 17.9 16.2 16.6 16.3 16.4

T VOCs concentrations measured time after 48 hrs fresh air injection

VOC E¢ vlebshA v 2aste A2 olR] &
o Aael FFos s vl BRI} woH
of wal 029} VOCsel Zash g3l <& CO:
7} Z719 & Ao g B,

5.5 m*/hrel 2oz V& FYRE 4%,

MW 1, 3, 5olA 02A%)8 F4&L 0.5% A=
o5, COxe <t 37H&¢ B2t VOC ER
o2k ZAAEHA T F4F Fr)e FFel v e 4
&7l AA He Aoz #ddd,

A2 AEZ A¥AF 3.5 m*/hrd] RFoz F
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Fig. 5. VOCs concentrations after fresh air
injection by each flow rate.

718 AL o PAEe) A= BE YR E
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3.5 m*/hr2 BrEch
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Uiz ogd Edel EUFNFEN BEHH

EXe PP BU8 EWEE YA EFF7
2 2¥3 YERAFET 4UL AU o
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particle size distribution(%)& W% sand
80.15%. silt 11.97%, clay 7.95%=2 uYElge
o, pHE Z4°|%tt. Porositye 46.72%. &7
E g% 1.91%°1929, sande FA8I7F Fob
F719] £3go] Fo old ug EFE7FEY
A go] AFHY Ao dect =¥, pHE 24
7.21% 7.0724 gwtHog nYgEe] & AY +
AE #742 pH 7~8<] HHolm2 HEHHEFE
A4 o oo e Asle] & Ao AL
"o

FNEFRE APARo oJaH & ATFAAARY
9 /1 EHAS(K)E 1985~1194 darcyZA ]
AY 2dE%e Edoe EUFVFEYY AL
o] gAY Ao ettt YEHAHFTF 4Fd
He 4929 3.5 m/hrel f%eg 378 79
e o vjYE AT WE Y& MY =
ok, 5.5 m*/hrel #%3 v aPE& o & Hol§
Bolz gteng ¥ A7 AU 3
28 5 Qe APEA) F71FYFL 3.5 m¥/hr
2 godn. d7ERE FYIYE & A7d A
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