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ABSTRACT

Air Sparging (IAS, AS) is a ground-water remediation technique, in which organic contaminants are volatilized into air as
they rise from saturated to vadose soil zone. This study was conducted to investigate the variation characteristics of TPH,
VOCs and CO, for air sparging of diesel contaminated saturated soil. Initial TPH concentration was 10,000 mg/kg for
saturated soil phase and 1,001 mg/L for soil aquifer phase. After 36 days of air sparging, the equilibrium temperature of 2-
Dimension experiment system was 24.9 + 1.5°C. The saturated soil TPH concentration (in the C10 port close to air
diffuser) was reduced to 66.0% of the initial value. The mass amount of CO, was 3,800 mg and 3,200 mg in air space
(C70 port) and in unsaturated soil zone (C50 port), respectively. The VOCs production kinetic parameter was 0.164/day in
the air space (C70 port) and 0.182/day in the unsaturated soils (C50 port).

Key words : In-situ Air Sparging (IAS, AS), Total Petroleum Hydrocarbons (TPH), Groundwater remediation, Diesel
contaminated soil
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Fig. 1. Soil and ground water pollution by oil leakage of
Underground Storage Tank (UST).
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Fig. 2. Location of the sampling site and well configuration.
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Fig. 3. Schematics diagram of 2-Dimension air sparging
experiment setup.
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It FUEE 2= B Wexe] 25E S48 9
Sk Thermo couples F 1371 AX|3IAaL, EY - A5l
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T o) AAE] AF e v P EE E
FNBZE AH T 4 YvE YTt DO =3 TFT
TPH, VOCsHZES AFHs7] #1g+ & 1270¢] Sampling
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Eook% oA AFH F AHEL] gt 7|=F =
54 2 5 eSS SHRTEY SFT
=1:10 ng)i SHA 745o] Ae HARA HAEE 3
Aok AAE 3 F 110°CY] 2EZ 48AF Ax I
T Sieve 2 mm Al(sieve)E ARSI PARI=700 wEh
AL 2gE R/ S US. standard mesh sieves
£ AFE3FY American society of Testing Materials
(ASTM specification E-11)¢] -FHell wet 242} 273
045 mm(AMG 0.62 mm diameter)®] A% EFS 2,
AFstA A sr] o] dHES g A vzt
A2 7122Q1 £ - 38 B4 AR Aldsielth BN
=4 WHe vasFA9] USDA(USS. Department of
Agriculture)®] Eob\nw 1= (Calgon testyE ©l-83}] s}
Ak 2] Al B3 EU] g AMG(Average
Modal diameter Grams}— ARFsISAT). A Bl tigh

Table 1. Characteristics of sample soil samples used in this study
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7122 22 - 3815 AP Table 13 2t} e
Bk A3 ARHE Eo] 242} sandy loamO-Z 29%
om, w3k B AN dA=T= A HAE 055
mm(AMG 0.77 mm), 0.45 mm(AMG 0.62 mm)= T
Aol7} ek,

Air-compressor2FE TUH TV 22 EIH EYF
olg& Wlk(saturated zone)oll A § WEk(air space)OZ
W=7 93 7] A7) (Diffuserys 71E, A& 270
Z¥z} 2 em, 3 emO|th. E3SF F7] ERbleleE F o7
37 Holeol L=t 274e] A4 15 mmoled, 4
X= [, K] 1Xe|ti([l, K]=7F= 94 1, A=
FeAPE K wAk ZA). gi F3p ERNEE SR
%—717}—% 1= Bz vt WAy 93 2 E

AR A= okmd QA Sl 7Rl vle] 7]
HoleO] =4 Hole 3732 Z}ZF 10 mme|t}. 2k}
AA" BS FUs] 91 FUF AA A= (A, Q]
13o]al 5 wiEshy] f1gk wiE+- A 1A= [P, K]
13%o|t},

2 Aol ARE mAES TRl AT
713 B 718 E8Aolth C:N:P HIES 100: 10

15 95 o] £ SeA By BlES 1:1 8
°El 36°Cell 2403t =8 AT Zshlsell Hehk= 6
7R] Port(LS30, CS30, RS30, LS10, CS10, RS10)+=
6dvitt z2t 371 9 71 EEAE S/ 01 D)
sl 5 mLA T4

Aurg-zo] B8 nAiEe] N, P JUAZEA] Nitrogen

Soil samples Original Experiment
Classification sample Sample
Particle Sand (%) 0.05~2.00 mm 81.5 73.5
Size Silt (%) 0.002~0.05 mm 3.8 8.1
distribution Clay (%) <0.002 mm 14.7 19.5
Soil texture (USDA) SANDY LOAM SANDY LOAM
Cation Exchange Capacity (meq/100 g dry soil) 1.3 1.4
Density (g/cm®) 1.4 1.4
pH (1:5)? 6.7 6.7
Moisture retention, Field capacity (%) 26.1 27.6
Total Organic Carbon (%) 0.30 0.42
Conductivity (uS) 78.1 81.1
Porosity 0.29 0.34
dsp (mm)? 0.55 0.45
Uniformity coefficient 4204 4.46%
AMG (mm) 0.77¢ 0.62°

% ® USDA; United States Department of Agriculture, ™ 1:5; a mass soil:a volume of distilled water; @ dgg sixty drawdown, ds, fifty draw-

down dw ten drawdown; @ dgy/dyg,

9 AMG Average Modal diameter Grains
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100 mg/L, Phosphorus 60 mg/LEE2 A|Zste] wl2kg
3L (Peristaltic pump 3, MASTERFLEX, model 7519-
05)F olgsle] deRt FEnkE HE FHsiolth H3t
oFeke] 7] AES W] S8 ©EeiaL, oFe W
T sl

LHEEdE AAE fgAde e Aol AFE o
CSI10(C; 712, S; AMEH e 9 150 mL Y
SkATh o] % oF 1A]3to] AIg & CS10 sampling
port2FE] AYUAE o]83l] WIAE 10 mLE 2HH
3kt ©] WFA]E= M.C.(Methy lene Chloride) 50
mLol FZ31 5,000 RPMOE Centrifuge 3+ & F=
H MCE FEAA F GC(Hewlett-packard 5890
seriesll GC/FID)E o] &3}o] SAH3PTHETIE 9,
2004). =823} Total TPH masse= 10,000 mg/kg®] L.
™ TPH-water mass®] 7% 1,001 mg/LZ A=A}
=, A% I T 315 We] bl o3k NAPLs 35
913 24 STk BlE g &al== 1 ppme] <t
A9t o]i= Bl MEAFHA] NAPLsHOE Ex|sh=
AlE 23 A3 o] Hrkar ALsETh

2.4. TPH, VOCs, CO, 2A{4HY

B gl F3k=o] Holle TPHE Ago] i $o
EOMIES A AHAACH, ) TPHE AU
ol FAPIE o83t AHEIATE T3 Bl S
TPH= o] B APieze] o=y 72288 &
3 7} $JA] sampling point Aol FE= EX 10 g
< AF3l] M.C.(Methylene Chloride) 50 mLol| F=
3lo] =9 89S Gas Chromatogram(GC)E S431tH
(Reddy et al., 1996). TPH ¥47]7]= Hewlett-packard
5890 seriesll GC/FIDS AlMgslsiom, EZFAL Table
20 VERAITHERI S 9], 2004). B3 94ke] TPHE =
gAZtel Wt Sampling pointo] FAR] HlE Zol7} 15

Table 2. The operating condition of gas chromatograph (GC)

R

e}

eml] FAIE o]83te] 10mle] TPH7} E3H waters
ANF 3} M.C.(Methylene Chloride) 50 mLol| F=3}<]
5,000 RPMSZ Centrifuge 3+ & F=5H M.CE GCE
olgsto] SFsIATHETE 2], 2004).

E¥se £ U7] $oE WEHE VOCse
MultiRAE PLUS “ZHIE AR&3t] S48 & ZHCI
2 AASIAT vFEAIY 2 wivkeE 2=
Photo-Tonization Detector sensors 7}A|al oH, =4
W= 0200 ppm (Resolution; 0.1 ppm) &= 200~
2,000 ppm (resolution; 1.0 ppm) =4 7}s3l] & A
Ae] Aex 9 aEE 4o guity, AESH wgel
o3l AAE olksleiE AN NaOH 25 mL7} £9
S TAWE FAA TAA olskeks Fo)
o 3 N BaCLE 1 mL H= 37|51 BaCO;= 3413
Zo] A7 slgith. o7]el] sz gwQl AR kS 3~4
e AA7F 3 F INS EA 22 NaOHE 7ML 23
slod ). oSl T (1)2ell oJsie] et
Hom HxARG oldsigii] doZ FHITHmg
COykg dry soil).

mgCOo,
Kgdrysoil

(1
= U NSF - As28H5F) x HCI Normality x 22

NaOHg-2HH o GASTEC(No, 2 LL, Japan)
olg3st A< 3le] $lollA] AFe NaOH §3h
< BAST. ARE 4o SAHWLE 300~5,000
ppme ARESIH o, AR 30 ppm(n=1), 13] &
A 100 mLRE)YE ARSSHATE TS QFRUo} 1,000
ppm, ©JAFE}E; 100 ppm, ©]AkshEA: - Aslea F Ga
7} 30 ppm A% FEIIE JEo] flojA ARSIl
SI =

o] ¢]el]
o]E,

<]
&

Gas Chromatograph

Hewlett packard 5890 Series 11

Detector

Detector temperature
Injector temperature
Column

Carrier gas (flow rate)

Initial time

Initial temperature

Temperature program Progress rate

Final temperature

Final time

Flame ionization Detector (FID)
300°C
250°C

PTE™.5 FUSED SILICA capillary column

Nitrogen gas (2 mL/min)
1 minute
37°C
19°C/minute to 280°C
280°C (5 minute)
20°C/minute (to 310°C) and 310°C (30 min)
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Fig. 4. DO concentration distribution during (a) 1day and (f) 6day
of operation on the intermittent air injection mode on constant air
input experiment (Q = 1,500 mL/min, 10 min. injection-10 min.
idle).

A FETAA 40 em=E 71 gho] Akom, HA|1H
¢l DOEE S7Fs 7HARA] E3th olF viEeE 0.1
kg * flem®™}3, 1,500 mL/min® & F715 FUA7]1L &
A== 37174 AZK10 min.injection-10 min.idle, 10
min.injection-20 min.idle, 20 min. injection-10 min.idle,
30 min.injection-30 min. idleyS W3}A)Z1 A3} Fig. 4
o} o] SHHAULE Fig. 4= 7I2 pointHZ point=0
point:-7 point A4S sparging point 7[SEHOE FAIS}
of £23} dlo] DOEE V1= BASE AoE A3 A
5}% 6do] At & WA AF whg=xo] ¢F 75% DOF
7 7% 49 o]FFE DO =9 Al
°J 3}l zpolE KRG =, CSI10 port PJ:]—: CS30
portllA] F7] &5 Ade] g JelE & Kol
7] k] B YAIgE CS10 portike] 19 DO
TEE 1.0+0.0 mgL SAHNCH, 47 T8 AR
64F CS10 port?] DO T+ 4.6+02 mg/LE =35
o] oF 78% 7=tk I8 Fig. 59F 2o 6%
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Fig. 7. Variation of VOCs at the air space (C70 port) and the
unsaturated zone (C50 port) during 36 day of operation on the
intermittent air injection mode on constant air input experiments
(Q =1500 mL/min, 10 min.injection-10 min.idle).
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