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Abstract

The objective of this work is to evaluate the hypothesis that a good technique for supplying oxygen to the
saturated zone in the presence of light nonaqueous phase liquid (LNAPL) pool contamination at the water
table is to pass air through the unsaturated zone above the pool. This hypothesis was evaluated in
experimental studies performed using a bench-scale, sandtank reactor. Steady-state abiotic experiments in
the sandtank reactor with air flowing through the reactor headspace demonstrated that oxygen supply
through the water table interface into the saturated zone was enhanced when an LNAPL (dodecane) pool
was present at the water table. These experimental results confirmed the hypothesis that an LNAPL pool
can serve as a high concentration oxygen source to the oxygendimited area beneath the pool and, as a

result, enhance the in situ biodegradation rate.
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NAPLs(Nonaqueous phase liquids) 2 2 J 8 #9-&
EeH o2 Heshe Ve shdaEA H2 JESY
2.9l (Bioremediation)°] 24 2% ¥1 v}, 4 &
EY, M4%F % LNAPLY 2¥H] Sl @3lsah
ES dutz oz Azea vt sbeetn mebA

Mg

AETLH B 71y o] &3 AAE & U
(Rittmann etal., 1994) . 1 Z 3} 197008 0] Z25b2E] A
283 x| £E4](in situ bioremediation)o] 28 E
2 Aets HHdo] ol AHEH I UrH(Lee et al,
1988), HEEH AFEUAE &8l o, A Fd
EZs sle vAEEY €42 377 98 o
S ez, nAEEANA ARE AR (FFEF
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Fig. 1. Schematic of the sand-tank reactor used in the oxygen-supply experiments.
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HaE XA Ho AFEy] A AZE ot
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Ut F, g@sleidae Atk S3E7) EolA
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e Aoz #FZ2HYth(Ju and Ho, 1989). wah
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2. 43 YUY H AE

22 A wkgZF(Sand-Tank Reactor) Ata FF
&) Zo] 50cm, & 10cm, Z©] 20cme] 2.2
£ AFstdth A83A 24z Fig. 1
o}, 9 FoldA "’}SZ:E e B4
¥, Ao| w¥n} 2 Weko g ol 2314
=% Wk xol @ol%—;— A EH skt
el 2 AFstdn 2 2% A8 7
717} 2252 89t} Voudrase}t Yeh (1994)0] A
g Whalo g R (Mystic White O, U.S. Silica, dy, =
0.74mm) & F238le] Relle] 23} (stradfication) & 3
2389t 2 A2 gdd AxdE AHFHY
(clear wall) & 23} FA7F 222 AT #Y

& peristaltic pump (Cole-Parmer Instrucment Co.
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Table 1. Summary of experimental conditions for oxygen-supply studies Performed in the sand-tank reactor

Experiment Number* Feed Solution Air Flow LNAP
1 Deaerated deionized water with HgCl, no no
2 Deaerated deionized water with HgC, yes no
3 Deaerated deionized water with HgCl, yes yes

*The experiments are numbered in the same order as they were performed.

7553-30) % ol &3l /FE dAHA FAHHL B
# FAx F97F A s=F &%t LNAPL pool
& Voudrias$} Yeh (1994)0] A A% thg-9] W ol u}
g B 2o At (1) & W 99 2o
Sem, £ 10cm, Zo] 40ecme} R} 2& shizm, (2)
250mLe} LNAPLE HH3I F7|/E/2e HEH|
FHo| HEE 4¥3 F (3) A% dx RYE
LNAPL 9ol 33 ¥, (4) nlg] 3 Aej2 ghEo] ¥
£ 27 2% 2AAHA LNAPL pool 99 €},

2.1, 48 T8 Model LNAPL

A4gE Fedeze, MAYEEY FEE JAF
71 918l HgCL & 0.4mg/Lo] T2 FHF o] FUT
EFYLe AHLEgn. RE A4YE 892 N, kA
g o] &3td sFEt 81, T Atk FH
AP L AT AYUFE AR A8 £& vtk gl
& 3}, LNAPL Fo] A2 FFd vjile
g F o] st Ah L E (Hesse etal,
1996)7F =z 3H4 Ad A4 (Kowert and Dang,
1999)7} & LNAPLZA], dodecane(Aldrich, Cat. No.
D22.110-4, 9+ %)€ d93Act. LNAPLY 3 &
€ #3 9 2 FdA B & #FF3] Yo,
0.1g/Le] 4443 Oil Red O(Fisher Scientific, Cat. No.
BP 112-10) & dodecaneg 24 A7t}

2.2, M2 B33 A#H(Oxygen-Supply Experi-
ments)

LNAPL %o] 44 Fgd) vl 98 gos}r]
A3l Fe QI1°C)olM g3 22 HP& Ykt
FUT Adadozn FVE BEXIRASE 95 Y
AR, 8719 80| RS £ WPoz 3
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< Wit FEA FAHADL. RS Quue =
3.2ml/mino|Y 1, o]& 0.5m/de} W 2I2RI&ET
(average pore volume velocity), Vol #2EUrt. o
¥ £ 1 F35EV} ek e 28 Bosted 19
225U FFL A 2HHANUD vjd 3338 o)
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LNAPL %9 #%o] BE, &7 U528 Arh
o] e AAE wetslr] 98] Table 10] Yebd v}
S} o] 3FHo HYE v w3t AP ET /Y
¢ 249 DOE 3359

48 £24+4(DO)+ Standard Method 4500-
06, Membrane Electrode Method(APHA et al., 1995) 9]
e} 243131, YSI Model 5730 probes} Model 57
DO meterg AM2-319it}h. DO probe 2} DO meter:=
air calibradon method & ©] 83} B3 &%},

2.3 4¥ Zn o oF

2ef 37 whgzoA Bl v/ MFE %
8}7] 98] non-reactive tracer A& o] Schike(1996) )
g FP=H Ak, M7EA1E] Chloride breakthrough
curvesZ ©]-8-3t absolute-least-squares regression®4] ©.

2 /b3 S%E Vs DS iAES gol doinzn

Table 2. Summary of nonreactive tracer study results (Schicke,
1996).

Parameter Value
V, (m/s) x 105 9.35-9.57
Porosity, n 0.459 + 0.00551"
D, (m?/s) x 108 2.59~4.99
a, {cm) 0.0367 + 0.0132'
D, (m¥s) x 10° 31.94-40.44
a, (cm) 0.0362 + 0.00528'

"Average + standard deviation
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Fig. 2. Effluent DO data for baseline experiment, abiotic o] Eq. )& A M 9] Athe] Z3lx g0 g9
experiment with and without NAPL. Zo a2 AsEe U ALY & g mald BA

Fefell A, B9 AP AR & AAR S S

T FFEMTH £HE BAE(2)) FH%Y yaxoz AuH: ABe ©y AY i
TAE(e) WARS = doAT o] 2 dF5H  wezzs wa Jrie S gu BezE wii
AR AL G5 Table29] 8oF A0 2 4 e @9 ARG B2AF( = Q, x ()& T3
¥ A%ES Frhshed A S T oRE F AR GRHo2 Y 5 AR

2 AgolA dojdl frEpel £ U428 $E g gasie YUY A2EH2E 28 4 UG
(C,)E Fig. 2o et ilch Aol AME 3719 (M/LY/T).

Q). oo 4L £LAY FFWQ) Table 3¢ gl A7IAY C,, &S} AF SAY
7 Ao dojzl &2 Aao] FR(C,)E Table A zp0]2 Yolry] 93 Student’s t test7} AHEEY
H&&

29} 2}, MY Are] FEE ASE] A 0 o] EAR BAL 217 T Ao HEL H @A
o, LNAPL Zo] glo] d9dt A3llE 7222 CH 3 29 ggin. shie 871880 de T 439 C,
Y E£E 3 Pore volume)o]¥o] AR EE AMIIA L, =% Hlwdle A (ie., experimental 2 and 3) THE
LNAPL Zo] gle Zfole 96AT(F 44 B 4 shbe NAPL Pool o] gl ¥ 439 C,, #50| ¥l
Pore volume) ] #9] 2t5 &% AH&-3tAH 2E QA H(ie, experimental 1 and 2), o] EA EM oA

FEFRAE (V)9 BT A E8] 53 2 (average null hypothesis (¢, - 4, = D, = 0)& alternative
oxygen dissolution flux; Javg) gtE H 3 Table 20| | hypothesis (¢, - 4, # D, = 0 )ol s} HAE H
Alatdct. Vst F, 28 B35 @2 o183k 2 9t} (Mendenhall and Sincich, 1984) .
2oz RE FaAt

e O1-y)-D, 3)
Q. () sy(I/my +1/n,)
VvV, =
X nA

Table 3. Summary of measured and calculated values determined in abiotic O, supply experiments

Expt Temp°C Qar Q, A Cuvg Jag
(Avg + Stddev) (Avg {Avg) (Avg + Std dev)
(ml/min) (min/min) (m/d) (mg/) (gO/m?/d)
1 211 £ 06 0 32 0.5 0.2 £ 0.03 0.02
2 210 £ 08 11 3.2 0.5 1.4 + 0.052 0.13
3 214 £ 05 11 3.2 05 2.8 + 0.063 0.33

'n =12 data points used to calculated C,q
2n = 13 data points used to calculated C, g
3n =12 data points used to calculated Cyq
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9]e] AollA] degree of freedom & (n +n,-2)°]t},
Null hypothesise= ek t > t,, o)AV BE t < ~2,,
Ql Aol WolE 2] eksith. 919 FAEA ¥
oAzt e Ay AHEL F8T BAEA
Aol & e ATH

B Ay A3, LNAPL Zo] 1 2o ¥R Ho &
o] Aa AGE FAAZIYE 7ol HE3 AFH
< ¢ 4 Uk, LNAPL o A% A ¢
(Experiment 3), f&49 ## a¥Er7t LNAPL
2o0] g1& 7% (Experiment 2) 9] 28} 7} ¥3t3, =
3 LNAPL #o] 248 A $9 ¥ A28 EHx
7t 91& ZA$2r} 29 Etvh(Table 2). LNAPL &
o] EAjsle Aol 4th Fdo FAHUGE AL
23 o] AgE 5 Utk &, Frie A& 3
£ dodecaned) A g] A4 gal=r), 719 HEdn
JE BolMY gaxrn A2n, gy FrFY 4t
27} B 99| dodecanel. 2 partitioning3t B]-&°],
22 A4 partitioningdle H]EHET & ou|gict.
o] A& EF dodecaneo] kel Aago g ALY

F 9ee Tk
3.2 E

B A3 Aol osH, LNAPL e @i
Eo] 1%k irder ALY F USE E F
AATH ©]ELNAPL o] 1 Lo ¥ Ho 29
A Agg A ITE o] BeEe FEE
Ao gAM, LNAPL Zo| EA4¥ A%, &9 3T
A2EEst LNAPL o] ¢l& ¢ 2ok 29 7t
B, E§ LNAPL Zo] EA4E 459 Ha A
£ Z5g 20 g AR 28 Eqch o] H¥A
A3e YESY Bdy sl & 9v]E 7,
Z LNAPL % Qo ZA3le g4 & 428 33
o] YEGHoz Bestuzx & o EXIA(E
Enste] LNAPL 3 912 37|18 FYIdd
LNAPL %9 & 44 8382 Q8] LNAPL Z]
nEE AagoR 2A4dtn 1 2o TR Fo R
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