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Application of Aliphatic Alcohol in Tracer Tests for Characterizing
Gas-Liquid Interfacial Area in the Vadose Zone

Abstract

Methods to characterize gas-liquid interfacial area include the dynamic and static
method; each has its advantages and drawbacks. This study focused on developing a
new method using aliphatic alcohol as gaseous tracer for gas-liquid interfacial area
measurement. It was found that decanol can properly serve as the interfacial tracer.
However, the moisture content plays an important role in its application. When the
moisture content is too high, preferential flow would occur and the method would not
be feasible. Soil moisture contents of 3%, 6%, 9%, and 12% were studied. The
interfacial areas were found to be between 100 and 150 cm'l, which is within the

reasonable range of prediction.

Keywords: interfacial area, tracer, aliphatic alcohol

#e
AETFRIF G2 I Z e RBPLZEFLRZ L L7 2 P2 B8 AT E
HTE B - AL G I T A4 R F AR P BRI B
fi(decanol)™ 12 ¥ 2 if 4 2 HiM R e gR s B B2 U5 FokS
FiokF BB B B i R B LA ARG T L .
AT TR 2ZIE T RFE 3% 6% 9% E 12%% > FERESFR H

- . N -1 B, O S s 3 ol I 2 5 21 a2 s
Bod A2 B A3 100em” 2 150em™ 2 o e H 6 F 2 B3 BT

=
3

B4Es @ 2 B oo ff > EHE > P sapR T L $e



.
I. =73

L 123 #5732 47 (Volatile Organic Compounds, VOCs) 4 3 ¢ 2 @ﬁ%l q - 2t
ER2ZRG 0 FAFIMIIEY FAAVOC Y > B p st Jﬁ1VOC1
AF LFMBHY G k2 F R g AP E R S R o 1
Byriaif-kr ?‘ * FE (a1r-water interfacial area)2_ = "2 VOC {2t 3 ¢ 2 %
#% (transport) £2 73 F (retention) &, L AR B L A AP RE o gt e > B - i AL R B
P 4ot 33§ 5 B~2 (SVE, Soil Vapor Extraction) ~ s 3 § ® # 2 (IAS, In-situ
Air Sparging) 4 2 T+ 4 3 5 F K52 (ISO, In-situ Soil Ozonation)® > 7= 4 I3
Foki o - RERDFF ot LT R Bt ffE - £&k21

Poig* 22§ kAo FRIE>2F S+ 48 B (dynamic) 2 # i (static)
EREI N PREIERE LRI A I o B heptane halomethane » % » #-H ¥ /1
»akpfok 2 3 QI LB HFA R A A G 2 & T (partition)fF {2 0 d & PR
7% T #c(retardation factor)2. * i -2 X b o o FRE R R R oo B
A4 SDBS(sodium dodecyl benzene sulfonate) % 7 35§ » H & 5 56 4 2 %Laﬁl
#ag o Rip2Z o 5d RRPRABTZE > Ti- H AT h e FERS L
T35 2 % o 4 o Brusseau ¥ 4 (Brusseau, Peng et al. 2007). heptane N ifﬁk
BEREENZZF kAR o ff o BEFREI% kAL Z EFF > HEL 61095
cm?/cm’ & @ A2 FERIE TS S 200 cmz/cm o H AR F T 5iFF 2 i BA Ik
B RIS X o AR NE T A ETE IS FREE R
i) Eﬁ:lﬁ]u M2 & fAIR % - Karkare 2 Kim ¥ 4 (Karkare and Fort 1996; Kim, Rao et
al. 1997)F1* B BHEA K TR e H > TH NEGEF 2 h e BHEA G 0
B B I 2R e i VOC 'iiiﬁh]\v
-L)’é'E]F—Z.FE.7dr_Eé;9u|J_&r' el ;‘7§ %c,‘,«ryzg
E‘Ef%’iﬁl\iﬁ" FEHBERF B PP FEF MR R IE A EL
PR 2R G R REET € 5 ;%1“)» R LA IE-’F—'%zE’# TR b 2 ;E‘J‘Ef_ v B
AR TR SR B FI s AR oK R R L
PR FIBPR H‘ﬁﬁigc it & %~ (aliphatic alcohols) {¥ 5 if g - F]H § ——E'—Jp g
HAFEF RS EBKASE T F rehl B kw2 3 588 #3024 6 (Lin,
Mﬂﬂl%ﬂ’aﬂkﬁij@%%%ilkaﬁgo
FR SRR SEEE AN R 8 I ESN R e TR S N A A N
AT B REL G (DHEET LR SR R P
NI 2 GBI o O R EZEHBS T T FRLEELE T D
24
2

o

mh

o =t =
Ao gl Sy

>‘\\+-

~

;_.

E‘@"_}?_E} ’]‘3—;\‘;}/&%’«‘5 ﬁ»'_—t%/i’% F'&iﬁk\:ﬂ?fp )% ‘d P EREEE
fl’@;’* V= e %é{?ﬂff’ﬁ] +HE o pLeb s 71\,{«’-‘ e DT 23 E L (1)
B o [ Foeht ok R e AR Q)1 B PN B
. o _,, {?"mﬁ Z_ ‘E/ff?j ) Jli P t;(mj;;r,"; 5 @ﬁi\'—’ VOC /'5 #,;}'ﬂj\]ﬁﬁﬂ °

ﬂi
B
I



I #3548 RERA

AP SHEARTR F 2 RBEE AR L AT o F A E R RS IR 2 0E
R L R R A LTt SE S

AR AL IR BRED LRl B 2 - A2 B A
X SR ERP PR I HBRE S 3T X R g5l 0 AR 2

2 B3/ £ 5 10 mesh (2.00mm ) eés i 6 {6 > B2 e b B3t it PR
e o R AR A2 o
d3ta e B2 A4 d N I F M BME L AP AN
Ao LR o TR HRFBRITLETOR TR FIE N TRE A
cE AT AR RAE) T H o RPN EEF RS R R AR T RRE T A
FEEOR) B 5 A0 MR 2 - 3RS 2 B RB L AR SR BT B g
B~ BLE B “,f SR 3~T Rk gfs 0 £ 52105~ 0.125mm s0é e iF
g s> F T 2mm I lmm -~ lmm 2 0.5mm ~ 0.5mm I 0.125mm %) > £ 1 *
Ak AR E B AL e P > £33 EHEI05CH- AR L £T &
FARRE ORI E I F R RH AR R AR A AT AT o

L

L

PARIE S Befir s A T GC/FID

Bl 1~ &R B AR

B

s
S
i

PR F AT A F AR GAREEAFEN P LT A TR E
FEF) 150 g #iE 1000 ml v 48 7 @géﬁg’éﬁz s R g okF R 2 ER 150
g AR der kR (mD) ) BlAe D AR AT % g kS 0 A 150g ®
R x0.03 7k F=45ml =Rk o JI* HEHR AL WE T EFRERAL R
F - ST BR) CURRARDK ) KRR DY LG ’Féﬁe;?ﬁ« XA 5 85mlo
HELZENEF AR RS a3 2R FEHMHFE bl 7KF3%3 15%



HEEFRE S N125g2 135g 2+ FEABE > F47 0 JI¥ FA 4k
*%?‘%‘?ﬁ”%‘ﬁ“ CE R F AT B A D FHPAL LI MR RERF
R B GCRE > kB GCHEMAAT  XRLT N Ehs T
GCUBLA M 6 F fjat e f B3 Ld § 10§47 » GCAZL > GC A+ 5 70
FloRmERS 2 B EEFHR 5 P RT D RRIE T RAR R 0 L
E I iiffi’ﬂf\? o

VICL i o5 Rin 1 % » 2 & ennd i L fed A d BT BB » &
FTREMP 10 B ﬁ"] RELAY (Electromechanical Spdt Relays)’ @ #+ — i RELAY
R B 3T d eI LED g Edp o BB S B P AR o A f R TR
B R ede (T2 — b4 X 5V en g R kg R S B (4-waySolenoid) 5 i@ 2
AR HROSPTRA Y T A 6 B R P i o

....................................

R Liem R 15em

(I }
| } |
— H | | | I ==
gy B E ‘ i | H R
’ L] | | {
A4 cm ‘ 03 om 4176 e | 204 em
[ ‘..rru‘!
B iA

III. $%*83H

B 3 % 2 decanol wiM‘J/Ji‘d_ 232 KFGB%~6%~9% -~ 12%17 2 15%
F)o g onid & S0mL/min 2. T 0T Fd R g AF E A VR 3%E 15%2 B %
B F 7 oRFHEFEG%)H 73‘2 2 PR R RS B EF(15%) 5 8L 0 2 R F] 2 F
) Lﬁiﬁi”g"}v—?‘f P ’—’E'—s? RLH RS 0 Ft 5 5 £ 2 decanol § A4
CHT7 A2 FRE . ZAvd prlaip i@ § 5 kF
ﬁkﬁfﬁ?‘ HF R ko ERg o l—l'?Q);J(V-‘ #1718 o erdf % — 5k (Karkare and
Fortl996)° “,%”J 9%z Fedp et o F 7ok F RS d 3%H A G 6%~ 12%11 3 15% o
decanol 2. F EZ PR A U2 R H S o H P LA AR E 2 ABFehe 23 9% 2
kS fichp o dRIA R 2 d 2 3E B 2R 43k (preferential flow) 2 5 & s
Shid A o
Bl 4 5 2 decanol 3 i BAAIRIE & F 2 3 5 K5 (3% 6%~ 9% ~ 12%11 %
15%%) > 4% ;i 5 100 mL/min 2. F 0% 548 4 o JLB2 8% > v At 2o
BRI R B2 BAE 0 3% ~ 6% 2 9%z By HARSE L2 lfjvif;izm ’
BB 5 okF L FRT(12%0 2 w%)’%%ﬁujw&¥éﬁ-uﬂ@%
decanol 2. 3% % 7 1% ; F S ¥icip 2 W T ¥ > ¥ i LR F %4 2 decanol ¥ it %



Y SR

1.0
flowrate = 50 ml/min
0.8
o 0.6
(@)
(@)
0.4 3%
6%
9%
0.2 12%
15%
0.0
0 20 40 60 80 100
time (min)

] 3~ 12 decanol 7 if BiFIBIE A 3 3 Z K F 2T 0% B4 A(decanol Z F i
# 5 50 mL/min > 2 3T 5 1 0.125-0.495 mm)

1.0
flow rate = 100 ml/min
0.8 -
v
0.6 - \ 4
S 7S
O V& []
0.4 v [
& s . 3%
Y5 & u o 6%
0.2 - C? é L v 9%
S & 4 A 12%
o " 15%
0.0 ; . :
0 10 20 30 40 50 60
time (min)

B 4~ 12 decanol & i BidRlE 7 2 3E 2 -k 527 0% H 4 & (decanol F F v

i# %5 100 mL/min » 2 3 5 1 0.125-0.495 mm)

=

b2 By A G R S lic(dek - T )BT
g

A Gl fpt AP AT 2 i 5 STANMOD(STANMOD 1995) - H ¢ B 5 & F
b 7 iy 22 CXTFIT #25% > 4 & % d Toride ¥ % ® 4 (Toride, Leij et al. 1999) > H i

-t

B2 Hithd o A2 FAY RBch Y 0 hlgr 2 Rl B2 2

N

2N

=



Bk dr gl ® 0 T BI(B S) 5 CXTFIT 4258 2 3% (7% & L7 -

A ETARMOD . (Cxret - 5] z‘ﬂ‘

| D@« & Bi5(m| 2w e
‘ icessing | [ Post procssing |
tm of Fmoblem W] Grmphical Crtpat (Line Orapha)
E/ Tovpe of Model M) Display Tesd Crutput Fiks
i3 tngnt asd Ot D Cods
B4 Seale Unste
] # Concentration Mode
E/ Powsuneters for Inverse Problem
B4 Parsmetse Information
Boundary Value Froblem - Mun Informston
Initial Value Problem - Muin Informaton
Production Value Problem - Main Information
Dt for Enwerse Prohlem - Dats Stroctuy
Data for lerverse Problem
Crutgr Struetume

SHIWT R

For Help, press F1 NUM

@ 5 ~ STANMOD #&;% ¥ 2. CXTFIT # (¥4 %

3% moisture

9% moisture

10 T 10 -
08 T 08 +
o 06 T -
06 T
o
O 04+ 38
~ ~ 4
O 02+ O 04
-00 ; 02 T
-0.2 t t t t t { 00
0 10 20 30 40 50 60 0
Time [min] Time [min]
6% moisture 12% moisture
10 1 10 T
08 08 t
T >
o 06T 506 T
(&) O
o 04 + o 04 +
02 T 02 +
00 i 00 ;
0 10 0 10
Time [min] Time [min]

B 6 ~ 2 STANMOD 35 & i & % & 2 7% %% decanol 7 % # 4(100 mL/min)

£%F 100 mL/min 2 /i & » &3 2 FKFFRT(UeB 4 #t7) 0 £
STANMOD #2 5 #icd ) k 2. g % 12 2 ?%ﬁ@%z.&;% Vg0 do Bl 6 T o ;;3%
Aok PE o 50 BTS2 B R B R SR SRR G 7 2
B 6% 5ok P FIMA e ERRA t“/,%!fﬂP i nﬂmffwﬂz
P B TR A I%IE 2% AT R e

]



A S o MR BE AT RS o A EF 2 BT GBE 43 58 3
88 2. » 4rdk 1 977 o ot eiliF hlicie > - i@ * M F 85 B pF e
3|2 & 5 B (Brusseau, Popovicova et al. 1997) o 2% 38 — 3 caf | # izt & F (h e
B kP HFRIAAGF2E B dod - T3 AT o
% 1 ~decanol 7 £ & M2 FHRFEEHIRESE
Moisture content 0% 3% 6% 9% 12% 15%
Porosity(-), n 0.479158  0.527131  0.540064 0.546516  0.544197 0.546214
Sw 0 0.074756  0.14194  0.207445 0.279192  0.346162
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a; (cm-1)- Langmuir - 157.1152 141.2953  110.2479  135.3763  137.2991

o AP B IEE S 100 mL/min ;T 323 £ =0.31 mm -

A4 P e f5(0.125-0.495 mm 2 T 32 0.31 mm)2 F % 0 Ay R4
$HHE A HEF FRS075mm 2 1L.5mm)z e FAY 0 AfEF Bimz o 2
FRIMeFEFREfTRFLME G o2 TH 7 977 031 mm 22 1.5 mm
2 AR o 2 ARE > JE Rk R B4 K2 M 5 A 075 mm 2
Bl o PR AT ABE -

200
™
I
L
N
c O O ® 031mm
% 150 + b. O 0.7475 mm
@ v o0 v 15mm
S \/
= [
B 100 A
[&]
8
@
E
5 50
I
3
5
0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Water Saturation, Sy,

M7~ FRIAAaFEIEZ LeEfoR 2 M ER



IV. %4

Brusseau, M. L., S. Peng, et al. (2007). "Measuring Air-Water Interfacial Areas with
X-ray Microtomography and Interfacial Partitioning Tracer Tests." Environ. Sci.
Technol. 41(6): 1956-1961.

Brusseau, M. L., J. Popovicova, et al. (1997). "Characterizing Gas-Water Interfacial
and Bulk-Water Partitioning for Gas-Phase Transport of Organic Contaminants in
Unsaturated Porous Media." Environ. Sci. Technol. 31(6): 1645-1649.

Karkare, M. V. and T. Fort (1996). "Determination of the Air-Water Interfacial Area in
Wet "Unsaturated" Porous Media." Langmuir 12(8): 2041-2044.

Kim, H., P. S. C. Rao, et al. (1997). "Determination of effective air-water interfacial
area in partially saturated porous media using surfactant adsorption." Water Resour.
Res. 33: 2705-2711.

Lin, S. Y, T. L. Lu, et al. (1995). "Adsorption kinetics of Decanol at the air water
interface." Langmuir 11: 555-562.

STANMOD  (1995). "Studio of analytical models for solving the

convection-dispersion equation." US Salinity Laboratory.

Toride, N., F. J. Leij, et al. (1999). "The CXTFIT code for estimating transport
parameters from laboratory or field tracer experiments." U.S. Salinity Laboratory,
ARS-USDA, Riverside, CA. Ver. 2.1. Res. Rep. No. 137.

A

AT RBERVEER T ER MR E S o R AR B R ER T
AR F A AT R F AR L S IR A (s B R AR WS T



