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Partitioning tracer tests were conducted to quantify the saturation degree of diesel and
water in unsaturated soil, respectively. The use of partitioning tracers that partition into diesel,
water, and air (i.e., three-phase partitioning), is an attractive alternative to traditional coring
and analysis method. These gaseous partition tracers not global warming gas like CFC’s are
Butane, Acetylene, Ethylene, Methylene chloride, and Methane. The glass column packed
with sandy soil was prepared, in which a three-phase system of air, water, and diesel was
maintained. Conservative and partition gas tracers were injected into the columns and detected
easily using a single GC detector(FID). For each tracer, a method of moments was used to
estimate partition coefficient between water, diesel, and the air, respectively. The results from
the column studies showed that the diesel/air tracer partition coefficient ranged from 82 to
868 and 9.2 for water/air. Saturation degree of diesel and water in the column, predicted by
the partition coefficients obtained from tests, was underestimated up to 66% and 23%

respectively.
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o] gtthH(Whitley, 1999).
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A= SEAGIABEE)T 250 RolE ALE vx FFH mAg FTF B gEsT
Hiw Buja 2EA4E $EAY njdd REsE A Y (water NAPL)Y EuistAs e o3
BEse] a9 AASA Dy, 2HZZ ATIFRAA oF FACIE)S o 1A FA
(2 NAPL)Aol 9] ®ul7% (partitioning factor) ol LA ctd, Ewlsh wlgw) FHa Alels)
HFARAZL Aole 1A §A(Z2NAPL) A9 35 dd AFAA Are AT & 5 3
1=

o] W e H&o Tbui(saturated zones)IA NAPL £.g9 AEol $&3UNT 2484
(Whitley et al, 1999)3 &7 o)A (Annable, 1998) F& AxE Be FAo agg AFAES
EX3} Xlﬁ(vadose zone)dll A Bul M o]&L AztaA HAR EX 3 A QoA NAPL 9
Az 23 42 g8 2o L w By ks FHREE 2AEY] AlF ATH(Deeds 1999).
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2. Theory
2.1 EviAs

BN B2 AR 4H(waterNAPLIAtOS) &8 i o uAS, K & thed 2ol Ael
Atk AA M 28R o FECHS A2 G 9 FAR i o FEGE M2A A9 €
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K., Cio ¢))

g8, RuAss 249 da45H) F AR 19 NAE d3dM e sx9 HIZA air/water
B A S KB D2 A obeier 22 #A7 23 ¥t (Park,2004)

H= Ci,G/Ci,jF Kaw = 1/Kij (2)

2.2 Method of moments

Jin(1995)5 € PITTY #iAe] slojx =ale ol o3 wddx EF=HA Aol 3
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Table 1. Summary of tracers used in experiments

Chemical Henry's Molecular
Tracer

Formula Constant(logH) mass
Methane CH, 16
Acetylene CoH; -0.05 26
Ethylene | C-Hy4 097 28
Butane CsHio 159 58
Methylene Chloride CH:Clz -1.05 7 -0.88 85
(Park,2004)

32 337 EY ZH

2H9Y EFS U2 oK AMEER] &3 o] &3 YA f(dieseDF UHHoE 2FAA AN
o FEaZEE £ 1050 ml ol AEL Scm AT otk 3 F7lE Al#H 2 ¢l air bomb
& o839 3710 mV/min 2 HIFAIY FYPFAT FFo] FE&FE FEI BEu| B vy
2 g Jdoy AFAte] 2 HeEe @] vk ofd E 20 ZZte] FAHA9 3 NAPL
o qid EuiArE FAs7] AT A9 A4S YR,

Full Ao AL H©2)E ol &3A Hed FHAL 9«1"1.’3] olu} iAo Eujstx
AL 71 A& AGe7)7t 42 o2 FoAg Zo] Eoly diesel o] Sl THE
Sa olU Sy 7} zero 7tEE ZAL Fustd $RITHL W 7 2 Kt Ky & A
g F A& Aot BuiAse x4 ¢E¥F £ e AR td23 durd oz 33t
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Table 2. Column setup for partition coefficient test

Test Column Porosity Saturation Pore volume(ml)
Water 0% + Diesel 0.5% 0529 0.011(Sn) 552.7
Water 0% + Diesel 1.5% 0.537 0.033(Sw) 512.6
Water 7% + Diesel 0% 0.526 0.161(Sw) 555.8
Water 15% + Diesel 0% 0.488 0403(Sw) 563.7

33 Za #H

a4 29 48 AAEE YEIHAS. FIFT7E 5714 Sbomb 2 FFXAVIE 3 T3¢
o 9 VAN RS FASA Fhedl wFo] ol Fol FAIY daith #aoh FHA F
¢ ¥WB = Agilent 6890N GCeoll 2 &3 Supelco A9 6-port(model:G1530N) o] AE A9
Feo Wert 9d 05ml Y FEA AZ2HUG

ANBE A8 FZ2HEH GCE AF FYHUR FID 2 4 Y. 24 Yy e BTEXY
TPH 249 &3 o] &5 capillary column ¢! HP5(30m 0.32mm 0.25um)& AH88tQ 3, 38
=& E fFAModel RKISOOR, Kofloc co. max 30 mi/min)9} &7 MFC(EL-FLOW®
Bronkhorst Hi-TEC max 50 sccm Ain)E& %38 #3 2 Ao s
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Fig. 1 Schematic diagram of tracer test
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Fig.2 Water7%+diesel 0% response curve * Fig.3 Waterlb%+diesel 0% response curve
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Fig.4 Water 0%+diesel 0.5% Response curve Fig.5 Water0%+diesel 1.5% Response curve

#2927 5 o s ZR AFATE Fetata 2o Ke 9 Knv € 73T A3)& ol &
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Table 3. summary .of tracer results for water

Tracer  Q(m{/min) Vp(ml) “#(min) Kw
Acetylene 6(@16.3C) 555.8 76.8 0
Butane 87.3 0
Methylene Chloride 2259 9.2

Hj Y 29S¢ 58 Felool @t wela Bul FHA7 AAHA @30 HEH)
o 2@ A4¥L T3 AH Fstdor ok =Y BulAF FE T2 AT 2EALHA oA
oo wet BulASF gtel 28X ng AYd F7IEEE ¥HFE RHo| "eddn ¢
tl Whitley(1999) ol w2 FFAFA|Zto] FA 1,000 min & F3H st

2ol Y BALE AYWTS ABH2E Mwy 98 H27h BeAY diesel o G
2 o
T o

-

Table 4. summary of tracer results for diesel

Tracer Q(ml/min) Vp(ml) “Hmin) Kn
Acetylene 42 (@23.1C) 563.7 1629 8.2
Butane 469.6 89.5
Methylene Chloride 3407.7 868.0

S water Z3 =} diesel LT AEF S Hal IAA FEE AZE ZHE Yoz A
T SEHIAE ¥ 63 Zo] AT oA A7l FI Zzte] FH A g EulA
T & 5 Kv & Ky R HEAFALE o] 83 QA= E Hrisinr] oo

=
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Fig.6 Response curve for sample column
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Table 5. Estimation of water and diesel saturation

Item Actual Estimated
Sw 0.531 041
Sn 0.038 0.0075
Ve(ml) : 501.9 : 883.9
Vn(ml) 19 6.63
Diesel{mg/Kg dry) 11,300 3,953

5. A&

e A¥S Ea) A4 gd 9¥E Ao ulsl Ethylene, Butane 59 tracer £3¢ £yl
22 a2 4 oot 24 U EulAS S B T 7 & Jou A g £l
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2} A¥e FHatn A MY AFATH 4719 BuiAFE dYgstd ALToEZAN QP ETL o
=RE Hrigex Aol stsdd HF AHE HA %91 T3EdE A= AAgol vl& v

27A vsatA Hrh Hol Hov diesel & E3E 4 AAZARY 156 AE2AN F& 455
QT CUEER 34 FPe AS 44 Azxd” UAFE 11,300 mg/kg ©] 3,953 mgkg &2 A
AElo} 1/3 AEE &4 H{rlg o ;1\:}
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218 A% I FAAY AAF BSA

g 270 4ol Basted nedn, 8% 44 44 EF AR AANIY 2IFEY Fe

g2 sructe 2 APARe) WP A Fd) e 3% Wil gIGY uy
Aelstn B3 AAHL Pgel HY vad
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