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ABSTRACT

The partitioning tracer method is to estimate the residual saturation of nonaqueous phase liquid (NAPL) in soils by
analyzing tracer's retardation induced by the reversible partitioning of tracer with NAPL. This study is to estimate the
residual diesel saturation in soils using the partitioning tracer method. Two-dimensional soil box was used to represent the
2-dimensional flows of groundwater and tracer solution in the saturated aquifer, and the soil box was filled with soil and
then saturated with water. The residual diesel saturation was induced in saturated soil, and the partitioning tracer method
was applied. The results from batch-partitioning experiment indicated that the diesel-water partitioning was linear with
respect to tracer's conceniration, and the partition coefficient of tracer between diesel and water was measured by their
linearities. The groundwater flow in the saturated aquifer was simulated in the 2-dimensional soil box, and the residual
diesel contamination was visually identified. The results from the partitioning tracer method with or without diesel in soils
confirmed that 4-methyl-2-pentanol, 2-ethyl-1-butanol and 1-hexanol, can be used as a detecting method for diesel
contamination. By the accuracies of estimations for diesel contamination using the partitioning tracer method, 2-ethyl-1-
butanol showed the highest accuracy with 83%.
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Fig. 1. Two-dimensional soil tank used in this study: (a) schematic design and (b) soil tank before filling soils.
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Table 1. Physical properties of the alcohol tracers

Name Formula Molecular weight (g/mol)  Boiling point (°C) Usage
Methanol CH;OH 32.04 64.7 Nonpartitioning tracer
4-methyl-2-pentanol (CH;),CHCH,CH(OH)CH, 102.18 131.0
2-ethyl-1-butanol (C,Hs),CHCH,OH 102.18 146.0 Partitioning tracer
1-hexanol CH;3(CH,)sOH 102.17 157.0
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Fig. 2. Partitioning of alcohol tracers between diesel and water.

Diraction of
water flow

Glass bead A

Extraction Injection
point point

Fig. 3. Dyed groundwater flowing within the two-dimensional
soil tank.

Bl 574L Fig. 200 ZASII. 82300 ZoRle &

Azte] sErt ARGE vl SoRlE FAAR]
s A¥HoT AHon, 1 HEA Hujge uiero.

7'} Tz 717 AR} e 719A vkl
=5 el Al B, 7 2 ERIEI
1’4—. methanol®] Knw #2 ZAAASRY}F 0712 TE
FAAEA HE] WA ol K, el 0012 o5
7] Qe s AR ool 7k K, 3 methanol
o] Tl o] FullER] oF vl RIS vel
Aok 08 FHAEY B9 K, o] BF 0B & &
Hjag FHR1de] ERIH o FHRRES] BEHo] &
= tjdd dlaix &2 FelASE 7] AR ‘jr.
sl Bl AgelA] S4% ol# K, #ES 23
H 2Y Ex A =i FH21e) ADAR)
A Eq. 20 =] Buld 421 7S 53 A5
td Q% o5 9 A E4o ARREA

4 QA% Wl B 2449 EE AP AT 69

Pipe for diesel
injection

A Residual Diesel

Water Water
Extraction injection

Fig. 4. Residual contamination of diesel within the two-
dimensional soil tank.

3.2. 2k 28 ExZ DALE E3| X|5lerie] S5t

TR O 2

229 23 BEx Ao EX o] Al 58S F

2 E2A) o] o] AX 918 &do] FHE=
Z2S Folslr] Y8 Eesht Fig 32 WA d8=
e SHSE EXE O 10ARF B IS WY
2How fu vz $& FoehHA EaF izl 89
ok AAlol #2A b FguigSolxle A
FE 3 ARG

Fig. 45 ¥3l8 FFZX} 22 3hFolr e
& FSJkaL 3%0] A olFe] R¥E HoEH. Y
gl 5 o5 Tl ERTE 7R HIFoR Qs
2 4R2 geasln wARgd od B¢ 35 o
R R 71‘_} Sk Aoz AEti(Bedient et al,
& oM Asrt EREEE Y

A

€
=
l

Ao T o oESAG BAEA B B 25 49
Qo] FMZo =iz
3. e £EK 7|RE 0B BF CIY oA oS

Al

EX ) Eoks AR 29XV A e 3R
7HE A4S AFE Fig 59 £tk 13} ERE Y
(Jin et al, 19950 7} FHXNES] Ex W o AF
AR AXKSE A3}, methanoke 2839 mL, 4-methyl-2-
pentanol 2852 mL, 2-ethyl-1-butanol> 2860 mL, 1-
hexanol& 2864 mLo|3{t}. BIFu(REA) FHAR
methanots 7|02 Ful FHAES] AA ATRE
24zt AR RE  4-methyl-2-pentanok  1.00, 2-ethyl-1-

J. Soil & Groundwater Env. Vol. 15(1), p. 66~72, 2010



70 o4 - ol B -
07 1 ~o—Methanol
06 | ~# 4-Methyl-2-pentanol
- : ~8~ 2-Ethyi-1-butanol
,‘g 05 -8~ t-Hexanol
s 0
-]
5 04 -
£
§ 05
@
% 0.2
[}
X 01 -
0.0

0 1000 2000 3000 4000 5000 6000 7000
Cumulative volume, mL

Fig. 5. Effluent concentration of tracers from the two-
dimensional soil tank containing water-saturated soils without
diesel.

0.7 1 ~-e~Methanol

~&4-Methyl-2-pentano!

Relative concentration
2 o o o o
53 j+.3 =N & Lo ]

o
o

o
o

0 1000 2000 3900 4000 5060 eooo 7000
Cumulative volume, mL

Fig. 6. Effluent concentrations of methanol and 4-methyl-2-
pentanol from the two-dimensional soil tank containing water-
saturated soils contaminated by residual diesel.

butanokZ 1.01, 1-hexanok> 1.018 RE Bl 4%
B2 EYol TR o9EA] 8 A% AA ddol A
of A 2-S BRIF = 9Tt ol do' A
o] 24 RS Rar B Bl 321 7EE 3
B35S W FHAES] B o] WgslA] ¢od 1
EYde vz od=R] eske-g gy, tAlz
LHHA] g FEAAET AR E-a«"ﬂ FUE 3
2AFEe] 2] @] glgezRE Y9 €38 FA)
= 371 To89 ol Ego R & 59 Hhgo)
es 5 = Stk

Az odd Exo] g F34 7Ne 28s 2

J. Soil & Groundwater Env. Vel 15(1), p. 66~72, 2010

HE

0.7 -

-~ Methanol
—&~2-Ethyl-1-butanol

086
05
04 -
03

0.2 A

Relative concentration

0.1

0.0 coeenp L
O 1000 2000 3000 4000 5000 6000 7000

Cumulative volume, mbL

Fig. 7. Effluent concentrations of methanol and 2-ethyl-1-butanol
from the two-dimensional soil tank containing water-saturated
soils contaminated by residual diesel.

0.7 ~&— Methano!
06 -8~ 1-Hexano!

05 -
04
0.3 -

0.2

Relative concentration

0.1

0 1000 2600 3000 4000 5690 aoeva ?000
Cumulative volume, mi

Fig. 8. Effluent concentrations of methanol and 1-hexanol from
the two-dimensional soil tank containing water-saturated soils
contaminated by residual diesel.

HE Fig. 6~89 EABIGILE. 17 BHIE @yon 7
A5e] B AR AREE AR 27, methanold 2337
mL, 4-methyl-2-pentanok> 2570 mL, 2-ethyl-1-butanolk
2660 mL, 1-hexanok> 2667 mLo|lth. BIEEIAESEA)
FHAR] methanots 7502 FHjAd FHAES AA
AaRYE 42t AXBIEEA  4-methyl-2-pentanok 1.10,
2-ethyl-1-butanok® 1.14, 1-hexanok®- 1.148 BujAl
HAR1 4-methyl-2-pentanol, 2-ethyl-1-butanol, 1-hexanol
< v ESIA e methanoloﬂ Hlg] 1 o)E&Er}
Adge] 242 FRI=EAT. E3, vAE 295A] g2
Exanee] Fujy 27 Et;ﬂ Azele] vwE 3,



Bl S 7S 0189 T 09 £} 44 095 Hrle] B3 249 B2

Table 2. Residual saturation of diesel in the soil box
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Contaminant S, e Tracer St Accuracy, %
4-Methyl-2-pentanol 0.04 67
Diesel 0.06 2-Ethyl-1-butanol 0.05 83
1-Hexanol 0.03 50

:i The residual saturation of diesel obtained using the method of volume measurement
"+ The residual saturation of diesel estimated using the partitioning tracer method

Accuracy (%) =8,/ S," % 100
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