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ABSTRACT

From early 2000, many researchers in the groundwater and soil environment remediation project tried to calculate the
pollution level and pollution remediation cost and reflect it in the design. In addition, by identifying the movement
characteristics of oil pollutants in the underground environment, many researchers tried to derive design factors necessary
for pollution purification. However, although the test should be conducted in an area contaminated with oil, the toxicity
and risk are too great for testing by deliberately leaking pollutants that are harmful to the human body. And as oil-
contaminated areas are promoted by military units such as returned US military bases, there is a limit to access by the
general public. In addition, since the indoor simulation test and the field application test have been carried out separately
from each other, it was difficult to compare and review various simulation tests Therefore, in this study, PITT
(Partitioning Interwell Tracer Test) and analysis methods were specifically presented through actual tests so that field
workers could easily use them with the help of the military base and the Korea Rural Community Corporation Soil
Environment Restoration Team. However, in order to directly reflect the distribution tracer test results in the pollution
remediation design, it is necessary to reduce the analysis errors by comparing the analysis results of the existing soil
pollution survey, physical exploration, and numerical modeling. In addition, it is judged to be cautious in the analysis
because errors can easily occur due to various factors such as the type of oil at the polluted site, the hydraulic conductivity
of the aquifer, and the skill of the researcher.
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(@) Conceptual medel design

Fig. 1. Physical reservoir model A for experiments.
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ia) Concephual model design

{b) Real model tank
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(c) Automatic sampler

Fig. 2. Physical reservoir model B for experiments and automatic sampler.
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Fig. 3. Field Test-bed view; (a) Oil storage and Test-bed location map; (b) Trench (black is contaminated oil); (c) Borehole drilling; (d)

Installed boreholes; (e) Borehole top of Test-bed.

O O © 3
BH3 BH2 BH1 T

L)

O BH7

BH6 BHS BH4 l
O O ® =
| 44— 5m —»|

Fig. 4. Borehole location of test-bed and drilling core samples.
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(@) Oil layer inside the borehole

Fig. 5. Oil layer inside the borehole and double packer.

Table 1. Characteristics of conservative tracer and partitioning tracer

%—X*xkb 4M2P, 2E1B, 1-Pentanol, 1-Butanol 47}A] &
(alcohols) FAAZ ZF 80 md A 3]Adsk] ZF 200 4
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Fig. 6. Preliminary test design for distributing the tracer. The
tracer spreads toward aquifer inside the double packer.

) Upper and lower packers

Tracers Molecular weight (g/mol) Density (g/mL) Injection quantity
KBr 119.00 2.74 180 g/200L
4-Methyl-2-Pentanol 102.18 0.808 80 mL/200L
2-Ethyl-1-Butanol 102.18 0.833 80 mL/200L
1-Butanol 74.12 0.810 80 mL/200L
1-Pentanol 88.15 0.811 80 mL/200L
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Fig. 7. Results of concentration change for each tracer according to stirring time.

QL)
1000~ — -v.
200L
100 +
10 1
T4 =
] i iy W WL i g W
Q 50 100 150 200 250 300 350 400 450 500
Tirme{min)

ia) Injection -extraction graph

Fig. 8. Preliminary test conducted before the field test.

RS SMst g A&
pump)E A&} ?JE':‘—C’— AHSHA FrAIsHAA
ok AR ks fJ8l] FYol
308 B F FE£ Alz}o}%{wﬂ AEFEE 1080
2B ZF B 307l AlBE AFEk] F 9viE
FE3IHFig. 8). TYAIEE B Al@FoA 54
FHoZ 1508 B FHIIH oM, FE2& FHA] &
MR sl FYARES] 2811 3004 St AAISIAT
BH-22] 79- BH-6, BH-7 Algad} 2] A|slnjae]
T4 B4, U4 sIHEF 59 Q1o FHx F
S(C/Coy} 60% PIFEO R FZE o] W o] A}
3R] it weby AEker f5adel el Sk
£ olFsE Ao Hdyo], d% @%ﬁl?ﬁ Al &

3 (peristaltic
31313
ke A4

>

J. Soil Groundwater Environ. Vol. 27(S), p. 99~112, 2022

b) Tracer samples
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Fig. 10. Partitioning tracer test results on the physical reservoir model A.
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Table 2. The Results of PITT with NAPL 62.4 ml
Br 4M2P 2E1B
First Second First Second First Second
Kp - - 10.20 10.20 12.59 12.59
t (min) 439.9 330.3 454.9 362.3 464.5 354.9
v (cm/min) 1.909.E-01 2.543.E-01 1.847.E-01 2.318.E-01 1.808.E-01 2.367.E-01
R¢ - - 1.0340 1.0970 1.0558 1.0745
S, - - 0.0033 0.0094 0.0044 0.0059
vV, 8,037 3,869 9,268 4,020
Vx 26.7 36.4 40.9 23.7
Table 3. The Results of PITT with NAPL 150 ml
Br 4M2P 2E1B
First Second First Second First Second
Kp - - 10.20 10.20 12.59 12.59
t (min) 384.8 2459 430.9 276.0 420.7 262.6
v (cm/min) 2.183.E-01 3.417.E-01 1.949.E-01 3.043.E-01 1.997.E-01 3.199.E-01
R¢ - - 1.1197 1.1227 1.0933 1.0681
Sa - - 0.0116 0.0119 0.0074 0.0054
b 1,755 3,380 1,605 3,693
Vn 20.4 402 11.8 19.9
—+—Bromide —#-1Butasol —d—4-Methyl-I-pentancl ~-Bromide =#=1Butanol —a—4-Methyl-2-pentamol
600 1t
08
& 400
) 06
g 200 G o
£ 02
4 ] PP— 00
30180 30 480 630 THD 930 108D 1230 1380 1530 W 180 330 480 630 TEO 930 1080 1230 1360 1530
Time (min) Time (min)
Fig. 11. Breakthrough curves of partitioning tracer test results on the physical model B (the first test).
Table 4. Partitioning tracer test results on the physical model B(the second test) with NAPL 300 mL
Br 4M2P 2EIB
Kp - 10.20 12.59
t (min) 819.5 842.0 817.1
v (cm/min) 7.322.E-02 7.126.E-02 7.343.E-02
R¢ - 1.0276 0.9971
Sa - 0.0027 - 0.0002
v, 175,620 -
Vx 473 -
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{a) Pollution remediation site soil sampling and soil drying work

i

{b) Physical model B made by injecting soil from an actual polluted site

Fig. 12. Experiment conducted using contaminated soil in the Yeonwha district.
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Fig. 13. Breakthrough curves of partitioning tracer test results on the physical model B (the second test).
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Fig. 14. PITT test plan at test-bed in oil pollution remediation site.
Table 5. Groundwater level of boreholes (unit : m)
Injection well Extraction well
BH-1 BH-2 BH-3 BH-4 BH-5 BH-6
G g - before 3.02 3.06 3.06 2.96 2.97 3.04
“’“n(cv}zatnf)r Ve after 3.02 3.05 3.06 3.07 3.10 3.15
' differ. 0.0 0.01 0.00 0.11 0.13 0.11
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Fig. 15. Tracer field application test: BH-1 — BH-4.
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Table 6. Tracer field application test: BH-1 — BH-4

Fr

A A1 R S m

Br AM2P 2EIB
Kp - 10.20 12.59
t (min) 184.4 242.0 162.7
v (cm/min) 2.711.E+00 2.066.E+00 3.072.E+00
Ry - 13119 0.8823
S, - 0.0296 - 0.0094
A 32,840 -
Vi=S8, %V, 974 -

LAFIET} +3ES HolE 4M2Pe] Q9RIE 974
L2 2HgE]o], AlgAap) A4 ddgy) Rilsicpd o
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o= E 4 th(Fig. 15, Table 6).
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