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ABSTRACT

Most wells developed in Jeju island before the enactment of the Groundwater Management Ordinance in 2002 are
vulnerable to aquifer contamination due to inflow of upper groundwater having the high concentration of nitrate nitrogen,
likely due to incomplete grouting in upper section of the wells. Although these wells require entire reinstallation, it is often
necessary to rehabilitate the existing wells due to various constraints. Therefore, to identified the inflow section of
contaminants, the thermal level sensor (TLS) technique was firstly applied for three wells, which enables to monitor
temperature variations in every 50 cm depth. Then, the grouting material was injected to the upper section to prevent the
inflow of upper contaminated groundwater into the entire aquifer. By applying TLS technique, it was found that the
temperature deviations in the upper groundwater inflow section decreased sharply. Moreover, both the change in the
concentration of nitrate nitrogen in the rainy/dry seasons and the average concentrations were found to decrease rapidly
after grouting material injection. Consequently, the application of TLS proposed in the study turned out to be appropriate

to prevent aquifer contamination.
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Table 1. Target wells for prevention construction to improve groundwater quality
Well Elevation Depth Groundwater level Prevention section Starting
(m, amsl) (m) (m, amsl) year
A 73.0 125.0 58.5 49~54 m 1974
93~96 m, 103~106 m, 112~115m, 116~119 m,
B 152.9 180.0 134.5 121~124m, 126~129 m 1996
C 76.1 160.0 59.5 22~25m, 47~50 m, 55~58 m 2001
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Fig. 1. Location map of target wells. X and Y axis indicate TM coordinate.
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Fig. 2. Conceptual diagram of TLS (thermal level sensor) measurement before (a) and after (b) prevention construction for delineating

groundwater inflow section.
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Fig. 3. Conceptual diagram of preventing construction using grouting material. (a) plan view of annular space inside borehole, (b) section
view along AA’ line of groundwater inflow through hole from annular space, and (c) procedure of prevention construction indicating
silicon injection through lower hole D and upper hole ), and grout material injection through center hole.

Table 2. Variation of nitrate nitrogen concentration for A well before and after the prevention construction

Before the prevention construction

After the prevention construction

Date (yyyy-mm-dd) Nitrate nitrogen concentration (mg/L)

2017-05-08 3.1
2017-10-27 2.5
2018-04-10 2.4
2018-09-11 16.6
2019-04-01 2.1
2019-09-25 16.7
2020-04-20 16.4
2020-07-28 15.8
2021-01-28 16.4
Average 10.2

Date (yyyy-mm-dd) Nitrate nitrogen concentration (mg/L)

2021-02-23 5.3
2021-03-25 5.2
2021-04-28 4.6
2021-06-24 39
2021-07-30 4.5
2021-08-26 4.6
2021-10-26 39
2021-11-24 4.7
2021-12-21 7.4
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Fig. 4. TLS monitoring results with simplified columnar section for A well before (dotted line) and after (solid line) the prevention
construction. Hatched box in temperature profile indicates the region of grout injection.
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Table 3. Variation of nitrate nitrogen concentration for B well before and after the prevention construction

Before the prevention construction

After the prevention construction

Date (yyyy-mm-dd)

Nitrate nitrogen concentration (mg/L)

Date (yyyy-mm-dd) Nitrate nitrogen concentration (mg/L)

2017-04-19 23 2020-12-29 6.5
2017-10-17 13.8 2021-01-28 3.9
2018-05-04 2.6 2021-03-25 52
2018-10-17 183 2021-05-25 2.8
2019-04-09 2.1 2021-07-30 2.5
2019-10-11 12.5 2021-09-24 33
2020-05-08 2.0 2021-10-26 34
2020-08-18 15.6 2021-11-24 3.6
2020-11-30 7.0 2021-12-21 32
Average 8.5 Average 3.8
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Fig. 6. TLS monitoring results with simplified columnar section for B well before (dotted line) and after (solid line) the prevention
construction. Hatched box in temperature profile indicates the region of grout injection.

J. Soil Groundwater Environ. Vol. 27(3), p. 1~10, 2022



0
&
folr

o [FI' [l" ) |‘ W T’WWTTWW ’
[ - 2
100 T T E 20 g
. - c
2
E . s
‘g 200 ~ 15 £
c . ~ H
2 . s
3 : 8
s 300 i 10 E
] E &
o - £
. c
. ‘. 2
400 - P 5 B
i . se®, o z
™ L] = . - L ™ L]
500 - 0
17-01-01 17-07-01 18-01-01  18-07-01 19-01-01  19-07-01 20-01-01  20-07-01 21-01-01  21-07-01 22-01-01
H Precipitation (mm) ® Nitrate nitrogen concentration (mg/L)

Fig. 7. Variation of nitrate nitrogen concentration for B well before and after the prevention construction. Dotted line indicates the day of
prevention construction.

Table 4. Variation of nitrate nitrogen concentration for C well before and after the prevention construction

Before the prevention construction After the prevention construction
Date (yyyy-mm-dd) Nitrate nitrogen concentration (mg/L) Date (yyyy-mm-dd) Nitrate nitrogen concentration (mg/L)
2017-05-10 3.7 2021-02-10 22
2017-11-03 8.1 2021-03-25 23
2018-04-10 13.7 2021-05-25 23
2018-09-07 18.1 2021-06-24 1.9
2019-03-29 1.7 2021-07-30 2.0
2019-09-25 12.0 2021-08-26 4.1
2020-04-16 7.5 2021-10-26 2.0
2020-07-22 11.8 2021-11-24 2.0
2021-02-04 23.0 2021-12-21 2.0
Average 11.1 23
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