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ABSTRACT

About 90% of groundwater wells in Jeju Island are reported to be under the threat of contamination by infiltration of the
surface pollutants. Most of those wells have improperly grouted annulus which is an empty space between the well and
the inner casing. As a remedy to this problem, some of the wells were re-grouted by filling the annulus with cement
without lifting an inner casing. In order to evaluate whether this method is appropriate for the geological structure of Jeju
Island, two wells (W1 and W2) were selected and this method was applied. The water holding capacity did not decrease
while the nitrate levels decreased from 16.8 and 20.2 to 6.8 and 13.8 mg/L in W1 and W2, respectively. The higher nitrate
level in W2 is deemed to be influenced by the livestock farms located in the upper area of the well. In addition,
transmissivity of the vedose zone was higher in W2 than W1, potentially facilitating the transport of nitrate to the
groundwater. The overall result of this study suggests re-grouting of wells for the purpose of protecting water quality of
goundwater should take into account geological structure of vadose zone as well as appropriate source control of the

contaminants.
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Improperly constructed well

Fig. 1. Schematic diagram of groundwater well in Jeju island.
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Table 1. Nitrate nitrogen concentrations of W1 and W2 before regrouting

Sampling Date (yyyy-mm-dd) W1 (NOs-N mg/L) Sampling Date (yyyy-mm-dd) W2 (NOs-N mg/L)
2016-04-20 11.3 2016-04-26 16.1
2017-05-08 9.0 2017-04-27 14.6
2017-10-31 20.8 2017-10-25 15.8
2018-04-10 16.3 2018-04-17 14.9
2018-09-11 16.6 2018-10-01 17.4

Table 2. Initial specifications of regrouting wells

Category Wi w2

Location Josu-ri, Hangyeong-myeon Myeongwol-ri, Hallim-eup
Development Year 1996 1996
Altitude (m) 68 126
Total Depth of Well (m) 160 137
Static Water Level (TOC) (m) 41.5 116.0
Rest Water Level (TOC) (m) 49.0 120.0

Grouting Depth (m) 5 6

Pumping Capacity (m’/d) 1,000 800

TOC : from top of casing

R ]
: Ne - Jiee @® Regrouting well
" x NN A Meteorological station
T b ——— Groundwater Contours (m)
:\x_" \;1-\ Y G Agricultural Land
R I b I Unban District
 — * Livestock Farm

]

Fig. 2. Location of regrouting wells and adjacent pollution sources.
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wi
Name Description

Feldspar Olivine Basalt
Porphyritic Augite Basalt Pinkish gray

Cataclastic
Feldspar Olivine Basalt
Dark gray, Porous
1% grouting fied, Porous
35.0~38.0 Porphyritic Augite Basalt
53.0m
Dark gray
Feldspar Olivine Basalt
Dark gray,
Cataclastic

2™ grouting
80.5~815m

31 grouting
95.0 96.0m

orphyritic Feldspar Dark gray

Basalt Partial Cataclastic

Clay D pray
: Feldspar Basalt
Joivine Augitegassht - Dark gray
Sedimentary Rock

Fig. 3. Geologic columnar section of regrouting wells.
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1% grouting
405~435m

27 grouting §

90.5~91.5m

3 grouting §

95.0~9.0m

Rl

W2

Name Description

Grayish brown™~Dark
Feldspar Olivine Basalt Grey, Porous,

Irregular Cleavage
Dark gray, Porous

Dark Reddish Brown,
Porous, Pebble
Grayish brown, Cleavage:
Porptmn:mesmltmmamm

¥ pyrociastics

Grayish brown, Partial

Aphyric Basalt Porous, the deeper
the denser
Feldspar Olivine Basalt e
Oy TYellowish brows
Grayish brown,
Aphyric Basalt Porous
Dark grey, Porous
f Pyrociastics.
Dark gray, Porous
Feldspar Olivine Basalt
Dark gray, Cleavage
Gy broan Foms
Aphyric Basalt Gyt brown, Cenage
Grayehbrown, Forms
Crmsh brown, Hgh S

Porphyritic Augite Basalt Light gray, High dense
Diark reicish brown, Porous
Feldspar Olivine Basalt Dark brown, Porous
Dk reccish brown, Cleovage

Grayish brown, High
Porphiyritic Augite Basalt , [

Feldspar Olivine Basalt Rsddsh brown, Forous, Cesvge
Porphyritic Augite Basalt Dark brown, Porous

Porous.
| Porphyritic Augtte Basalt Grayish brown, Porous
‘ Select wells ‘4—

‘ Lift up well equipment “—

I

‘ Examine the inside with CCTV ‘

]

‘ Drill holes inside casing ‘

]

‘ Fill anulus with grouting materials ‘

!

‘ Reinstall well equipment ‘

Examine
water quality
( Finish j

Fig. 4. Flowchart of regrouting procedure.
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Table 3. Water level of W1 and W2 in relation to regrouting

Wi w2
Time Static Water Level Rest Water Level Static Water Level Rest Water Level
(TOC) (TOC) (TOC) (TOC)
At Development 41.5m 49.0 m 117.0 m 120.0 m
Before Regrouting 53.0m - 113.0m -
After Regrouting 59.7m 68.0 m 116.7m 116.7m
EE FFE AAE GBS Alelde] sk e Table 4. Transmissivity of W1 and W2
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Table 5. Nitrate nitrogen concentrations of W1 and W2 after regrouting
Sampling Date Wi Sampling Date W2 Remarks
(vyyy-mm-dd) (NO,N mg/L) (yyyy-mm-dd) (NO,N mg/L)
2018-12-12 16.8 2018-12-03 20.2 Before regrouting
2018-12-20 16.4 2018-12-20 19.9 1™ regrouting
2019-02-11 12.1 2019-02-11 17.7 2nd regrouting
2019-03-21 10.8 2019-03-21 16.5 3" regrouting
2019-03-28 9.3 2019-03-28 154
2019-04-04 9.1 2019-04-04 152
2019-05-21 7.9 2019-05-21 15.4 59 mm rainfall
2019-06-24 6.8 2019-06-24 13.8
2019-09-06 12.6 2019-09-06 18.6 over 360 mm rainfall
2019-09-10 8.7 2019-09-10 17.6
2019-09-17 7.8 2019-09-17 16.8
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Date (yy-m-d)

Fig. 5. Nitrate nitrogen variation of two wells according to regrouting application.
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