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Abstract

This study examines the effect of collector well installed to reduce groundwater level in the regions
with the occurrence of landcreep, a soil mass movement triggered by instability on slopes. Slopes are
prone to failure as a result of instability caused by its internal, topographic and geological properties as
well as due to external factors such as rainfall and earthquake. In Korea during the rain season, rainfall
infiltration affects the groundwater level in soil, building up porewater pressure and load, and finally
drives slopes to collapse. Slope failure caused by rainfall infiltration has been leading to a drastic
forest degradation. The studied slope is located adjacent to a valley, its terrain corresponds to
piedmont gentle slope, while the upper part of the failure surface is steep. After reinforcing the terrain
where landcreep had occurred and installing collector well on the slope, we measured the changes in
the groundwater level. In order to analyze the relationship between the well and the slope, we
calculated the ratio of groundwater level to rainfall before and after the installation of the collector
well. As aresult, it is confirmed that the ratio increases after the installation of the well, which in turn
reduces the groundwater level. Analysis of the change in groundwater level after 3, 7, 15 days
antecedent rainfall showed that the higher the overall groundwater level, the less the value (r,) of
groundwater level-rainfall ratio is, while the value becomes relatively greater when the groundwater
level is low. In particular, if a slope has a large catchment basin as is in the case of the studied site,
a OPEN ACCESS antecedent rainfall affects groundwater level in the order of 3 <7 < 15 days.
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(Landcreep)= EQFE 2] ZJ0|7F10~15 m, Z0] 30 m o0 2 EV| 9] f-50] A 45| X 521 710 2 A2]sttHJau
et al., 2000). Olivier et al.(1994)°]| 2o} WZ EX 7= 2pAAPHO] 7190 2173 2Q1 ko 2 Qlsto] a7} Ay
=37, A/d-gAte] ot viEH B G 0 2 Sk AHA] M ERA o -S=slie] ofgt 22| E ofl= Bt
ATk SEiek. T8 3l Hot g T 20% o] ST HARE - -] A A1 FRko = QIste] AHedH]

oA AL, HEE 9 EARE QIR -G AT B selTh

Tkeya(1989)+= E/J7 2| 2 1dof| thet A2 Fofl -2 Qo T = HEH ES A2 B7stgloH, +4 7
$5°] 150 mm ©Vge]17, 35 mmv/hr oF/32] 7o | WAISHH EAIRO] 750l ot A Qo] 2 Ao K
SHTE. S-=uet HE 9] 79 Kim et al.(1996, 2000)= A&74-980] 100 mm oFgd o AT EAY7 s3] gL,
200 mm ©VolA= T (1 ha o) o] AR HEAEE 1l o] el Hrstgl om, 7397134 o AdE =471
7390t 1 ool A8 797 F AIZH 30 mm o] 57 A w AT S A 0 2 = A 0 = B TSt

Park et al.(2015)= 75 33 Q1A S0l A 4188 739288 301~400 mm/15 day, TAHE L 7R 100 mm ©[5}, 7%
5= 6~10 mm/hrof| A landereep®©] Bo] HHA E?}% E A5 Park(2015)2 = U] W AAFERR] 20704 ZALRH
A} A4 EAHZ BHE 227144(75.9%), A E 3704(10.3%), S2idwt to] 2712442 6.9%) B3I 20900

o, 27440 2 3FA9F 4714(13.8%), E]ZSH 127H4441 A4%), HAIQF 137]42(44.8%) 0131t 18|31 7 9 #=2] 5
TZE ]2 015k Q197 Qolo] 0F71%, sEAT A= S 2] A]of| o]sk 2|20l Qo1 oF 79, A AstA 0l zpal A 9l FA

o] oF 2292 BAIGIIT
A2ollA 7P 2 e W B FheieA] X o] Zigtat tfE-S H ATt Hiofl ofohH 1931 32 ha®l
0] 53 m golE ok, 19670l EEF 0] 50 ha= rfjxo] Gy d/do| EAYSISIT: eHFget tidlgo = 1]
T RS AEStal SO AL = A F4 TR, A5k vla-5-2 AlEolelt). Aok virgo 2
A& AxIskL s B Aok 2hds-2 FebA o2 A-85to] RFg2kE 715HtH(Youn, 2002).

Nakaya et al.(2016)°] 2] $5=7 @ = 400 mm, H = 52 m #2422 332 7 0 & AlFslo] HILE o] g3} 2|5
Aokg .0 =2 3.26 mO| & 75X At 50 m7HA] 0.5 m O] 1A AR S oW, AlgH] E 2|7 E
Ao 520 A4 15 tH] 91.5% =4 A1 o] 92 ERIsklth. =iHiollA] Kim et al.(2017)= B AR 2
MYt} Z]514-9] B-Eake] Ag Aol A 2] SR B AS B 9 9] 412 I H-2 242 o] 4=9lof| whet A5t 3
ol ot SIS WAYA|7|H, ofi= BIEH HgAdoll WAt Fadel = 2415 Bt Qlrh

= 04%— Al Q1] ZFAA 1 i E] @ go| MY ER= AFEPEARH A g AR = QIjE A]sk9] ’iskE
TESHL, 790t 2[skp91o] AxtdTt Z|skei7t H :
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Fig. 1. Topographic analysis. (a) Topographical map, (b) Shaded relief map.
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Fig. 3. Collector well and water-level measurement location.
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Table 1. Measurement result of groundwater level (Taebaek-si, 2004)

W-1(713.5 mL) W-2(695.0 mL) 7 days rainfall before
Date . Remarks
G.L. (-m) E.L. (m) G.L. (-m) E.L. (m) continuous measurement (mm)
03.25 10.62 702.88 - - 2.00
04.01 10.73 702.77 7.24 687.76 -
04.16 11.08 702.42 7.20 687.80 -
Dry season
04.29 10.85 702.65 7.15 687.85 82.50
05.11 17.05 696.45 7.28 687.72 42.00
06.10 18.05 695.45 7.12 687.88 7.50
06.24 7.15 703.35 4.02 690.98 204.00
07.10 10.52 702.98 3.35 691.65 18.50
07.22 9.88 703.62 3.25 692.65 68.00
08.06 7.00 706.50 5.78 689.22 52.00 Rainy season
08.20 7.35 706.15 6.04 688.96 161.50
09.02 9.79 703.71 5.68 689.32 11.00
09.16 9.62 703.88 5.49 689.51 47.00
10.07 9.82 703.68 6.25 688.75 0.50
Dry season
11.12 17.80 695.70 7.05 687.95 5.50
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Fig. 4. Groundwater level after of collector well construction.
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Table 2. Measurement result of groundwater level (Taebaek-si, 2007)

PZ-1(715.0 mL) PZ-2 (695.0 mL) 7 days rainfall before
Date ) Remarks
G.L. (-m) E.L. (m) G.L. (-m) E.L. (m) continuous measurement (mm)

08.09 9.60 705.40 - - 57.50 .

Rainy season
09.20 9.04 705.96 11.60 683.40 19.00
10.25 8.92 706.08 12.05 682.95 72.00
11.15 15.52 699.48 17.27 677.73 10.00
12.15 16.10 698.90 18.05 676.95 8.50
01.12 16.05 698.95 18.52 676.48 0.00

Dry season

02.15 16.15 698.85 18.55 676.45 34.50
03.20 16.20 698.80 18.22 676.78 6.40
04.22 16.16 698.84 18.02 676.98 15.50
05.25 8.90 706.10 12.00 683.00 29.00
06.25 8.50 706.50 12.02 682.98 67.50
07.25 8.13 706.87 11.05 683.95 63.50 )

Rainy season
08.12 8.03 706.97 11.02 683.98 135.00

09.20 8.10 706.90 11.05 683.95 191.50
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Table 3. Groundwater level measurement data of slope

W-1 (PZ-1) W-2 (PZ-2)
Lowest water level (G.L.: -m)
18.05 7.28
16.16 18.55

W-1(PZ-1) W-2 (PZ-2)
Highest water level (G.L.: -m)
7.00 3.25
8.03 11.02

Division

Before
After
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Ha7g A7) A v o] AJ5la=91= Table 19142 2o] W-12 7] Al G.L. -18.05 m, W-2+=7.28 m®| #4591
Hol1l, Fu4-91= 7 & W-1-2 G.L. -7.0 m, W-2+=3.25 mE Ho]ar Qlrt.

AET Rsto] AARFE 3, 7Y, 159 71502 7ol whE AJsla9] HekE A5kl duhd oS mhet
slalat ASAtRE oot ﬂilﬂ Aot Bl r, & TSI, Hag 2] Aol thet 4Fd 23HE Aelshd
Tables 4 51 591 @t A4 2ol et 74121 Ql 242 th23 Z.

Table 4. Analysis of groundwater level/rainfall at W-1 before installation of collector well

Date W-1 (713.5 mL) Groundwater-rainfall ratio (m/mm) Rainfall before continuous measurement (mm)
G.L. (-m) 3 day 7 day 15 day 3 day 7 day 15 day
3.25 10.62 0.00 0.00 5.31 0.00 0.00 2.00
4.01 10.73 0.00 0.00 5.37 0.00 0.00 2.00
4.16 11.08 0.00 0.00 1.01 0.00 0.00 11.00
429 10.85 0.14 0.13 0.12 77.00 82.50 88.50
5.11 17.05 0.47 0.41 0.14 36.00 42.00 121.50
6.10 18.05 7.22 7.22 0.86 2.50 2.50 21.00
6.24 7.15 0.10 0.03 0.03 72.00 285.50 285.50
7.10 10.52 0.34 0.09 0.08 30.5 112.00 130.50
7.22 9.88 0.00 0.15 0.05 0.00 63.00 214.50
8.06 7.00 0.35 0.13 0.11 20.00 52.00 66.00
8.20 7.35 0.05 0.04 0.04 161.50 189.00 189.00
9.02 9.79 6.53 0.89 0.05 1.50 11.00 205.50
9.16 9.62 1.13 0.20 0.09 8.50 47.00 108.50
10.07 9.82 19.64 19.64 6.55 0.50 0.50 1.50

11.12 17.80 3.24 3.24 2.74 5.50 5.50 6.50




Table 5. Analysis of groundwater level/rainfall at W-2 before installation of collector well

Dat W-2 (695.0 mL) Groundwater-rainfall ratio (m/mm) Rainfall before continuous measurement (mm)
ate
G.L. (-m) 3 day 7 day 15 day 3 day 7 day 15 day
3.25 - - - - 0.00 0.00 2.00
4.01 7.24 0.00 0.00 3.62 0.00 0.00 2.00
4.16 7.20 0.00 0.00 0.65 0.00 0.00 11.00
4.29 7.15 0.09 0.09 0.08 77.00 82.50 88.50
5.11 7.28 0.20 0.17 0.06 36.00 42.00 121.50
6.10 7.12 2.85 2.85 0.34 2.50 2.50 21.00
6.24 4.02 0.06 0.01 0.01 72.00 285.50 285.50
7.10 3.35 0.11 0.03 0.03 30.50 112.00 130.50
7.22 3.25 0.00 0.05 0.02 0.00 68.00 214.50
8.06 5.78 0.29 0.11 0.09 20.00 52.00 66.00
8.20 6.04 0.04 0.03 0.03 161.50 189.00 189.00
9.02 5.68 3.79 0.52 0.03 1.50 11.00 205.50
9.16 5.49 0.65 0.12 0.05 8.50 47.00 108.50
10.07 6.25 12.50 12.50 4.17 0.50 0.50 1.50
11.12 7.05 1.28 1.28 1.08 5.50 5.50 6.50
3Y MWL EY
e A A
A¥2 4 (http://sansatai.forest.go.kr) S HIZTS] As] SIS 7] SIstod He Q4 7925 200 mm o},
Y 7 150 mm oY & o] FEE A-GSIL QLo AR AE2 73 A o] %o S5l o g Tl ek
AIET 38 M- 7170 2 7R ol n2 AJ515-91e] s} pAE BAslet. MEe] A AaAe] 14
Sk AlS8 W-10014 739419 ZH] =o]9] Alskr-9171 F/d¥ e W 3Y 71 Aok 7493 Hl r == A5 2,
o], 7171412] 2]

©719] 52 A5} 912) G.L. -7.00~7.35 m Y wi= 251917428 H] 7, 710.1~0.35 m/mmO| %)
=] 255917 BA(G.L. -17.05~18.05 m) F| Q1S w]0] A5l ¥y =3.24-7.22 m/mmE 7|9} 717 3}
Ak 2ol 5 HolFa Qlek ik, A7) Al =917F17.05 m & W r, 7}0.47 2 ZA] et A7 QI o, oi=3Y 413
77136 mm7 P S 917 HZel e Eskal A1 e R ot 1 A A vehd Ao s e
HAF ] Adehe]] YA]oh= W-2+= 717] Al ZtHAIE(G L. -6.25 m ©]5h) & W] A[o}4-9- -9 v r = 1.

m/mm, FAHE(G.L. -3.35m) L T2] r, = 0.41 m/mm, G.L. -5.0~6.0m € W] r =0.04~3.79 m/mmZA] BAR= 4]
Shut Aduba 0 = ZAA] A ., ghol A LERst o H, 9-7] Alofli= 2] vrebgdth 39 3879320 mm oV & whe 7t
0.3 m/mm ©J5F= AP =]

W5 A1Z ) AZAH QUEEE Aol A B A1aste] 59 A AAlskct. F4 A A 5o



Z|o BiESRE 9,000 m*/day = A =] ATH Taebaek-si, 2007).

A A At FLsHA Aokr-91-74-5 vl r, & APdste] 2418 B3-S Tables 63 7014 =I5kt Alok-49
O] F7H 1 LR ol 497EA| 9] 717] A €] 4‘41” I O] Z|5l-91 ot 5 EHE 10 97kx] 2] 971 A 9] XA 4] & 0] Z]5}4
HE A2 A7) Al Aok 917t shdotd 3L A9 715 PZ-1 9] Alskr -7+ B r, = 0.48~15.52 m/mm 2]
e 21, 971 A A7 H S5 1= 0.09~0.75 m/mm @] MRS 2= A o= EAE I

Table 6. Analysis of groundwater level/rainfall at PZ-1 after collector installation of well

Date PZ-1 (715.0 mL) Groundwater-rainfall ratio (m/mm) Rainfall before continuous measurement (mm)
G.L. (-m) 3 day 7 day 15 day 3 day 7 day 15 day
8.09 9.60 0.23 0.17 0.05 41.50 57.50 184.00
9.02 9.04 0.75 0.48 0.05 12.00 19.00 194.50
10.25 8.92 0.12 0.12 0.12 71.50 72.00 72.00
11.15 15.52 15.52 1.55 0.56 1.00 10.00 27.50
12.15 16.10 0.00 1.89 1.81 0.00 8.50 8.90
1.12 16.05 0.00 2.97 297 0.00 5.40 5.40
2.15 16.15 0.48 0.43 0.43 33.50 34.50 37.50
3.02 16.20 0.00 0.00 0.00 0.00 0.00 0.00
422 16.16 10.77 1.04 0.77 1.50 15.50 21.00
5.25 8.90 0.40 0.31 0.27 22.00 29.00 32.50
6.25 8.50 0.22 0.13 0.11 38.50 67.50 77.0
7.25 8.13 0.19 0.13 0.05 43.50 63.50 175.00
8.12 8.03 0.49 0.06 0.04 16.50 135.00 189.50
9.02 8.10 0.09 0.04 0.04 87.50 191.50 194.00

Table 7. Analysis of groundwater level/rainfall at PZ-1 after collector installation of well

Date PZ-2 (695.0 mL) Groundwater-rainfall ratio (m/mm) Rainfall before continuous measurement (mm)
G.L. (-m) 3 day 7 day 15 day 3 day 7 day 15 day
8.09 - - - - 41.50 57.50 184.00
9.02 11.60 0.97 0.61 0.06 12.00 19.00 194.50
10.25 12.05 0.17 0.17 0.17 71.50 72.00 72.00
11.15 17.27 17.27 1.73 0.63 1.00 10.00 27.50
12.15 18.05 0.00 2.12 2.03 0.00 8.50 8.90
1.12 18.52 0.00 3.43 3.43 0.00 5.40 5.40
2.15 18.55 0.55 0.49 0.49 33.50 34.50 37.50
3.02 18.22 0.00 0.00 0.00 0.00 0.00 0.00
422 18.02 12.01 1.16 0.86 1.50 15.50 21.00
5.25 12.00 0.55 0.41 0.37 22.00 29.00 32.50
6.25 12.02 0.31 0.18 0.16 38.50 67.50 71.0
7.25 11.05 0.25 0.17 0.06 43.50 63.50 175.00
8.12 11.02 0.67 0.08 0.06 16.50 135.00 189.50

9.02 11.05 0.13 0.06 0.06 87.50 191.50 194.00
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Fig. 5. Groundwater level and groundwater level-rainfall ratio.
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Table 8. Analysis of groundwater level and groundwater level-rainfall ratio (15 days)

W-1 (PZ-1) W-2 (PZ-2) W-1 (PZ-1) W-2 (PZ-2)
Division Lowest water level Highest water level
G.L. (-m) T, G.L. (-m) T, G.L. (-m) T, G.L. (-m) T,
el Before 18.05 0.77 7.28 0.06 7.35 0.04 3.25 0.02
After 16.16 0.77 18.55 0.49 8.03 0.04 11.02 0.06
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