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Summary

The climate changes such as global warming result in inevitably affecting
hydrological variables and it is necessary to conduct long-term research on
qualities of climate wvariables through the statistical analysis on observation
data. In addition, the change of water resources in relation to the variability
of precipitation has increasingly intensified the change between the field and

the region, which altogether needs water resources.

Therefore, with the purpose of preserving groundwater, one of the most
valuable resources in Jeju Island, this study is focused on changes of
precipitation, respective values of specific yield at sampling points and its
recharge rate with analysis on precipitation data provided by the Seogwipo
Weather Station and groundwater level data observed by the Institute of

Environmental Resource Research.

1. According to the analysis on precipitation data provided by Seogwipo
Weather Station, the amount of precipitation has shown an increase with a
decrease of the number of raining days and, therefore, the rainfall intensity
has been keeping on growing. In addition, it is analyzed that all seasons has
shown an increase of amount of precipitation while autumn has seen a widest

range of precipitation.

2. In terms of groundwater level changes, the summer season where most of
precipitation during the year takes place displays an upward trend in the
groundwater level while the winter season with relatively less precipitation

does a downward trend, which is periodically cycled. All the tube wells

_Vi_



within the studied regions demonstrate a similar type of groundwater level

variation curve.

3. The respective values of specific yield calculated through the Drawdown
Curve Method are as follows: Yongheung 0.021, Topyeong 2 0.092, Topyeong
1 0.043 and Sinrye 0.032. With the application of those values and WTF
Method, respective values of averaged groundwater recharge rate are as
follows:Yongheung 25.1%, Topyeong 2 38.1%, Topyeong 1 34.5% and Sinrye
28.4%.

4. In the case of considering drainage rate which could be neglected in the
calculation of groundwater recharge rate through the WTE Method, the
respective values of the averaged rate are as follows:Yongheung 37.0%,

Topyeong 2 55.8%, Topyeong 1 48.4% and Sinrye 44.2%.

5. The drainage rate during the studied period has remained at the level of
averaged 14.8% of the actual precipitation. As the consideration of drainage
rate has explained a 30 % increase in value of groundwater recharge rate, the
drainage rate should be taken into consideration with the aim of valuation of

groundwater recharge rate.

6. This calculation of groundwater recharge rate, with drainage rate under
consideration, has shown values similar to those derived from the precedent
studies, which is deemed to enable the calculation of specific yield and
groundwater recharge rate for respective tube wells and be also used as
fundamental data in estimating optimal development level in association with

hydrologic alteration as well as in maintaining groundwater.
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5. AFA 71y

SPSS(Statistical Package for the Social Sciences): 1969\ A}3]3}38F Hof
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Tofoll tigh wely 4, vloly #el B FAF B4e HHoE vl =
2P o2 A SAS(Statistical Analysis System)$} Tl &0} A}g|y}pelRofo) %}
B BEAd 74 wol AlgHE TAZRaYott A SPSSE oo WA
AT A3 S, wgst A 5 AR e ok AL &

Hol sbg wol A glow], Belsa % e AABe® wol A

kEAF@ HoHE xR AHNA KIE YFdes W 2 T 9
Aol g dolHdx EHF= o2 kz7E 100019
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ol o] AL 4= F 9] F(median)©] T},

AL S8t AAHESIS Atolo] A& AlEATFRARaL FET YA
A4E Ql, AAEHTE Q30lzt & d, AL 95 H 9l (inter quartile range)
o] & #d A+ #ES Atz stedH FES

w7kl BAA l=vkE YEd Ao, o

I

2) AR

BAEE(box plot)= AHFWF] TGk AN, ARSI, H
#® Hag 52 @ sl B o A A 2"tk dARESSFQDS 52
T(Q2), AAREH Q)] AAE M= FHsHA FAskaL, Al Ae o)A A

ARFS WEA FAEEE o Fo] BTk

_21_



YAHE S ok AR S o mE L mgih o+ RgFow HA4gd Uyt
& 29 Had, Haga HAdde ®AF vhA gAkel o] W A ZEobA
& A A = (box-whisker plot)ghal® vk H&dk= ME Abelol= 44 A
Al oF 25%¢] AlolAvF ®EHo loerw I Azt Hd bWl HA Ao
i, A=zt ke "AAE glas Aok =y o] o) qhellm 747} 25%
AL Aolart Bo] gl7] wFel L Zolrt AW Aol WA AA de

Aola, Fow dolest 1y

I
Ky
%0
e
Y
o
-

_22_

@ jeju



e

=0

B

wpef w5

A
;OO

gow JAdY mHa E ATAdA A9

A

=]
-

o

Al 9

CRaRits

#1961 ~2008A 72 9

=
=

7)ol Al &

(2001 ~2008\3)8} A1)

=
A

A

=u
= oL

s

7178t

A% A E

=
=

!

BN
T

gl

tgom, 7

Fig. 49} Table 20 et}

=
=

o 914

Kilometers

20

Fig. 4. The location of study area.

_23_

@ jeju



Table 2. Study area explanation

Study area

Yongheung
Sinrye
Topyeong 1

Topyeong 2

m U O W >

Seogwipo Weather Station

A7Ade) B
177.06 m= 7}
1 R B

.|
A

>~1
N
>
Mo
=
o
=
N
>
N
>
o

7h A A Wk

i e Aoz Holw, Adet B, EH2= 717 1614 m, 11.83 m, 6.52

Table 3. The statistics of groundwater wells in precedent studies®

Groundwater Level(m)
Elevation | Well depth
Well ) )
(m (m Ave. Max. Min. Amp.
Yongheung 128.49 -6.51 40.02 53.3 31.70 21.60
Sinrye 103.07 -6.93 44,46 53.45 37.31 16.14
Topyeong 1 36.00 -49.00 3.55 12.87 1.04 11.83
Topyeong 2 217.80 87.80 177.06 181.2 174.67 6.52
* Ave, ! Average, Max. | Maximum, Min. : Minimum, Amp. @ Amplitude
2. A A Y
ANAEZ 7)ol A d5E AFARE ol &3t A FAHS AR 1961
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FAEG B Hl AF5EFE /15T 198659 /1HOE AYFEE 40
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031, 40 mm ol el 9FFY wEe Frhshi Folm vpehiow, el w
B AFFF Fl A FEA o 10%F AXsHE AFFF 40 mm o]
go) A&t AFE F ACR dasy, FeRwot FAHASE & 5
2t

Table 4. The wvariability in raining days ratio according to ranges of daily
precipitation

Total(%) A(%) B(%)

0.1=P=<5 52.8 54.4 51.2
5<P<10 12.8 12.8 12.7
10<P=20 13.5 12.9 14.0
20<P=<40 110). 7, 10.7 10.7
40<P<80 7.3 6.8 7.8
80<P 2.9 2.3 3.6

% Total @ 1961~2008, A : 1961~1984, B : 1985~2008
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Fig. 8. The comparison of variability in the number of raining days

exceeding 40 mm per day.
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Fig. 10. The seasonal comparison of variability in annual
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Fig. 13. The seasonal change of annual seepage days(1961~2008).
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Table 5. Result of the groundwater level of sampling point

2001 2002 2003 2004 2005 2006 2007 2008
Ave. | 4365 4513 4669 4383 4319 4419 4471 4360
Max. | 4783 5182 5224 5035 4479 4960 5345  46.18
Sinrye
Min. 4111 4036 4206 3731 4097 4066 4054 4131
Amp. 6.72 1146 1018 13.04 3.82 8.94 12.91 4.87
Ave. = 3 5.62 4.13 2.24 3.62 3.93 2.56
Max. T = 10.70 8.74 3.34 877 12.87 5.05
Topyeong 1
Min. = - 1.68 1.22 115 1.11 1.04 1.16
Amp. - - 9.02 7.52 2.19 7.66 11.83 3.89
Ave. - . 178.46 17742 17695 17715 17672 176.19
Max. - = 180.72 17956 177.82 17990 181.19 177.81
Topyeong 2
Min. - = 176.48 175.04 17577 17537 17467 175.03
Amp. - 3 4.24 4.52 2.05 4.53 6.52 2.78
Ave. = = 4446 4152 3817 3985 3898  37.60
Max. = 3 52.73 4890 4064 4882 5330 4175
Yongheung
Min. 9 = 3764 3607 3632 3480 31.70 3341
Amp. T = 1509 1283 4.32 14.02  21.60 8.34
Precipitation(mm) 17821 18772 2280.1 20180 13906 17576 21665 1661.4

* Ave, ! Average, Max. : Maximum, Min. : Minimum, Amp. : Amplitude
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Table 6. Recharge rate estimated by analysing the groundwater level

hydrograph

Study area | Year R k sm(m)  szo(m)  sz0/sm (%) | Ave.(a)
2003 0.997 0.024 17.115 8.784 0.513 22.3
2004 0.909 0.029 13.220 7.681 0.581 25.2
Yongheung | 2005 0.977 0.040 6.2057 4.337 0.699 30.3 27.5
2006 0.978 0.036 18.065 11.930 0.660 28.6
2007 0.980 0.036 20.826 13.754 0.660 28.6
2003 0.996 0.045 5.9762 4.427 0.741 32.2
2004 0.996 0.084 4.1437 3.810 0.919 39.9
Topyeong 2 | 2005 0.975 0.090 2.7172 2.535 0.933 40.5 37.2
2006 0.952 0.053 5.3999 4.299 0.796 34.5
2007 0.984 0.077 6.7977 6.123 0.901 39.1
2003 0.992 0.033 9.8417 6.185 0.628 27.3
2004 0.963 0.061 8.3721 7.029 0.840 36.5
Topyeong 1| 2005 0.988 0.078 2.4426 2.207 0.904 39.2 36.5
2006 0.996 0.071 8.3179 7.329 0.881 38.2
2007 0.994 0.100 13.318 12.655 0.950 41.2
2003 0.947 0.016 15.329 5.844 0.381 16.5
2004 0.963 0.030 9.8407 5.840 0.593 25.7
Sinrye 2005 0.980 0.032 4.3247 2.669 0.617 26.8 23.9
2006 0.976 0.017 9.3009 3.716 0.400 17.4
2007 0.962 0.030 12.683 7.526 0.593 25.7

HAbEES AHge A9 &5 0021, E¥2 0.092, 31 0.043, A& 0.032

ofwf ARl Askpe] kgt Asty FEE Abeld AHA] wHAAE
A&7l flsko] Asted WeSadedA w9 Fst shde] v sk 7)

2 # YEbdE 200349, 20064, 2007d-s FAl o2 AFA AT

_39_
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Table 7. The calculation of specific yields(Sy) using the groundwater

level hydrograph

Study area Year Sy Ave. (Sy)
2003 0.023
2004 -

Yongheung 2005 0.058 0.021
2006 0.022
2007 0.019
2003 0.104
2004 0.154

Topyeong 2 2005 0.180 0.092
2006 0.078
2007 0.095
2003 0.031
2004 0.079

Topyeong 1 2005 0.181 0.043
2006 0.045
2007 0.054
2003 -
2004 0.033

Sinrye 2005 0.033 0.032

2006 0.019
2007 0.031

WTFR S o]&3Fe] 2003d 58 (A& 2001 d5-8) 20083744 &) Hek &S
23 A3t Table 8~113F o] 45t 7 7|3k A& 7F 44
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Table 8. Recharge rate estimated by WTF(Yongheung)

. Date Ratio of raining  Precipitation Precipitation  Rainfall intensity Ah Recharge Ave.
ear
(period) days (%) (mm) time (hr) (mm/hr) (m) rate (%) (a)
2003 4. 6~8. 20 50.4 1,563.7 464 3.4 15.01 20.2
4. 17~6. 9 42.6 670.8 206 3.3 6.80 21.3
2004
8. 17~9. 23 61.1 696.2 139 5.0 6.80 20.5
4. 5~6. 21 25.6 365.9 103 3.6 3.22 18.5
2005 25.1
8. 19~9. 23 33.3 209.5 64 3.3 2.13 21.4
2006 3. 31~8. 4 40.9 1,067.8 369 2.9 14.02 27.6
2007 6. 13~10. 7 51.3 1,423.3 7 3.8 21.38 31.5
2008 6. 14~7. 26 67.4 418.3 145 2.9 7.98 40.1
— 42 —
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Table 9. Recharge rate estimated by WTF(Topyeong 2)

. Date Ratio of raining  Precipitation Precipitation  Rainfall intensity Ah Recharge Ave.
ear
(period) days (%) (mm) time (hr) (mm/hr) (m) rate (%) (a)
2003 4. 5~7. 27 52.6 1,309.8 409 3.2 4.07 28.6
4. 17~6. 2 44.7 663.3 194 3.4 3.12 43.3
2004
8. 20~9. 26 50.0 549.2 111 4.9 1.93 32.3
3. 19~5. 29 30.6 378.3 96 3.9 2.03 49.4
2005 38.1
8. 13~9. 5 29.2 198.7 52 3.8 0.67 31.0
2006 3. 30~7. 17 41.8 1,024.8 345 3.0 4.53 40.7
2007 5. 21~9. 19 49.2 1,520.6 412 3.7 6.27 37.9
2008 5. 11~7. 12 57.1 605.7 212 2.9 2.74 41.6
— 43 —
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Table 10. Recharge rate estimated by WTEF(Topyeong 1)

. Date Ratio of raining  Precipitation Precipitation  Rainfall intensity Ah Recharge Ave.
ear
(period) days (%) (mm) time (hr) (mm/hr) (m) rate (%) (a)
2003 4. 17~7. 4 494 979.0 294 3.3 8.70 38.2
4. 17~5. 31 46.7 663.3 194 3.4 5.13 33.3
2004
8. 17~9. 21 61.1 696.2 139 5.0 4.48 27.7
2005 4.30~6.14 26.1 258.9 73 3.5 1.30 21.6
34.5
2006 5. 5~7. 26 45.8 782.0 280 2.8 6.65 36.6
5. 23~8. 14 48.8 912.1 309 3.0 5.22 24.6
2007
9. 4~9. 26 52.2 503.6 69 7.3 6.93 59.2
2008 6. 14~7. 19 72.2 415.6 140 3.0 3.41 35.3
— 44 —
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Table 11. Recharge rate estimated by WTF(Sinrye)

Date Ratio of raining  Precipitation Precipitation  Rainfall intensity Ah Recharge Ave.
Year . .
(period) days (%) (mm) time (hr) (mm/hr) (m) rate (%) (a)
5.6~6. 3 31.0 157.9 75 2.1 1.25 25.3
2001
6. 19~9. 12 51.2 802.1 292 2.7 5.22 20.8
29.8
4. 22~6. 26 47.0 346.5 157 2.2 5.17 47.7
2002
7. 5~9. 25 45.8 831.4 263 3.2 6.55 25.2
2003 4. 11~7. 31 52.7 1,271.3 403 3.2 10.16 25.6
4. 18~6. 15 39.0 670.8 206 3.3 8.96 42.7
2004
8. 19~10. 1 52.2 576.2 122 4.7 4.86 27.0
3. 21~6. 17 29.2 471.0 120 3.9 3.82 26.0
2005 28.3
8. 23~9. 23 31.3 162.0 49 3.3 1.04 20.5
2006 4. 9~8. 6 40.0 967.8 342 2.8 8.94 29.6
2007 5. 23~9. 26 49.6 1,525.2 417 3.7 12.59 26.4
2008 5. 28~8. 2 55.2 539.4 193 2.8 4.87 28.9
— 45 —
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Table 12. Recharge rate estimated by WTF(Yongheung : drainage rate considered)

. Date Drainage rate Study duration Ah Recharge rate Ave. Recharge Ave.
r
e (period) (m/day) (day) (m) Ry, %) (Ry) rate (Ro, %) (R2)
2003 4. 6~8. 20 0.067 137 9.18 12.3 32.5
4. 17~6. 9 0.065 54 3.51 11.0 32.3
2004
8. 17~9. 23 0.065 36 2.34 7.1 27.6
4. 5~6. 21 0.031 78 2.42 13.9 32.4
2005 11.9 37.0
8. 19~9. 23 0.031 36 1.12 11.2 32.5
2006 3.31~-8. 4 0.059 127 7.49 14.7 42.3
2007 6. 13~10. 7 0.085 117 9.95 14.7 46.2
2008 6. 14~7. 26 0.047 43 2.02 10.1 50.2
— 47 —
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Table 13. Recharge rate estimated by WTF(Topyeong 2 : drainage rate considered)

. Date Drainage rate Study duration Ah Recharge rate Ave. Recharge rate Ave.
r
. (period) (m/day) (day) (m) R, %) (R)) (Ro, %) (R2)
2003 4. 5~7. 27 0.023 114 2.62 18.4 47.0
4. 17~6. 2 0.022 47 1.03 14.3 57.6
2004
8. 20~9. 26 0.022 38 0.84 14.0 46.3
3. 19~5. 29 0.013 72 0.94 22.8 72.1
2005 17.7 55.8
8. 13~9. 5 0.013 24 0.31 14 .4 45.5
2006 3. 30~7. 17 0.021 110 2.31 20.7 61.4
2007 5. 21~9. 19 0.032 122 3.90 23.6 61.6
2008 5. 11~7. 12 0.014 63 0.88 13.4 55.0
— 48 —
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Table 14. Recharge rate estimated by WTF(Topyeong 1 : drainage rate considered)

. Date Drainage rate Study duration Ah Recharge Ave. Recharge Ave.
r
e (period) (m/day) (day) (m)  rate R, %) | (R) | rate Ry, %) | (R
2003 4. 17~7. 4 0.039 79 3.08 13.5 51.7
4. 17~5. 31 0.042 45 1.89 12.3 45.5
2004
8. 17~9. 21 0.042 36 1.51 el 3 37.0
2005 4.30~6.14 0.012 46 0.55 9.2 30.8
13.9 48.4
2006 5. 5~7. 26 0.033 83 2.74 15.1 51.6
5. 23~8. 14 0.068 84 71 26.9 51.5
2007
9. 4~9. 26 0.068 23 1.56 13.4 72.5
2008 6. 14~7. 19 0.031 36 F 12 11.5 46.8
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Table 15. Recharge rate estimated by WTF(Sinrye : drainage rate considered)

Date Drainage rate Study duration Ah Recharge Ave. Recharge rate Ave.
Year .
(period) (m/day) (day) (m) rate (R1, %) Ry) Re, %) (Rg2)
5.6~6. 3 0.035 29 1.02 20.6 45.9
2001
6. 19~9. 12 0.035 86 3.01 12.0 32.8
20.2 50.0
4. 22~6. 26 0.052 66 3.43 31.7 79.4
2002
7. 5~9. 25 0.052 83 4.32 16.6 41.8
2003 4. 11~7. 31 0.057 112 6.38 16.1 41.6
4. 18~6. 15 0.055 59 3.25 15.5 58.2
2004
8. 19~10. 1 0.055 44 2.42 13.4 40.4
3. 21~6. 17 0.019 89 1.69 11.5 37.4
2005 13.8 42.2
8. 23~9. 23 0.019 32 0.61 12.0 32.6
2006 4. 9~8. 6 0.043 120 5.16 17.1 46.6
2007 5. 23~9. 26 0.059 127 7.49 15.7 42.1
2008 5. 28~8. 2 0.024 67 1.61 9.5 38.4
— 50 —
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Table 16. The Regional Recharge Rate with application of Water Balance

Analysisw

East Seogwi Middle Seogwi
Common year 41.3 39.8
The rain most plentifully year 31.8 35.7
The rain most few year 41.5 38.1
1993 43.2 41.3
2002 38.5 39.8
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