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Summary

In this study, the hydraulic characteristics and groundwater variation
characteristics due to precipitation and pumping for the wells (observation
well (OW), pumping wells (PW1 and PW2)) located in Eoseungsaeng, Jeju
Island, were investigated. The results of this study are summarized as

follows:

From the geologic columnar section of study wells, it was difficult to
find the similarity of aquifers even though the distance among the wells was
only in the range from 127.7 to 233.2 m, together with different geologic
characteristics. Comparing groundwater level drawdown between single
pumping (OW) and simultaneous pumping (OW, PW1, PW2), it was 2 to 19
times greater for the latter, indicating the groundwater Ilevel variation
characteristics due to the pumping of groundwater, i.e., it means that the
effect of the pumping in the downstream areas appears, even if individual
hydraulic characteristics are shown between the wells.

Cross Correlation analysis of precipitation and groundwater levels
showed a low correlation of -0.4 to 0.3 m in all observation periods, with a
lag time of 258 to 279 days when its correlation was the highest.

In case of single groundwater pumping at OW, the groundwater level
dropped by 0.0626 m/day, and in case of simultaneously pumped OW, PWI,
and PW2, it dropped by 0.1303 to 1.212 m/day. According to the analysis of
the correlation between the cumulated amount of pumping and the
groundwater level, the transmissivity was in the range of 0.88~0.99 m'/day,
and the effect of the ground water drawdown was significant due to the
groundwater pumping.

As a result of analyzing the ability to recover the ground water level in

natural conditions without groundwater pumping, it increased by 0.02 to 0.03



m/day. It was analyzed that the recovery period according to the case of
pumping 1 day takes 4.6 to 60.6 days. According to the results of the survey
on the transmissivity of each well in the study area, OW 37.73 m'/day, PW1
9.33 m'/day and PW2 13.18 m'/day were analyzed, showing the individual
hydraulic characteristic of each well. This corresponds to 0.7 to 7% of the
value of the transmissivity(geometric mean) surveyed for ground water wells
in the northern basin of Jeju Island, and the drawdown caused by the
pumping was considered to be large and the recovery was slow because the
aquifer was not developed.

Considering the suitability of various analysis methods for calculating
the of aquifer characteristics using the pumping test data, it was analyzed
that the Moench method reflecting the storage well effect was the most

appropriate.

Through this study it is found that long-term precipitation data, pumping
quantity, groundwater level data, and accurate geological properties are
needed to investigate the variation characteristics of groundwater wells. If all
these data are established, it is considered to be very helpful in predicting
the groundwater level of the groundwater well. The results of this study can
be applied to understanding the characteristics of groundwater level variation

in wells around Eoseungsaeng.
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Table 1. Information for wells OW, PW1 and PW2

Well Casing Water level(EL, m)

Wwel | levation o YV s chees
© (EL. m) e GRS il Spaibie
(m) (mm)
W200710011
615 152107 91216 550 250 2220 2310
(OW)
W201610003
500 152043 91372 450 250 2870 2035
(PW1)
W201610004
585 15151 91441 450 250 2220 1945
(PW2)

2. AT

it
A
ox
M
1%

D) Ak 2

(1) AdAs +4

Azt AsteAey #AE 2FAZ AE oA EFFE(hydrologocal

otk AFF AAFARCE AFFe] U7 JRAR ¥ oy, Ax o
B 9 Mol Fieh BEA HH, A% FF, Askrelel ol Zrs g
]EE]E}ZO

i 370 B ARGA AdE ANAFAETPE agor Aaxd

By, S5d 2 ARFES gobsidnh o714 4A e Park et al?o
AFE A9 FFdA DB 15 AFoA AA G AFE ke, A oH E A
T T WAE VleoE FAASYET. gl 4 By E Ausle] o
GL(Ground Level) A% o2 yYeldglen EL(Elevation Leve) 4 E=% &7

I:H

718kt



|

o
F57} A%

c‘)_}__

oA Frb Al EE Fig. 294 o] #A

g 557}

¢+

} 7 (drawdown) ¥ T},

5]

s

Hog

A

il

R

¢

[}

ol A e] <

(cone of depression)”} 3

=
T

gl

-

BE pHOoR olFs, ¥y

7}

X
o

!

0

A H7A A&

-
.

o] 2o}

o

Land surface —

Limits of cone

bed

=
(=]
w
“w
L
aQ
-
o
bt w
o @ \
= .
- - —
x =
2 >
. o
\ g
O ———
@
=]
o
s / -
o L 1
= c c
o -—
-— = c
i I~ ©
o
® c
L
c & =2
o @
(TR -}

"Confining

Heath, Basic ground-water hydrology, (1983)

Fig. 2. Cones of depression in unconfined aquifers.

R 20184 1297449 o

CASE-1, OW, PW1 19

],

[e]

i PW2el A

asith. 2 CASEN A

CASE-3%0.2 ®&

AT

No
i+

o)/



)

N
e

bl 2

fIfe)

o

T2 A 9= (T; Transmissivity), A+ 415(S; Storativity),

H]AFE & (Sy), HIA 7 A4 (Ss)

e

IS 7t

J5= o [LYTIY

_Z#O

&

=0

‘04 H] (Q/Sw)i

o
&

=0

[e)

o
alo]
o

-

o

|

ol

75

_?,]

@ (specific capaticy)< @9

=

el

Jo

Ao e Zo A7yt X e o, Choi,' Woo,®

&l

el A a3 AT

21(1),

1
T

Fdem Choi'”

)

A Al

142
5

34

A

At

21 (2), Hamm®>’& A(3)o. 2 A A]

1
T

Woo=%

(1)

)1‘053

3

S

7= 0.448(

(2)

)04974
w
)0.89

S

T= 0.582(

(3)

SE

7= 0.99(

Aste v Choi'= A

El

s

Cooper—Jacob™ 2 & # &

]|

o] 022 7}4% Hantush-Jacob™ 4 Hamm?’& +4

3

=
Rint:

A

]

94

ZO

o~
T

™

5

&

Moench™®

Table 2] A&

3

ard

=
=

3 9874745 3}

AT

)

W o
H =

B

Gadl

el

nze)
il
x

&+
o)

mastdnt o A F ATA

o

)



Table 2. Major solution and formulas of aquifer test

Solution Formula Reference
_ @ ATH
Theis = 47s Mu) @) S= 2“ (4)
r 30)
(1935) 8
u = 4 Tt (5)
Cooper-Jacob _ 2.257Tt ,
=2 () s==t () »
(1946) Tas r
K S b
Moench 7=l Gbb ) ®) 7 S, o)
(1985) r 7
TH — — (10) = ¢
D . Wp 27rqusb 11)
Q [Tet o
§= (12)
Hantush 477T/u Y erfe Vyly—u) 29)
(1961) /g g
= kS RS (13)
b TS b TS

b: aquifer thickness[L]

d: the depth to the top of pumping well screen[L]

d’ : the depth to the top of observation well screen[L]

Kr: the radial (horizontal) hydraulic conductivity[L/T]

Kz: the vertical hydraulic conductivity[L/T]

: the depth to the bottom of pumping well screen[L]

1’ : the depth to the bottom of observation well screen[L]
Q: pumping rate[L3/T]

r: radial distance from pumping well to observation well[L]
s: drawdown[L]

S: storativity[dimensionless]

t: elapsed time since start of pumping[T]

T: transmissivity[L?/T]

w(u): the Theis well function for nonleaky confined aquifers

[dimensionless]

w(u,B8): the Hantush and Jacob well function for leaky confined aquifers

[dimensionless]
y: a variable of integration

7. piezometer depth[L]
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Table 3. Hydraulic parameters calculated from pumping test each of OW,

PW1 and PW?2
Pumping Drawdown Time to reach Hydraulic parameter
Well capacity in well stable water Analytical T
(m'/day) (m) level(day) Method (m'/day)
Theis 26.82  0.0223
oW 915 37.59 0.1160
Cooper-Jacob 27.6 0.0140
Theis 2954  0.3705
PW1 500 84 0.1458
Cooper—Jacob  2.802  0.3865
PW2 500 40.14 0.0694 Thets 103400869

Cooper—Jacob 8967  0.1795
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Table 5. Transmissivity and storativity of OW, PW1 and PW2 calculated

from Moench method

Well Transmissivity (m’/day) Storativity
oW 37.73 8.0E-04
PW1 9.333 9.535E-05
PW2 13.18 6.15E-13

71 Ba® F&(Table 3)3} o] nlgto

rob

= A A&t A=
(Table 4) ¥ Moench®HS E3l 2&3% 2] 44E vluste] Fig. 73 Fig. 89l
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o},
FFEATE MoenchH o2 AFE3 gho] 7|&&E3 1 74
grET A et OWeE PW2= oF 144, PWI12 oF 33u] Afol5 B
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Fig. 7. Comparison of transmissivity of wells between Moench method(x),

and those ranges of reference and calculated from empirical

formulas(bar).
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Fig. 9. Analysis of time-drawdown curve of OW calculated from Moench

method in case of pumping at PW1 and PW?2.

Table 6. Hydraulic parameters of OW when pumped at PW1 and PW?2

Analytical Method Transmissivity(m’/day) Storativity

Moench 19.66 5. 7716E-07
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Fig. 12. Time-series groundwater hydrograph of OW well.
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(1) At SARA

AA #5730l gk Ast9] AR S AAStHTable. 7). A4 #3571
ZHell tisto] A9l = 199.02~2769 m o ATt AH 9= 201030 7}
& E=a 20179l b wekom 2013del &= ARF 46.03 me b F ¥HERS
B A tH(Fig. 13, Table 7).

AstrE 7t dABeA FAHEAD (A)7]17H2008~2012 ) ol =, 3wt A sk 91 7}
265.94~27554 m= °F 10 m B WEHAT. Asts F7F AAG B)713F
(2013~20173)oll = HF A9 7F 207.69~261.48 m=Z ¢ 4 m A% HEHA
ow FFAUAE 582~1806 WA R A HAT. AAHAAM FFE HE (O7IFF
(2018~2019\) el = H A k=91 7} 228.09~236.53%2 °F 8 mE WE
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Fig. 13. Annual statistics of groundwater level OW well.
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Table 7. Statistics of OW well groundwater level

(unit: EL, m)

) 25% ) 75%

Year Ave. Max. Min. Range S.D ) Median .
quantile quantile

2008 26094 27243 25783 146 346 263.5 26647 27243

2009 27550 27693 268.83 8.1 212 27471 276,66  276.82

2010 27656 276.82 27629  0.53 014 27642 27661  276.67

2011 27066 27631 26399 1232 299 26806 27127 27324

2012 27554 276.01 27458 143 034 27536 205.7 205.77

2013 26148 27578 22975 46.03 18.06 241.86 27554 27562

2014 23647 24529 22657 1872 6.6 23473 242775 27555

2015 25366 26325 23680 2645 745 24614 25519  260.22

2016 236.80 24641 22698 1901 582  231.69 23535  242.55

2017 21769 22919 199.02 30.17 960 20828  220.06 22591

2018 22809 23583 199.02 3681 922 22769 23086  223.24

2019 23653 239.81 2351 7.16 1.29 23559 23591  237.25

* Ave.. Average, Max.: Maximum, Min.: Minimum, S.D: Standard Deviation
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el o 2 B ZH(interpolation)st itk A skl oF A FY

Matlab = =13 (Mathwork Inc.)2 o] &3, 9 Z=Z13 9] corrcoef

th=0.1;
WI=0W09 d(l:end,1);
n WT=(WT-min (WT)) / (max (WT) -min (WT) ) ;
P=0W09 d(l:end,2)/1000;
n P=(P-min(P))/ (max (P)-min(P));
for ii=l:size(n P, 1)
if (ii>=2) &&(ii<max(size(n_P)))
if n P(ii)==
n P(ii)=(n P(ii-1)+n P(ii+1))/2;
end
end
end
for 1i=1:300
A=n WT (l:end-(ii-1));
B=n P(ii:end);
nZ=(B>th) ;
[loc,val]l=find(nZ);
n A=A (loc);
n B=B(loc);
C=corrcoef (A,B);
C ser(ii,1)=C(1,2);
save (['2009 corr (C ser).txt'],'-ascii','C ser')

end
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Fig. 20. Groundwater level observed in OW with pumping quantity of OW, PW1, PW2 and pricipitation.
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Table 8. Type of pumping, duration and variation of groundwater level

CASH Pumping Well Bertind day Variation(m) Period Average Variation(m/day)
(A) (B) (B/A)
oW ‘17. 01. 01 '17. 06. 01 152 -9.51 -0.0626
2 ‘17. 06. 20 '17. 10. 04 104 -13.55 -0.1383
b OW, PW1, PW2 ‘17. 12. 30 '18. 01. 20 22 -10.7 -0.4364
c ‘18. 01. 29 '18. 02. 12 15 -18.18 -1.212
3 a ‘18. 03. 16 '18. 05. 15 61 3.61 0.0592
b ‘18. 05. 17 '18. 06. 26 41 1.25 0.0305
c Non ‘18. 06. 29 '18. 08. 09 42 1.57 0.0365
d ‘18. 08. 22 '18. 12. 31 132 3.7 0.028
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(1) CASE-1

CASE-1& OWolA s st 2017d 149 1958 201749 69 19714
152 &<k Ht 4929 m'/day = Frsidvh. ddH A sk HE2 -1.63~
06 m W wolA Ao g 7|3+ &< 951 m sHsk A th(Fig. 21).
71kt MEe -0.0626 m/day= WEFEU & S 74927 mE FA G
Fol mE Askel= wkalE BAF dEer AAAsRY)E 09929 ol At
(Fig. 22).

OWell A F 500 m'/days LAGsHAl Fretda w AshrE9l= 140943 A 54]

|

A e AEFS Edv ady At 21773 mell =Ed Sl 1293
o] % -0.02~0.02 m AN WEatH v dAgsA FAHJAT o= OW
oA AstE97E BE G mdate] o o] FewEo]l dojuA e A
Tl =gd sor At

230 1,000
OV e—Grroundwater Level
7 =
: =
215 =
=] 600 &
=
[ E
_ 210 300 g
4 &
E oo
00 B
‘é 205 E-
& 300
200
200
183
100
190 0
2017-01-01 2017-02-01 2017-03-01 2017-04-01 2017-05-01 2017-06-01

Fig. 21. Groundwater level variation and pumping quantity(CASE-1).
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Fig. 22. Relation between groundwater level according to cumulative

pumping quantity when pumped at OW well(CASE-1).
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(2) CASE-2

CASE-2+= OW, PW1, PW2el A sAlell sttt 2as= 2017 6¥€ 209+
H 2017 10¥ 197hA] 104Y &<F OWelA = it 4641 m'/day, PWI1ol A=
Fat 397.1 m'/day, PW2el A= 4 362.6 m/day= &3t th(Fig. 23). OWel
A #EE Aske e MES - 1.19~1.16m W9 dlelA dAElen g 7]
b 5355 m sHskth 71T WEsS - 01383 m/day® YEFHT T F
FEFS 127280 mE FAGFFel e Askee= vhHlE BA7E YErs e
AQATRY)E= 09354 o] AthH(Fig. 24).
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& 5
_ 190 1000 B
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Fig. 23. Groundwater level variation and pumping quantity(CASE-2a).
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Fig. 24. Relation between groundwater level according to cumulative
pumping quantity when pumped at PW1 and PW2(CASE-2a).
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2b: 2017 12€ 30¢ % 2018 019 2097b#4 229 &<t F53ta . OW
o M= Wit 461.5m/day, PWI1ol A= B3t 345 m'/day, PW2ol 4= Hit 2837
m'/dayZ STt tHFig. 25). OWollA #5H Astrfe dag HeEd -
148~051 m W WelA st e g 7|3 st F 107 m sHsAt
717kt WSS - 04864 m/dayE YERTE & SRS 23988 mE FAYST
Fo wE AeolE walE #AZE vEts o AR A (R 0.95110] Ak

(Fig. 26)
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41
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E 4 1200
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Fig. 25. Groundwater level variation and pumping quantity (CASE-2hb).
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Fig. 26. Relation between groundwater level according to cumulative
pumping quantity when pumped at PW1 and PW2(CASE-2b).
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2cv= 20189 1€ 294 F-H 20189 29 12¢€7H#] 15Y &< OWeollA+= 3
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Fig. 27. Groundwater level variation and pumping quantity(CASE-2c).
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Fig. 28. Relation between groundwater level according to cumulative pumping
quantity when pumped at PW1 and PW2(CASE-2c¢).
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(3) CASE-3

CASE-32 EE #AdA dE shA sttt CASE-3% 7IRtel wel a~d
2 28kal, OWelA #53 A a9 & Fig. 29 (a)~(d)=2 e

3atw 20184 3¢9 16¥%4-El 2018 5¢ 15¥7HA 619 &<t Al Ast+9]
HEE -007~042 m H9 HelAM T iF 717 e A=
361lm Fsste] 717E T WES 00592 m/dayS H AT

b 20189 5¢ 179H-E 2018 6¥ 26971A] 419 &t AT A4
HE2 -006~016 m e HelM AT T 717 S Ak
1.25 m 58t on 7133 W5 0.0305 m/days EH A

3ce= 20184 06¥€ 20958 2018 89 9U7bA 429 & Akl A sk
HE2 -0.04~026 m M HollA EAsAT. siF 71t ¢ A= A
k9l 157 m st e 71t WE2 0.0365 m/days R At

3d+= 2018 8¢ 22948 2018d 12¢¥€ 3197h#] 132 &<t A9 At
e -0.09~045 m B9 HelM A A 713 F¢ A8kl 37
m st e 71k HES 0.0280 m/days K St

_ M0 240
E 138 (a) E 238 ()
- 236 236
= B = 3
= 234 = -‘-f"‘
5232 E 232
- 80 = 330
28— 2 3
526 526
S 224 S 224
52 g 224
2 m o)
=220 T T T T T T = 220
i ) Gl o e} A 2\ o b o ) = o
e v ) o hd ¥ 2 o ) P ~ B &
SO & B ~1~‘7'Kh & s o & S & &
> B G - = T o "l l el
PSS R S S S > a @ Y oy o
§ i 5 i F ? , »
M0 240
= 23 = 23
= 238 (C} 238 (d)
236 1136 —
[T ] 3 ____—-—-'-'--_-
s R ——  —
2 LE
L, 230 230
E s 28
206 =226
g 24 E 24
Zam 2 m
© 220 : Y 20 :
% ) Q! @ i 0 £ ) ] & ) g ~ o % b o
o ] S [ i il R b = hd & ~ »
S 8 & ) 5y ¥ & LA S SR A A
@ \.‘\“.\ \\'}: o (_\\‘? _\\b il \\% a~ -~ N Q\‘\: N Q\*‘ _\.{l—. o “‘\*:
" 4" L > » LS s L W P LS ~ L w W L o
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