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Abstract

Groundwater level hydrographs from observation wells in Jgu idand clearly illustrate distinctive features of recharge
showing the time-delaying and dispersive process, mainly affected by the thickness and hydrogeologic properties of the
unsaturated zone. Most groundwater flow models have limitations on delineating temporal variation of recharge, athough it is
a major component of the groundwater flow system. Recently, a convolution model was suggested as a mathematical
technique to generate time series of recharge that incorporated the time-delaying and dispersive process. A groundwater flow
model was developed to simulate transient groundwater level fluctuations in Pyoseon area of Jgju island. The model used the
convolution technique to simulate tempora variations of groundwater levels. By making a series of tria-and-error
adjustments, transient model calibration was conducted for various input parameters of both the groundwater flow model and
the convolution model. The cdibrated model could ssimulate water level fluctuations closely coinciding with measurements
from 8 observation wells in the model area. Consequently, it is expected that, in transient groundwater flow models, the
convolution technique can be effectively used to generate atime series of recharge.

Key wards : Groundwater flow model, Jeju |sland, Groundwater recharge, Convol ution method

1.ME 2 kool Hlg, Zhe, A|&A7F o el &5, &5, E
3} 22 7PIQIA, 12T A1) Aol EAfei

Alsle AFES Ak E8AE Aok M 58 B Y oNESe] E49u Zlo), A|32o| A Ay
T Hol ARl iRt ARg7IRe] ARSI QlEol= A EX ] 8t TRiEo] et At Fsk=t
Bt ods] E2HAo] w2 g ARE G oS 7MKL gitMemon, 1995; Kim %, 2006).
A Qle}. Al g e ERkRt sk Ao Aol S Fok=t o8 e R AR

Received 26 January, 2015; Revised 31 March, 2015; © The Korean Environmental Sciences Society. All rights reserved.

Accepted 1 April, 2015 @ This is an Open-Access article distributed under the terms of the
"Corresponding author : Min-Ho Koo, Department of Geoenvironmental ~ Creative Commons Attribution Non-Commercia License (http://
Sciences, Kongju National University, Kongju 314-701, Korea creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
Phone: +82-41-850-8515 non-commercial use, distribution, and reproduction in any medium,

E-mail: koo@kongju.ac.kr provided the original work is properly cited.



482 ATt e -

24, B, Dagy, U 34 o) 9le
(Lerner <5, 1990), 2| joflAl= AJslee] HEH
o] YIS Ao R FuE WAL QIti(Koog} Lee,
2002, Park} Parker, 2008; Koo -5, 2013).

7180 A APY7 I ES TR el A
WH3l(transient recharge) S A4 0 & 1H3R] Fol=
ARMS 7Hd). of=ke] ARREA wsh= ]Sl
(unsaturated zone) 55 HUlS £330 HoE 4= 9l
LHKoo2} Kim, 2003) Bhe el ¢J2 wissof gk A=
7hZashm AT ffEoll ] 285710 AestA] ¢k
o 22 Poe) AFH wske mofshs $3 84
A] mrdlof] gt At} - Zrsic). Kim 5(2006)2-
A SWAT 29S 53 elaelolr gakpe] Al
74 Wisle YR oR 2 5 g WS AN
ol ik SWAT 139] 9 feiargol ] 428 &
S ARES 2 HAo] ol §slE odefe] &4
ARe] AlRKE WslE ano mefgh 4= gick
Park 5(2014)2 GIS 79ke] EpA] 24 =dl
WetSpasss: o|-85to] AlF=te A5} gefake] s1H4
WSS Bkt

A WS zofo] ul3) wjEsjert FrAS 2o
O AA Qe AlF=e] vlasid] FAl= et A
gelA s iR A5 eorl=s S8 Uehd=t,
olefet ABA EHOR QI8 AFES] Asir TP
AR 2| s Hok Hlsstirt QRe A4
o }|20] 79 7o) A3k 2ok Tgo] i, wlEs}
o S4d2] JaRL 1A Wo} Z242I0) Gk Wol A,
TAY A2je] A Aalg: B P47} WG

e BIESI = Q18 AIZEA|(Time-delaying)©]
HAYsHA E, Blz=sit) 5499 G wol WA o
A4S 737 ek Shin 5(2014) 7HRA 7|

= olgsto] o] w|zsfjofA o] AIRHA| At ZAE
o] vl e Ajai Fop meg Aeigion,
A Aol 2-g3t0] Al A5 Fpe] AF7E
2 wisle Bl

B Apoiis AR FA GoIS dro Fpe)
AR} AR o] HhgEl o Ftransient) X|5)4:
58 wg IsiRon], A Asie) BEARe}
vl gro R ZEFA REkg Folo] ARRE Aeke]
B A Ao @ AR Brlell AT

A 7L Theat 2k WA, Visid Modflows: o}
slol Azl A7) Ul ojAkeh o) TS Fale] A
Fojo] AJ5i 58w sk B4, AR
WS o) g5t} 2 HEslee] o] w2 ARk
Al 9 Bxkbgo] wialsl alok A AHEE e
SR meo] Qe ALtk A, o
BEAI 23 7] A5K59) BEARE ol §teo]
we WAL etk B BAL A5 58 B
AR L AEF] AR E Falo] 47
ik 2, A5} 55 welvh AU meo] gje 1)
22 WshA7|RA] A4 B2l 2 Alskeg]
%5 Aot mAS Fsjol Ak Aalg] A4 A
7} 2het QXS s,

£

:/ ft=7) « g(r)dr 1)
Z, AUTHL T P 7k sfte] SHeE b 4]
71 & Holg A7 Thg, Tk shute] gheet H3t Axt
£ AEsh= 2 oJuleltt dMdFolEtal she ER

A 7S o}glo] ofefe} 2o] Aeke By
AARS AL A AR (1) A

AAL(P) N FFE(B)& =t Bhe ARSI

f(t)=pxP(t) ¥

rEke] AR FojR)= ke f(1) o A
Fre] AvtE AklER= Rk o AAIE R(t) 9] &
ik = gkero] 17) SJeids BEE: (1) = v

>

< wiao sl



AERA 7 HE o] 83 Al
foo g(t)dt =1 ©)

R ARSE ¢(t)e ARG Bibg S
Zh FFehs I F4A; 4] HE9] @f(Bear, 1979)
slod
Ack.

=
£ olgs

i

Clz,t) = M. #. ex {,_7
’ n Aravt P davt

S )l §0] ope

.

]W:/oo nC(z’,t)dz’ (5)
E=
_/W=\/VOO noC(z’,t)dt (6)

— o0

o o] Lk 4 Lo 4]
o] =gk

| (42} (6) =7 T 4]

_ (ac —vt)2

«© v
ex
‘/‘700 Varavt p[ 4avt

dt=1 @)

web §] Alo] ARael ke A1 LR o
= ol gk n|zslhE ST WAz A7
3} Bake TR o] ekl 67} gl
PG A58 A 5 9k

AN

Fl[‘

(xo - vt) ] (8)

(t)= v ex [
g Vimaut P davt

of714] A3 71FS) THAoA TERHS sk
Ty HIESH] T, v+ B2 Falge(o]s], d%F
&) S VAT g, 9] AoflA ARK1)E 1St

& Ae)(x)2 2st, 4]
ofej Al gt Fefolck

b e g(t) = 0 = v2at/v Q1 7R

Fpet e 9l

Shin 5(2014)2 2R 71HE AA| AFEelA
w5 A ARG Aol #8ote] oF AAIE A
S Agslgen, vEsidie] £, ulzsite] H4k
% 9 7] gopdr} el whek gif A
A7} ofwA| Wsksh=x] BT,

Shin £(2014)& &4 Ao v]xZsfjo] ez E4,
= gy oo 7 A Bl Eibae) ASEEE
87| flsto] AdE Asle AF AALS A=t x]

=91 RS AAIE Amete] ks sl
) 2 A9 wlaei) 442 gt FE Q) S ¢
3o 12wl gleimel Bk ke sl
A et ke A, ol 2k helof 2Js) A
A3l BF AAL Aok A A5l g AA
PRSI 11 AT} ek eet
Babaiee] wjo] nhe A 2 e S glgle

Nl

ol
ko

AN

HJ

e i
Yy
il
]

o, ARG} 1 ) ek Beje] gaksme)
FARIS ke o] A HlZBlY] E4S ek o

F7ro @ AL,

>.

3. X BMRY IR Kok S8 24

Visual MODFLOWE o] 83}0] 341-8-290] thsh A
(steady-state) Aol 52 mES At A
el AAolA mdl BA7ER|e] 2y sjake] el#e] 1}
AL Sald o2 Saslg o TAGH0) AEl 2
Ao} & Balel= AT ndS A5k

3.1, XY TR

A7A o] %3 Gl AFEE o 180 ¥ A
2-35 1 7 Alololl A Uoft ko] of3) WS
of41 BHiPoIk. AR FAloli Slebile] 91xjsta
glow, btk FHOE B4 WO 74 kmola,



484 Y- 7

-5 ko 2= 32 kmel ERlg o 2 W2 e oF 1,829
kmeolck. g2 gk og Afshitke] S w,
FYRol= 1,947 m =o]9] ghepito] 9lar 36001 7H<]
250 glepilk SHo| Fas)) QJTK Seo, 2009).

AT 0] 719t 9 SAE = 1990d | o] Al
9] Aof|A] 27 9 25l ZARE $13 AR A5
SRYEHA AT B Aot o Al
A SHEE] 7NIRE, UG, A2, dRYSe 4%
TZE 7HAAL 9low, 79Ik a4 st 250~300
mol] F2E3}L §lon, Skl ARRe} slere s g
wlo] Qlth USS BE450 2 s 31 82~145 m
of| Has}al 9lor, o] F2 thAA AT H]He] A
3 Ao JdE njadFolch 2SS S
E|HF o8 Fado] v, A7 AL, AR ARdolet Yl
o|¢fo & SdElo] QItHOh -5, 2000). AHS2 F=
Ao o]FolA g9lowm, Fgido] ufe- Fof AE
T O] Frfjd GRS 5= XS0tk

AR FAFAL AR 167 79 T FHE
of| Y1AIBkaL 2lom(Fig. 1), F WA 207.9 kwfoltk
AZo R ghEito] fJAshal glow, FEOR ek
A Sl A, AR b WA Btk Z] A oo
Al 89o] sl FoR SHE7IHA THEoAl=
hyaloclastite”} g/ 92 Y1 $HISE A0 24,
el T2 A A719) Ho R g v|ad Af
Efjo]ct}, o]2fgt Fto] sl sjilof sl ¢li= A<
2 o] wet slaee] fEYo] golst Ao R Helrt
(Park, 2008).

60000

50000

= 40000+

Latitude (TM)

30000

20000

10000

T T T T
120000 140000 160000 180000 200000
Longitude (TM)

Fig. 1. Map showing the study area, Pyoseon drainage basin
inJgjuidand.
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Fig. 2. Location of (a) pumping wells and (b) observation wellsin the study area.
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Fig. 4. Zonal distribution of (&) hydraulic conductivity and (b) groundwater recharge.
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Table 1. Location and installation depth of observation wells

Well name TM(X) TM(Y) Elevation(m) Depth of well(m)
Ow-1 Sinheong3 177348 30729 80.6 85
OW-2 Sehwa2 181765 30616 58.1 186
Ow-3 Hacheonl 185063 32652 258 136
Oow-4 Hacheon2 183481 33475 58.9 180
OW-5 Hacheon3 182073 34175 875 186
OW-6 Hacheon4 180387 35310 118 230
OwW-7 Gyorae2 168797 41823 439 480
Ow-8 Samdasul 169308 41625 440 400

45000

B
2
=]
=]

35000+

Latitude (TM)

zongd - £
oned — 4
30000+ yone i
/-\n.--.'l - 47.3%
W zoneb - 44.8%
W zonet -‘I-" 1%

T T T T 1
160000 1.65000 170000 175000 180000 185000 190000
Longitude (TM)

45000 (b)

40000~

35000+

Latitucle (TH)

MW zonel - 358.14m
zonel - 268.70m
zoned - 257.29m

30000+ zone4 - 205.81m

M zone5 - 131.70m

W zone6 - 52.43m

160000 165000 170000 175000 180000 185000 190000
Lengitude (TM)

asoo0{  (C)
40000

35000+

Latitude (TM)

30000
M Observation wells

T T T T T T
160000 165000 170000 175000 180000 185000 190000
Longitude (TM)

Fig. 6. Inputs of the transent modd: (a) distribution of
recharge rdio, (b) average thickness of the
unsaturated zone and (c) location of monitoring wells.

42, BEE 2Y By

421, 2 2N Y

AT AS 5 el AU 2 gl
of HY S Saslgick Bel 1 vk 2hEsA
w910] <Jeigel Bape} gekolch B, 7
4 B olg5jo] 2 T 7 AAD A2 A
S, ol ke YRR vsiele) AL 2

Topuz Qe kS s om(Fig. 6b), 7 A7
A A T AL, T gl B4} gl
Aol Q1 o BEde] Zgke olgsist
olo] BAA|4:0} RIS =S TP T S AL 4
22 AASION oS KR mud Qleigtos ol
310l ole] W A A2 AV o)
Spo. A ASHe) W Aot 1 Al 4
Th B AAJEIIT) AR H o & Balx|Ze} 3}
o@ = gm?luw ARH mellah BT ol
55 of2fit it A dissiglon

ol] ApHAS7} 7P 2] Le R 28] Bl
Slopi = AYIIT)
ZHRH mdo] FokEE S 10 mday = skl
A4S WIS uf, 7F H= HE wdlofA] A
) ol B3 Aole] YaAg TakIrkFg.
8). 71 A3} OW-2, OW-3 =743 Allstar 2tz
b Hobas AL 2ol Hue belo,
T130) Avfel o] ARG L me A9 KR me

r>~



ARZH 7L 0| 83 AFE FAG S HAR Aol 55 1

i)

7N 489

ro 2 247 W‘ T T -“\1 TP O 2
5 t200 & 2 3
z 5 7 8
E 4 Faoo 5 E 167 E
p=t S 3 ]
83 Feoo 3 § 1.2 3
* 57 3
24 Fsoo § 084 S
5 (b 5
1 . . 1005 04 . . . . . - 1000%
zooz 2004 zooe 2008 2010 2012 2002 2004 2006 2008 2010 2012
Time (year) Time (year)
2.4 ey W "l" TR w”” ki oz 5 g 1”| .“.,“ TR Hw T o ®
200 & 4 200 &
EL8] 7400§ E 3+ ,40(,%
K > B >
3 Feoo 3  § 24 k600 5
T 0.8 3 T UM 3
F800 X 14 \‘MJVT UN F800 S
© £ @ g
0 T 1000~ 0 T T 1000~
2002 2004 2005 zooa 2010 2012 2002 2004 2006 2008 2010 2012
Time (year) Time (year)
10 7 ro o 16 ro T
3
g L
8 + 200 g 12 200
E 6 Fao 5 & F 400
g w03 § °| 600
S 49 F 3 8 ‘\ r
T U IDeE BEa RN
2 800 I 800
(e) 2 )
o T T T T T - 1000~ 0 T - 1000
2002 2004 2006 2008 2010 2012 2002 2004 zooa zoos 2010 2012
Time (year) Time (year)
190 1 r0o o 192 , ro T
3
b 200 , 200
E 180 5 o 184 1
E \J\ Fao 5 & H\l F 400
B > %
£ 170 ’60(’% $ 1761 \\3 [\*6003
8o 3 8o 3
Q) 2 2
160 T T T 1000~ 168 1000~
2002 2004 2006 2008 2010 2012 2002 2004 2006 2008 2010 2012
Time (year) Time (year)
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Fig. 9. Effect of recharge velocity of the convolution model on correlation coefficient between measured and simulated
groudwater level: (8) OW-1, (b) OW-2, (c) OW-3, (d) OW-4, (€) OW-5, (f) OW-6, (g) OW-7, and (h) OW-8.

Fig. 10. Comparison of measured and simulated water level variation of calibrated transient model: : (a) OW-1, (b) OW-2,
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