J. Soil Groundw. Environ. Vol. 19(4), p. 12~22, 2014

< Research Paper >

MAIEEM 2 220240 ot

OlREH - HHE! -

SR - 2RI -

http://dx.doi.org/10.7857/JSGE.2014.19.4.012
ISSN 1598-6438 (Print), ISSN 2287-8831 (Online)

=
o

17}

(1]

e

=Y

B AT
e A E () F9DTY

Evaluation of Goundwater Flow Pattern at the Site of Crystalline Rock
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ABSTRACT

This study evaluated the pattern of groundwater fluctuation in cyrstalline rock using time series and factor analyses. From
the results, groundwater level for the 18 wells was classified into 4 types reflecting the hydrogeological properties and
rainfall event. Type 1 (DB1-5, DB1-6, DB2-2, KB-10, KB-13) was significantly influenced by groundwater flow through
water-conducting features, whereas type 2 (DB1-3, DB1-7, KB-1~KB-3, KB-7, KB-11, KB-14, KB-15) was affected by
minor fracture network as well as rainfall event. Type 3 (DB1-1, DB1-2) was mainly influenced by surface infiltration of
rainfall event. Type 4 (DB1-8, KB-9) was reflected by the irregular variation of groundwater level caused by anisotropy

and heterogeneity of crystalline rock.
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2010; Lee et al., 2013). 53], X8l Fa<odhe] d%
o= AfE JAFE F97F 2RAd] wdeia e
GAHE T3 5 IS s ATEe] FAEL
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Fig. 1. Geological map of the study area (from Hwang et al., 2007).
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AFAGLE dETE AFA FEH dYoFA, sE
m ©J&}, BAE= ¢F 30% mINke] $hlgk A

P& FAJstar Uck(Park et al, 2008). AaLEA ] A
B AR QIS AR AEo] Wb olF Al
o] Aol AHFE o] ApxlEe] waEFCHFig. 1).
= SHRENE AJRE Woly] BAQL, A7) #
EgE= A= sPEEeh WA 2R
A ol RFE &L e Al47] FET] A
FHE wbA EXHTKChoi et al., 1988; Hwang et
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5
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722, 723, 731, 732)9] F3ZQ ddjEo]
ATHKim et al., 2008).
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AAIE AL IS TS
A2 0T 49 AR T HSFES HRCE O W
Al 1 BG5S St FAEE 4 7ot
(Larocque et al., 1998). A|AIE &A4719 FollA 42 -
TuAtE 544 40l de] 8= s el A Pd
5 (autocorrelation analysis)® WLXdTHE2A](cross-
correlation analysis)©]TH(Cheong et al., 2003; Lee et
al., 2009b). A7VIEREA L AIAE ArEe] A7 VdHst
TE Alksle] 2719 AP REEAJo 1 o] EHE
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A A AR AR 2 AIAIE AT A
Aol X 2] o= RE QA gt ARE

r

=L

J. Soil Groundw. Environ. Vol. 19(4), p. 12~22, 2014



14 o152 - Belg - &AH) - AA

7Ft 4 AtkLee et al, 2005). DXPFEIFE +19)
HAAE 7HH Haugo| =23k AIZkQl A A TH(time
delay)s A38le] 7 AAIE degte] ~EH A Hu) &

=S AT 2 drelMe AP axbdd

BRIV diftE ARHEE dwselal A}t
WASAA AR ololg nAsRe A Tl A
oA, JEYe) 2 Az WerEz AUSY + Aot
(Papatheodorou et al., 2007). 821 F& Ed& HE
PCA(Principal Component analysis) 7|HO.E2 =%
1 o] Ifgk(eigenvalueyS AEIstaL, 2+ Q159 U
3 QQl1AA)e] Bare HUISSIEE Varimax 2718 H)
215 o83t 8RIES Awrgst}(Jereskog et al.,
1976). Q1AL Q-E=iA7} R-EERAMoZE 9
I oM (Davis, 2002), Q-F= A2 ThHHEF F1tol|A
HEES Jusiele] SAGE 1] TS Frieke
7]¥ o] 31 (Reghunath et al, 2002; Lee et al, 2009c;
Kim et al, 2013), R-E.= £} FEAO ZHE] 177k
I AFHEE T2l A4 wgE k] #AE 1
3 4= thHamm et al., 2006; Ko et al., 2008). £
AFolME QEE A4S At IR Aekr4
HE 540 wE W F3E FEshaAt A48T Al
AF AT QRS alsk7] flaliA SAS ver. 9.13
A Z2E o] 83IHTHSAS Institute Inc., 1995).

ATAHGe] AEZR BT WES A YA,
20063 193E 20108 129714 AR o] Ax)9
7ol 19 74 A AsE B4 sd B3t
o] AT A9 oF 1,281 mmEA, FEAM

¢

- 249

92l 1,200~1,300 mm el F3FHTtKSong et al.,
2005). SEjuere] 9 AR At 9] oF 66%
7} 69ellA 99 Alelel] FFe- Fel= A= =T,
ATAS G 69HE] 997HA] T €l e
(802.8 mm)°| At A7 <F 62.7% 3FECTH
(Table 1). o]= AFAHY FEeg 540 A=
$719F 2712 TR HEEH, 971 Rt e A
ARzdo] Aal9] wiEell AH o= Jaks v 4
= AR

O
(3
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4.2. FE[XE SN

24 HlollA A8l fred 1A F=EYE 23
ol dFEE o9, 9, d7 59 544 AAF
(water-conducting feature)ol|A] o -AISHA AYSC)
B B AATRES AIFE UE J89] f4=
=S Aieke 83 QAIAJOITHINAGRA, 1998). A7+
AHe] F 187 AIFF(KB-1~KB-3, KB-7, KB-9~KB-
11, KB-13~KB-15, DBI-1~DBI-3, DB1-5~DB1-8, DB2-
20l ¥ 9t AlE AdE 2431, Park et al
011)°] AIRKEr 33t A Gol] tigt T4 T2 107
m/sys A3 79 B = AR 7Egsie] siialdt).

DBI-3, DB1-5, DB1-7, DB2-2, KB-3, KB-135& 4]
FF A4 Axe FHPAEEY] F=Ugko] 1.00 x 107 m/s
<z, Esld) Zojol tigk Xsl4 FURA 2ol
HIEE 80%C1dS 2FAIgHK(Table 2). 184, DBI-I,
DB1-2, DBI-6, DBI-8, KB-1, KB-2, KB-7, KB-9,
KB-10, KB-11, KB-14, KB-152 A A=xo gt 5=
YAEE FUF] 1.00 x 107 m/s ©)st=E B ET)

ATAGe X TS dENEH 187 AlFETH
o] I FEE vlwgt A}, DBI-5E Al9l$t DBI-
3, DB1-7, DB2-2, KB-3, KB-13 A|F3E5S =4 ¢
teb QIFSHAl REE7] witoll, A15F el T4 A
AFxEo| v 23] Fd Ao 58 Blo=
AEtHFig. 1). 224, KB-2Z #A€J%F DBI-1, DBI-

BN ol

=

Sy 2, DBI1-6, DBI-8, KB-1, KB-7, KB-9, KB-10, KB-

Table 1. Basic statistics of rainfall at meteorological station (unit : mm)
1 2 3 4 5 6 7 8 9 10 11 12 Total
2006 38.5 50.0 25.0 1145 2100 1280 5560 213.0 2575 425 40.5 17.5  1693.0
2007 14.0 46.0 103.5 44.0 77.0 131.0 2915 1425 302.0 605 6.0 13.0 1231.0
2008 224.0 7.5 87.0 86.0 1290 2265 1960 277.0 255 245 16.0 13.5 13125
2009 23.5 47.0 38.5 37.0 775 1565  377.0 40.0 1065 435 71.0 15.0 1033.0
2010 19.0 102.0 99.5 103.0 1415 37.0 1725 1465 2315 400 6.5 37.0 1136.0
Mean 63.8 50.5 70.7 769 127.0 1358 318.6 163.8 184.6 422 28.0 192 1281.1
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Table 2. Hydrologeological parameters of the drilling wells in the study area

Surface ) Hydraulic conductivity (m/s) Inflow point property
Well name elevation Drill depth Inflow length
(ams.l) (m) Max. Min. Median Number Jsaturation depth (%)

DBI1-1 4.85 205 124 x 107 2.54 x 10710 6.76 x 107% 23 69.4
DBI1-2 12.65 213 578 x 1077 3.06 x 10717 240 x 107 18 58.9
DBI1-3 387 91.6 1.66 x 107 532x1078 2.66 x 1077 12 91.1
DBI1-5 63.7 114 5.94 x 107 6.52x107° 3.77 x 1077 16 100

DB1-6 31.8 232 1.17 x 107 226x107"° 8.72 x 1071 14 43.9
DB1-7 92.7 1554 1.13x 107 1.00 x 1071° 6.98 x 1077 22 91.7
DB1-8 166.2 198.6 6.37 x 1077 6.54x107° 7.76 x 107% 24 100

DB2-2 63.3 139.9 1.31x10°° 7.19 x 10717 6.10 x 107”7 20 87.8
KB-1 36.57 109 736 x 1077 691 x107° 321 x107% 7 47.6
KB-2 58.88 94.5 1.47 x 107 3.06 x 107 343 x 1078 8 61.2
KB-3 70.13 39 1.91 x 107 122 x107° 1.57 x 107 2 100

KB-7 69.3 185 1.05x 107 4.94 x107° 236 x 107 21 92.4
KB-9 35.53 230 1.19 x 1077 1.40 x 107 1.97 x 107 14 48.6
KB-10 81.46 230 121 %107 1.19x 107 467 %107 29 94.2
KB-11 77.14 230 1.21 x 1077 2.09x 107 9.65 x 107% 28 99.4
KB-13 773 230 7.91 x 1077 6.73 x 107 1.47 x 1077 27 86.7
KB-14 56.59 2175 527 x 1077 470 x 107 9.40 x 1078 29 98.8
KB-15 108.06 270 9.35x 1077 1.93x 107 553 x107% 22 74.6

11, KB-14, KB-15& =4 ©@dtje} &) Ale]e] Z2A
A ek ol ExEy| e, B4 ARTE 24
o] Fdujdoz A xg=o] ] EXo] e AL

Z AISETHNAGRA, 1994).

4.3. X|5le| HE 54 iy

43.1. Aal9] #F Aw 14

AR A9 WE 5495 W1k f18i4, 2007
9 OERE 2007 11978 1ARE PR SAH A
slee] IS ARE dBT ARE wgksle] EAET
AFA A Ay WHE HHS F7AEE 5T
A9 ME EAT A5 vlaske] Z2A3IItHMinstry
of Construction & Transportation, 2002; Yi et al., 2004).
ATAIHFY A= A5 ARdell g A A1 W
o] Yehar o}, AlFge] E7H 3o wet o
A9 WE 545 UeRAL SUchkFig. 2). DBI-1
7} DB1-29] Aalehe 739 Aol ofsll 2H oz of
goz Q3f|, A7 WAl HEsh Nk T
w24 ¥Agch DBI-3, DBI-5, DB1-6, DB1-7, DB2-
2, KB-1, KB-2, KB-3, KB-7, KB-14, KB-15, KB-10,
KB-11, KB-139] Ral=9& 7 Aol 2J3t 18]
241 742 BT Tkt = elshA EAE A Qi

(e ol

3k, DBI1-8¥ KB-92] A|5l$fi= R|H = o= 41 m
(DB1-8)2} 18 m(KB-9)ll 2+t Yx]=, B2 #
TS Uepd o33t AlFFE Ay WiE Aol
- Akl e A ohike] S=FshA Wkg- EAJ0) 7]

Q1ES AAJSHH(Lee et al., 2013).

4.3.2. NAGEA]

ATFA ] Al WES AP o= Frshr] sl
Al 73 Askrioll il A7 PdEHEA T AP
S AREIAT AP PIEA A, e A A
o] 59U o2 whE S VERfe] ot AEAdT) 7]
Jaas Vept 25e 1A HE 73 (Type)=
EREtHFig. 3). 8 1= DBI-5, DBI-6, DB2-2, KB-
10, KB-137} E3t=w, A7Vl =3 glo] 94
sHl FAaEe HEs JeErdth #3 2(DBI-3, DBI-7,
KB-1~KB-3, KB-7, KB-11, KB-14, KB-15)¢] 7%, =}
7VEAITT 045 E 3097 MEA] s ARt o
30UHE 60Y7AIE FHago] ekl = o] H3iA|
€ A4S Btk % 32 DBI-1, DBI-20] X3}
), 27 VdEEre] A AAIze] oF 30 olU= wWEA 0
o=z gt w7 ok AT V|ETE Y
it} 39, 43 40l= DBI1-8, KB-97} ¥3EH, 271

N
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Fig. 2. Time series data of groundwater level in the study area.
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Fig. 3. Autocorrelation functions of groundwater level and rainfall in the study area.
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Table 3. Varimax rotated Q-mode factors for drilling wells in the study area

Factorl Factor2 Factor3 Factor4 Factor5 Communality
Rainfall 0.02 —-0.12 -0.09 0.25 —-0.03 0.09
DBI1-1 0.34 0.15 0.32 0.75 0.02 0.81
DBI1-2 -0.25 0.26 0.46 0.50 0.17 0.62
DBI1-3 0.50 0.79 0.29 0.01 -0.16 0.98
DBI-5 0.94 0.09 —-0.02 -0.01 -0.20 0.93
DBI1-6 0.88 -0.15 -0.23 —-0.12 0.33 0.97
DB1-7 0.41 0.82 0.35 0.11 —-0.06 0.97
DBI1-8 0.69 0.23 0.23 0.24 -0.12 0.66
DB2-2 -0.12 0.46 0.79 0.24 -0.19 0.95
KB-1 0.86 0.18 0.21 0.40 0.07 0.98
KB-2 0.26 0.67 0.62 0.22 —-0.08 0.95
KB-3 0.15 0.86 0.45 0.08 —-0.08 0.97
KB-7 0.52 0.14 0.83 0.05 0.10 0.99
KB-9 —-0.08 -0.15 0.04 0.01 0.93 0.89
KB-10 -0.20 0.85 0.13 -0.40 -0.10 0.95
KB-11 —-0.02 0.24 0.96 —-0.05 0.03 0.98
KB-13 0.76 0.54 0.06 -0.11 —-0.33 0.99
KB-14 0.62 0.60 0.30 0.33 -0.13 0.96
KB-15 0.14 0.64 0.74 —-0.04 0.07 0.99
Eigenvalue 9.28 3.59 1.95 1.07 0.73
Variance explained by the factor (%) 54.0 20.9 11.4 6.2 43
Cumulative persent of variance (%) 54.0 74.8 86.2 82.4 96.7
220 190 "8l &2 F+)e] FAFS Hole AlFFe shA, 891 43 1.07)0= 339 DBI-1, DBI-
DBI-5, DBI-6, DBI-8, KB-1, KB-13, KB-1424, & 2, %7} AAH, Z9ARA Fo] F235) Vel

TS 289 WES AASh= DBI-8¥ KB-1, KB-
145 Al9jstae Ak F3 19 3T 821 19 =
)= AFEE] A ARA0 &
FHRUR= dAZS ARG o2 Y s
A4 hhlle] S EAdo]
she AEAR] Al frs HES Wdshe ZoE
E41jr(Jeong et al, 2010). 821 20] 3l =& Y)Y
AL Hol= A%F-S DBI-3, DB1-7, KB-2, KB-3,
KB-100]% KB-102 AleJelale Al 73 29F IX|gh
E‘r 821 20| ¥gu)e= AFEES] Asrele 719 &
7 AR oA RBEHo T J3ES wkm glom,
o 2z Exog <3 j—f/\;a o8 g A3k 45
F3Fo] FAl UrE}Uri AeS AAEI}. 891 3@
19500 ] HAE Ur‘:)ﬂﬂ‘_ NF-& DB2-2,
-7, KBll KB-15019, X3l 78 19 73 29
He 54 ek Aoz AgE, - ARddl b
Ak W 547 Akl 13 548 vlashd
g 29 o] ¥ Al mAle BoE AE

H

39 A 3

A8kt A

rsLO{NQ:tOENLr

.41

do

A8}, o]g)dl A= AFoz ey} v
ATE FelH A3k WE 8 Rl B A7Es
9= Z UX3ch(Lee et al., 2005; Choi and Lee,
2010). L91 5@-77k : 0730l B3 Xy A
TS ANk 78 49 sEEE KB-9o] EFHE w
ZhA Aol fiAIske 2RA kel ejAldeE x
Aol me} o] AR AT ST AE ks
B3 Ak e SA0) AR b2 SHE EAES
oJu|gttH(Lee and Lee, 2000; Lee and Lee, 2002;
2006).
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Massei et al.,
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A R w9719 Ag = Ak W
AHZAR g3k v 5 = Ta3 8214 sgEch
AFAY e Eld EAL ddy] Tl EEEE A
+E(DB1-3, DBI1-5, DBI-7, DB2-2, KB-3, KB-13)

T AgE Ik 9 A|FFE(DBI-1, DBI-2,
DBI-6, DBI-8, KB-1, KB-2, KB-7, KB-9, KB-10,
KB-11, KB-14, KB-15)2t} S=8]% EAJo] <=3t} o]
3k IR AR B0 = QlelA, Z47e] A
T Akt o g QREY 2EdI2 g Al
AR Ak frs, ¥ 59 dPol A= t=A vk
e wE 54o] dojdtt.

AAIGEA T Q18N A, A ST 4 A
Ao WS 1S 1A ASk ¥iE R 7R
sk 4= ok 73 1(DBI-5, DBI-6, DB2-2, KB-10, KB-
13y 2 337 719aTE 7RAA e, - A

¢

fo 4

Hhjle] TAUlE 53 AEAR] A 59 dFo] 5
AlsHA F3FS w3 S-S AASHE. {3 2(DBI1-3,
DB1-7, KB-1~KB-3, KB-7, KB-11, KB-14, KB-15)&
A7 Vgl w37 o) (bimodal) 341
Fels Yepar Jom, 438 13 vlasl Sl 54
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EEo] ABRI7) 7 AR AR FEFS vt
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