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Estimation of the Groundwater Discharges in Masan Bay Watershed

ogzé&]* . }_%o‘i** . ;SI/‘(_]_EQ*** . 73/3-%****
Jeong-Seok Yang*, Hong Yeon Cho**, Shin Taek Jeong*** and Sang Jun Kim****

2 X :upateh Aol Aake: FESS Darcy WHE o831 St Askes, P 9N, B
A%, ez A4, 3t Zo] ARE o) 8t 43 N3G FEHE F5F oivl 1.65% g=olet. vt
9] ehilEe B X3 §2H 0.7x10* milyear AER FPHYON, 2XES 53 Adle AEHL 1.0x107
mfyear AEE FAFO] hikEe B8 FEHL FAY We AxE wetEdrt. §H, F8Ua T4 20030
A AP B994E ol8sl] 38 Askr AR B 7l 33 Nak fEFY 20w Aol AT
AT, o) Agt ez os AU A dae) o uetslon, siotie] 2T BSPY +9S
Ealo] Aalg) 2 9 WIlE A& s AEsl] Al AWAA GRS Bed AR I
derl 9 Ao #wurdrn

A B0 : X3t F & %, T4, v, A, Darcy

o

£

»

Abstract ;: The discharges of groundwater flow were estimated using Darcy’s method along the coastal zone in
the Masan Bay. The estimates using the information, i.e., groundwater level, location of the observation well,
hydraulic conductivity, the thickness of the aquifer, and coastline length, were 1.65% of the precipitation of the
watershed. The estimated groundwater discharges through fractured rock aquifer and the aquifer with sedimen-
tary material were 0.7x10* m3/year and 1.0x10 m3/year, respectively. Whereas, the discharge estimated by
KORDI (2003) using isotopes method is about 20 times larger than the estimates from this study because of the
influence of the re-circulated seawater through the coastal zone aquifer. In order to quantify this effect in detail,
the groundwater levels and salinity changes in the observation wells located in the coastal zone should be
continuously monitored and analyzed.

Keywords : groundwater discharges, aquifer, observation well, Masan Bay, re-circulated water, Darcy’s method
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Fig. 1. Schematic diagram of the groundwater flows in coastal zone(Smith & Wheatcraft, 1993).
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Fig. 2. Topography and river networks in Masan bay watershed.



hake

e Askr {EF 4 217

Table 1. Province of the South-coast watersheds, Nakdong river basin
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Table 2. Basic information of the aquifer in Korea
= w % 7 5 7 (mean thickness) T = & (porosity) H] AF & & (specific production rate)
° = =7 (m) % TEE®) 71k (%) BIAZE (%) 7R (%)
HE = 1.88 26.9 56 14.8 2 0.5
HE S 022 32 45 14 5 0.2
Ab2 135 193 35 6.8 22 42
AHE & 1.75 250 32 8.8 22 55
A Z 1.79 25.6 30 7.7 15 3.8
3+ A 6.99 100.0 387 142

7 AR AL, 1967, FFAE

FAH 1995
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Table 3. Potential pumping rates in South-coast watersheds, Nakdong river area

299 S %@%ﬁﬁi ARIETA| 7}5114%* FrAs
(Sub-basin) (Rivers) (sed}mentary—layer (.sand-layer (potential p;lmping (txansrr;jssivity)
thickness) (m) thickness) (m) rate) (m™/J) (m72)
SR 47 37 515 1,310
TR 54 49 72 115
b2 acl 6.6 6.3 60 -
ik 52 48 220 1,790
- 35.8 353 10 -
EE 6.0 55 70 -
|y ST-2 75 7.1 115 365
GEy Ll 6.4 57 25 -
5.0 46 415 - T25
AR EELE) 152 14.8 35 165
AR 5.6 5.0 05 -
pigik 6.8 6.4 360 -
A 5.8 49 360 -
Table 4. Hydraulic conductivity of soil type S gjlon] Eoke] EZAS 71207 BARH Y 4EE
FLAYZE < -
& B 254 m%;ljrali;c HALAS EF BEHE Table 5% A
(Soil type) (Permeability)  conductivity)
(cm/hour) 4. KXot REE FE X EY
M2 A E(fine clay) - =g < 0.1 ‘
Ay =4 0.1-0.5 41X 5 REY F YYXE
2)oFA & (clay loam) o7t = 0.5~2.0 Aol AL, A|silmg] BEGS Yoz
ok E(loam) HE 2.0~6.0 ot =Te= °
AJSFE (silty-sandy loam) o7t W 6.0~12.0 slo] Ar)Hom 95 #EFo TN 7|2 A7 A
SFAAVE (sandy loam) W & 12.0~25.0 E2E AZstA FH, A3k 2L BT wHE A4S 1t
A} E(sand) -5 wE >250 3 BtAF= 71 712 A< A sk AL #ofolth

o] T3 w38 BT

dwkHog By EF Yol o3 4l ne EY
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Ve AFE, 847, FH=2A 9 TFe= TEY

A5 St 2SS Darcyd] HE o2 4PFslEH 9
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82 T4 hydraulic gradient)?1sl] SjebAollA 717}
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Atk
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_H, )
=7 2

q7\A, Hie B30 HXT AFM e A3l (m)
old, L& FigtdolA BEA7A 9 A-l(myelth. 9
Z28 B4 (observation well)e] sfebdo e Hey Q)

Table 5. Soil distribution of the South-coast watershed, Nakdong river area (Unit: %)
259 Sandy loam, Fine sandy ~ Sandy loam Silty clay loam  Clay loam Clay Rock
(Sub-basin) loam-Sandy loam -Clay loam -Sandy loam -Sandy loam  -Sandy loam  outcrops
FiRK(ST2) 0.5 42.0 14.8 25.5 1.6 15.6

*Reference: A3+ 8] 7|27 81996, AL 05 H)
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Table 6. Observation wells in Masan bay watershed
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Fig. 3. Daily precipitation and groundwater level changes in
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Fig. 5. Masan bay watersheds and observation well numbers.
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Table 7. Specification of the Masan observation wells

-t LR DEREP

i

olsitt. 53] EAlg= &g Aol tlg=E AA| Sl
el AkEE]7] el FHHoZ e 7he 7)Ao} up
A A7 Me RS S5 s AESS P
g3l A3t

upibnke] FbE B3l fEHE AS AEFS
5] 913k mlatate] EjetdS Y] Apgez B
3R THFig. 5EF). Table 72 2599 B4 A LS
UERR T Qlot. ot B3 Alge =7t Ask 3=
B ARE AR =E319, $4% SFF Aee Y
T B AslrRAIAT BuAE Farste] FeEjg 2
BE o|§3dl =&)L} vt o) SAEL A
Y- AGE Agletas dEHA Relga AAHos &
7t G EA] X, 5] Wdo] Ao B A
= Table 39] #4721 25.0 m2/day§ AAsJT

Table 8& vRIgH AR SRS Vel Qlo) £
AtollM A R A8y a9t sk el
H)eke] 28 siHA7EA] o ARl E o] & jrell AT
shot

Table 8914 13} ZAR= 1999, 7.20~8.20, 23} ZAR=
2000. 2.8~2.18, 33 FARE 2000. 3.21~4.16, 43 ZA}
= 2000. 7.21~7.28¢)) 24 F Aot} FH O, TH @
M= 32k AL A7} 23} =AY BiE] H& g
< Hol=d], ol& 2000 “3dt71e] 7HEd} FEe] Y=
Ao FPH 8|3 1219} 4319 RAehr] Apol=
1999 3lA|19] 79kt 20008 1A 73 2Jolel] 2]
g FFEOE ASF o] dRE G BFo)r] Wi
20001 J¥b71e] 7HEe 2 I8 Askeirt v =A) 3

T4 A9 (Transmissivity) (mzlday)

RS SRS ol o S
. Pr .
(Sub-basin) (Number) 37879 (Province) (Elevation) (m) ohal= ZR=
ST2 ® kA JEF 2aE 35.0 0.17 250
ST2 @ A S s 45.0 0.17 25.0
ST2 ® A AE 188 0.02 25.0
ST2 @ A} A2 35.0 0.30 25.0
Table 8. Hydraulic gradient in Masan bay watersheds
9 sekazA) Az #orzo] AR (GWLYm) 5574 HHydraulic gradient)
(Well No.) (distance)(km) (length) (km) 1=} 22} 33} 42 12} 23} 33} 43}
@ 0.875 8.38 347 34.6 347 - 0.0397 0.0395 0.0397 -
@ 2.125 22.50 37.0 375 36.5 36.3 00174 0.0176 0.0172 0.0173
® 1.125 10.03 14.2 44 0.1 10.2 0.0126 0.0039 0.0001 0.0091
€y 1.625 13.88 31.1 28.8 31.5 324 0.0191 0.0177 0.0194 0.0199
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Table 9. Groundwater discharges in Masan bay watershed
29 kS A3l St fEH (m’lyear) FHF ASKE At FEFm’lyear)
(WellNo) 1} 23} 37 4 13 2 3% 42
) 20,621 20,561 20,621 - 3,032,483 3,023,743 3,032,483 -
@ 24,309 24,638 23,981 24,178 3,574,853 3,623,162 3,526,544 3,555,529
@ 921 286 6 662 1,151,778 356,889 8,111 827,333
@ 29,088 26,937 29,462 30,304 2423982 2244716 2455158 2,525,306
By ffRo 2 AdET @A FAL, 2000 957 o8, L0x10” miyear AER AU A, 4]
Y BY skt drRaXMele Ak A7t 5 FETR(200300M = v 90 AEl ERS
A, PE FESLO] AN EEHE 715)= o 317 o AM FHAALE o] 88 FAHY WAHAE ol 83l =
Toll, $85Y Ao s A= 7Hsko A3k 3 vl v} A=Y (re-circulated seawatery7HA]
FEFL WgshAh Falal FYL A FEFe S FFEAE 75D
9] 48% Ao BEh= gE0 2 1.99x10° mvearolt}. o]
42 X5+ REZ FE EL Y EY e B QollM 34T gkl oF 20 o) dell EH%P

Table 7, Table 8% FBATFFAIT] - K3k,
et dol, Al9] # FrAEAL AEE o]8-8te nf
Ale] ol ol 2= A& ForREEre 25l
Table 991 A A)5}ATE Al &3 L 93 58

T Ay FekA do] - ABElFHoERE ] 1
=, GWL)o|t}

Table 10, Table 11914 A4
Z7d<eako] Hlgo] B 0.013%Y 3 uka)
B2 Qg SISHEE e v8-L B 1.65%E
Al ek 130 J=e] AfolE Ho|x . F
A3l FrEFe A7IFeR & HalE Ho|n

i

17 o

gholth. dwrz o g Aslr &l digt 3k fE3e
HE-S A7) B A Ge)| whz} & AJolE Kol glom, 4
T3 AELe) Asol oahd Agk FEEE 3 &
%9 5~10% A== =3 Qic}. gEhA], wldet 6
A Ak AEFE AT Aol g ol vi¢
A e QS-S ¢ 5 Aok B3, SnagaTd
(2002), 2812002y 54 BAPHE o831 1992
d, 1993 719k $719] sk frEEs YHE 34
sl 7] . 9719 A8l FE2RS Bkt 34
Az, A7)ele B 2,500 m/day L] 57} Ul
< Bt ATt FYEe G3de] WBEL, $7)d

Table 10. Groundwater discharegs in Masan bay watershed (Fractured-rock aquifer)

vk 0#34-?{-71—’\31: (mm) 1,399
opalEh W E (km?) 410.7
% ?i%"ah(m ) 574,569,300
1AE=AY 23}ZAL 3xp2A} AR}ZA}
% BNHRE(m’/day) 20531 198.41 202.93 -
AZF ZSHrZ 2 (m’/year) 74,939 72,422 74,070 .
Sl A 0.013% 0.013% 0.013% -
Table 11. Groundwater discharge in Masan bay watershed (soil aquifer)
vt AE 73 (mm) 1,399
upaket oA (km?) 4107
% A7rHm’) 574,569,300
(XA} 2R}ZA} 3xpZA} AR ZAY
% &k-22k(m>/day) 205.31 198.41 202.93 -
Az FFhR Ek(m fyear) 10,103,096 9,248,510 9,022,296 .
SHO S A 1.77% 1.61% 1.57% -
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