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Abstract

The evaluation of potential submarine groundwater is an important research topic for exploring an alternative water
resource. Two different approaches, water budget analysis and Rn mass balance method, were employed to investigate the
annual variation of submarine groundwater discharge in 2010 at a marine watershed located at the south-eastern part of
Korean Peninsula. In order to obtain reliable hydrological data during study period, temporal and spatial variations of rainfall
and soil moisture had been collected and hydro-meterological data such as temperature, humidity and wind speed were
collected The runoff response was simulated using SCS-CN method with spatial distributions of landuse and soil texture
from GIS analysis. Six different methods were used to estimate the monthly variation of evapotranspiration and field
measurements of soil moisture were used to account for the infiltration. Comparisons of infiltration and surface runoff
between simulation and water balance with measurements showed coincidence. The water budget analysis and Rn mass
balance method provide mean daily submarine groundwater as 5.35 and 4.07 m3/m/day in 2010, respectively.
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Fig. 1. The study area of II-Gwang watershed and soil moisture
monitoring points.
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Fig. 2. Schematic diagram of processes and compositions of
SGD.
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Table 1. Soil textures in three points (A, B, C)

Points Statistic Clay(%) Silt(%) Sand(%) Soil texture

AV 8.8 44.0 47.2
A Loam
STD 0.2 0.3 04
AV 18.1 62.4 19.7 .
B Silt loam
STD 0.6 0.2 0.4
AV 15.5 59.0 25.5 .
C Silt loam
STD 1.1 1.9 3.0
245 EQRARS o §3 EUZo]Y A5
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3] 0.5~2.5 mm2) &}%z} = AJAof| oJ3f] A 2] At

=] 3(Lull, 1964), 233t Akglo)| 4] 2.5 mmolike] 7
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Fig. 4. The sampling location of seawater, shore groundwater
(St, F) and Pore water(GW, PW) in II-Gwang bay.
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Fig. 5. The results of estimated PET/ETR (a), ETAs(b) by adjusting F(reduction factor) through six methods(Penman, Pan,

three method converting PETp., into ETR, FAO-PM).
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Table 2. The estimated ETAs by adjusting F (reduction factor) through six methods (Penman, Pan, three method converting

PETp., into ETR, FAO-PM)

P F Penman ’ Pan FAO-PM
Pan Synder FAO-24 Allen

Jan 43.0 0.6 17.9 27.6 19.2 20.7 19.3 19.1
Feb 131.5 1.0 38.8 37.5 28.2 28.1 27.4 29.7
Mar 155.5 1.0 61.5 45.0 344 31.5 32.9 41.0
Apr 143.5 1.0 81.8 60.5 472 45.4 45.1 46.7
May 198.5 1.0 106.6 76.2 60.6 57.2 57.5 65.8
Jun 74.5 0.5 51.3 42.1 34.5 35.8 324 29.9
Jul 308.5 1.0 115.1 85.9 74.2 73.0 67.5 67.3
Aug 148.5 1.0 110.8 94.4 81.8 80.2 74.4 68.5
Sep 164.0 1.0 89.1 87.9 73.3 74.7 67.9 61.5
Oct 76.0 1.0 67.5 76.5 60.8 57.4 57.6 59.6
Nov 16.5 0.6 229 36.4 27.0 27.3 26.6 24.7
Dec 37.5 0.6 17.4 25.1 18.3 18.8 18.1 20.0
Year 1497 - 780 695 559 550 526 533

Gl Yi-8-910] FAO-PM Q] 7|&Z=dRAg It Al =
%“&%k% jAlEle} vl E, FAO-PMALS: AME-
3ol 77)% EHA] FE(GDK) RS, deke dd
(HFK) % l"—ﬁ AR o] A2 2008 & 7|==2 AR (Kwon ik
Choi, 2011), SZGDK)°] 20061/2007'd, iHHFK)
2004@/20069101] of|t] 3 EAKEddy Covariance)®H

2 0]-83F Al ZHAR N Kang 5, 2009) 57 =LA 2}
o7} L}4] Q9IT(Fig. 6).
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Table 3. Estimation of infiltrations and the average ratio of
infiltration to total P in soil depth for six-month

Soil Depth (cm)

30 60 90 0 (surface)
Jun 28.6 17.6 9.9 49.3(E)
Jul 98.0 86.7 325 137.9(L)
Aug 54.2 33.0 23.4 80.4(E)
Sep 63.6 36.9 30.4 86.8(E)
Oct 30.6 11.5 6.2 64.0(E)
Nov 3.1 1.2 0.1 4.7(L)
Dec 8.5 8.4 1.4 13.2(L)
The average ratio of infiltration to total P
Average(%) 34.71 23.57 12.58 45.75
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Table 4. The comparison between the estimated values from SCS-CN and the calculated values from hydrological concept

Jun Jul Aug Sep Oct Nov Dec Total

P 74.5 308.5 1485 164.0 76.0 16.5 375 825.5
ITCR 20.0 67.8 423 418 219 5.0 117 210.5
Lour 493 137.9 80.4 86.8 64.0 4.7 13.2 4363
L HITCR 69.3 205.7 122.7 128.6 85.9 9.7 249 646.8
P-(IqHITCR)® 52 102.8 25.8 35.4 9.9 6.8 12.6 169.2

0 (O] 0

p.” 3.9 127.1 27.1 39.7 0.0 0.0 0.0 197.7

SCS.CN L 474 68.9 65.4 93.8 76.0 16.5 375 405.5
Fa 232 1125 56.0 30.5 0.0 0.0 0.0 2223

I+F, 70.6 181.4 121.4 124.3 76.0 16.5 37.5 627.8
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Table 5. The calculation of water budget in [I-Gwang watershed during six-month, one year

P ETA R (mm) Storage(mm) SGD (mm)
(mm) (mm) R(1) R(2) AS Sceu sGp" SGD?

Jun 74.5 17.9 53 6.7 45.1 45.1 6.1 4.8
Jul 308.5 67.3 128.6 104.3 4.7 49.8 107.9 1323
Aug 148.5 68.5 28.6 273 225 273 73.9 722
Sep 164.0 61.5 41.1 36.8 10.9 382 50.5 54.8
Oct 76.0 59.6 15 15 -143 239 292 29.2
Nov 16.5 24.7 15 15 29.8 5.9 20.2 20.2
Dec 375 20.0 15 15 9.6 3.6 6.4 6.4
Year 1497 533 3422 - - 639.6 -
Jun-Dec 825 319 208.2 179.6 3.6 182.1 294 323

o | s00 A5z ] SlojA Fasteleh AA|H o2 %3t 7]

120 i Dalie . bk G553 7|13t sl A EEapeo] W2 A
g 100 : ::Bu“) £ 5 g eI tH(Santos 5, 2010).
E 80 2% E 222 =1L = = =
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I ; 20101 79 27900 2AFEL Yk ol 4 7|2 5

. H’ S A7 2REe] OF(F,,, )12 2.77 x10° dpm/day

0 u

T T ¥ ' u 0
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Fig. 8. Six-month (Jun-Dec) cycle of water-balance components
as computed by water budget.
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Table 6. The comparison of estimating SGD in the coastal ocean using Rn mass balance model

Region SGD (m3/m2/year) Reference

North Inlet, SC, USA 11.5 Krest et al. (2000)
Waquoit, USA 3.6 Charette et al. (2001)
Rhode Island(USA)
Point Judith 2.5
Potter 6.7 Scott and Moran(2001)
Green Hill 52
Ninigret 2.6
Pettaquamscutt estuary 42 Kelly and Moran (2002)
Jeju Island, Korea, West 120 .

o Kim et al. (2003)
(Volcanic island) East 182
Yeoja Bay 87 Hwang et al. (2005)

Yeongsan River Estuary, Korea
Yeongsan River Estuary, Korea
I1-Gwang, Korea

6.69, 11,000(m’/day)

150,000(m3/day) Kim et al. (2010a)
66,000(m’/day)  Kim et al. (2010b)
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Table 7. The comparisons of SGDs estimated by two methods(Water budget, Rn mass balance)

Radon Mass
Method Water Budget Approach Balance
Period Year Jun-Dec Jul 27/Jul
SGD 639.6 294,30 322.8% 107.9 132.3% -
(mm)
SGD (1) @) (1) )

3 33,712 29,800 32,690 66,989 82,086 11,000

(m’/day)

SGD ) @) (1) @)

(m3/m/day) 535 4,73 5.19 10.63 13.02 4.07
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