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Analysis on the Spatial-temporal Variation of Surface-groundwater Interaction
on the Watershed Basis
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Abstract

The characteristics, intensity and direction of groundwater - surface water interactions are controlled
by groundwater head gradients, hydraulic conductivity and by the riverbed geometry. As a result of
the spatial heterogeneity of these factors and the subsequent variability of the impact of these
interaction processes, the water balance is also characterized by highly variable spatial patterns and
temporal dynamics. However, spatially detailed studies concerning the spatio—temporal variability of
the extent and intensity of surface-groundwater interactions have been limited to the investigation of
cross—sections or small stream reaches. Thus, the extensive study on the watershed based interaction
between surface water and groundwater is to be analyzed. In this study, the intensity and the spatial
extent of interactions along the stream were found by using integrated SWAT-MODFLOW model.
This integrated modeling approach was applied to Anyangcheon watershed in Korea. The effluent
stream characteristics were found in the watershed, namely, baseflow was annually discharged except
heavy rainy periods. The intensity and the spatial extent of surface-groundwater interactions in
different sub-watersheds were found on a daily basis. The influential extent of surface-groundwater
interaction become larger as the watershed elevations are lower.

keywords : Surface-groundwater interactions, SWAT-MODFLOW, Spatial-temporal variability,
Intensity and spatial extent of interactions
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Fig. 1. Concept of River-Groundwater Interaction
(Kim et al., 2008)
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Table 1. Information of Observation Station
Location :
Observation station - - Ellereriion Cornpet.ent
Latitude Longitude (m) authority
Seoul 36-38-11.0 127-26-34.2 57.4 KMA
Weather
Su-Won 37-16-09.7 126-59-14.2 33.6 KMA
An-Yang 37-24-06.8 126-54-19.7 27.0 MLTM
Rainfall Nam-Myeon 37-20-41.2 126-56-39.3 40.0 MLTM
Nak-Saeng 37-23-25.3 127-03-09.3 40.0 MLTM
Si—-Heung 37-26-58.0 126-53-49.0 16.2 MLTM
Water Table
An-yang 37-24-06.8 126-54-19.7 27.0 MLTM
Bi-San 37-24-29.0 126-56-59.0 49.7 MLTM
Groundwater
Dang-Jeung 37-20-59.0 126-57-41.0 477 MLTM

) KMA: Korea Meteorological Administration(7]7%37)

MLTM: Ministry of Land, Transport and Maritime affairs(= &34

$54245 19K 20094F 1)1

23



15719] Afredez 73l thFigs. 3(a) and 3(h)). E

o] AT} Fig. 20 vebd wpel o] ubd wl A AT H e AT AFshs EXE FEFE A
T Aol stE RSkl daL srejA 1Y gstglon, EdEe w9dsrisdolA Aleshs 4
A 25 okt Qkkd A2 el A= sk Al HEYES o]gdte] EGFos wHiste] 53ttt
o] g7t WFE L Sk v AP 19%d = (Figs. 3(c) and 3(d)).
sHe e Asta Jdom Ae sleA e (FH T Y EAo]&RE EAsRH 4t
20030l =aHel A rlee FdsaL Ak B A&, A, EFH)ol 5% =AAHel
Aol A= 20033 HE 200613 7HA1 2] &H W (A 20%, FAA7F 10%E 2AstaL Yo EG=e] A5
T ¢F 360,000 m/day)? et Aol BFiH AR T oF FE A ARt Fo] Xt e 2AHso]
32,000 m/day)= 31335 20%, ShurE-e] o] o] 9le #ehEel 10%, A
ol Al E o 5\_/‘\_}50 %62 2}A8}22 o) .;ﬂ;‘(xq_g_
31 SWATgl .‘L!QII-E ]’nlﬂo“] <) S ] 1—0-0 ]’ ]O}'J— :\:\l_:}' ']]"1
= g F54o] FEd 0AVEe] RES fof %
SWAT wade] 712 Jegus] $AFARAE &) Bepy Aojel Hebsn §2 YA Aofe] $4t
DEM, EAYEE, E¢gL Fo gk e Fol EA EFEoR ¥t vk
ARa7|sh a7 BT AFE 2 2 GRS ) TER BANREY guede] 4§ F0A
A4 ereths A7AsHChaplot, 2005)) ek o Rmure Ul glow, BREEd S47e go
9] DEM= 1:250005 A A Zoll A &3 100 m AA}
712 gAEGste] FEIFen, ddTY9e B
N
Basin outlat
we*-ﬁ
s
DEM(EL.m)
[ ]12-40
40 - 80
80-120
[ ]120-160
[ 160 - 200
[ 200 - 300
[ 300 - 400
400 - 500
==wmuo
o B 1.2 Kilometers Q L3 12 Kilemeters

LandUse
AGRC
| AGRR
[ FRSD
[ | FRSE
|| FRST

B oRCD
PAST

RICE
| ucom

ES

[ URLD
[ UTRN

12 Kilometers [ WATR

e
TEQNBOS
12 Kilometers L

(¢) Landuse

(d) Soil class

Fig. 3. SWAT Input Data
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Table 2. Parameter Value for Simulation of SWAT-MODFLOW

Parameter Definition Median Range Calibrated value
CN2 SCS curve number Default -8% ~+8% +8%
SOL_AWC Availably water capacity Default -0.05~+0.05 +0.03
ESCO Soil evaporation coefficient 0.5 0.01~1 1
GW_DELAY Delay time for aquifer recharge 31 None 10
S Storage None None 0.01, 0.001, 0.001
(each layer)
K/M Conductance ratio None None 0.005
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Ao Aot} o 74d Ao F7rACl 9o wat w of g% W=tk Table 32 AAAA LS4
Table 3. Comparison between Water Yield and Exchange Flux for Subbasins
SUB Area Total amount Water yield Water yield Exchange flux Exchange
(km®) (10°’m*/year) (10°’m”/year) rate(%) (10°’m*/year) flux rate (%)
1 0.92 1,182 617 52.2 299 25.4
2 7.84 10,081 6,370 68.2 2,142 21.3
3 4.64 6,128 3,578 58.4 833 13.6
4 10.19 13,459 7,690 57.1 2,853 21.2
5 9.88 13,201 8,079 61.2 797 6.0
6 5.33 7,121 4,374 61.4 392 55
7 4.2 5,611 3,205 57.1 1,341 239
8 4.06 5,424 3,140 579 1,381 255
9 7.99 10,274 6,339 61.7 1,070 104
10 497 6,390 3,683 576 643 10.1
11 28.37 37,473 20,845 55.6 1,467 39
12 6.04 7,766 5,093 65.6 1,413 18.2
13 22.78 30,438 1,8335 60.2 2,562 8.4
14 3.45 4,436 2,707 61.0 678 15.3
15 20.06 25,794 15,097 58.5 2,848 11.0
sum 140.72 184,785 109,659 59.3 20,724 11.2
) water yield(EHE3)= surq(AEFE) Hatq(FHE) +gwq(A8H3) -tloss (2
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