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Abstract

In this study, two sections with different topographic gradients were in the Hyogyo-ri area, the hydraulic gradients were calculated for
each section, and the hydraulic gradient fluctuations according to the topographic gradient and rainfall were analyzed. The variations
of the hydraulic gradient within the research site was large in the section with steep topographic gradient and small in the section with
gradual topographic gradient. The influence of the variation in hydraulic gradient due to rainfall was high in the section with steep
topographic gradient, and low in the section with gradual topographic gradient. Through this study, it was found that the hydraulic
gradient fluctuations in unconfined aquifer showed as a complex effect of topographic gradient and rainfall.
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1996; Cole andn Silliman, 1996; Devlin, 2003; McKenna and
Wabhi, 2006; Kim et al., 2009; Rau et al., 2019; McDonald
2021; Park et al., 2023). 24 2] G = sfiot=5-of| A
£ Aok=9l 9] A5t shdo] R = 1, o] &2 <15) qu A
T 37120 2 HEsH Htk(Serfes, 1991; Kim et al., 2009).
249) JFL A e AR s o) At 523
= A1 ZJAtof 28 A Q1 FFE W=t Hahn et al., 1998).
& HA Aolls AR BA eSS e BAY B =
o] 211, ol= 77 AYSHH A T H ot A 2| v o] 2|5}
91736 Zo] ZotM A e A 4517 ] whito]th(Bosch
etal., 1996' Park et al., 2023). A& AATESE A9 A-+H
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oA B=H A5k AR E o] 85 YHEEY A 0 2 a7
ZAFE AHE?ITHCole andn Silliman, 1996; Devlin, 2003;
McKenna and Wahi, 2006; Rau et al., 2019; McDonald, 2021).
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Fig. 1. Location map of research site and monitoring points
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2|7 Aol whel M5 tH(Eq. (1)).
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Fig. 2. Time series graphs of daily accumulated rainfall and hydraulic gradient in the research site
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o 73-9-gof] 2| Q1 FFS whal 9l o, 2|43l
Toll= A7 th2] Alot$] Ads-g0) fr4s}
ArS] Mg Zo] Zolz|i= A0 2 e

4 5 7Feago o2 9y | AAL S| HESE
st9.oH, L1 1ok 7ol S/t 49
AAPE oA AEE BATKFig. 4). € 74 7ol o
2 gt S A3AF AR A A= L1 AolA =
0.5637, L2 77t A= 0.0299 A= 2 Lrebgeh 31499
7171 L1 oA 220 gho 2 A A 4 Fgefo] &
S5 QT |G AE RolA s AT Btk £ A+
2 W 23 = A8 AP E S L1 Fholle 7

Joong

=& o
SRS IETAS)
o

ol olsf =il g olom, 2@ A} ket
73 H(L2 Fholls 7ol 7t deFdol wrehA] ekgiet



B.-W. Kim et al. / Journal of Korea Water Resources Association 56(10) 691-695 695

o) 2.2 A2l 52 B et A6 H o
8J40] el AR 790] et JaFo] Zg ol A
Q1 WSl F3teh vehee o 4 91giet.

i)
2N

 Z]4d

A7 gt Gapo] BEHOR Uehde & 4
o 5 AN T 4 48 2]
of 8% EA4S A7t g

2 A= K-water PHA| “H-5735H- GAISHO] 4]
2updd 7]s Al A8 QAR R G220571)70] A
O & $RYEoH, Bt Sy et o] AR S
Sk T A A A ] TAARI(V) 9l A2 Hot

515U THNIER-2020-04-02-052).

I =

Conflicts of Interest

The authors declare no conflict of interest.

References

Bosch, D.D., Sheridan, J.M., and Lowrance, R.R. (1996). “Hydraulic
gradients and flow rates of a shallow coastal plain aquifer in a
forested riparian buffer.” Transactions of the ASAE, Vol. 39,
No. 3, pp. 865-871.

Cole, B.E., and Silliman., S.E. (1996). “Estimating the horizontal
gradient in heterogeneous, unconfined aquifers: Comparison of
three-point schemes.” Groundwater Monitoring & Remediation,
Vol. 16, No. 2, pp. 84-91.

Devlin, J.F. (2003). “A spreadsheet method of estimating best-fit
hydraulic gradients using head data from multiple wells.”
Groundwater, Vol. 41, No. 3, pp. 316-320.

Devlin, J.F., and McElwee, C.D. (2007). “Effects of measurement
error on horizontal hydraulic gradient estimates.” Groundwater,
Vol. 45, No. 1., pp. 62-73.

Hahn, J.S. (1998). Groundwater environment and pollution, Pakyoungsa,
pp- 107-111.

Kim, T.Y., Kang, D.H., Kim, S.S., and Kwon, B.H. (2009). “Vari-
ation characteristics of hydraulic gradient and major flow
direction in the landfill soils.” Journal of the Environmental
Sciences, Vol. 18, No. 3, pp. 315-323.

McDonald, J.P. (2021). “Measuring a low horizontal hydraulic gra-
dient in a high transmissivity aquifer.” Groundwater, Vol. 59,
No. 5, pp. 694-709.

McKenna, S.A., and Wahi, A. (2006). “Local hydraulic gradient esti-
mator analysis of long-term monitoring networks.” Groundwater,
Vol. 44, No. 5, pp. 723-731.

Park, K.D., Kang, D.H., Jo, W.G., Shin, LK., Oh, Y.Y., Kim, M.S,,
and Kim, H.K. (2023). “Seasonal variation of hydraulic gradient
according to rainfall in unconfined aquifer: Hyogyo-ri.” Journal
of Environmental Science International, Vol. 32, No. 5, pp.
303-313.

Rau, G.C., Post, V.E.A., Shanafield, M., Krekeler, T., Banks, E.W.
and Blum, P. (2019). “Error in hydraulic head and gradient
time-series measurements: A quantitative appraisal.” Hydrology
and Earth System Sciences, Vol. 23, No. 9, pp. 3603-3629.

Serfes, M.E. (1991). “Determining the mean hydraulic gradient of
ground water affected by tidal fluctuations.” Groundwater,
Vol. 29, No. 4, No. 549-555.

Wang, C., Wang, B., Wang, Y., Wang, Y., Zhang, W., and Yan, Y.
(2019). “Impact of near-surface hydraulic gradient on the inter-
rill erosion process.” European Journal of Soil Science, Vol.
71, No. 4, pp. 598-614.

Zhang, Y., Cao, W., Wang, W., and Dong, Q. (2013). “Distribution of
groundwater arsenic and hydraulic gradient along the shallow
groundwater flow-path in Hetao Plain, Northern China.” Journal
of Geochemical Exploration, Vol. 135, pp. 31-39.



