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A method is proposed to estimate groundwater usage for water curtain cultivation (WCC) using a rating curve,
and it is applied to field measurements of groundwater discharge used for WCC in Wangjeon-ri, Nonsan. During
the winter season, the hydraulic components of irrigation ditches in the study area consist mainly of direct run-off
and groundwater discharged from nearby pumping wells. Changes in stage of the ditches were monitored, and a
baseflow separation method was applied to remove increments in stage due to direct run-off. The resulting records
of stage were translated to groundwater discharge by applying the-stage-discharge relation. The estimated average
groundwater discharge for the WCC in Wangjeon-ri was 10,900 m*/d or 420 m3/d/ha when the estimation is nor-
malized by the total area for WCC facilities of this region. Applying this estimation (420 m*/d/ha) to the entire area
of the WCC in Korea (10,746 ha),and considering the number of pumping days for the WCC (120 days/year), the
total ground water usage for the WCC nation-wide is estimated to be 0.54 billion m>. This is equivalent to 32% of
the total groundwater discharge for agricultural use in Korea (1.7 billon m®).
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Fig. 1. Basic concept of the method used to estimate total
groundwater usage in a region. a: Closed form. Total
groundwater usage is equal to total outflow from the
region. b: Open form. Regional groundwater usage with an
open form is equal to the difference in the total inflow and
outflow rates of the region.
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Fig. 2. WCC facilities, ditches, and locations of measure-
ment points in the study area.
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Table 1. Projected coordinates, well depths of monitoring wells, and length of data record.

W

ID X (m) Y (m) Z (m) Well depth (m) Length of data record
wo4 403590 209210.7 6.713 25 2010/03/12-2010/08/24
W05 403518.6 209276.6 6.944 80 2009/11/20-2010/08/24
W08 403513.3 209619.4 6.772 25 2010/03/26-2010/08/24
W09 403600.1 209827.7 7.058 20 2010/03/26-2010/08/24
w17 403860.3 209856 7.438 100 2010/02/26-2010/08/24
W18 403912.4 209420.8 6.81 100 2009/11/25-2010/08/24
Stream 403317.8 209420.31 2.515 2009/11/20-2010/04/12
Mainl 403881.8 209147.1 4.669 2010/01/21-2010/08/24
Main2 403440.3 209047.7 4.634 2010/02/01-2010/08/24
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Fig. 3. Temporal variations in stream stage, groundwater level, and precipitation. a: Daily fluctuations in groundwater level
and stream stage in ditches. b: Enlargement of Figure 3a. c: Stream stage in ditches, and precipitation.
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Fig. 4. Results of spectrum analysis of the time series of groundwater level, and stream stage in ditches.
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Table 2. Comparison of estimated results for groundwater usage for WCC at a nationwide-scale.

Kim et al. (2007) This study (1) This study (2)
Groudwater usage for WCC (m°/d/ha) 1,200 420 420
Days for WCC (d/year) 120 120 150
Nationwide WCC area (ha) 10,746 10,746 10,746
Groudwater usage for WCC (m3/year) 1,547,424,000 541,598,000 676,998,000
Total groundwater usage for WCC/agricultural
92 32 40
groundwater usage (%)
2000 -
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Fig. 8. Estimated groundwater discharge (m>/h) for WCC
in the study area.
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