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ABSTRACT

Efficient groundwater management requires accurate information about the water volume used. The pumped volume of
groundwater can be indirectly estimated using empirical formulae based on electric power consumption. The purpose of
this study is to test the accuracy of this indirect method. The Haean basin in Gangwon is located in a rural area, where
majority of the groundwater extracted is used for irrigation. The pumped volume of groundwater indirectly estimated from
electricity usage using these empirical formulae was compared with the actual pumped volume determined by conducting
experiments on April 29 and May 19, 2017. The field survey collected data on electricity usage, pumped volume, and
groundwater levels. Based on this measured data, correlations were calculated between electricity usage and pumping
volume, as well as groundwater level and pumping rate. The results show that electricity usage and pumped volume
measured for both wells (YHE1 and YHE2) are highly correlated (r=0.99, p<0.001). However, for YHE1, notably, the
correlation between the groundwater level and pumping rate was not significant, and only some correlations were
identified for these variables for the YHE2 test well. The average error with respect to the estimation of the actual pumped
volume from the existing formula (1) and formulae (2) and (3) are +399% and —88%, respectively. To reduce these errors,
these formulae need to consider other factors affecting the pumped volume.
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Fig. 1. Location of the Haean basin, or “The Punch Bowl” showing the basin boundary, major mountains and test wells (YHE1 and

YHE2).
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Table 1. Specifications for the test wells surveyed in this study
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Location Altitude Depth of well ~ Diameter of well Height of outer casing
Test well
Latitude Longitude (m) (m) (cm) (cm)
YHEI 38.28715 128.143960 426 13.7 7.5 22
YHE2 38.28275 128.153001 420 14.0 7.5 26

Fig. 2. (a) Pumps used at YHE1, (b) Paddy rice field surrounding YHEI, (c) A greenhouse, and (d) A stream in the vicinity of YHE2.
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Table 2. Specifications of the pumps used for irrigation
Test well Model Power (W) Pumping capacity (m°/d)

YHEI PU-761M 750 393.82

YHE2 PU-1700M 1,700 489.45
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Fig. 3. Relationship between the pumped volume and electricity
usage.

N

;

YHEIXE radal Aearesks 3 AR ko
gailont 7€ AbgAE Aesk=t ML
ARE A7) Y8l v YHE2XE Aale9]e} 2
Aog it AHARSFE SHSIATK(Table 3, 4).

an}
Ho

f
= rlo I

flo

=t

3. &1 &

p
kl

3.1 A2 A2 4 2Y

YHE!I 3 YHE2 ¥4l A2 WA=} Jrad
Atole] TAE Tefstr] S8l FAS ¢ 23 YHEL
o] AT YHE29] B EFox T W Alo]ol] wj$-
=& AT (=0.99, p<0.001yS HeltkFig. 3). 2+ #H
FAde] 71e7] A7t Bel e As B Aol
AL e Aoz FduFh F IolA

d 155
Ehbs olf= A2 tE 1 30 9sh Aoz Y5
7] EAEZEE, v, RS, 3 Ad@#8 2
o], HHAIF, 234 ) B Aekre] 5 T ¥
o 93t Aoz AAE(Jung et al.,, 2001; Jeoung and
Park, 2003; MOLIT and K-water, 2007). 3}A%F z} 3%



FTAEEANA 71 485 o8

2 A AJol] W e A2 e L 5

Table 3. Electricity usage, pumped volume, and water level during pumping at YHE1 (DTW: depth to water)

Test well Date Time Electricity used Pumped volume Water level
(mm/dd/yy) (hh : mm) (kWh) ) (m, DTW)
12:10 0.00 0.00 2.12
12:11 - - 6.17
12:12 - - 6.82
12:13 - - 7.00
12:14 - - 7.03
12:15 - - 7.07
12:16 - - 7.13
12:17 - - 7.14
12:18 - - 7.14
12:19 - - 7.14
12:20 - - -
12:25 - - 7.12
12:30 - - 7.08
12:35 - - 7.08
YHEI1 04/29/17 12:40 i i 709

12:45 - - 7.09
12:50 - - 7.10
12:55 - - 7.10
13:00 - - 7.11
13:05 - - 7.12
13:10 1.07 431 7.12
13:30 - - 7.14
13:50 - - 7.15
14:10 2.19 9.58 7.15
15:10 3.29 15.82 7.15
16:10 4.39 21.01 7.16
17:10 5.49 25.75 7.16
18:10 6.56 3043 7.17
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Fig. 4. (a) Change in pumping rate with water level for YHE1, (b) Change in pumping rate with water level for YHE2 (DTW: depth to water).

Table 4. Electricity used, pumped volume, and water level during pumping at YHE2 (DTW: depth to water)

Test well Date Time Electricity used Pumped volume Water level
(mm/dd/yy) (hh : mm) (kWh) (m°) (m, DTW)
12:30 0.0 0.00 423
12:31 0.0 0.12 7.43
12:32 0.0 0.24 7.45
12:33 0.1 0.35 7.47
12:34 0.1 0.47 7.48
12:35 0.2 0.58 7.49
12:36 0.2 0.70 7.50
12:37 0.3 0.82 7.50
12:38 0.3 0.93 7.50
12:39 0.4 1.05 7.49
12:40 0.4 1.16 7.48
12:45 0.6 1.73 7.48
12:50 0.8 2.30 7.48
12:55 1.1 2.87 7.48
YHE2 05/19/17 13:00 1.3 3.44 7.47
13:05 1.5 3.99 7.46
13:10 1.7 4.56 7.45
13:15 1.9 5.13 7.44
13:20 22 5.69 7.44
13:25 24 6.25 7.42
13:30 2.6 6.82 7.43
13:50 35 9.06 7.43
14:10 43 11.28 7.42
14:30 5.2 13.51 7.41
15:30 7.8 20.24 7.42
16:30 10.4 26.89 7.39
17:30 13.1 33.53 7.39
18:30 15.7 40.15 7.15
19:30 18.2 46.25 7.02

J. Soil Groundwater Environ. Vol. 22(4), p. 1~8, 2017



FTAEEA A 71 A8 o8 Al

2 e} A2 Qe i 7

Table 5. Comparison between actual pumped volume, and pumped volume calculated with formula (1), and formulae (2) and (3)

. Error Pumping rate from formulae (2) Error

Test well  Actual pumped volume Pumping rate from formula (1) %) and (3) %)
YHEI 30.43 (m*6 h) 143.53 (m*/6 h) +372 4.76 (m/6 h) -84
YHE2 46.25 (m*/7h) 187.14 (m*7h) +305 3.89 (m*7h) -92
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