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Vulnerability Evaluation of Groundwater Well Efficiency and Capacity in Drought Vulnerable Areas
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ABSTRACT

Recently, the damage caused by climate change has been distinguished in the world. The Korean Peninsula is also suffering from drought, so it is
necessary to study the vulnerability assessment to identify and predict the state of the irrigation facility, which is a irrigation facility. As the damage
caused by drought is occurring in the Korean peninsula, it is necessary to study the vulnerability assessment to know the condition of the irrigation
facility, and to predict it. The target areas were Yeongdong-gun, Cheonan-si, Mungyeong-si, Geochang-gun, Muju-gun, and Yeonggwang-gun.

The survey items were selected as positive impacts survey items, including precipitation, groundwater level, and pumping capacity per groundwater well.
The negative impacts were selected as the cultivation acreage, Number of days without rain, and the ratio of private underground wells. The survey
method was investigated by various methods such as “weather data portal”, “groundwater level status information”, “agricultural drought management
system”, “groundwater survey yearbook”. The results of vulnerability assessment were expressed by the score by conducting survey and standardization.
As a result, Yeonggwang-gun showed normal vulnerability, and other areas showed “vulnerable” or “very vulnerable”.
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Fig. 1 Vulnerability evaluation method
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Fig, 2 Status of effective water in soil by each area
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Table 5 Annual precipitation survey result by target area (Unit : mm)
Year | Yeongdong—gun Cheonan—si Mungyeong-si Geochang—gun Muju—gun Yeonggwang—gun
2007 1,532.1 1,349.0 1,448.8 1,729.0 1,471.7 1,620.6
2008 961.9 870.1 974.8 615.7 1,000.0 1,007.2
2009 1,112.2 999.9 1,187.2 975.3 1,163.9 1,488.2
2010 1,262.9 1,378.3 1,238.0 1,548.5 1,462.3 1,5731
2011 1,810.7 1,807.0 1,666.1 1,321.3 1,621.8 1,300.3
2012 1,522.3 1,336.7 1,395.5 1,538.8 1,359.7 1,626.8
2013 1,125.9 1,095.6 1,273.6 1,085.8 1,264.7 1,245 4
2014 1,089.2 824.0 1,006.0 1,242.4 1,206.8 1,290.3
2015 817.0 728.0 765.3 1,031.2 813.5 1,049.6
2016 1,291.6 1,004.8 1,193.8 1,229.8 1,117.7 1,482.3
Avg. 1,252.6 1,139.3 1,214.9 1,231.8 1,248.2 1,368.4

1,600 1,600
- 400 - 400
a) Yeongdong—gun b) Cheonan-si

2,000

E

8
8

1,200

-
N
8
8

800 800

[Unit : mm]
[Unit : mm]

400 400

0 0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

¢) Mungyeong—si d) Geochang—gun

2,000 2,000

1,200 1,200

800 800

[Unit : mm]
[Unit : mm]

400 400

0 0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

e) Muju—gun f) Yeonggwang—gun

Fig, 3 Annual precipitation survey result by target area

W T =R A1 A6, 2019 » 45



e HAXFEY #Y &8

o

or

il
2
i
ror
bl
10

0x
Okl
N

FEFL 549%2 Aol Btk THEE A= 59.7%,
BERE LA 541%, BT AT 644%, HEHs
T S 49.8%, AEhdte G 38.1%7F Aot U=
A

220] ZAMATHE Table 6
3 Fig 49} 200, e ANE, Hekke REEe A
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2008 —-3.98 -3.69 -4.00 —=7.01 —-14.67 -3.38
2009 —-4.04 -3.72 -4,06 -7.06 -15.15 -3.40
2010 -3.91 —3.58 -3.82 —6.89 —14.69 -3.32
2011 —-3.97 -3.49 -3.75 —6.86 —14.58 —-3.48
2012 -3.92 -3.62 -3.76 —6.82 -14.18 —-3.40
2013 —4.74 —-3.62 -3.76 —6.85 —13.95 -3.75
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Avg. —4,28 —3.65 —-3.90 —6.89 —14.44 —3.76
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Fig. 4 Groundwater level survey result by target area
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Table 7 Pumping capacity per groundwater well survey result by target area (Unit = m)
Year Yeongdong—gun Cheonan-si Mungyeong—si Geochang—gun Muju—gun Yeonggwang—gun
2007 2,479.92 2,207.89 1,279.67 4,643.57 1,852.63 2,907.41
2008 2,493.90 2,222.34 1,369.34 474404 2,520.19 3,086.36
2009 2,5638.47 2,170.60 1,349.10 4,738.30 2,503.01 3,004.62
2010 2,579.10 2,184 17 1,342.07 4,838.93 3,708.72 2,941.24
2011 2,821,90 2,213.46 1,394.18 475758 3,653.13 2,944 51
2012 3,101.74 2,078.17 1,483.06 4773.25 3,549.23 2,890.94
2013 3,036.20 1,534.57 1,996.71 4,561,06 3,352.63 2,334,03
2014 2,991.06 895,28 2,067.04 3,550.09 3,187.94 2,423.74
2015 3,007.47 1,050.26 1,633.43 3,413.48 3,105.95 2,472.12
2016 2,952.20 1,596.16 1,637.41 3,160.96 2,917.12 2,471,01
Avg. 2,800.20 1,815,29 1,5655.20 4,318,12 3,035.06 2,747.60
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Fig. 5 Pumping capacity per groundwater well survey result by target area
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Table 8 Cultivation area survey result by target area (Unit : ha)Table 8 Cultivation area survey result by target area (Unit : ha)
Year | Yeongdong—gun Cheonan-si Mungyeong—si Geochang—gun Muju—gun Yeonggwang—gun
2007 7,233.0 6595.0 5,115.0 4,400.0 3,200.0 45320
2008 7,296.0 6744.0 5,396.0 4,376.0 3,214.0 4,398.0
2009 7,235.0 6876.0 5,556.0 4,790.0 3,692.0 4,581.0
2010 7,575.0 6732.0 5,623.0 49430 3,695.0 45470
2011 7,691.0 7016.0 5,729.0 4,908.0 3,739.0 4,474.0
2012 7,892.0 7180.0 6,044.0 5,139.0 3,905.0 4,796.0
2013 7,832.0 7530.0 5,882.0 5,077.0 3,674.0 5,394.0
2014 8,240.0 7052.0 6,119.0 5,386.0 3,841.0 5,519.0
2015 8,240.0 7426.0 6,305.0 5,811.0 3,847.0 5,524.0
2016 7,861.0 7076.0 6,208.0 5,628.0 3,992.0 5,318.0
Avg. 7,709.5 70227 5,797.7 5,045.8 3,679.9 4,908.3
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7,000 7,000
= 6,000 . 6,000
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Fig. 6 Cultivation area survey result by target area
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Table 9 The number of days without rain survey result by target area (Unit : Day)
Year Yeongdong—gun Cheonan-si Mungyeong-si Geochang—gun Muju—gun Yeonggwang—gun
2007 167.0 162.0 180.0 153.0 147.0 157.0
2008 166.0 188.0 187.0 194.0 168.0 145.0
2009 193.0 154.0 177.0 177.0 173.0 156.0
2010 160.0 179.0 179.0 153.0 155.0 141,0
2011 187.0 180.0 187.0 195.0 179.0 186.0
2012 173.0 188.0 161.0 175.0 179.0 154.0
2013 142.0 159.0 153.0 197.0 151.0 177.0
2014 198.0 195.0 192.0 200.0 184.0 159.0
2015 184.0 167.0 178.0 166.0 166.0 140.0
2016 135.0 172.0 174.0 165.0 152.0 131.0
Avg., 170.5 174 .4 176.8 177.5 165.4 154 6
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Fig. 7 The number of days without rain survey result by target area
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Table 10 Private groundwater well ratio survey result by target area (Unit : %)
Year Yeongdong—gun Cheonan-si Mungyeong-si Geochang—gun Muju—gun Yeonggwang—gun
2007 97.2 96.9 97.6 90.9 84.2 96.8
2008 97.2 96.9 97.6 911 92.5 96.8
2009 97.2 96.9 97.6 90.7 93.1 96.8
2010 97.3 96.8 97.5 89.5 93.9 96.9
2011 97.4 96.9 97.6 85.4 94.8 96.9
2012 97.4 97.0 96.3 89.5 952 97.0
2013 97.4 97.0 96.5 90.1 95.4 97.6
2014 97.5 97.4 96.6 922 957 97.6
2015 97.5 97.9 96.3 92.6 959 97.6
2016 97.6 98.0 96.2 93.0 96.2 97.6
Avg. 97.4 97.2 97.0 90.5 93.7 97.2
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Fig. 8 Private groundwater well ratio survey result by target area
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Table 11 Standardzation result by target area
Division 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 AVG,
| 072 0.15 0.30 0.45 1.00 0.71 0.31 0.27 0.00 0.48 0.44
@ | 1.00 0.90 0.83 0.97 0.91 0.96 0.13 0.16 0.02 0.00 0.59
Yeongdong—gun @ | 0.00 0.02 0.09 0.16 0.55 1.00 0.89 0.82 0.85 0.76 0.52
@ | 0.00 0.06 0.00 0.34 0.45 0.65 0.59 1.00 1.00 0.62 0.47
® 0.51 0.49 0.92 0.40 0.83 0.60 0.1 1.00 0.78 0.00 0.56
® | 0.00 0.01 0.10 0.31 0.47 0.57 0.65 0.76 0.90 1.00 0.48
@ | 058 0.13 0.25 0.60 1.00 0.56 0.34 0.09 0.00 0.26 0.38
@ | 058 0.33 0.25 0.7 1.00 0.58 0.58 0.48 0.27 0.00 0.48
) @ | 099 1,00 0.96 0.97 0.99 0.89 0.48 0.00 0.12 0.53 0.69
Cheonan-—si
@ | 0.00 0.16 0.30 0.15 0.45 0.63 1.00 0.49 0.89 0.51 0.46
® | 0.20 0.83 0.00 0.61 0.63 0.83 0.12 1.00 0.32 0.44 0.50
® | 0.02 0.05 0.04 0.00 0.05 0.10 0.15 0.49 0.95 1.00 0.29
@ | 076 0.23 0.47 0.52 1.00 0.70 0.56 0.27 0.00 0.48 0.50
@ | 078 0.25 0.07 0.81 1.00 0.97 0.99 0.28 0.00 0.32 0.55
Mungyeong—si @ | 0.00 0.1 0.09 0.08 0.15 0.26 0.91 1.00 0.45 0.45 0.35
@ | 0.00 0.24 0.37 0.43 0.52 0.78 0.64 0.84 1.00 0.92 0.57
® | 0.69 0.87 0.62 0.67 0.87 0.21 0.00 1.00 0.64 0.54 0.61
® | 0.99 1.00 1,00 0.94 0.96 0.07 0.22 0.25 0.09 0.00 0.55
@ | 1.00 0.00 0.32 0.84 0.63 0.83 0.42 0.56 0.37 0.55 0.55
@ | 0.98 0.19 0.00 0.68 0.84 1.00 0.85 0.90 0.44 0.90 0.68
@ | 0.88 0.94 0.94 1,00 0.95 0.96 0.83 0.23 0.15 0.00 0.69
Geochang—gun
@ | 0.02 0.00 0.29 0.40 0.37 0.53 0.49 0.70 1.00 0.87 0.47
® | 0.00 0.87 0.51 0.00 0.89 0.47 0.94 1.00 0.28 0.26 0.52
® 0.71 0.75 0.69 0.54 0.00 0.53 0.61 0.88 0.94 1.00 0.66
@ | 0.81 0.23 0.43 0.80 1.00 0.68 0.56 0.49 0.00 0.38 0.54
@ | 062 0.40 0.00 0.38 0.48 0.81 1,00 0.60 0.96 0.62 0.59
Muju—gun @ | 0.00 0.36 0.35 1.00 0.97 0.91 0.81 0.72 0.68 0.57 0.64
@ | 0.00 0.02 0.62 0.63 0.68 0.89 0.60 0.81 0.82 1.00 0.61
® | 0.00 0.57 0.70 0.22 0.86 0.86 0.1 1.00 0.51 0.14 0.50
® | 0.00 0.70 0.75 0.81 0.88 0.92 0.94 0.96 0.98 1.00 0.79
@ | 0.99 0.00 0.78 0.91 0.47 1.00 0.38 0.46 0.07 0.77 0.58
@ | 096 0.96 0.94 1.00 0.89 0.94 0.70 0.32 0.14 0.00 0.69
Yeonggwang—gun @ | 076 1,00 0.89 0.81 0.81 0.74 0.00 0.12 0.18 0.18 0.55
@ 0.12 0.00 0.16 0.13 0.07 0.35 0.88 1.00 1.00 0.82 0.45
® | 0.47 0.25 0.45 0.18 1.00 0.42 0.84 0.51 0.16 0.00 0.43
® | 0.00 0.02 0.08 0.14 0.16 0.24 0,97 0.98 0.98 1.00 0.46

@ Annual precipitation @ Groundwater level @ Pumping capacity per groundwater well @ Cultivation area

® The Number of days without rain ® Private groundwater well ratio
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Table 12 Vulnerability evaluation result

Division Vulnerability evaluation result
Positive @ @ ©) Total Vulnerability
v q effect 0.44 0.59 0.52 1.54 Score(Score)
eongdong—gun
gdong=e Negative @ ® ® Total » 82
effect 0.47 0.56 0.48 1.51 ’
Positive ©) @ ©) Total Vulnerability
) effect 0.38 0.48 0.69 1.55 Score(Score)
Cheonan-si -
Negative @ ® ® Total
31.29
effect 0.46 0.50 0.29 1.24
Positive @ @ ©) Total Vulnerability
N ] effect 0.50 0.55 0.35 1.40 Score(Score)
ungyeong—si
gyeong Negative @ ® ® Total 3402
effect 0.57 0.61 0.55 1.74 ’
Positive @ @ ©) Total Vulnerability
effect 0.55 0.68 0.69 1.92 Score(Score)
Geochang—gun -
Negative @ ® ® Total 26.63
effect 0.47 0.52 0.66 1.65 ’
Positive ©) @ ©) Total Vulnerability
) effect 0.54 0.59 0.64 176 Score(Score)
Muju—gun -
Negative @ ® ® Total
-13.39
effect 0.61 0.50 0.79 1.90
Positive @ @ ©) Total Vulnerability
v effect 0.58 0.69 0.55 1.82 Score(Score)
‘eonggwang—gun
gowandg—g Negative @ ® ® Total 4785
effect 0.45 0.43 0.46 1.34 )

@ Annual precipitation @ Groundwater level @ Pumping capacity per groundwater well @ Cultivation area
® The Number of days without rain ® Private groundwater well ratio
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