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Efficient Leakage Estimation of Public Agriculture Groundwater in Jeju Island
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ABSTRACT

In this study, leakage ratios of Jeju Island's public agricultural groundwater were calculated by utilizing field
measurements of groundwater level and surface reservoir water level. The average leakage ratios were 75.6% at
groundwater well A and 57.5% at well B, with the ratio inversely proportional to agricultural water usage. The level of
agricultural reservoirs varied at constant intervals at night, and the amount of water leakage associated with the variation
was estimated as 0.1 - 16.3 m*h. The leakage ratio was also influenced by pipeline length, average slope, and number of
farmhouses. Currently, the estimation of agricultural water leakage on Jeju Island is based upon field inspection which is
very labor- and cost intensive. The leakage ratio estimated by monitoring the reservoirs associated with the well A and B
were 73.3 and 54.7%, respectively, consistent with the values obtained by field measurements.
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Table 1. Monthly average groundwater pumping of groundwater well A (2013~2017)

Classification Jan Feb Mar Apr May Jun Jul
Pumping quantity (10 m*/month) 17.0 17.7 15.0 15.5 142 15.1 16.4
Permission volume (10 m*/month) 15.5
Pumping ratio (%) 109.6 114.1 96.4 100.0 91.8 97.1 106.0
Classification Aug Sep Oct Nov Dec Total Ave.
Pumping quantity (10°m*/month) 21.0 20.1 22.0 22.1 19.1 215.1 17.9
Permission volume (10 m*/month) 15.5
Pumping ratio (%) 1354 129.4 141.9 142.2 1233 - 115.6
Table 2. Monthly average groundwater pumping of groundwater well B (2013~2017)

Classification Jan Feb Mar Apr May Jun Jul
Pumping quantity (10°m*/month) 6.5 7.6 13.0 15.6 29.6 27.7 22.8
Permission volume (10° m*/month) 23.7
Pumping ratio (%) 273 323 55.0 66.1 1249 117.1 96.4
Classification Aug Sep Oct Nov Dec Total Ave.
Pumping quantity (10 m*/month) 28.5 27.6 19.8 19.2 17.6 235.6 19.6
Permission volume (10> m>/month) 23.7
Pumping ratio (%) 120.6 1164 83.7 81.2 74.5 - 82.9
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Fig. 1. Agricultural water supply system of groundwater well A.
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Table 3. Status of monitoring agricultural reservoirs
. . Elevation Pipe Junction Mean Farmhouse  Area  Hight Effective
Reservoirs Year Location (m) length (point) slope (point) () (m) capa(3:1ty
(m) (%) (m’)
A 1998 Seongsan 87.9 9,920 11 1.75 211 323 3.6 114.5
B 1997 Jeju city 122.9 6,520 5 3.76 131 33.1 34 112.5
C 1999 Seogwi city 60.7 488 1 2.04 11 334 3.5 115.9
D 1998 Deageong 35.0 1,979 4 0.78 35 323 3.5 112.9
E 1993 Andeok 383 2,617 2 1.94 43 442 54 238.8
F 1993 Andeok 147.0 3,013 2 3.11 53 64.1 5.1 326.8
G 1999  Seogwipo city 337.9 4,996 5 9.51 88 334 3.5 113.8
H 1999  Seogwipo city 2254 7,668 6 4.88 107 327 3.5 115.6
I 1997 Pyoseon 61.0 8,494 7 327 123 325 3.5 112.5
h e A B Vs A el mel ole A% rrwe 138s4mlolnl, Xl Al e
He o], by & ASE B 1S Al AR ASEE = 75.6%00H, sElE Aol 80.0%7} rE Aow HAw
°ol, hy2 Al #A v] 71 Al sPdehe =ol, & UATK(Table 4, Fig. 4).
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Table 4. Groundwater pumping quantity and agricultural water usage (groundwater well A)

Classification Mar Apr May Jun Jul Aug Average
Groundwater pumping quantity (m*/month) 19,065 21,470 15,617 17,997 18,350 17,415 18,319
Agricultural water usage (m*/month) 4,673 6,112 3,528 3,879 5,117 3,482 4,465
Agricultural water usage ratio (%) 24.5 28.5 22.6 21.6 279 20.0 24.4
Leakage (m*/month) 14,392 15,358 12,089 14,118 13,233 13,933 13,854
Leakage ratio (%) 75.5 71.5 77.4 78.4 72.1 80.0 75.6
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Fig. 4. Analysis of correlation between monthly agricultural water usage and water leakage ratio.

Table 5. Groundwater pumping quantity and agricultural water usage (groundwater well B)

Classification Mar Apr May Jun Jul Aug Average
Groundwater pumping quantity (m*/month) 11,487 20,769 20,072 13,960 8,267 13,861 14,736
Agricultural water usage (m*/month) 4,046 11,088 8,143 5,816 2,236 6,345 6,279
Agricultural water usage ratio (%) 352 53.4 40.6 41.7 27.0 45.8 42.6
Leakage (m*/month) 7,441 9,681 11,929 8,144 6,031 7,516 8,457
Leakage ratio (%) 64.8 46.6 594 58.3 73.0 54.2 574
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Fig. 5. Characteristics of water level variation in agricultural water reservoirs (A~I).
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Table 6. Water level variation characteristics and water leakage in the A~I reservoirs

Rising water level (m/h)

Falling water

Reservoir Pump il;g ability . level Rise factor  Descent factor Leal3<age
(m*/day) Theory Actuality (m/h) (m’/h)

A 8784 1.135 0.660 -0.465 0.367 0.633 15.1
B 1,483.2 1.868 1.462 -0.255 0.150 0.850 9.2
C 983.5 1.227 0.988 -0.233 0.191 0.809 7.8
D 1,224.0 1.581 - -0.002 - 1.000 0.1
E 1,166.4 1.099 - -0.053 - 1.000 2.3
F 146.9 0.096 - -0.102 - 1.000 6.5
G 610.6 0.762 0414 -0.376 0.440 0.560 12.1
H 1,029.6 1.314 0.821 -0.500 0.383 0.617 16.3
I 1,792.8 2.298 1.183 -0.057 0.055 0.945 3.7
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Table 7. Groundwater pumping quantity and leakage ratio in the
A~I reservoir

Reservoirs puti}l;(;ﬁzd(;fatreliity L~e akage  Leakage ratio

(m¥/month) (m’/month) (%)

A 14,832 10,885 73.3

B 12,607 6,603 54.7

C 16,128 5,635 34.8

D 2,734 38 2.6

E 5,395 1,676 30.7

F 7,800 4,694 60.0

G 10,906 8,738 79.9

H 14,476 12,725 88.0

I 4,080 2,681 65.3

Average 9,884 5,964 60.3
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Fig. 6. Correlation between leakage factors and water leakage ratio.
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