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Evaluation of Potential Amount of Groundwater Development in Chungju
Basin by Using Watershed Hydrologic Model and Frequency Analysis

Jeong Eun Lee, Nam Won Kim, I Moon Chung® and Jeongwoo Lee
Korea Institute of Construction Technology

Memon(1995) pointed out that the groundwater recharge from the precipitation is affected by various factors such
as the occurrence, intensity, duration, and seasonal distribution of rainfall; air temperatare, humidity, and wind
velocity; the character and thickness of the soil layer above the water table; vegetated cover, soil moisture content,
depth to the water table, topography; and land use. To reflect above factors, groundwater recharge in Chungju basin
is computed by using the SWAT-K which is a longterm continuous watershed hydrologic model. Frequency analy-
sis is adopted to evaluate the existing values of potential amount of groundwater development which is made by
the 10 year drought frequency rainfall multiplied by recharge coefficient. In this work, the recharge rates of 10 year
drought frequency in subbains were computed and compared with the existing values of potential amount of
groundwater development. This process could point out the problems of existing precesses used for computing
potential amount of groundwater development.

Key Words : groundwater recharge, potential amount of groundwater development, SWAT-K, frequency analysis
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Fig. 1. Watershed delineation in Chungju basin.

Table 1. Characteristic factors in subwatersheds.
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3.2, SWATKE 0|83 FYTRME 2odT

1986~200517F0] Reojfat 259 AlRedAe] #
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Table 6& SWAT-Kell o] A€ S5 A3
9 B4R AxzA Fgud] P FEFS oF
12.3%21 Ao & AAE AT}

No. Area (km?) Main Stream Length (km) Mean width (m)

1 615.0 10.9 2537

2 814.0 59.2 2282

3 497.2 04 207.6

4 1080.0 106.1 194.3

5 11614 147.2 114.6

6 965.3 93.0 79.7

7 606.4 81.7 60.3

8 462.7 28.8 51.3

9 450.8 53.1 50.5

Table 2. Classification of land use.

Type Land use specification Area (km?) Percent (%)
AGRC Agricultural Land-Close-grown 69.7 1.11
AGRR Agricultural Land-Row Crops 577.2 8.68
FRSD Forest-Deciduous 1666.4 25.05
FRSE Forest-Evergreen 2498.2 37.55
FRST Forest-Mixed 1386.0 20.83
ORCD Orchard 122 0.18
PAST Pasture 29.5 0.44
RICE Rice 186.3 2.80
UCOM Commercial 39 0.06
UIDU Industrial 4.9 0.07
UINS Institutional 5.8 0.09
URLD Residential-Low Density 56.0 0.84
UTRN Transportation 383 0.58
WATR Water 103.0 1.55
WETL Wetlands-Mixed 15.5 0.23
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Table 3. Area ratio for land use type.

e - AYR - oHS

Land use type

Watershed Urban(%) Agricultural (%) Forest (%) Others (%) Area (km?)
1 1.27 12.92 76.17 9.64 615.0
2 2.20 12.82 82.63 2.31 814.0
3 0.64 5.89 92.81 0.62 497.2
4 1.65 11.49 84.88 1.84 1080.0
5 142 13.86 82.88 1.74 11614
6 1.08 13.02 84.35 1.52 965.3
7 1.22 15.10 82.14 1.51 606.4
8 4.16 18.05 75.60 2.17 462.7
9 1.05 7.54 90.20 1.20 450.8
A 1.58 12.53 83.43 240 6,652.8
Table 4. Area ratio for soil classification. (unit : %)
Soil type Watershed
1 2 3 4 5 6 7 8 9 whole
CHEONGSIM - 12.51 6.22 17.77 7.04 14.23 0.27 - 33.89 10.50
JANGSEONG 12.21 7.29 13.98 26.61 7.84 9.28 0.62 3.44 0.92 10.46
DEOGSAN 2.97 15.62 44.22 0.32 0.82 6.85 16.58 4.36 - 8.49
SONGSAN 1.50 6.38 8.47 1.98 0.16 2.39 25.48 41.54 - 7.46
MOSAN 1.27 25.90 2.75 3.92 15.37 - 421 1.08 - 7.27
GWARIM 5.56 0.40 0.16 24.68 - 12.69 - 0.04 0.84 6.48
SAMGAG 12.48 6.46 3.55 0.17 0.92 14.04 9.85 15.03 - 6.38
WEOLJEONG - - - - 16.32 8.56 4.69 - 21.47 5.97
ODAE - - - - 19.73 293 5.28 - 21.37 5.80
OESAN 12.23 - 392 0.12 1.92 2.03 6.28 1.88 0.08 2.78
GWANAG 14.02 5.94 - - - - - - - 2.02
Etc. 37.76 19.50 16.73 2443 29.88 27.00 26.74 32.63 21.43 26.39

Table 5. Comparison between simulated and measured stream flows.

Item Measured

Simulated Relative error

806.7
61.89

Meanfmm}]
Runoff ratio[%]

807.3

61.94 -0.08(%)

100,000

10,000

1,600 D

43

Simulated Q (cms)
g

10

1 10 100 1,000
Observed Q (cms)

10,000 100,000

Fig. 2. Comparison between simulated flow and measured
flow at Chungju dam site.
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Year Precipitation (mm)  Water yield (mm) Evapotranspiration (mm) Recharge (mm)
1986 1100 618 489 125
1987 1551 1075 459 198
1988 1068 674 419 115
1989 1412 901 452 174
1990 1784 1268 479 253
1991 1225 782 431 178
1992 1084 590 483 133
1993 1358 895 437 189
1994 1044 629 443 123
1995 1286 819 452 138
1996 969 493 455 118
1997 1270 724 511 145
1998 1461 960 494 206
1999 1484 959 504 162
2000 1175 691 489 132
2001 854 435 435 106
2002 1431 888 484 117
2003 1717 1215 471 259
2004 1443 970 490 179
2005 1357 821 507 161
Average 1303 820 469 160
Percentage (%) 100 % 62.9 % 36.0 % 123 %

60 0
50 ‘ i t 400
— 1 Bl Rainfall
E 40 B recharge 800 E
g £
e’
& =
20 30 1200 F
= -
- £
&
g 20 1600 o2
10 | 2000
0 SIRRIRERY 2400
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X R X X DD
22222 2222222223838
Time (month)
Fig. 3. Monthly groundwater recharge in Chungju watershed.
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Fig. 4. Charicteristics of Monthly groundwater recharge in Chungju basin.
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Fig. 5. Charicteristics of Monthly groundwater recharge versus rainfall in Chungju basin.
Table 7. Statistics for recharge time series.
Watershed Period(yr) L-coeﬁ.‘xc%ent L-Skewness L-kurtosis Discrepancy
of variation measure(D;)
1 0.1581 0.2150 0.1747 0.52
2 0.1734 0.1667 0.1255 0.08
3 0.1550 0.1269 0.2630 1.62
4 0.1773 0.2310 0.1111 1.01
5 20 0.1469 0.2060 0.1676 0.52
6 0.2056 0.0862 0.0307 1.61
7 0.1500 0.1203 0.1888 0.55
8 0.1634 0.1064 0.1077 0.64
9 0.2668 0.1605 0.1328 2.45
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Table 8. Recharge for 10year drought frequency according to diffetent methods.

Rainfall for 10 year

Recharge for 10year drought frequency(mm)

Watershed frequency(mm) Recharge rate(%) Method 1 Method 2
1 964 10.1 97 83
2 895 12.3 110 95
3 918 9.1 83 72
4 895 10.2 91 79
5 995 11.6 116 99
6 1,021 13.4 137 117
7 1,038 14.7 153 131
8 1,024 24.6 252 217
9 956 58 56 48
300 300
. Recharge . . Recharge
Fit : Linear M Fit : Linear
— significance level = 0.05 — significance level = 0.05
E 200 L E 200
® L °©
= . e -
] PR ]
S L : S “?
100 100 o
g g o
[ 0
g 400 1200 1800 2000 0 400 1200 1600 2000

Ramfall {(mm)

Fig. 6. Relation between annual rainfall and recharge.
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Fig. 7. Relation between annual rainfall and recharge
(rainy season).
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Fig. 8. Relation between annual rainfall and recharge (dry
season).
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(a) Watershed division in previous reportMOCT, 2002)  (b) Watershed division in this study
Fig. 9. Watershed division.
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Fig. 10. Comparison of groundwater recharge.

900

[@This study M Previous report (2002)

600

300

Potential amount of groundwater developmen
(10°m®/year)

H1 H2 H3 Entire
watershed

Fig. 11. Comparison of potential amount of groundwater development.
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