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Development of Multireservoir Water Balance Model

for the Planning of Rural Water Demands
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Chung, Ha Woo - Kim, Seong Joon - Han, Hyung Geun

Summary

The purpose of this study is to develop a multireservoir water balance model which may
be used to evaluate rural water demands such as agricultural water, domestic water, industrial
water and livestock water and to determine effective storage of reservoir. The model was
verified to compare the observed reservoir release data with the simulated reservoir release
data of the existing Munsan and Dongbu reservoirs located in the Gisan rural district for
3 years('87~'89). For model application, the effective storages of existing reservoirs(Munsan
& Dongbu) were evaluated for 10-year frequency drought and that of newly planned reser-
voirs(Kumbok & Kudong) were determined for 10-year frequency drought. In addition, the
behavior of effective storages for existing reservoirs were analyzed in the case of introducing

new reservoirs in the existing system.
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Table-1. Crop Coefficients for Paddy Rice and Upland Crops
Month

Crop 10day 3 4 5 6 7 8 9 10 11

F - - - 0.95 1.13 141 1.27 - -

Plg?iy M - - — 0.89 1.24 1.22 - - -

L - - 1.13 1.15 1.26 1.21 - - —

Unland F - 043 0.55 0.72 0.80 0.73 0.51 0.46 0.49

é)ro M 0.22 0.51 0.51 0.66 0.82 0.75 0.50 0.51 0.44

P L 0.31 0.57 0.70 0.62 0.77 0.73 045 042 —
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Table-2. Effectiveness of Rainfall for Paddy Field

Rainfall(mm) 0~5 5~50 | 50~70 | 70~100 | 100~150 | 150~200 | 200~250 | 250 over

Effectiveness of
Rainfall(%) 0 100 90~100 | 80~90 70 . 60 50 40

Note : Handbook of Water Management, MAFF, 1988.

Table-3. Effectiveness of Rainfall for Upland Soil

Soil Type Sand Sandy Loam Silty Loam Clay Loam Clay

Effectiveness of o _ - -
Rainfall( %) 39~100 32~97 33~91 21~78 26~64

Note : Studies on Consumptive Use of Water for Upland Crops, IASD, SNUA, 1987~1990.

Table-4. Monthly Variation of Domestic Water Use

Month 1 2 3 4 5 6 7 8 9 10 11 12
Variation 088 | 088 | 091 | 091 | 100 | 1.04 | 112 | 118 | 1.19 | 1.12 | 091 | 0.88
Note © Estuary Investigation of NAKDONG River Basin, UNDP NEDECO, 1977.
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Fig. 2. Schematic Diagram of Multireservoir
Water Balance
Table-6. Unit Effluent Loading of Each Pollutant Source(BOD)

Population(gpcd*) -Livestock{gpcd) Land Use(kg/km?/day)
Sewage | Nightsoil | Meat Cow | Milk Cow | Pig Fowl Paddy | Upland | Forest | Others

20.0 19.0 640.0 170.0 125.0 125 512 | 710 0.96 87.59

Note : Estimation of River Maintenance Water in HAN River Basin, 1990.

* gr/capita/day
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Table-7. Return Flow Rate(%) from Water
Demands
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Table-8. Monthly Coefficient of Reservoir Evaporation Losses

Month 1 2 3 4 5 6 7 8 9 10 11 12
CF 137 | 110 | 055 | 043 | 043 | 042 | 054 | 061 | 066 | 082 | 116 | 141
Note : Estuary Investigation of NAKDONG River Basin, UNDP NEDECO, 1977.
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Fig. 4. Flow Chart of Multireservoir Water
Balance Model.
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Table-9. Present Conditions of Existing Re-

servoirs
Reservoir | Watershed | Irrigation | Effective Storage
Name Area(ha) | Area(ha) (10°m®
Munsan(R2)| 9520 295.8 1,235.0
Dongbu(R4) | 2,810.5 1,927.0 11,817.0
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Table-10. Planning Data of New Reservoirs and Pumping Station

Facility Watershed Agri. Water | Domestic Water Livestocks Environmental
Name Area(ha) (ha) (capitas) Water(heads) Water
Kumpok 135 Paddy 50 407 Meat qu 190 | Water Q}lality
Reservoir(R1) Upland : 43 Pig : 230 Level : I
Kudqng 135 Paddy - 20 333 Meat Coyv 128 | Water Quality
Reservoir(R3) » Upland : 30 Pig - 130 Level : I
Pé‘t’:t‘i’(‘)‘:lg - Paddy : 992 - - -
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Fig. 5. Distribution Diagram of Planned Water Supplies and Demands in Gisan Rural Area
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Fig. 6. Observed and Simulated Monthly Effective Storage(’87~’89)

Table-11. RMS Error of Monthly Effective
Storage for Munsan and Dongbu
Reservoir(’87~’89)

(Unit : 10°m* month)
Reservoir Name| Munsan Dongbu
4.6 36.3
RMS Error (1.3cm/month) | (1.7cm/month)
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Table-12. Evaluated Effective Storages for New Reservoirs with Various Irrigation Areas

Irrigation Kumbok Reservoir Kudong Reserhoir
Area for
Paddy Field | Demands |Evaluated Eff.| Rate of Full | Demands | Evaluated Eff.| Rate of Full

(ha) (10°m?/Yr) |Storage(10°m®) [Water Level( % )| (10°m*/Yr) |Storage(10°m?®) [Water Level( %)
10 299.9 93.7 100 231.0 65.7 100
20 4125 176.9 100 339.5 128.8 100
30 524.4 309.2 91 448.0 219.1 100
40 636.6 505.4 77 556.6 374.1 91
50 749.4 745.1 64 665.1 576.3 73
60 860.6 12934 23 773.6 840.6 50
70 - 9703 - 0 882.1 1491.9 5

Note : Watershed Inflow=8495 * 10°Ton
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Table-13. Evaluated Effective Storages for
Existing Reservoir with Various
Irrigation Area(Munsan Reser-

voir)

[rrigation Area fofl Demands | Evaluated Eff. | Rate of Full

Paddy Field(ha) |(10°m®/¥r)|Storage(10°m®) Water. Level(%)
150 19532 763.2 1000
210 22787 10113 100.0
240 2604.2 12894 1000
270 2929.7 1653.7 9.0
300 32553 21255 91.0
330 3580.8 26794 86.0
360 39063 32024 730
390 42318 3970.1 730
420 45574 47479 55.0
450 4882.9 6064.8 410

Note : Watershed Inflow=5132.0 * 10°Ton

Table-14. Evaluated Effective Storages for
Existing Reservoir with Various
Irrigation Area(Dongbu Reservoir)

Irrigation Area foy Demands | Evaluated Eff. | Rate of Full

Paddy Field(ha) {(10°m/¥r)|Storage(10°m®) |Water Level(%)
600 65105 28123 100.0
700 7595.6 37233 100.0
800 8680.7 4925.7 95.0
%00 9765.8 6527.2 910
1000 10850.9 84199 86.0
1100 119359 10541.1 730
1200 130210 129314 64.0
1300 14106.1 16342.0 410
1400 15191.2 228426 180
1500 16276.3 - 0.0

Note : Watershed Inflow=15,150.6 * 10°Ton
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Fig. 7. Comparison of Effective Storage between Existing System and Newly Planned System
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