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Optimal Reservoir Operation Models for Paddy Rice Irrigation
with Weather Forecasts(III)
— Model Application —
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Summary

The irrigation reservoir operation models developed were tested with weather and field
data, and the sensitivity of the water requirement deficiency indices(WRDI) were
checked with different initial reservoir storages, irrigated areas, and other water uses
from the reservoir storage.

Seven reservoir release rules were applied to Yongseol Reservoir. Twenty year WRDIs
were computed to check performances of those reservoir release rules. Mean WRDIs
were 138, 198, 198, 200, 240, 344, and 1033mm for ROM, TOS, COS, CRR, MSC, FAS,
and SRC, respectively. The results indicated that ROM contributes consistently to higher
operation efficiencies of an irrigation reservoir.

The test results of LFROM and SFROM showed that reservoir operation with the pro-
posed optimization technique ROM would be better suited for an irrigation district than
those with the other rules. And the proposed model could be used as a tool to improve

reservoir operations.
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Table-1. Yongsul reservoir and irrigated

area
Items Unit Characteristics
Watershed area ha 790
Irrigated area ha 395
Full water level Elm 113.8
Dead water level | Elm 102.0
Effective storage | ha-m 298.9
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Table-2. Watershed characteristics and land uses

Stream Paddy Upland Forest Others Shape
Watershed (/?(Ir:?) length rate rate rate rate factor

(km) (%) (%) (%) (%) (f)

#1 2.53 1.75 15.2 5.4 77.9 1.6 0.83

#2 2.10 1.33 6.5 6.3 86.0 1.1 1.20

#3 0.68 0.82 10.1 6.9 79.3 3.7 1.00
Total 7.90 2.58 114 6.6 78.1 3.9 1.19

Table-3. Tank model parameters from regression models and parameter optimizations

Variables Ay [ Ae | A | Ay | Hy | Hiz

H, | B. | B; | B; | ST, | ST, | ST; [Remarks

Regression ]0.106 [0.197(0.198{0.008| 5.00 (39.68| 4.88| 0.41 |0.263]0.030| 0.0 | 0.0 | 77.7
L 0.17 |0.06 |1.10 [0.011] 6.40 |24.6 |49.29{ 0.40 | 0.18/0.008| 7.4 [20.4 | 84.5] 1989
Optimization
0.0005]0.001]0.25 [0.017| 3.00 |58.68] 4.00| 0.35| 0.25[0.003| 0.0 | 0.0 {127.5] 1990

Table-4. Relative and RMS error between observed and simulated runoff with the parameters

from regression model and optimization

Observed | gimylated runoff(mm) Relative error(%) RMS error(mm)
Year runoff

(mm) Regression |Optimization| Regression |{Optimization| Regression |Optimization

1989 522 333 461 36 12 3.30 2.62

1990 539 388 594 28 10 3.66 2.54
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Fig. 1. Observed and simulated watershed
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Table-5. Relative and RMS errors between observed and simulated reservoir release

Total releases Errors
Year Observed Simulated Relative RMS Remarks
(mm) (mm) (%.) (mm)
1989 825 887 7.5 51.9 Calibration
1990 799 665 17.0 415 Verification
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Fig. 3. Observed and simulated reservoir
stages with CRR(1990)
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Table-7. Precipitation and pan evaporation
data during the testing period
from 1972 to 1991

(Unit : mm)
Precipitation Evaporation |Irrigation

Year Total rrigétion Total rrigartion require-

period period | ments
1972 (1714 | 1326 [1094| 670 1416
1973 | 1095 767 {1099 | 663 1370
1974 (1139 778 |1033| 617 1317
1975 | 1279 980 1154 672 1367
1976 | 1206 866 [1127]| 681 1319
1977 | 991 577 1206 781 1617
1978 | 1121 931 [1233| 728 1345
1979 (1371 1015 1089 626 1341
1980 | 1417 973 (1080 | 627 1263
1981 (1326 [ 1103 [1046 ( 610 1323
1982 1 916 575 (1104 | 642 1346
1983 | 938 644 11004 | 607 1380
1984 | 1154 968 [1033| 604 1360
1985 | 1381 908 1004 591 1286
1986 1189 9256 (1013 594 1286
1987 |1841| 1570 |1011| 603 1258
1988 {1002 870 [1133| 676 1349
1989 114161 1029 {1078 | 675 1429
1990 | 2231 | 1815 934 | 526 1143
1991 {1366 | 1081 [|1010{ 602 1260
Mean | 1305 985 [1074| 640 1339
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Table-8. Mean water requirement deficiency
indices from release models

Year | CRR | MSC | FAS | SRC | COS | TOS | ROM
1972 | 674| b542| 556| 1244| 674|. 674| 232
1973 281 85| 1416 0 0 0
1974 14 31| 889 0 0 0
1975 .86| 184( 1004 0 0 0
1976 | 711} 725| 777) 1026| 716| 716| 461
19771 1897| 1756 1776 1752| 1897 1896 1424
1978 01 116] 393| 786 6 0 0
1979 0| 26] 101 729 0 0 0
1980 0| 98| 224 920 0 0 0
1981 0] 52| 187| 8% 0 0 0
19821 601| 565| 666) 1408 577| 585| 582
1983 | 115| 189| 391 1155y 96| 92| 72
1984 0| 110] 315) 8% 0 0 0
1985 0| 26| 28f 1027 0 0 0
1986 0| 83| 213] 1001 0 0 0
1987 0| 78] 185| 1051 0 0 0
1988 0] 125f 343] 922 0 0 0
1989 0| 111| 268| 971 0 0 0
1990 0 1] 18| 642 0 0 0
1991 0) 60| 142 926 0 0 0
Mean

WRDI| 200| 240| 344 1033| 198 198 138
(mm) |

No of

Year 5| 20| 20| 20 6 5 5
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Table-9. Release rates according to reservoir storage rates

Storage

0~10 | 10~20| 20~30 | 30~40 | 40~50 | 50~60 | 60~70 | 70~80 | 80~90 |90~100
rate(%)
Release

0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
rate

Table-10. Release rates according to seasonal reservoir storage rates

. May Jun. Jul. Aug. Sep. Release

Period

F M L F M L F M L F M L F M rates
Normal-

50 | 40 | 30 | 10 0 0 0 10 ] 20 | 20 0 0 0 0 0.85
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Fig. 5. Comparison of cumulative release
curves from release methods
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Table-11. Water requirement deficiency
index changes from various ini-
tial reservoir storages

(Unit : mm)
Initial
storage | 100 [ 90 80 70 60 |Mean
(%)

CRR 200 | 317 | 455 | 688 | 1080 548

MSC | 240 | 418 | 569 | 759 | 1092| 616

FAS | 344 | 539 | 729 | 883 | 1153 730

SRC [1033 [1068 {1164 |1279 | 1469|1203

Cos 198 | 763 (1072 |1481 | 1959 (1095

TOS 198 | 319 | 460 | 708 | 1123) 561

ROM | 138 | 269 | 415 | 632 | 923 | 475




REBWE TRAT EHA Irkie Sl #F KEUJD

1095mme] oldom SRC7F 7b4 & 1203
mmE Yello] 22 ROM9] Fi5 WRDIR
t} 15, 18, 29, 53, 130, 28 152% A=
Z ol

A FrkZse] Hojol wrE WRDIQ ##
L= COS7t 7H% Rt vig-& Ho i
frkgee] 60% F&d W WA Bt oF 10
v 7} WRDIZF #AAe= ZAE HYoH
SRC7} ¥ig}&Fo] MY Hol wrgAlel WRDI
Bo} wiikrkEEe] 60% Y thel oF 40% 1§
merE By g fkE Al E49 A
£ 2%

Ch. EEmRS g

EMEE F7hl @& WRDIY W3:e
Table-129} Zt}. WA o] Frlgtozn 4A
A Eolvte MHEKES F7F W&ol o]
& z} WRDIQ Z7l% M2 Hls3h GALS
7FA 3 ket

45 WRDIY =7] ¢o22 B ROMo]
825mm2z 717 &1, COS7t 893mm, CRRo)
919mm, TOS7} 921mm, MSC7} 963mm,
FAS7} 1074mm, SRCE 7} 2 1415mmE
Bt ols Z7] A #Hid wgE 9
F 1ot Z ¥y 9] x}o|7 Foja] WRDI
7} 7} Z& ROMO| 3|9 vlws] &BH
COS ®¥ 37) &#02 27} 8,11, 12, 17, 30,

Table-12. Water requirement deficiency
index changes from increasing
irrigated area

(Unit : mm)
Area
Increment 0 20 40 60 [ Mean

(%)

CRR 200 | 580 | 1112 ) 1784 | 919
MSC 240 | 653 | 1167 | 1794 | 963
FAS 344 | 794 | 1278 | 1880 (1074
SRC 1033 1217 | 1490 | 1922 {1415
COoS 198 | 574 | 1123 | 1679 | 893
TOS 198 | 579 | 1119 | 1788 | 921
ROM 138 | 520 | 1052 | 1589 | 825

Table-13. Water
index changes from increasing
amount of other water use

requirement deficiency

(Unit : mm)

Ratio* | 0.0 | 0.1 | 0.2 | 0.3 | 0.4 |Mean
CRR 200 | 388 | 485 | 740 | 1167 586
MSC 240 | 391 | 558 | 801 (1217 641
FAS 344 | 512 | 700 | 933 | 1296 757
SRC (1033 {1063 |1170 (1291 | 1521|1216
COS 198 | 342 | 484 | 740 | 1173 | 587
TOS 198 | 340 | 484 | 743 | 1168 587
ROM 138 | 269 | 432 | 651 | 1012} 501

*Ratio . Amount of other use/Full reservoir stor-

age
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Table-14. Precipitation and pan evaporation
data of 30 year weather simula-

tion (Unit : mm)

Precipitation Evaporation |Irrigation

Year Total Irrigétion Total Irriga'ltion requrire-
period period | ments
1 |1451] 1161 |1056| 633 1155
2 ]11838 867 1091 678 1402
3 11368| 1079 968] 567 1134
4 930 638 (1084 650 1371
5 11380 1112 [1058] 630 1254
6 (1189 989 1060 659 1286
7 1923 615 |1087| 646 1298
8 11258 945 11058 624 1249
9 [1288] 796 (1041 626 | 1260
10 |1050 716 |1051 611 1230
11 |1457| 1041 |1025| 592 1192
12 |1064 861 |1045| 630 1191
13 944 711 |1047| 630 1380
14 |1621| 1284 |1055| 631 1169
15 ]13441 1024 (1082 641 1225
16 1175 907 1122 688 1296
17 11325 917 }1063| 632 1280
18 11308 948 11083| 666 1307
19 1371 1122 {1064 628 1217
20 1235 922 {1075 649 1275
21 |1443] 1053 |[1059] 633 1226
22 1481 1059 [1037] 626 1232
23 (1341 794 11064 617 1234
24 1148 767 {1024 587 1217
25 |1227| 1013 |1053| 640 1245
26 1821} 1427 |1028( 609 1154
27 11501 1091 [1095) 642 1179
28 11510 1020 [1076| 667 1225
29 {1471 1029 |1099 647 1195
30 801 560 1057 646 1289
Mean | 1287 949 11060 624 1244
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Table-15. Mean water requirement deficien-
¢y index from long term irriga-

tion forecasting (Unit ; mm)

Year CRR MSC TOS ROM
1 0 1 0 0

2 0 144 0
3 0 12 0
4 401 376 402 393
5 86 179 82 65
6 0 56 0 0
7 1529 1150 1485 976
8 0 102 0 0
9 0 106 0 0
10 0 81 0 0
11 Q 55 0 Q
12 0 46 0 0
13 0 126 0 0
14 0 49 0 0
15 0 14 0 0
16 0 80 0 0
17 0 16 0 0
18 0 133 0 0
19 0 97 0 0
20 0 15 0 0
21 0 54 0 0
22 0 49 0 0
23 0 120 0 0
24 0 108 0 0
25 0 33 0 0
26 0 102 0 0
27 0 50 0 0
28 0 - 19 0 0
29 0 100 0 0
30 0 102 0 0
Mean 67 119 65 47
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Table-16. Mean water requirement deficiency index from short term irrigation forecasting

(Unit : mm)
-~ . CRR. MSC TOS ROM
Reference
Year Year - WRDI WRDI WRDI WRDI WRDI WRDI WRDI WRDI
. with WD* [ with PD**| with WD | with PD | with WD | with PD | with WD | with PD
1 1972 674 0 542 276 674 0 232 0
2 1976 711 0 725 237 716 0 461 0
3 1977 1897 3166 1754 3452 1897 3130 1424 2199
4 1982 601 2032 565 1911 585 2036 580 295
5 1983 . 115 1217 189 1222 92 1222 72 498
Mean 800 1283 755 1420 793 1278 553 598
*WD : Weather data

**PD : Predicted
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