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Optimal allocation of water resources based on simulated
annealing-genetic algorithm
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Abstract: [Objective] This study described the complex relationship of water resources system and
solve the difficult allocation problem using simulation method to provide basis for reasonable development
and utilization of regional water resources. [Method] The optimal allocation model for water resources was
established with the consideration of economic, social, ecological and environmental benefits and it was
solved by adopting the simulated annealing-genetic algorithm. Then, the model was used to obtain the opti-
mal configuration of water resources in Xianyang. [Result] Based on the established model and under the
condition of 50% guaranteed rate, the estimated surface water, ground water, water transfer and
wastewater reuse in 2020 for Xianyang were 69 020X10* m*,53 433 X10* m*,23 435X 10" m®,and 7 900 X
10* m® and 88 825X 10" m’,46 533X 10* m*,46 310X 10* m*, and 12 100 X 10" m® in 2030, respectively.
Compared with the original water supply, the total water supply was reduced by 322. 09 X 10" m®’ and
432. 46 X10" m’ in 2020 and 2030. Except for agricultural water,requirements of other water users could be

met. [Conclusion) The optimal allocation results of water resources by established model using simulated
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annealing-genetic algorithm were reasonable and feasible,and they can be regarded as decision making ba-

sis. The simulated annealing-genetic algorithm has the advantage of fast convergence and optimization,and

can be used in water resources allocation.

Key words: water resources;optimal allocation;simulated annealing-genetic algorithm; Xianyang
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Table 1  Water demand forecasting results in Xianyang for different years H m’
IKF-4F p &3i} R - X N , . . . o -
KPS IRRR ppso R g wE R wW =B kK BB KR RE B
Level Water Guarant Urban Xingping Wugong Qianxian Liquan  Jinyang Sanyuan Yongsh Binxian Chan, Xunyi  Chunhua
year type uarantee gping ugong anxia _iqua yang anyua ongshou xia; “hangwu uny unhua
A K
Domestic 5134 1679 1232 1527 1274 1414 1208 564 946 444 711 522
water
Tl %k
Industrial 19 699 3722 1467 1459 1097 1899 2 037 955 2014 1085 979 412
water
Rk 50 9 400 12 370 8 260 13 819 9 586 13 876 8 852 1757 1170 961 1630 1567
2020 Agricultural 75 11 769 15 281 10 463 17 274 11 983 16 960 11 064 2259 1504 1236 2 096 2 015
water 95 14 137 18 191 12 666 20728 14 379 20 044 13 277 2 887 1922 1579 2678 2 575
EETK
Ecological 997 229 137 173 122 132 143 42 64 31 o4 54
water
50 35 200 18 000 11 096 16 708 12 079 17 321 12 240 3318 4194 2521 3 374 2 555
A
,1?02—1 75 37 569 20 911 13 299 20163 14 476 20 405 14 452 3 820 4528 2 796 3 840 3003
95 39 937 23 821 15 502 23 617 16 872 23 489 16 665 4 448 4528 3139 4422 3563
LRV
Domestic 6 606 1945 1302 1732 1422 1535 1251 619 1174 540 855 631
water
Tk
Industrial 29 157 5072 2 380 2 358 1776 3122 3297 1118 3796 1349 2 312 715
water
Tk 50 9058 11 941 7987 13 353 9 258 13 876 8 549 1704 1136 933 1583 1522
2030 Agricultural 75 11 341 14 751 10 116 16 692 11 573 16 389 10 686 2191 1461 1200 2 035 1957
water 95 13624 17561 12246 20030 13888 19369 12823 2 800 1 867 1533 2 600 2 500
BT
Ecological 1329 259 155 196 184 201 161 61 100 48 80 62
water
50 46 150 19 217 11 824 17 639 12 640 18 267 13 258 3502 6 206 2 870 4 830 2 930
A
'ﬁ)il 75 48 344 22 027 13 953 20 978 14 955 21 247 15 395 3989 6 531 3137 5282 3 365

95 50 716 24 837 16 083 24 316 17 270 24 227 17 532 4598 6 937 3470 5 847 3908
2.2.2 HEAKEKE H MATLABEW®THM 2.3 BELERERSH
Wt 2 UOR B SR i fe 20 8 PR N =100, i 3 T A ST A K DA Ak T A TR RS LR ke
YO R Gt K B n=30, 3 XA P, =0. 75,48 M 35t 4% B30 3 o) ke BH vl K R R AT 00 A TG L TG A5 AR
K P,=0.05, MR KW G E T, =10 000,261 W& 2,
R T=1,B kS8 0=1. 2. & KA K 150,
2 RETARAFEERARGIEE T KEREUEREL R

Table 2 Optimal allocation of water resources in Xianyang for different years and guaranteed rates o7 m?
A K Tl ik gl K K
KEAE RIER/ Y% Domestic water Industrial water Agricultural water Ecological water

Level  Guaranteed gk WFK  AMEK  sEk  WFA SMEK bk sEk WK SMEAK K K SHEAK
year rate Surface  Ground ~ Water Surface  Ground ~ Water Wastewater Surface Ground — Water Surface  Ground ~ Water
water water  transfer  water water  transfer  reuse water water  transfer  water water  transfer
50 1 009.4 7016.45 9 021.15 6877.4 10316.1 13 754.8 7900 16 501.0 28 876.75 37 127.25 435.4 761.95  979.65
2020 75 4009.4 7016.45 9021.15 6 877.4 10316.1 13754.8 7900 15961.4 27 932.45 35 913.15 435.4 761.95  979.65
95 4009.4 7016.45 9021.15 6 877.4 10316.1 13 754.8 7900 15 780.6 27 616.05 35 506,35 435.4 761.95  979.65
50 4300.0 7525.00 9 675.00 10 189.0 15 283.5 20 378.0 12100 16 501.0 28 876.75 37 127.25 567.0 992.25 1275.75
2030 75 4:300.0 7 525.00 9 675.00 10 189.0 15 283.5 20 378.0 12100 16 454.8 28 795.90 37 023.30 567.0 992.25 1275.75
95 4.300.0 7525.00 9675.00 10 189.0 15 283.5 20 378.0 12100 17 225.6 30 144.80 38 757.60 567.0 992.25 1275.75

%2 5 RFEI L 2020 4EF1 2030 4E L5 T R 15 5 %0 » AT k(T A5 K A i R A 45 S
FHK RS A B Ah  Hofls K PR FH K BRI aT LS vk AR Al B K 58 B L5 -4, @ ok 36 3 W LA
F R HEARFRIERE T A SR KRB A LCERE &R ST 2020 il 2030 4 K fiLK &
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PIH R T B Horh 2020 4R AE 50 60 (R IE A AF B0 T 2k
7K 322.09 J7 m*,2030 4E7E 50 V0 R AIE A O T 4k
Tk 432,46 J7 m®, WOKRCR RAF L6 T 5L 5
b DX AR AP OK BE IR R . g R 4 T LA L R

1 2020 I 2030 4F YK BT IR 48 U A i A 2 3 qE A2
AWIER AT W B M, @it DL B #r T DU
BLR JOR L FE B A B S LE R £ 5 TH
RE AL PS8V AE /K B IR A T 25 U 7 1

x3 BMATARBKEFERAERIERTHAKENLER
Table 3 Water consumption for different years and guaranteed rates in Xianyang H m’
o d bk Tt s %M
KEAE RIS/ % Original water supply Optimization result Difference
Level Guaranteed gk HIFK  AMK ik HFEK  OWTK SMEK ik WAk WTEK SR ik
year rate Surface  Ground Water Wastewater  Surface  Ground Water Wastewater  Surface  Ground Water  Wastewater
water water transfer reuse water water transfer reuse water water transfer reuse
50 69 125.8 53 538 23 483.69 7 944.23 69 020 53 433 23 435 7900 105. 84 105. 13 48.69 44,23
2020 75 64 659 53 527 23 480.91 7 944.23 64 562 53 433 23 435 7900 97.01 94.08 45.91 44,23
95 55 402.4 60438 23 471.54 7 944.23 55 318 60 350 23 435 7900 84.35 87.67 36. 54 44,23
50 88959.3 46 674 46 404,38 12 162.43 88 825 46 533 46 310 12 100 134.32 141. 33 94. 38 62.43
2030 75 83 566.2 46 668 47 395.21 12 162.43 83 436 46 533 47 310 12 100 130. 17 135.15 85.21 62.43
95 79 947.4 54074 47 385.22 12 162.43 79 823 53 950 47 310 12 100 124. 36 124.01 75.22 62.43
F4 BMATAKFERLEENHFE
Table 4  Water effective values of optimal allocation of water resources in Xianyang
K4 Ea A ET AN LV R AR /T T8 BT/ (L 7D
Level year Social benefits Economic benefits Ecological environmental benefits
2020 8 254.32 283 862. 54 —1 841.54
2030 6 168.77 346 215. 86 —2 155.69
" . Li X P. Summary of water resources allocation research at
3 ém e home and abroad [J]. Haihe Water Resources,2002(5) ;13-15.
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