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Water resources regulation research of reservoirs and ponds combined irrigation system
based on simulation optimization and orthogonal experiment
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Abstract. Based on the long sequence test results of mutual transformation between precipitation and crop water consumption and
soil water from irrigation experimental station, water simulation module of the whole process of field scale Storage-Water Consump-
tion-Trrigation-Drainages was built. Combined with the system simulation method, the simulation rules of water allocation for differ-
ent types of ponds and backbone reservoirs are formulated. Then the water distribution simulation model of reservoirs and ponds
combined irrigation system is established, to simulate irrigation water of diversion and pumping station, precipitation, soil water
and their mutual transformation of Daguantang Reservoir irrigated area. To maximize economic efficiency as the goal under precondi-
tion of basic water Irrigation water supply security. By using the principle of orthogonal test, water resources optimal regulation mod-
el of reservoirs and ponds combined irrigation system is constructed. Based on the simulation and orthogonal experiment, the water
resources optimization control technology system is formed. The reasonable engineering layout size and scale of the Daguantang Res-
ervoirs irrigation district are determined. The suitable water saving irrigation technology model and irrigation system are determined.
Scientific scheduling rules of bonds and reservoirs are developed. Operable rules of crop planting structure adjustment are proposed.
Storing runoff utilization of irrigation district is improved. To enhance the annual water supply capacity of bonds and reservoirs and

the ability of drought resistance and disaster reduction. To provide theoretical basis for comprehensive treatment of Lake Chaohu Ba-
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sin and the establishment of water allocation scheme of reservoirs and ponds combined irrigation district, scheduling rules of bonds
and reservoirs and crop irrigation system.
Keywords : Water resources regulation ; simulation and optimization; orthogonal experiment; genetic algorithm; Lake Chaohu Ba-

sinj Daguantang Reservoir; reservoirs and ponds combined irrigation system
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Tab.1 Multi-year average crop planting structure in reservoir irrigation area of Daguantang Reservoir

X TUFX

£ MA/km? A B £ WiR/km?  FiAE LA
Y g 9.07 0.64 BBy g 5.87 0.90

ESS 3.60 0.26 B 3 0.27 0.04

LiiVia 0.73 0.05 HiAe 0.27 0.04

HoAly 0.73 0.05 HoAlh 0.13 0.02
JBEY) NG 10.60 0.75 AR Nz 5.53 0.85

W 2.13 0.15 W 0.67 0.10

oAl 1.40 0.10 HAlh 0.33 0.05
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Fig.1 Watershed water map(a) and water resources system structure generalization(b) of

Daguantang Reservoir watershed
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Fig.2 Water resources optimal control technology road map of reservoirs and ponds combined irrigation system
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Tab.2 Antecedent soil moisture level grading

standards of Daguantang Reservoir TS IR R L 4 SCS T HGE PSR T € 2t
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Tab.3 Calibration and verification results of typical rainfall runoff process simulation in Daguantang Reservoir
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4) DU — M AV (2001 4F) SEBRige H A K R AR U AL A 75 K B AR, DL LT e 55 400 KK R BOK T
T AR 5 S P £ 22 25 9°F- 75 R/ N R DAk AT 32 FH s A 3 SRR DRSS 70, A 3R I
i B B K A SOR R B S, BAR R T RE KA SO R B, = 0.59, TF IR B K A ROR 2R R
0, =0.57, FF IR KA SR 2R 0 5 1% X S bRy A () 0.6 Z2 47 AHAS , AT L b 348 2 3 2R 48 K b 40 e A 0L A5
R TR B E K HE DX T e 3 Ry ARS8 Y.

4 ETFEXIREHETER S EBR RS K T RENFEEE

4.1 BB G ER R GK FIRMREEE R E
4.1.1 BAR B4 ARSCH SRR HEME R GUK IR AL A ) F AR AR IR BEEA T K oK 22 2 AR HE T, 18
TEAK IR AR S L2855 2 a5 K, FAA H b eR A -

F= max{ Y ia,,B,jYij - ibkdj - i[ntsj - ilnlxj - imb]} (14)

A, 8, K5 | FERIES jARM RS (DT ke) s B, M5 |« FPEIDSE j AR RO RE AP TR AL (hm®) 5 Y, 58 @ FPEAD S )
AR i ol B RV B K B PRI K BRI SR BO) (kg) 5 bhd, 9 5056 7 AF B $R K FL 2R E A
(TT) s Inus, Ay b e DXYESIUE Y™ 45 TREAEGT P3P0 50 250 7 AR A0 (ol HL MR 3l 12 K 98 R K R SR BO)
(T0) 3 Inee, T XS IR Y 28 T ARG 220 j AR BB (0 5 Inb, JE 7K PSR K S Bl 1K 52 4R T
BOKBEI I TREBBT T3 25 j 4R (OD) -
412 FEAE R, KE KRR XA AE AN T RDRE - 1) b R W I K BE /)y, T
TR E KA R B, SRR BUK R R FRIRZ , TCE SR AT FOK I 2) B
Ui DXFABL S A AN DIRJR] , BA T 00 R ) 2 A 5 L, R i) A 90 /e o v AR A2 i DR, i 2 A T 7 s R B L R
ROKIEHE A T, KR & PR BRI T, S BUUR IR R

UL ASCRIBORAEAS R WNT - 1) LW YRR 5, Bs;52) DRI M AESS A, B 53 ) 7K Rl T 1 HE 18R
[ RH, T34) KRS T 6] 8 R K IR H,, 5 5) B S A i, V5 6) LRI SHIVA L V 05 7) T U0
SEFEIUAAE Vi 38) P UFRTTIEIAAR V03 9) IR IEALIGE IR BE ST, O, -
413 50 1) RDREEFAE 2R WL (6) 52) KRB AR A0 L (11) 53) S0 P
WA WL (12) , R g AN i 4) JK PR K RE 1 2050 1l XK R B i HE K 7 R
I 5 A R4 K , PRI 2% BB K PR ALt K RE T O BR ). S) HABLZY o i AR UE AR 2901 BT 2 5
ISR e VR RVRE Y/ S TER T 9N 1) @ 23
4.2 BEIERK & R R Gk iR AL IR AR B A R AR

iz FHIE ST S B, B B 424 i A b RS UA it B K AR B $R K BE 7 L C 7KCRe 8] i o TR F i) B
H0.D KRS IR R K TR R 3 /K- 4 S0 D 356 110 TE SR B0 38 220 . 45 4 i b S 1 g 20 D0 ASE DL 80 K
I3 C (7 ELREAUAEIAD e 5 T SR S 22 oA A R AL S, FE LA AL 2L 5 A, LB AR R R 45
P Al As i gL IR SR AT AL & F (S AE P Rl R 254 5 PR M2 L DA TG 5 B0 % P 00K
THEE 2R G K BRI AL AL P PR B oK A
421 FEEERMEEGHT OLTUHIEINEE. Jikd, SURIEI KRR 0.8~ 1.5 m Z[A], FK
A A, SRt 3 X LRI R R B K E 2.5~3.5 m, AT R SE A BHUIRAY 2~ 3 £, 7RI I
HEVA B RERE b, PR EI L REINI E K A  U h T  HABA SBOE I AR S W RN i,
AR PR =53 590 8 « 1) Jay S U3 8 3 5 2) 4 v BE T U 1) 0 0L 3 T8 06 5 3 ) 7 308 0L U8 4
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b HEATIEUR A, LIS R R RS I E K A
EAR AN 3 KAWL 4.

QK FER w1 KBE S1. PRMA, KB IEK R
PR LK BEF A 1.3 m’ /s, 0] 36 3o 55 i 4 s 4
T HE = IR A AR K BB T, b T 3 A R A A A —
Gk AR K e 07 AE R Al T
TE TREAZA, REEE KR A MEA
IR AR EFERE B 1 3 K555
1) SRR YRS BOE B S 2) B BUE A
Bl WA BB RKBE 15 3) TEAL ik BUA 0K
REITWRIE Tt RE 77 B9 B A b, HEAT 8 0l A9
DA IOK I — Rk ek ae . RN E B
B 3 7K B, B, By Ar 5k 2.1 2.7 F13.3 m'/s.

(7K T [ea) B T YR 174 ) B SR80 /K e [ B 4 VK
TESEW T VE W 5 R T P U R A
HIRCER (B R E HK 2R XK R v AT L i L
WA, HA TR R SR R ) s i 7 = AR 4
R AR AR B\ S| S 50 0 1 7 B K A
IR R I C 19 3 A KOF, BRI
5.

@K e 1 R 5 FR K 8. 7K R H TA) 25 TR 2K I
S KRR X 6 T TR 1) S IR 3 A K
KW R S TR A B R LR E D 1 3
A, BRI 6.

422 ExiRfe b oA AR ST, A8 SCIE
ARG E N 3 KT 4 RE R IEAS g

527
4 HER A BK-Fab R
Tab.4 Standard grade level of Factor A
R T
LEXS S 2 AT -t TR

77 m? I m? 77 m? 77 m?
A, 340 90 110 50
A, 500 160 190 100
Ay 660 240 270 140

S5 R C R
Tab.5 Standard grade level of Factor C

JKCE I R R A A ] Bk R K/ d

H 2K —
SrEEY PO ARETTAEN Rl
c, 3 2 2 3
C, 5 4 4 5
C, 7 6 6

6 ER D MK TFAb3
Tab.6 Standard grade level of Factor D

JKCReR [T ) 35 7 /K 3¢/ mm

HEAKFE —— - - —
SREH BN ANRDTEN iy
D, 60 90 90 90
D, 80 120 120 120
D, 100 150 150 150

JEUHE P BETHE RS %R Lo(3Y) . 38 FHIE S B0 0 W I B 5 0y 3, 2ol 22 0 R IR et F 41 A 280, L
R T MR T WEIHTERATIN, 25 X RGELR SRR RN R AMEUON : Ry >R >R, >R, iR LN 4
&M A,B,C,D,.
4.2.3 R4 AR M 0R AT R AT KRB ERE DR RIS , /N A SR R S R A KW AR K
T TR UREA — 2, W 5280 77 2= A FIRK = SR ) s K RS R — A, WA SRk AS (3R 1)
P, P4 oA ] A0 D 7K (B SRAEY) /1 2 SR R Ve, VR W O K ik T2 2 R T K A 6k ol v AL
AT KT A P K IR 2% AR, 5 KRB S KRB 11 /2 T i 5.87 km” /KBS R 5K, 7E /K BEIR A AL
Bg B, (LS L T iR 5.87 km /KRS AL, LI , AR R Y VR P70 1y [ DR A /K R A B R TET L Bss.
AR IESS A R & A, B, C;Ds I EAAS RN R LURE SHHE XL 35 A R K B3R A R 9
AE KT /KRR R AU AR i, AR (14) S BbR R 8, 38 L 00 R Ak W AR AL T 4
ARRY 5 TR B A K R R TR A AT 3) . DR B /I A2 TR DX 0 A [ A8 TR A4 A [) 40 4y 88 7K o T 3 B )
KAE AR L A5 UL 2 8.

025 B8 TR S AR TR IE LR S AF R X S I 5 E M AR S b A7 K SR AL T 4 0, T IXC 9 B i
FEAHLA 0, B 1978 — 1979 1994 — 1998 4E LT AR I, 38 B /K A5 16 10 AR S B — 2 19 1 R b, G
A FEABEOR B AE L U7 DR AR fe Il LK R AR LU (BB B 70% ) T I DX R AL A O P/ AL LE A91)
(B 90% ) (1 3). T UL, 3 id FESHHEME R G0 K B IR A A IR , mT S BK B A7 L 28 20 45 1) 5 PRI, $2
P THE XU BUK RE T , PR IBEAR I 22 5% T 522 K .

424 ERERGBEMARAKTRMMAEE RS DI 1 @A KRR AR BT IR 2 1 PR S 5
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F T R IE KPR HE DK YR8 1E SR OB 22 40 M
Tab.7 Range analysis of orthogonal experiment of water resources regulation in

Daguantang Reservoir irrigation district

—_— M3 s/
A B C D Jioe

I I I 1 I 292363.0
2 1 2 2 2 203854.4
3 1 3 3 3 293708.5
4 2 1 2 3 296281.5
5 2 2 3 1 295711.8
6 2 3 1 2 293884.2
7 3 1 3 2 296108.2
8 3 2 1 3 294992.1
9 3 3 2 1 293776.8
K, 879925.9 884752.6 * 881239.2 881851.5
K, 885877.4* 884558.2 883912.6 883846.7
K5 884877.0 881369.5 885528.5 % 884982.1*

k, 293308.6 294917.5 293746.4 293950.5

ky 205292.5* 294852.7 294637.5 294615.6

ks 294959.0 293789.8 205176.2°* 204994.0 *

R 333.5 1127.7 891.1 1043.5

* RN (H.

8 KB YR AR X b AN [ R AR A R ) i 35 7K i TS AR K R A L £
Tab.8 Appropriate rice planting ratio under different rainfall frequencies and initial water storage

capacities in upstream of Daguantang Reservoir irrigation area

AR T . %ﬂﬁﬁ%]j}(%/ RS EOK R R
mm Him FEFN AL km? S
p>1171.1 P<20% FIKAE >500 9.89 70%
<500 8.48 60%

971.3<p<1171.1 20% < P<50% IR &2 >500 9.89 70%
<500 6.36 45%

839.6<p<971.3 50% < P<75% P A AR AR >700 9.89 70%
<700 6.36 45%

586.9<p<839.6 75% < P<95% i ZKAF >700 9.89 70%
<700 5.65 40%

P<586.9 P=95% THAE >700 8.48 60%
<700 3.53 25%

IKGERAE AL PR AT A 22 | SR EBUBLIBLAT 173 PN 3% AT 7K A TR e ad B 5 VR I 2%, I 204 T S TR R Kk A 3RS 34 4
WIS B S BRAR BT HE AT 45

M 3~ Bl 5 3% 9 nI%N, KB WK EHE X A R R I A VEWE 2R G0 /K PR IR DAL A5 T, AT I 2 st v X R
M FEBE LT A, BRSE RN .

D) FERBPTTRLIY 45 a o ZAR S H KRR M AL 14.93 km 4855 2 15.33 km, [F] B 6 5 3% (A% T 4F
PR T HEE R K B R BOK B, AR BT T K BRI T 426.8 J7 m® BRI IA 37.6% ; ZAF -1 M
HOK /DT 196.7 J5 m’ , ZAEF-HUK R H 18.0% FELE 1.0%.
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Fig.3 Yearly suitable rice sown of water resources optimization and control mode in
Daguantang Reservoir irrigation area
9 JESERRA MW R GoK SRR A va 5 5 PR WEA T /K AR I 25 X b 2 A
Tab.9 Comparative analysis of water supply and demand and crop yields of water resources regulation and
current irrigation mode about reservoirs and ponds combined irrigation system
ESRTERE BEEUE OKEEAEY AR G| LR
koK AR BT KR/ BMibkE/ BHOKE, BukEs Bk, Ykzs/
77 m? 7w’ 7w’ 73 m? % It
<20% BRARVE WEAR 5 909.5 651.8 211.2 46.5 5.1 6496.2
AR 479.2 450.6 28.4 0.2 0.1 6636.3
DAl IR BOR -430.3 -201.2 -182.8 -46.3 -5.1 140.1
20% ~50% AR WA =X 1078.6 618.1 340.6 119.9 11.1 6317.4
Hefb i Es it 652.2 581.5 60.8 9.9 1.5 6598.3
IR ey -426.4 -36.6 -279.8 -109.9 -9.6 281.0
50% ~75% AR WA X 1206.0 629.4 339.5 237.1 19.7 5985.3
Ak yE st 735.1 684.2 50.9 0 0 6625.9
P vaE8CR -470.9 54.8 -288.6 -237.1 -19.7 640.6
75% ~95% PR AR 1278.6 527.3 427.2 324.2 25.4 5681.9
ek yE st 952.3 764.1 169.7 18.5 1.9 6596.8
Pk JE -326.4 236.9 -257.6 -305.7 -23.4 914.9
>95% PR T AR 1562.7 494.0 163.3 905.4 57.9 3987.3
PR 964.6 596.5 361.1 7.0 0.7 6385.8
Bk JE R -598.1 102.5 197.8 -898.4 -57.2 2398.5
ZAEN-Y RARVE WA = 1133.9 604.9 324.9 204.1 18.0 6058.8
AR 707.1 614.2 85.5 7.4 1.0 6601.5
AT EERCR -426.8 9.2 -239.3 -196.7 -17.0 542.7

2) ERPITHAR Y 45 a v, BN AR P K & S HUIRFEA R (ALK A& B AR 2 W 4R T,
A 764.1 7 m’ G IL 44.9% 3 T-544FE (P>95% ) AE #4K 3k 3] 596.5
D3 m® WA 20.8% , WA T HEIUAYAE BRALKRE ST BT T S K A oK fE

3)TERPITEE A 45 a tf AR JOKFEBUK BEFRAR T 239.3 75 m*, BRI A 73.7% , B 5K T MUK
TEBUK & KR S B KR B 449.5 7 m* 4R E 2 543.9 77 m’ B4 HESA 21.0% , Z4F ¥ e IR 5k & i
146.1 J7 m* 75 5 323.7 J7 m’ 425 T 1.21 £5 AR R AR E /K BT 80 J7 m’ 4l HE 45 I £k A4 03 1R 21 a
2 3 a, BEIRE TKESFVEKE, BT RREAL T /K B E K B AL R BT M 028 A . A AR B R

RiZKAF(75% <P<95% ) AR itk
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Fig.4 The annual average and annual minimum storage capacity of water resources

regulation and current irrigation mode about reservoirs and ponds combined irrigation system
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Fig.5 Annual crop yields for different rainfall frequencies of water resources regulation and

current irrigation mode about reservoirs and ponds combined irrigation system

B K PEAENE O B AR PR I R 45, 3 00 1 IZ X0 S I BE T, SRy R /K P v 5 ik Bl
bR AR AL T 58 ) OB

4) TERERTTEL Y 45 a i, K GEIEOL A JRE A R IUIRASE 2 rt VA WA 1 T {1 A R A5 g 1 i . 3%
B4, By P<20% B 140.1 J7 TCHEIN ZE P>95% I 149 2398.5 J1 7T, 4R V- YIEMIN 25 30 0N T 542.7 J1 8, Z4F
SEEHEN 9.0% . AT UL, AR SCHR Y K B IR A U 4 RT3 R DX VR M IS LI DA £ B A A TR AT 1Y
BT 5 TR, R R S E T R A VR IR L R SR BT R R )

5 &g

1) 3@ TR (bR U I K BE D MUK RS il 2K BE 1) S5l RS R I ( P2 R S Bk ML A 9
TVREL A5 A) | 7JC R 9B TR 1) B R 80 70 e ) 2 R K TR SRR 7 2 ) B2 B A T, LA DR B IX A 75 K (AR A A
AR T KA AR IR R K ) K 22 i B R B 22 UF AR B R o R, P B 18 3 I [ [ 0K - 1 i
IK = LKA LA P SR R , 25 i T R GE 0 B9 TE S0 SR, 48 Y 1 2 107 BB 5 TE 2SI
60 ) PRI 5 W 2R G K BEUR AL PR R AR 2, R LU R K R0 X BT Je R B

2) BE AR BRI AT PR AR AR R DR T R 8 /I P2 DX 7 M) R A 5 A Jg (L i 3 0
500 73 m’, FUEEIIAR AL 190 5 m®, LK PESR KSR RE Y IRAL 28 2.1 m'/s) S8 13 FL A 19 K I AR
RS R L 5 1 P I AR U o R K A VR R ), 48t T A TSR ) A 0 T 5 ) 8 R R
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D). 38 ek BRPRIEE A 2T A 98 T A i (3t e e A ISR A X LA, S 2R AR T - 1) AR R R A A 3 A
RIS HOK TR, AR SR BOK B8 T 196.7 J7 m® , Z4F BBk 3 18.0% F&IKE 1.0%. 2)
G T IENOK S B R T TSI ARPRBUKRE Ty, SR T IR A B BOKBE TS 3) B T OKPE AR
SR KA WA T K B AR AR AT P AT 8] (9 S A BE A 0 PR B~ K R 7 DX B I 22 A 3 4
VR A2 45, SR R B YR /K el 55 iR el e SR AR B 17 o g (e 4) i DX W A i g 90 4 £ 496 i 494
I, WL R T X R R e W R T LRI RE ).
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