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Research on optimization and scheduling of watershed water resources system for integrated flood control, water
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Abstract: In order to coordinate the multi-objective scheduling of flood control, water supply, and ecological
replenishment, and achieve the overall optimization of the economic, social, and ecological dimensions of the water
resources system in the Qinhuai River Basin, an optimization scheduling model for the water resources system in the
Qinhuai River Basin was constructed. A coupling calculation method with the hydrodynamic water quality model of the river
network was proposed, and the NSGA Il algorithm was used to solve the coupling model. The results show that compared
with conventional scheduling, 1%, 2%, and 5% frequency flood control scheduling optimizes the economic and ecological
dimensions by 2. 9% and 5. 3%, 13. 0% and 4. 9%, 15. 1% and 7. 0%. 50%, 75%, 95% frequency water supply
scheduling optimizes social dimension 9. 3%, 13. 1%, 18. 8%. During flood season ecological replenishment scheduling
optimizes economic dimension 3. 6%, 8. 6%, 4. 4%. During non-flood season ecological replenishment scheduling
optimizes economic dimension 6. 1%, 4.9%, 4.8%. According to the optimized scheduling, the water level control lines
of different river sections were obtained, and the scheduling decision rules for flood control, water supply, and ecological
replenishment in different periods were proposed. This effectively improved the regulation and storage capacity of the river
network and the overall optimization effect of flood control, water supply, and ecology, and enhanced the comprehensive
utilization efficiency of water resources.

Key words: hydrodynamic water quality model; optimization and scheduling of water resources system; river water level

control ; the Qinhuai River Basin
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Fig.1 Overview of study area
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Fig.2 Outline of river network in the Qinhuai River Basin
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network hydrodynamic water quality model

IKOEAEXT WA COD FismikE
RE/ % RE/ P FNRE %

Krie B HAR

Bt 5.20 -3.76 2.69 0.85

e Bk -3.63 2.90 -3.15 0.88

e A AR K 3.96 —4.46 -5.43 0.79

AEWIBAERRK 157 -1.83 -6.04 0.86

Bt -7.91 6.24 2.67 0.83

. K 2.94 1.95 3.11 0.91
IE ,

WA SEIK -4.84 4.44 -2.99 0.82

AEBAERRK 1,33 -2.51 6.17 0.83

B bR T KR AR IS AT 00, B SS R AT e 1
Z A LRI I K 3L 5 e A A% A, B AL

B
2.2 fRUEERRGE
2.2.1 BAF&E#HK

22 I8 53 31 00 o g A B AR R E A b K I
FERITEOL , LA Ao FIAE S & 4B B AR R AU IR
5 3) W PSNER I

max(H, ) =max(H,  ,H,, H,,) (1)
A (2)

X=0
ot W m AT EURR RO 0 /i B
R, m=1 P, m=2 AHIKIE , m=3 H
A SHNKIEE jn=1 HETFAERE ;n=2 Ftt 4L,
n=3 WS X HRFAS LS S N KM

I\
H o

2.2.1.1 Bk EE
a. ZURAERE, WIIE KA RS T o R Ky
I EEYR By TR A A B B AT RE R, M3k B E K
AL I3 hAE i i B IRAE R 28 0 A . AR I
it R TR AL I ] B /N kg s bR
min(Hu):min(z ZTCi,t) (3)

KoL H, | W BT 2 R T, W
IF B 2R ¢ A Ui T S K 57 I8 5 N SRy B T 7
SN B

b. Ha4EE, RE TR E KRB RS
I BE BN R AR T, AR B T 2R PR B
AR S DA ZR T T IR R = 0
T3 R KA H b R

maX(H1'2)=max(szFi) (4)

K H,, AP R AL S YR G R 0, I B
b TR N G S e R N L 3 g T 1 N 75 8

c. AEASHERE . A LT R AR S R G
P Y A A AR U R A A A R R T I,
L) SR Y S R T ) 0 S A A ROK S s Dy H AR
PRI

min(H, ;) = X, > [min(0,0,, = Qp.) | (5)

b H, e B A S O R Q,, Mt
B @ AT YL 5 QN o BRPBEES ¢ AT Y
A AR
2.2.1.2 K
a. ZUPHERE . BLOKIH B A IR uh s AT A 2
TR E 5 I, AN IR AT, DLEE
« 73 .



[ 2R RN 2 Y BT 9T 28 ok o H L e /NE R B AR
PRI%K .
. . AR ngi,tHf,t
i) =i 2 2 25 600m,
(6)
X H, WK B P4 G R H,, e
B BEER j DR I 4 0 KB ;g N
FINTHERE . HAECRE i, 4 1 BRSS9
EROR m,  NHEIVCR 9, WIEDIHCE,

b. tHEYERE . T RGO o8 A &
FEAR TR SRR FERAREK, AR
] BRI R (VLT R ( IR0 R A
TR/ N R H bR R L

min(H2,2> = z Z ‘min(O’Qk,t - QG/r,t) ‘ (7)

L H, , KB S G R0, Mt
IPBEER b AN BT 5 O, N 0 I BEER kST
AR THE IR IBUK 5 5 K Al SE A

c. MEASYERE T PN KR TS YL 2 T R
ANV B T KRR a4 S R A S
B RIBEIR . PAZR 1L3h COD i vk B Je /Iy H b
PREK .

min(H, ;) = min(pgop, ) (8)

A H, A HIROR B A S Y R S B s pon, M 1
Hh B S B T A COD SRR
2.2.1.3 AEERKIEE

a. ZTCHERE ., AR TR R N B TR
T BRI UEBEK , 255 4k BT LAZE I B 2
s S L o SR /N Sk B bR R 8, TE RIS (6) o TR
IR, I B PR A 2, wlaE e F RS K T A
BVARE 25 IEOK GERAE N —Fh e IR A 5 (e, LA
KA W] H 51 KF- 290 5 e/ A E AR R

mmﬂwymm(XQyﬁ (9)

b o, R AR SRR B 20 AR Q,,
Mt RBERGA TR

b. tEEYERE AT K FR % A B K TR A
FERE I A SRR R A R (RS R SR
ARETFB ARTRIYI LA 2 A R 25 U AT K R A
PR B KA Ry B AR R 5, TR LA K T | 25 k1
T ZE T 28 T T R 7K I 58 e R AR KA A H bR
PR .

max(H,,) = max( i QS[Q_ QFI)
X Hy , MAESAHOKA A 24 R|E R, 0,
N BERGUH 5 KR

.74 .

(10)

c. AYERE, WK BNGE R R POK IR | 4
P 25 P A 1 I AT S5 AR VR DAk E ] (I
1) COD JF it ik B T [ s i) e A H s oR B, TR
I AZR 1L 3 COD o 8 ¥R B R R I () 5 S ok B b
PREK .

min(H; ;) = min(t,) (11)

b, AR B A S YR T R e, oh
COD Jo sy B T R 3 2 S GbnifE g st ]
2.2.2 AREMN
2.2.2.1 HgER

a. KR 2o, AT A — B R[] Y 5l 2
AR 7K A

r
Vi,t+1 = Vi,t + Z (Qli,t - QOi,z)t (12)
t=1

X,V Ve SRR AW ¢ B R ]
Ky, Qo A3 R ¢ BHBESE @ AT A A
e,

b. KA TR G Lo, 3 74 38 4% 9
TR T AR 7K ST 3R DME TE 38 R i kA 71
AR 7K ) AR i 1 7K T 306 2R 5 4 AR A0 o o 3
LR LA e B PR RN A T IE

0. :f(ZLi,t’ZLHl,t) (13)
X0, Mt W R BRI (- ) A
TR B R LA RE & 2, 2, oY
S o B (52) b TR KAL,

c. KA TRZBITRE S AA, 7K Al ok 52 o 1 38

Tt rp ol i sk B K BB T TR R TR
0<0Qp, < O (14)

Qe A o BFEBEES K AS7K IR B3 3 A o 9 s 4

IR 5 Quy e FEB b A K RIS SE AOBE T RAE

d. HALLH, % RIS bR UE R B, A FE
KV CEPAESE N | SR S 88 52 (1 G VR4 S
2.2.2.2 MHEAER

a. ROZZH, R P YT A A5 W T A AT — s
(R 7R ASE A0 e T 1B e AR SRR K AL A1 T 1) 3 A e
FEVFARAE , AR 3 e B o, B

Zow <7, < 7. (15)
A2, 2, 8k e BB @ AW B e R I 1
A% e SRVE K AL Z,, o B BESS AN TR 1 K
B, BEIREERS, Z . D s g e KA (T 7K A
A B A g e K A (H R Rk B D S e it ok
B7) s HAB P RE RS, 2 KA

b. HEKPIER LR K 5 IR B T 2 R
T FE 9 B 30T P B K PR UE SRR

Tl
Pmin =

1 x 100% = 100% (16)



K. P, ALK BRAIE S T S 2 K 2R
(I Beg, BEKRBERE, P A 95% ; HoAt i B i
P. H90%.,

c. HASWTIA COD Bk BE 29 A, ek %
VR E T % SR ST Y COD B vk K

0 <pcop < Peon (17)

K plo, ME AW COD BRFIR R, A
JERE, plop B GB3838—2022 ( M1 3¢ /K 5t 42 #rs 1)
11 257K % i COD JiT & v B2 5 LAt 3 B2 1, plypy R
GB3838—2022( Hu /K Tt Am ) I 27K XT i COD
Ipigieri
2.3 RALBAEERKR
2.3.1 BA#mMESI

H AT, Sk P 7] 7K 28 22 ) 4 7K T B 2R 22
Al DA s S B ML AR Bl ) 25 O TR B
Z W TRTTE VB 18T A B 25 Rl B 3y 58 59T 7K 8 g
K BOIRZS 1 52 I 58 1200 MR T MR B K Bl 1 2%
T3 K 8l 77 K B R R BB A% A BEAB UL K 7R 4%
T TE T T A S 0E A R DA AN TR K S 8 AR Ak i
P, IR TR IR A R AR AR 50T X K Bl 1K B
RURRG AR T R B 5 B s i TR K A ) AR T
HEFTTRT N K Bl R0, 33 Tl L T AR Ak 18 T el
TR KAV -3t 1 R 20 R e O AR SR TR KA
ATt A, Hrp TR KA I 5 FR e A 0 s e
FEAE BRSPS S 1 T B AR O AR & 34T B A
AR BEALT R Ry A FRE . RS BRI  R
i 3 fis .,

|i&&%§i%%|

l | !
kfrdfg | [fmd R | [ BTk |

TR ATt

FK A M2

[ TR |

lmmmm?mﬁﬁm K #zi. ISR |
I%%@mmlmi\mﬁl

TIBOK IR A GEAC R L
T SR A

ERAIEES
4R
B3 MEEITERE
Fig.3 Calculation process of coupling model
2.3.2 MEAA KM &
NSGA- MA332: 4y e i B A 52 C R 8 15 53

B, RS Sl 23 8] 2 7% i SRR 047 AR S e HE
J¥ P T NSGA-IITE i 4t H Ars 8] vh R B 115
KRB ZAENEAS B IR, A RO 1 i e sk
R AR SCHE IR it ik A= bk 3 Fh
PRIEE HbR , DAVRBE 30 N K D]l i 0 1 | A2 i B /K O o
TR AR B B T SOK BT AR G LAk R B R B,
IR RIS AT K 3l K BB R 758 iR
BEE IR S S LR IR B RE 45 M) Pareto S54%, 5%
FCHRGHEE SCRCHE Y, PR T e8RS S A R AR,
IEARUEGR BRI ZE Bz 5T s 25

3 ERESW

3.1 AREAEERTIELHEEKRE

MR 25 T ] 8, 1981—2020 4F 7K SCHE R, PEHL
Biit HEK Az A Rb K B MR T B X R U T
TAEK R U5 R Ge A U AR T R AT SR A, I X AR
SERIAT T, T 2RI A S K R A A
T 5 1A KRR A 5 VK B A 5 =X, ik X
I3 AT A AR AR TR AE SRR AN AL, LA
AR DU AR AL AR 13 D AR AL TRIUI A Ly
HEE 5 d PR AR AR Lk 7% 2% 7 d ~SF-3K A7
HEARZE SR R By it AR K TR A 280K R TR A
AN BETH R B IR o7 T ] 3 i s 72
TEERT B 1% 2% 5% f Bk 158, K i
JEE TR A 25K I B2 A AR VRO A 25 b K 8 326 B
TR B I BE Y 95% . 75% . 50% H5 A7 B8 A7 3T
B EPOR RV AR TR 20 NEELIRE T RIERN
PSSR, DL 19%BR T B i A 8 B A ] 2R 17
L InE 4 B S R, RS BT, B sk o1k 1
V1R JE 8 7K AN B[] 5 2R 8 AR T O ok 22 S8 IEAH G
Ja USRS 2, 1 i K 7 IR 8] 5 1) 068 Ji5 A= 25 B
KERALEKR, MGG ESHUKES R RK

ABARFRIS AR e—
0.70 0.75 0.80 0.85 0.90 0.95 1.00

o BEHUAYAR S M4

A=A BOIK G JTm?

B4 1%5E TR AL AENIESBE

Fig.4 Non-inferior sets of flood control optimal scheduling

result at 1% frequency

<75 -



14 141 1400 JoVZESE:

2 2 . 2 2] < 1380

R 108 e R 10F E

oW gl °° ® o gl i 13601

) . 2 12 .

Z 6f . ® 6 = 1340t

o4l o K4l : L:

Eyl ° tyl ° N L
2+ FR1450 2+ o 14 W 1320
0 o ovp o) % ) 0 ST L oe o1a 1300 NPT S
S O N D DO R I e B L W G R I e BT L W CRR
3P o L NRALRARNANGAR ARG ANG AN NALRARNANGAR ARG ANG AN

58 N (mfs) T K AN i [ /min TR AN [1] /min

(a) Pt SAERMREXRR (b)) IRHMAP RV 5 A SR

5 173FE TRt ULAEER
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Table 2 Comparison results between flood control optimized scheduling and conventional scheduling
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1 1275.4 1313 2.9 1400 1400 0 1.9 2.1 5.3
2 669.9 770 13.0 1340 1360 -1.5 9.0 9.5 4.9
5 520.4 613 15.1 1270 1340 -5.2 23.4 25.1 7.0
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Table 3 Comparison results between water supply optimized scheduling and conventional scheduling
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50 7.9 7.5 -5.3 315.4 347.7 9.3 14.9 14.6 -2.3
75 13.1 11.9 -10.1 2504.3 2881.5 13.1 16.6 15.9 -4.5
95 24.1 20.9 -15.3 3913.9 4817.3 18.8 19.1 17.8 =7.2
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Table 4 Comparison results of optimized scheduling of ecological water replenishment during flood
season and conventional scheduling
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50 21.2 22 3.6 90.9 92.1 -1.3 44.9 46.7 -2.8
75 25.6 28 8.6 85.2 87.3 -2.4 57.2 60. 1 -4.0
95 30.6 32 4.4 85.1 86.3 -1.4 65.8 68.0 -1.2
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Table 5 Comparison results of optimized scheduling of ecological water replenishment during non-flood

season and conventional scheduling
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50 4.6 4.9 6.1 86. 1 87.5 -1.6 103.6 98.7 -4.9
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