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Abstract ; In order to coordinate the water demand and contradiction of all parties in the water resources allocation system of
South-to-North Water Diversion Project in Jiangsu Province, and improve the engineering efficiency and reduce the power
consumption cost of the system, a multi-project and multi-objective joint optimization scheduling method was proposed.

Based on this method, a joint optimization scheduling model was constructed, and a joint optimal scheduling scheme was
proposed for three typical years of abundant, flat and dry water. Compared with the actual independent operation and
dispatching mode of the North River Water Diversion Project and the East Route of the first phase of the South-North Water
Diversion Project, the total power consumption cost of the joint optimal dispatching scheme can be reduced by 31% , 14%

and 29% , respectively. Compared with the independent operation and dispatching mode, the joint optimal scheduling
scheme can select and switch the water source and the water transmission route more scientifically, and make full use of the
storage capacity of lakes along the route. Through the joint operation of complex sluice pump system, the mutual economy of
different water sources can be realized, and the efficiency of the system can be improved more effectively.

Key words: cross-basin water transfer; multi-scale scheduling; lake group scheduling; step pump station operation;
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Table 1 Mechanism comparison between joint optimization scheduling and independent operation scheduling
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Fig.1 System schematic diagram of water resources
allocation system for the South-to-North Water
Diversion Project in Jiangsu Province
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Table 2 Comparison of scheduling modes in 3 typical years

N SFE L AR/ TKFIE,  HEEBKIER AR, Rk E/ 3 Thi ek i/
LT AE A7y JERE =0 1258 iz 1z m® 12w 2w
e M7 E T 1.14 16.85 219.04 180. 10 14.67
P A AL 0.79 1.38 243.23 142.94 12.95
M7 BT T IR B 3.20 81.87 74.83 1.38 17.12
HKAE B Ak B 2.76 71.34 78.66 0.03 14.63
- WSrIsA T E 2.26 56.54 101.36 304.19 49.54
FAE A AL TR 1.61 37.04 132.24 276. 68 46.52

FERTT A AN T 18 A e A R B D T AR
RIRIK IR B A R4S X K O, 5820 1 FH U &
LI A3 1), 0 55 VR AR 2 R AR [ 7k
5, AT RESEIE R I L 3 I AR A R A b
YLK L, A5 5008 2 58 T i L K 563 LA e 5 3
FERIZ AT ], B TR IS AT RIAS .

B, e ST s AT AR S R KA 12 A &
1 AR KA AR (CRA B AT AL, mE 7K A
TARTCEAE BRI AR ) | B KL AR — ) T2
N T SE R EKAT 55, B P VTR R A W 2k
9 JERRGE AR K A (AR 2 H IRk
B, P T 13842 m Sk, BRA DAL )7 R R
1 T LR AR AR, T G0 05 1 45 SR U I s 2
VARG K A PR AR — 01 TR 2K, DR A A
KAE12 A1 EKICEAR L — ) TR 3R At
PEBKIEAC IR 2, AU 6 J38 25 3k B nT vl 2 AL 3
B ELR AT SR AR AR IS AT AR, AR R
WAL, AT DI S K 1.35 {2 m’
4.3 RERERE

VL3 B 7K AL IR K B D5 C 22 S8 3 R IR K 2 it
AFEIB LR ANE PO 2R, LUK T b 150 A% 2 i A 1y
o, P ARAR K Tl oy i 4 A XL, R[] X BOAH B4
BT ZFh KR I )7 5o TELR B R BRI, N 25
B2 EIKIR R AR SRR L BUAR S5 [ 2R Bl f
FITASE ) ) 26 B R 5% 2 S 98 K i 7 5 J T8 K AT 55 1Y)
[7i] s SR AT R AP AR FL AR

FEA S AT BEARE P R AR R B 4
RN K A3TF e, VAR AL JE A 45 38 4 a3 T 2k
A B KALEAT 55 EE s PR, 58154k
FH G, 38 T K 5 B, FE HL AR 187, WA AR R
JERTE B AT B T 58 T 46 e i il Zkiz A 7B )
PEEE VL R 3 A7 AR AR R G BRE HL AR
3 FLRUAE S M HO ST 38 A R A X BB A Ak 1A
5 58 vz ) 4 N B B 0 K 1 A ) el ek b
3.6142.7.3512.2. 88 {2 m’ , 3z P4 £ I8 A 55 5 W Y
KA 20538 0 4. 34 {2..9.34 2. 3.37 ¢ w’ B
T LT ARG, 2 V0 L fift FH R4 5, T I

FERLUAS o (EAE R SR i B, I DR AL R B
SRS TR 2, Wl S s A7 I PE A X
HSEKAE 12 H A T H 32 7 26 JC )8 A 3% 5 15 7K & o
B2 3] 2 7 bR N, 2577 A 50K BAR
AV BE T 287 2 H R JE A8 I 23 i Hh keI 7K
B I8 ), ALk T b s A ARt
BRI K AT LA ek 557K 19 B 9 o
4.4 #HBEFA

TLIE rE KGR K B2 U R B R 48 N 2 ZE A0
IV RN B 1 R A R LR B, M B s AT ik
R b AR 2 R FH A R &5 25 A B S
KBS HL, B VLK & 9D FE i AR . il a7 iz
A7 FE A 2O LU A %04 78 RN Rk 27 ) FH PR 0 /K
FHE e T, AT REME B SR /AK SF IR 9 I 4 . ol dn, 3=
KAE12 & 6 A phsria 78 BB R % 1) v i
7729142 m* K KA T+ 807 A A8 A Bz
KK 27 oK, BRAILARTR BE T R, F2K
AEHT T H AR 5% 0 b i A7 B9 K & AT e SE B g 2
0.84 12 m’ , B8 0 224 F =5 [l 7E L i >R K Z B
R AL AT > 3,02 42 m® F5K [7] e REAT 25 W A Ao
PR LA . A4 RUEE SR, AH L SE PRl S7
ATV EERE B G010 A BE T R AEAS [R] AU AF 5y
T4 AT HE I K U R £ 24,2 42.3.8 12,
30.9 42 m*, A 3 0 3% 0 K P8 A& 177 42
2.38 12 3. 1842 m’ , N[y /PRI SR K i 37,16 42
1.3512.27.51 ¢ m’ | Al /0% i 35K 1. 72 42
2.49 42, 3.02 {2 m’,

5 & iE

ASCET XLIR AR m K AL P K B PRI R e h A
TEIRTT HKE &, 0 T 387 TREBE AR AR AR
GURBHLIAS  $2H TV B RKILI 2 TR Z Hix
WRADEA TR BE T o 38 5 At B AS ) 72 B e ) 9
JEBATEOR 4R 1T GU % PR K A) 2k LB L
Fe A3 iz S5 AN R H AR Z 6] B B R AL, sz 1
BRADCAC PR BEARE L o B XE 5 F A 3 i gt B4 i
TR DL A B T 52, A DI A IR R D SR R S

- 123 -



PR ST as 47 e JEE o R X L A SR R W, RS 1L Ak
JET7 AR AR B R 8 PN 4% T TR AT 55 M) 52 18 Y ()
], 56 55 B e R 23 T AN R T K B0, A &R T
ARG o

S Xk

[ 1] JALALI M R, AFSHAR A, MARINO M A. Multi-colony
ant algorithm for continuous multi-reservoir operation
optimization problem[ J]. Water Resources Management,
2007,21(9) :1429-1447.

[ 2] JriEte, £, T, 55, ki) 2 Hbr i 7 s e 5k
TERG /KL AR L ARV I3 Bk BEIRAL AL B e 14 7
[J]. KRR A4 $,2018,34 (2) :34-41. (FANG Guohua,
GUO Yuxue, WEN Xin, et al. Appliacation of improved
multi-objective quantum  genetic  algorithm on water
resources optimal operation of Jiangsu Section of South-to-
North Water Transfer East Route Project [ J]. Water
Resources Protection,2018,34(2) ;:34-41. (in Chinese) )

[ 3] E3CH, i EtE, 2R, 45 STk 2 Hbk TR
AR 5t 3 K DX K B8 IR A 9 BE [0 ] K B B AR 4
2022,38(2) :91-96. (WANG Wenjun, FANG Guohua, LI
Yuan, et al. Optimal operation of water resources in plain
slope water area based on improved multi-objective
particle swarm optimization algorithm [ J ]. Water
Resources Protection,2022,38(2) :91-96. (in Chinese) )

[ 4] Zzam, Bk, A0, 55 VIR ROK PRI & DA 18 B 5
LIk A 3k 5 R I, 2010, 34 (6) : 53-56.
(LI Angiang, LUO Bin, FU Xiang, et al. Joint optimal
dispatch scheme for cascaded reservoirs in Wujiang Basin
[J]. Hydropower Automation and Dam Monitoring,2010,
34(6) :53-56. (in Chinese) )

[ 5] 25k B0, 25 S0k, SOtk oRE i 3305 S Ho A K %
PEACTREE AR B SEHI LT ] A A /K A 7K L, 2006 (2)
54-56. (LI Chonghao, JI Changming, LI Wenwu. Modified
particle swarm algorithm and its application in reservoir
operation optimization [ J ]. China Rural Water and
Hydropower,2006(2) :54-56. (iin Chinese) )

[ 6] Z=fe, EAAE, St , 7. JET B0k NSGA- 1LY e iT
A B VAR GK AL v R A OE AR EE [ ] K B2 IR,
2022,38 (2):83-90. (LI Lingjie, WANG Yintang, MA
Jingmei, et al. Joint optimal scheduling of Longjiang and
Ruilijiang cascade hydropower stations based on improved
NSGA-1I [ J]. Water Resources Protection,2022,38(2) :
83-90. (in Chinese) )

[ 7 ] skigoR, kel SO IE KU, 55 HEZ VLA VLA T R
GOKFERA PO A B A R i T 1 IR Al i B
T3 B L1 ] TR 2 B B 4, 2022, 39 (9) : 30-37.
(ZHANG Hairong, YAO Huaming,BAO Zhengfeng, et al.
Modeling and application of joint optimal scheduling of
cascade reservoirs on Yalong River and the middle and

- 124 -

[

downstream of Jinsha River [ : potential analysis [ J].
Journal of Yangtze River Scientific Research Institute,
2022,39(9) :30-37. (in Chinese) )

R o, ENEA 5. B XK 2K UK R R
G B DI A 98 B2 22 15 S 1 A B B AF 5 5 R ]
[J]. kAL 5 K R R, 2019,17 (6) :54-61. (CAO
Minglin, XU Bin, WANG Lachun, et al. Research and
application of multi-scenario optimization operation model
for water supply of multi-reservoir in an inter-basin water
transfer system [ J |. South-to-North Water Transfers and
Water Science & Technology,2019,17 (6) :54-61. (in
Chinese) )

[ 9 ] fLie, A, Bai. RIS e Y B e /K TR L -7k

VR HAR AR IR BE [T ]. /K B IR 9, 2020, 36
(6):67-72. (KONG Bo, FU Shaojie, HUANG Qiang.
Multi-objective optimal operation of hydropower plant-
reservoir-pumping station group in large complex inter-
basin water transfer projects [ J ]. Water Resources

Protection ,2020,36(6) :67-72. (in Chinese) )

[10] LIU Kelin, WANG Zongzhi, CHENG Liang, et al. Optimal

operation of interbasin water transfer multireservoir
systems: an empirical analysis from China [ J ].

Environmental Earth Sciences,2019,78(7) :238.

[ Ap . R R v R A B BE AR DT I 52 [ D ] i

DL ARFRHR S ,2020.

(12 ] FERGI, RAOXL, Bk v, 26 2 RS DX 14 F1) A4 P A

VA RE PSR T7 2 [T ] e R e i ( AR BH R
2021,49 (3): 233-240. ( DONG Zengchuan, CHEN
Mufeng, NI Xiaokuan, et al. Decision method of optimal
operation of reservoir group considering fuzzy interval[ J ].
Journal of Hohai University ( Natural Sciences) ,2021,49
(3) :233-240. (in Chinese) )

(13 ] BT B, BRSTSE, TATE, 2. 7K H sl K PEREREA 010 £k 34

JERIRY 55 [ b P 98] BRI AL I 3 [0 ). K Bk o it e,
1995,6 (3): 189-197. ( XIE Xinmin, CHEN Shouyu,
WANG Bende, et al. Fuzzy optimizing dispatching model
for multireservoir power system and interaction balance-
fuzzy programming method [ J ]. Advances in Water

Science,1995,6(3) :189-197. (in Chinese) )

[14] Beai. KA S 1K TR A A0 8 A A N A7

W[ D] KR KT A2 ,2010.

(15 ] B, F AL, 21 K, &5 RIL W KRER 2 HArf ik

PAPERIIR R N FIBIESE 1« A i B KSR Ak [ ) ] KA~
#2,2014, 45 (9) . 1009-1018. ( HUANG Cao, WANG
Zhongjing, LI Shufei, et al. A multi-reservoir operation
optimization model and application in the upper Yangtze
River Basin I principle and solution of the model [ J].
Journal of Hydraulic Engineering, 2014,45 (9 ) : 1009-
1018. (in Chinese) )

(T4% 134 )



[20]

[22]

[24]

[25]

precipitation from rain gauges and radar for a large-scale
extreme rainfall event[ J]. Journal of Hydrology,2007,332
(1/2) :144-157.

HONG S, NOH Y, DUDHIA J. A new vertical diffusion
package with explicit treatment of entrainment
processes[ J |. Monthly Weather Review, 2006, 134 (9) .

2318-2341.

an

KAIN J S. The Kain-Fritsch convective parameterization
an update [ J ]. Journal of Applied Meteorology and
Climatology ,2004 ,43 (1) :170-181.

LIN Y L, FARLEY R D, ORVILLE H D. Bulk
parameterization of the snow field in a cloud model [ J].
Journal of Applied Meteorology and Climatology, 1983, 22
(6) :1065-1092.

TIAN Jiyang, LIU Jia, WANG Jianhua, et al. A spatio-
temporal evaluation of the WRF physical parameterisations
for numerical rainfall simulation in semi-humid and semi-
arid catchments of Northern China [ J ]. Atmospheric
Research,2017,191 ;141-155.

TIAN Jiyang, LIU Jia, YAN Denghua, et al. Ensemble
flood forecasting based on a coupled atmospheric-
hydrological modeling system with data assimilation[J].
Atmospheric Research,2019,224.127-137.

TIAN Jiyang, LIU Jia, WANG Yang, et al. A coupled
atmospheric-hydrologic modeling system with variable grid
sizes for rainfall-runoff simulation in semi-humid and
semi-arid watersheds: how does the coupling scale affects
the results? [ J]. Hydrology and Earth System Sciences,
2020,24(8) :3933-3949.

SKAMAROCK W C, KLEMP J B, DUDHIA ], et al. A

description of the advanced research WRF ( version 3)

[26]

[29]

[31]

[ R ]. Boulder; National Center for Atmospheric
Research ,2005.

GOCHIS D J, BARLAGE M, DUGGER A, et al. The
WRF-Hydro modeling system technical description

(version 5. 0) [ R]. Boulder: National Center for
Atmospheric Research,2018.

LAHMERS T M, GUPTA H, CASTRO C L, et al.
Enhancing the structure of the WRF-Hydro hydrologic
(1
Hydrometeorology ,2019,20(4) :691-714.
VEHTARI A,GELMAN A, GABRY ]J. Practical Bayesian

model for semiarid environments Journal of

model evaluation using leave-one-out cross-validation and
WAIC [ J]. Statistics and Computing, 2017, 27 (5):
1413-1432.
LIN P, LARRAY J H, YANG Z L, et al. Insights into
hydrometeorological factors constraining flood prediction
skill during the May and October 2015 Texas Hill Country
flood events [ J ]. Journal of Hydrometeorology, 2018, 19
(8):1339-1361.
CASSIRAGA E,GOMEZ-HERNANDEZ J J, BERENGUER
M, et al. Spatiotemporal precipitation estimation from rain
gauges and meteorological radar using geostatistics [ J .
Mathematical Geosciences,2021,53(4) :499-516.
TOLSON B A, SHARMA V,SWAYNE D A. A parallel
implementations of the dynamically dimensioned search
(DDS) algorithm [ M ]. Prague; Czech Republic,2007.
GUPTA H V, WAGENER T, LIU Y. Reconciling theory
with observations: elements of a diagnostic approach to
model evaluation [ J ]. Hydrological Processes, 2010, 22
(18) :3802-3813.

(Wi H 191:2022-06-23 i« AEZKOH)

(L#% 124 )

[16]

[17]

[18]

[T, 20 20 IR R, A5 B /KL R AR 4k AR VL IR B
KA BT S [T ]. K 1 R 22 4z, 2022,41 (6)
65-77. (WEN Xin, LI Jingyi, TAN Qiaofeng, et al. Study on
medium and long-term optimal dispatching of Jiangsu
section of eastern route of South-to-North Water Transfer
Project[ J]. Journal of Hydroelectric Engineering,2022,41
(6) :65-77. (in Chinese) )

OUYANG Shuo, QIN Hui,SHAO Jun,et al. Multi-objective
optimal water supply scheduling model for an inter-basin
water transfer system:the South-to-North Water Diversion
Middle Route Project, China[ J]. Water Supply, 2022, 20
(2) :550-564.

SEln, AR, FS-DDDP J5 i B H AR /K BEREOL AL I 2
FREORE [T ] KL A Sk 5 R I, 2007,31 (1)
13-16. ( AT Xueshan, RAN Benyin. FS-DDDP method and

its application to optimal operation of groups of reservoirs

- 134 -

[19]

[20]

[J]. Hydropower Automation and Dam Monitoring, 2007 ,
31(1) :13-16. (in Chinese) )
AP B, AR SRR, AF. B ZUK RS R 1L
A RE ) IE A B B sh S LRI [T ] b [ s L TR
244 ,2015,35(18) :4635-4644. ( FENG Zhongkai, LIAO
Shengli, NIU Wenjing, et al. Orthogonal discrete differential
dynamic programming for mid-long term optimal operation
of cascade hydropower system [ J]. Proceedings of the
CSEE,2015,35(18) :4635-4644. (in Chinese) )
PR, RICPE, A, 5. KA AR L — ) TR IS AT
AR R AR S 1B [ ) ] KR 2855 ,2020,38 (2) : 7-
11. (LI Zhen, WU Zhaodan, GUO Weijian, et al.
Approaches and measures to reduce operation costs of
eastern Route Phase I Project of South-to-North Water
Diversion[ J ]. Journal of Economics of Water Resources,
2020,38(2) :7-11. (in Chinese) )

(Wi H 199:2022-10-17 - Zhif : BEAKOR)



