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Tab. 1 The water receiving area of Water Diversion from the Yangtze
River to the North
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Tab. 2 Annual water flow scheduling model for
the Water Diversion from the Yangtze River to

the North: Water level supplements for Hongze

Lake and Luoma Lake Hfi: m
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Tab. 3 The main river sections and pump stations of the annual water
volume scheduling model for the Water Diversion from the
Yangtze River to the North
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Fig. 2 Water supply process of each river section in a normal year
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Tab. 4 Table of annual water volume dispatching model for the Water Diversion from the Yangtze River to the

North and pumping water volume results of river section pumping stations By fZm’
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Fig. 3 The regulation and storage process of Hongze Lake and Luoma Lake in low flow years
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Fig.4 The regulation and storage process of Hongze Lake and Luoma Lake in normal flow year
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Fig. 5 The regulation and storage process of Hongze Lake and Luoma Lake in high flow year
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Tab. 5 Results table of annual water dispatch model scheme for the Water

Diversion from the Yangtze River to the North

JowtE  OKBEe O RAKEAAZIE  BEREBFIKACM’ DT ACM’  VIAKRIEACT KR KRR %
FIKAR 0 2.18 194.66 4.88 13.83 184.49 48.43
FoKAR 0 2.39 119.31 3.68 19.82 193.52 61.58
Atk AR 0 2.65 18.20 2.92 32.59 162.20 89.48
15.0 HRAER 7 PR A AN KA TSR 45 R ] .
| FEFHI MBI KL 12,69 m 1] R REARAS, 24 38K A
13.5 Bl FEAIC, R REZE 2.33 ACT0 B 1 /KA T R
g 130 0.08 m; AMIZK AL 1A] F3ZE AL G THI, 4 U — b ]
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Fig. 6 The water level process of Hongze Lake in the year of abundant

water after lowering and supplementing the water level by 0.2 m
in Hongze Lake
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Tab. 6 Annual water volume regulation results of Water Diversion from the Yangtze River to the North under different replenishment water levels

in Hongze Lake during the high flow year
SEBFNBIAK O M BOKEE%  KOLERAE/m  BIAKEAAZG  BEEBFKACM’ TKRIHEACT WOKRIRAZmM KR R %

12.39 0 0.40 2.06 191.60 8.87 187.55 49.24
12.49 0 0.33 2.06 192.91 9.62 186.24 48.89
12.59 0 0.33 2.05 193.14 9.62 186.00 48.83
12.69 0 0.33 2.05 193.14 9.62 186.00 48.83
12.79 0 0 2.18 194.66 13.83 184.49 48.43
12.89 0 0 2.15 195.45 14.03 183.69 48.23
12.99 0 0 222 197.91 15.59 181.24 47.58
13.09 0 0 2.20 198.93 15.05 180.21 4731
13.19 0 0 2.27 203.04 17.92 176.11 46.23

HEOE A E AN K AL T i3 BEELE
RT FXRERHFBHAEAPKRMEZM TIKRICAFEKRSRELER
Tab. 7 Annual water volume regulation results of Water Diversion from the Yangtze River to the North under different replenishment water levels

in Hongze Lake during the normal flow year

AN O /M KB %  AKOERIE/m  EPEAEAACTE SIS AZm’ KR IACmY K ARITALm KR 2%

12.39 0 0.08 2.330 114.24 17.80 198.58 63.19
12.49 0 0 2.396 118.40 19.79 194.42 61.86
12.59 0 0 2.398 118.51 19.90 194.31 61.83
12.69 0 0 2.420 118.51 20.40 194.31 61.83
12.79 0 0 2.390 119.31 19.82 193.52 61.58
12.89 0 0 2.340 120.74 19.45 192.08 61.12
12.99 0 0 2.390 124.59 20.30 188.23 59.89
13.09 0 0 2.340 124.13 20.68 188.70 60.04
13.19 0 0 2410 127.72 22.49 185.10 58.90

R 8 HIKEHZMARAKCEMGTIIKILBAFKEFEER
Tab. 8 Annual water volume regulation results of Water Diversion from the Yangtze River to the North under different replenishment water levels
in Hongze Lake during the low flow year

SEBFMIARSL M BOKE% KGR REm  BIRAKRAALT  BHEWFRAZm TTAKRIACT WK RIRAZMY KR R %

12.39 0 0 2.65 17.87 32.10 162.52 89.66
12.49 0 0 2.68 17.80 32.89 162.60 89.70
12.59 0 0 2.67 19.50 31.83 160.90 88.76
12.69 0 0 2.65 17.73 32.87 162.67 89.74
12.79 0 0 2.65 18.20 32.59 162.20 89.48
12.89 0 0 2.75 22.17 34.63 158.23 87.29
12.99 0 0 2.73 21.78 3451 158.62 87.51
13.09 0 0 2.76 26.38 35.28 154.02 84.96
13.19 0 0 2.65 25.50 34.15 154.90 85.45
3.5 &I RARR 4 R T AR G X T 7K BTG, AR IR SR (R 4

VLR WIFRE A i K T AROK AR, Sy R K 1T TR 4 X A K e, v K
ARAR B JECIN ™, e 7K s PRy i B R i At IR B K AP U S s B8 8 5 i 91 % K 5 o 1) ek =

* 904+ KX KK R



3L %7, %

LH A LA TRKEREE

BB R i DX S ) K BT o 95 4 koK
R BEAREE A B KR A DR, by 0% S T8 — it
BB, 3 S0 LT BB 9 X TR K ™ HORIK 7 £
B2 3l 5 TR 1D TROACG J2, AR5 2% 3 S S AR SR K

25.0

24.5F —D—7J(TE [ R 3
a0l —O—iJ%JT};?Ei%/Mﬁﬁ%
—a— KA TR
235}
23.0
2225
=220
215
21.0
20.5 +
20.0 |
19.5F
oob—m—
0 3 6 9 1215 18 21 24 27 30 33 36 39
a1 /)
(a) FEKAE AT = KA
25.0
251 —o— KA LR
240k —O—i)%ﬂ&j}ﬁiﬁwkﬁﬂﬁ
—— KA TR
235}
23.0
g 225
%215
21.0}
20.5 +
20.0
19.5
ob——
0 3 6 9 1215 18 21 24 27 30 33 36 39
i R] /)
() FAKAE AT i KA
25.0
25t oK bR
240k —O—iJﬁJ&*jEiﬂm/Mﬁﬁﬁ
—a— KA T IR
235}
23.0
2225
5 22.0 [A0MMAADMNSLRANNSSNDLN
215
21.0}
20.5}
20.0 |
19.5¢
oob—m—
0 3 6 9 12 15 18 21 24 27 30 33 36 39
It ) /)
(&) Hili 7K AR T e KA

LA X 5 i) i KA HTAY 2 Bhfdt 37 st e T X LG
o3MTe BT g5 TR R AL AN 5 g% Sk
DL REXT L, 9 R 11 45 T A5 R A1 iF kAR
NG R e K E AT

25.0

Sasl o
aol e il 5 S B R B
—— KA TR
235}
23.0
g 22.5f
& 22.0 % Q
%215} \
21.0F
20.5}
20.0 F
19.5}F
loob— v
0 3 6 9 1215 18 21 24 27 30 33 36 39
Hif 18]/
(b) ZEIKAE 25 1w KA
25.0
Sasl —o— K LR
210l —O—iJ?:’]B%jIﬁ%*FwMﬁiiﬁ
—— KRR
23.5F
23.0
=220
%215} \
21.0F
20.5F
20.0 F
19.5}F
loob— v
0 3 6 9 1215 18 21 24 27 30 33 36 39
ik i) /)
(d) KA 28 11 KA
25.0
Sush o Kf R
240l —— P S bRk (i
—— K TR
23,5}
23.0
£ 225 @ o ﬁj Wm-(
& 22.0
%215} \
21.0F
20,5}
20.0 F
19.5}F
loob— v
0 3 6 9 1215 18 21 24 27 30 33 36 39
i i) /)
(f) MK AE 28 11 i KA

B 7 IESHEAKAMIEEITLE

Fig. 7 Comparison of water level processes in Luoma Lake
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Tab. 9 Comparison of high water use scenarios in Luoma Lake during the high flow year

RS e e e e T S T U T S P E T P S
" T e e e fem’ fem' fzm'
251k 0 0.47 1.29 2.177 191.14 8.34 15.47
pwae 16.53 0.42 1.34 2.176 194.66 4.88 13.83
F10 FAEERDHEKERABEZERTL
Tab. 10 Comparison of high water use scenarios in Luoma Lake during the normal flow year
PR B FKAE, RIL—UERBORA, BRI B BsA  BRKEASY BRI, B8 SlIsEK TOKFIRLY
" T i fe fe fem’ fem' fem’
ik 0 0.64 1.26 2.33 113.68 9.80 19.50
nZs 18.06 0.66 1.31 2.39 119.31 3.68 19.82
F 11 HAKFEDHESKERBERERT
Tab. 11 Comparison of high water use scenarios in Luoma Lake during the low flow year
S A FKEH, RIT—UEREIBRA, SRS —I% TIBsA,  SIRKEAY  BEEMISEOK, 3Kk TIOKFIRLY
" T fz5% fz5% fe5e fZm fzm' fZm'
I 0 1.24 1.18 2.84 22.12 9.22 38.66
S 18.33 1.02 1.21 2.65 18.20 2.92 32.59
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Water quantity dispatch of Jiangsu Province's Water Diversion
from the Yangtze River to the North

HE Lixin'?, GAO Bingxiang'?, XIA Haoshun™, LONG Yan'?, WANG Chao*, HE Zhongzheng’

(1. School of Water Resources and Hydropower, Hebei University of Engineering, Handan 056038, China; 2. Key Laboratory of Smart Water

Resources, Hebei Province, Hebei University of Engineering, Handan 056038, China; 3. Research Center of Fluid Machinery Engineering and

Technology, Jiangsu University, Zhenjiang 212013, China; 4. Institute of Water Resources, China Academy of Water Resources and Hydropower,

Beijing 100038, China; 5. School of Engineering and Construction, Nanchang University, Nanchang 330031, China )

Abstract: Jiangsu Province's Water Diversion from the Yangtze River to the North, which integrates the Yangtze

River, Hongze Lake, and Luoma Lake as its main water sources, constitutes a water network system in Jiangsu

Province along with the Eastern Route of South-to-North Water Transfers Project Phase I. Jiangsu Province's Water
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Diversion from the Yangtze River to the North has made great contributions to the economic and social
development of northern Jiangsu Province; however, there are shortcomings in the current operation status of the
project, such as high operating costs and large lake abandoned water volume.

Therefore, the use of this study is intended as a model to construct the annual water dispatching of Jiangsu
Province's Water Diversion from the Yangtze River to the North, starting from the Yangtze River and using Hongze
Lake and Luoma Lake as the main control points to form a dual-line water conveyance topology structure of canal
lines and west-to-east lines, and generalizes the water use units. Taking the water delivery capacity of each pump
station, lake water levels, and reservoir capacity as constraints, and the water supply deficit, water inflow and
outflow to Luoma Lake, and water inflow to Hongze Lake as decision variables, the objective function is to
minimize the water supply deficit, optimize the ecological water level of the lake, and minimize the operating cost of
the pump station. Using rule-based scheduling and stepwise optimization algorithms, as well as the method of target
priority, the multi-objective problem is transformed into a single-objective problem. Starting from the end of the
project hub (Linjiaba pump station and Taierzhuang pump station), it is solved in reverse order to the starting point
hub (Baoying pump station and Jiangdu pump station) of the project, the results of the water dispatching scheme are
obtained. For three typical years of high, normal, and low waterflow, a joint dispatching scheme for the gate pump-
lake system was formulated to verify the rationality of the model. Further analysis of the lake regulation and storage
process, engineering benefits, and engineering characteristics of each scheme was conducted, and scenarios of high
water levels with low water use were analyzed.

The following conclusions were drawn: First, the storage capacity of Luoma Lake is small, and the water level
fluctuates frequently during the water transfer operation period. The Zhongyun Canal pumping station also
frequently opens the lake for replenishment, and it is easy to reach the upper limit of water transfer capacity.
Secondly, appropriately reducing the water level of Hongze Lake can fully utilize the surplus water in the lake and
reduce the cost of water transfer. Thirdly, completely prohibiting the use of water from the high cascade of Luoma
Lake for the low cascade will increase the operational burden of water supply tasks for the cascade lines below
Hongze Lake, while also increasing the amount of abandoned water in Luoma Lake. Allowing high water for low
use can appropriately reduce costs and pumping tasks for pump stations.However, due to the limitations of the rules,
significant water abandonment in Luoma Lake results from insufficient joint dispatching between Hongze Lake and
Luoma Lake. Optimizing and breaking the rules to find the optimal water supplement mechanism, optimizing
collaborative dispatching between upstream and downstream lakes, maintaining stable water levels, and making
engineering operations safer and more reliable are areas that require further research in the field of water resource
dispatching for the Jiangsu Provincial Water Transfer Project. In summary, the research results can provide certain

reference value for the scheduling and operation of the Water Diversion from the Yangtze River to the North.

Key words: Water Diversion from the Yangtze River to the North; water transfer project; water resources

scheduling; lake storage; multi-objective

(L% 864 W )

processing was the main component of the blue water footprint during energy production. Thermal power generation
was the most water-intensive form of energy processing. The high-value areas of the blue water footprint of energy
production were concentrated in the "Ji-shaped bend region" in the past, where water scarcity issues were also
severe, such as Erdos, Baotou, Yinchuan, and Taiyuan city.

Key words: energy structure; water footprint; the upper and middle reaches of the Yellow River; energy water

correlation; energy security
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