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Research on Joint Water Supply of Multi- Reservoirs of Water Diversion Project
from Shuhe River Basin to Futuanhe River Basin
PENG Hui, L1 Guang ji, LI Wer shuo, WANG Hua, ZHENG Shur hui
(Shand ong Survey and Design I nstitute of Water Conservancy, Jinan 250013, China)

Abstract: The joint water supply regulation model of multt reservoirs of the water diversion project from the Shuhe River Basin
to Futuanhe River Basin was proposed according to the characteristics of the project. T he model was based on two objectives irr
cluding the maximum urban water supply and minimum surplus water. T he model was solved using the Genetic Algorithm and
the long series time series method, and it was then used to determine the joint water supply of the Qingfengling, Xiaoshiyang,
and Qiaoshan reservoirs in the Shuhe River Basin and Rizhao reservoir in the Futuanhe River Basin, which can provide the al
low able limit reservoir storage of each reservoir in the Shuhe River Basin and dynamic w ater requirement limit of Rizhao reser
voir in the Futuanhe River Basin. The results showed that the joint water supply regulation of multt reservoirs can increase the
water supply volume of @ 39 million cubic meters in the Shuhe River Basin compared with the water supply regulation of single
reservoir, w hich suggested that the joint water supply regulation can im prove the water supply potential of each reservoir in the
Shuhe River Basin and therefore solve water shortage problem in the urban area of Rizhao.
Key words: multt reservoirs of water diversion project from Shuhe River Basin to Futuanhe River Basin; joint w ater supply regu
lation; allow able limit storage capacity of reservoir in the outer basin; dynamic limit storage capacity of reservoir in the inner ba

sin; decomposition and coordination principle of a large system; genetic algorithm
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Fig. 1 Schematic diagram of joint water supply

regulation in multiple reservoirs

RIKZR W TR BOR K AL T AT ik & B 55y, FK P
A7 A IR R ) T IX MrEUK IR, LR
K e, SR X8 B DL R 2 KX H BT X HEAT B
IREE KR 2015 ££.2020 /K G5 AT 15 20 #7
2.1 RAd RKFTRARE P85 41

B BT K B IEAE T . 509% (RE 2RI, BRI
2015 #2020 4F RIK & 4354 4 223 J7 m*.4 791 )T m?,
75% {RAEFR I, BRI 2015 4F. 2020 4 A KE 0k 41 75
m® 442 J7 m?, {H 95% {#IEZ I, #k 2015 4F.2020 4EHK
NN 594 J7 m? 193 J7 m?, fE7E /NER A BhoK, EERER
FH E M 85I 7K
2.2 PANRKFIRAEE FH AT

RK AR TR K Y 7 X AR XL Sl X H R
FFR X LA B R R IX . 2011 4F H B T X A9 5
TV JH/KE 15 761 J7 m3, B4 /KR T RE ] itk S 13 657
Jim?, AFEK 2 10477 m3. WX 2015 4F R IK R 20 087
J7m?, WK EA 14 491 J7 m®, HEKEN 15 3 J7 m?/d;
WX 2020 4F ST KE X 32953 /im’, i H/KEH27 48 )7
m®, HEKER 15 1 7 m?/ do

g b, B KPR B A = T H T B A 2,
SR K AR TREAH A 47T H1-40a 4.

3

R R ZR G023 7 0 10 5 BT 4R K2R I T R K B
ARG 538 A9 R DRI AT A LA R VN DA W ] K, A
VRIK AR TRE K PRI & Bk IR R 07 3 RN X H TR 2
TE B8 AR /K 5 TE 7K, T DR I JREAE W AL B 5
P KRG AR, =3 TR AL RS 0T S It 5 7
WK, BRI .

* 26 KXKER

3.1 RFTRIR
S ARUE RT3 iR LA 2 2 K B AR E K
(R, 6 T I« /N A BH U7 L0 7K E 43 9068 5 U HE DX K B T
ABR A FE 2 V00 (BN AS SIS B B B IR 25) 0 ;MoK AR
KPR B BRI 28 Vo I, (Vi — Vi) K B0 LU
W AR . 75 FEA 5 I B AT K vl I, {82 H K
AT EEA e 784 W B Z K 2, WK 2 R E AR
LA
3.2 fHmg TR
H K BELE IR & A MR K G TE 31K, BRI 7K
AR IR, DS B U AR K . RN, B R K R KR
M7 R S B B P9 i, S 8 N IX K B 4 4E 12 A A4 3
ANX K BE R KNSR EESR, Vi, m= 1,2, -, 12, B4 EE
PG T 12 PR A P 25 I ) St Y K, T MAS YK . I BROK B T
TE WK EN (Vo= Vi) o
3.3 BURIRIEERA

F R FR UK D TF# 2 3 km b FERF£2E K T
T2, FERHE WU Ui IR 2 AN F K, il 18 P9 B K 6 AN f
PR F B Z o DR, AU R 1 50 TR T 0408 L ANALBH S 0 1L
TKEE & A 2RI K, AL B 13 F ] T8 P Wt K IR OE
FINZN

XT3 Ab 7K EEAK IR ALK IO (R 58, % R B 3 U Ui 7K
109 DR 25 e, T i M R K R e K 09 LUK TR () R T
g/, FERT R K B R/ 5 b L S 1 2 R T 0 U K R
PR 7 R P /I AL PR 1 7K, s i 18 FH e Ll 7K 1)
KEE.

g5 b, ROK R R LA AR IR IR B T IR 5 I 08 L/
AL B 07 1L K EE X THT R K o

4

KHETREIBE A (8 K VAT 38 JELEG S 0 U e 97 Bk 7 0
U A BT 117K 02 7 K B 0 A ) P
U P, L, K R 0 S K R AP 2
JKBR P ACHE DL . 76 K BRLARLPE 5 B, SRR R
SR I AT TR, i A e i IR 1 ko Bk
4.1 ik AR AR HE 2495 5
i SR KR S 3K, 1 MEATK PR U TS, A
4B A M K 2 AL S B R A 5 3
W KPR P T Al B B A2 AT 3 A K
Bofk sk . DR, R ) DK PRI 5. 35 2K i 2 4k
R 2 U T 5 MR DR K, ARl R 2 0 g 1
K FE T BB 25 Vo
4.2 ENEAKEE KA R 6 T

S K PSR B, A KR, I ik fiE ) K, (A
S 7K AL K R, PSR B, (2 gt
KA /o A SCLLAGE 12 A F1 6 1 P K R T K
SIS V.o m= 1,2 e 12 g A i, DU T AR
SR KR 7K SN B, 157 % I R U K B
P RSB B T R



+/

¥ BFe AKKEIRBREAERREEAH R

(1) Breas. Hax 1, 8 B KeE ) Rk

fi=max DU, (1)
HA% 2, IKEEZ AR 5K S

fa= min B4 2)
(2) LR 4. KESFHTLIR 1:

Vi i= Vit Qui+ Qi= SAi— SEi— S U~ gsi (3)
WKL 2:

Q Qs (4)
IKPEE AR LI 3:

Vin SV, SV (5)

Ko Q, e WBORAKR; v, R W ZIKEER V. h
o+ VI ZIKIRES; Qu, I ¢ B NIRK & SA, R
BB ALK R SE, e i BRI KE; SU, WS i
BOW oK s gs0 5 ¢ INBEFE KR Qua A THZK L FR 14
KT V i R IR PEFCIE B2 V e FIIKPE DT PR

(3) KM T5 . SR e bR J5 24 FLR AL b
H AR AL ) 8, 4R )5 SR FH B S R R4 4E 12 A~ H il
AR IKPEHR KBS REIER o Vi, m= 1,2, -, 12,
4.3 BHARBK R IR ik

K F M B AR i 5 T KR A8 3 I 7 ik v i SRk
A K RE DR,

(1) B NHIME: 45 K PEM KoK & P 75 7K IR K ZR A

2

TRRIAD 5 R AR /K B DA R A% BRI P22 22 004, 48 H IRUK 2 75
YK AR AR K 3T K AR HE LK B TR 2% 7 06 08 7K R
A BRI 2R 5 AR AR A K AR E AR K BRI 22 %5 /IS A BH K 2R T
RBRE ) 12225 A2 25 A K AR T 7K SR 7 2 28¢5 0 Ll 7K 26 ] iR R
TR 25 AR A AN K AR T AL K PR A 25

(2) 5L H K ZE R A E R K B X5, 750805 /MEF
ULy 7K ZEIUR FRTRT R HH 7K o, DA R B) Rk 7K PR H A 7K o

(3) HEBURSGE, T W& MERH 07 KA X )
YRR BEIR N H BK R AT 7K 2 X 1.X2.X 3. X 4,

(4) FTF 08 K KR X 1> X5, Wiz B 545
W, RAKE(X1- X5) 2 BHUK JGIR Bl WIS K R 55
TR A B A A A ), AR /S AT BH KRR & A5 X 1+
X2> X5, WIZRT B &5, R7KE (X 1+ X2- X5) % 1547
IR IR AL B K B gk 222 5T I B 5 vk S A5, 4k
IR KK, 5 X 1+ X2+ X3> X5, WHZIN B 545
W AUKIE(X 1+ X2+ X3- X5)% 8 )5 R IR0 LK BE 4k
G2 5 R I BT T A5 0, 4 SR X () K A, A X 1+
X2+ X3+ X4> X5 WHZH BOA S 4.

(5) BT BB WA LR GE, Zeih#& K B P ¥ AR IE 2,
A7 AN R TR, MG e B 2R 28] (8, RSk AR HAE R
R IERIDR . Gt 2 F B R K & R KR TR
) B ALK L H UK R K P 8K i e b . KRR LR
K EERE A KR ST S i R L 2

Fig.2 Algorithm flowchart of joint water supply regulation in the multiple reservoirs of the

water diversion project from the Shuhe River Basin to Futuanhe River Basin
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Table 1 T he unoff and water demand in four reservoirs of the water

diversion progct from the Shuhe River Basin to Futuanhe River Basin
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Table 2 The results of joint water supply regulation in the
multiple reservoirs of the water diversion project from the

Shuhe River Basin to Futuanhe River Basin
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Table 3 Comparison of joint water supply regulation and single
water supply regulation of the water diversion

project from the Shuhe River Basin to Futuanhe River Basin

T W0 AR 1 )5 m? 4272 4 069 203
NMEBAKIEE T3 m3 1 340 1287 53
WL K% T3 m3 370 302 68
&l 6 597 5 658 939

6

(1) WK ARV TR R v H TR K 08 U5 2 1) 4 A1 AN 345
Ve A8 (¥ LR R, I o 9 B N X Y K R
AT 16 A B T R, 7T 78 2342 3R P VR el RT3 = WY vt /K
YR, I a0 e S ] K

(2) B PRI AR 2 1 o AT R B T A A IR VR
K EE 18 75 /K S AS BRI EE 25, B A 78 40 AR VR ) AT 38 %%
FHA P (¥ T K 75 3K, Sn] 38 G R /K 98 P50 N H UK 2 S5
T, AN i UK B IR B

(13) T WIS K2R /I BH KPR U Ll 7K 2 Je H ROK R 4
K B B A K A 7 U /N Ak BH B 0 1Ly 7K B e A3 7K mT 8
FI AR K i 939 7 m3 o 1% R WI/K R BRI A R 48 B0 R O
FETE B8 33E— 5 AR MR T A5 K R R A K 9 7, o v H HR
Xt K B 123 5 ) o S8 0E 2047, IROK 43 4K I b )
FH R K B LA R 69% , R K I & A R0 K it L A
31%

A5 30 W A 2, B vtk R K TR JE R4 — AN E AW
FREE TR, AR S0 A TR R B v I B v 5 ek 2R AR I A
K BE A ORI AT RS, T — 20 5 5 U SO SE i  BE
B B BB 2 T TR A S, P08 JAE S P TG T R L XU
Sr T I R

(References) :

(1] A KSR e AN 5 45 B8 [ M. db 5t BR 2l
2000. (FENG Shang-you. Water Resources Management[ M].
Beijing: Science Press, 2000. (in Chinese)) .

(2] B, X JE T2 H bR B ity PERE 2R 40 0 i Db 2 0 o 3
THEREGT [ ], KR 3k, 2001, 12(2): 232 236. (YANG
Kan, LIU Yurr bo. System Decompositiorr Coordination Macro
Decision Method for Reservoirs Based on Multr Objective Anak
ysis[ J]. Advances in Water Science, 2001, 12( 2): 232 236. (in
Chinese))

[3]1  JAZ%. &N ki K AR E A P EERIFSE[ I . WK A
KL BE 28 B IR, 2008, 20( 2): 4448. (ZHOU Fen. Joint
Water Supply Dispatching of Inter basin Diversion Project in
T aizhou[ J]. Journal of Zhejiang Water Conservation & Hy-
draulics College, 2008, 20( 2) : 44 48. (in Chinese)).

[4]  REMC, 2228, 9 Rl AL M ). ORHE: R T R
Ji#t, 2004. ( TANG Huarrwen, QIN Xue zhi. Practical M ethr
ods of Optimization[ M]. Dalian: Dalian U niversity of T echnolo-

gy Press, 2004. (in Chinese) ).



B RAR I TA2 85 KB A BR A KB

TN L AR ——FR I S s I M. 7
o7 P52 AT KR HURAE, 2002, (WANG Xiao ping, CAO Lt
ming. Theory, Application and Software of Genetic Algorithm
[M].Xian: Xi an Jiaotong University Press, 2002. (in Chr
nese) ).

HIAR, FERG N, SRR R AR e S M AR AR BRI AL
VTR I] . KR 244, 2007, 38, (12): 1437 1443, (LIU
Werlin, DONG Zeng chuan, WANG De zhi. Hybrid Intelligent
Algorithm and its Application in Dispatch Optimization for Wa
ter Supply Reservoir Group[J]. Journal of Hydraulic Engineer
ing, 2007, 38( 12): 1437 1443.(in Chinese))

W3, BTz, TR, A TR MR AR I S R R R
GeFF R B R[] K AE R} 22, 2012, 30(7): 54 57. (DAL
Li, ZHONG Ping-an, WAN Xiir yu, et al. Developing and A pplr
cation of Simulation System of Joint Operation of River Basin
Flood Control System[J]. Water Resources and Power, 2012,
30(7): 54 57. (in Chinese))

M aja Schluter, Andre G. Savitsky, Daene C. M cKinney, Helmut
Lieth. Optimizing Long term Water Allocation in the
Amudarya River Delta: A Water Management Model for Eco
logical Impact Assessment|[ J]. Environmental Modelling &
Software, 2005, (20) : 529 545.

TR K BEIRFE SE R 5 IR [ M. db 5 B HARAL,

[ 10]

[11]

[12]

[14]

[15]

2000. (FENG Shang you. Water Resources Management[ M].
Beijing: Science Press, 2000. (in Chinese)) .

Singh V P.The use of Entropy in Hydrology and Water Re
sources| J]. Hydrological Processes, 1997, ( 11) : 587 626.

WRsr g, TR BN S I MY . bt B Tl AT,
1998. (CHEN Show yu. Fuzzy Sets Theory and Application
[ M]. Beijing: National Defence Industry Press, 1998. (in Chr
nese))

UPREZE, UG, T, S5 TR A S TR K BE T ERT S BLIR
LRI MK b S KRR, 2008,6(3): F4.(YOU Jin
jun, WANG Zhong jing, GAN Hong, et al. Current Status and
Prospect of Study in China on Water Allocation of Inter Basin
Diversion Projects[ J]. Soutlrto North Water Transfers and
Water Science & T echnology, 2008, 6(3): F4. (in Chinese))

KEE, SRS, ER, AR AR SRR K B R R H £k
[J]. ZKFZK oL RHEE 3R, 2006, (4): 931-948. (LIU Pan, GU O
Sheng lian, LI Wei. Application of Genetic Algorithm to Reser
voir Operation[ J]. Advances in Science and T echnology of Wa
ter Resources, 20006, (4): 931-948. (in Chinese))

AR, T K ERIE R G LR M. BCHS: DY) B2 R H i
%k, 2002. (JIN Ju liang, DING Jing. Water Resources System
[M]. Chengdu: Sichuang Science and T echnology Press, 2002.
(in Chinese))

(L#EF 4R

(ol

[8]

[10]

ARVEIL, RS, B, A5 LR ERK R RR L2
BACHIHIE 2 H[ 1] . K3, 2005, (6): 58 61. (ZOU Liar wen,
CHEN Garr gin, WANG jun, et al. Representative and Annual
Precipitation Series inShandong Province for Years to Change a
Preliminary Analysis[J]. Hydrology, 2005, (6):58 61. (in Chr
nese) )

TEh R, R, . JKGE I AR I AR AL AL B R R
FZOMTLT]. mE KAGTE 5K RIE, 2013, 11(2): 17 2. (DING
Atrzhong,ZHAO Yir jun, HAO Di, et al. Analysis of Variation
Characteristics of Runoff and T heir Influencing Factors in the
Yongding River Basin[J]. Soutlrto North Water T ransfers and
Water Science & Technology, 2013, 11 (2): 17-22. (in Chr

nese))
B, IR, INVEAR. LG X K B I AT )] R
JEKFIK AL, 2011, (2): 37 38. (LIANG Werr zhang, SUN Yu

hua, SUN Bac jie. Trend Analysis of Water Resource in Liaomr
ing Northwest] J]. Water Resources & Hydropower of Nortlr
east China, 2011, (2): 37-38. (in Chinese))
FRA R RA IL K SR 2R A PP SOR SRR AR DT D]
R T Jb TRE K2, 2011. (GUO Zhi hui. Comprehensive Evar
lution and Evolution Trend of Water Resource in Songliao Ba
sin[ D]. Handan: Hebei U niversity of Engineering, 2011. (in
Chinese))
ARREE. VD BH X K B 5 R IR 1 B8 BT (0] 2R AB7KA]
JKHL, 2002, (7): 36. (XU Feng gin. Analysis of Water Re
sources and Water Use in Shenyang[J]. Water Resourse &
Hydropower of Northeast China, 2002, (7) : 36. (in Chinese))

[11]

[12]

[13]

[15]

BORTIE, TR AR T SR R IR R J] . P A
e %55 A58, 2004, (5): 14 18.( LUO Xir zheng, GU O
Xiar jun. Man' s Disturbance and Contabescence of Water Emr
vironment in Haihe Valley[ J]. China Population, Resources
and Environment, 2004, (5): 14 18. (in Chinese))

B AR U L DX MR b R R B[] T KR,
1992, ( 4): 5862. ( JIA De xu. Mountainous Topography and
Vegetation Soil in Haihe Basin[J]. Haihe Water Resources,
1992, (4): 58 62. (in Chinese))

KR, B2z, T, A TR PRI o e K IR 25
TEAR S 2y AT [ 1] . mEK d6 1 5K R BH, 2004, 2(5) @ 14 18.
(ZHENG Yonglu,ZHONG Ping an, WANG Xirryu, et al. A-
nalysis of Spatial and T em poral Variations of Extreme Precipr
tation in Huaihe River Basin during the M ain Flood Season
[J]. Southto North Water Transfers and Water Science &
T echnology, 2004, 2(5): 14-18. (in Chinese))

A URARAL K N S Bl 0T K BE YR S A SEIRTT
FE[D]. KEE: KIEMT K2 2011, (SHI Y zhi. The Inflr
ence of Climate Change and Human Activites on Basin Water
Resources and Cass Study[D]. Dalian: Dalian University of
T echnology, 2011. (in Chinese))

HE B, XGRS B U5 AR A K S 7K U5 Wi )
TR J] . BE 20 4 £ 5% W, 2008, (2): 2F27. (LIU Chang
ming, LIU Xiaoc mang, ZHENG Hong xing. The Discuss of the
Impact Issuesin Climate Change on Hydrology and Water Re
sources[ J]. Impact of Science on Society, 2008, (5): 21-27. (in
Chinese))

KL KEIR < 29



