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Study on optimal allocation of inter-basin water transfer project in Jiaodong area
ZHANG Kaihui', WANG Haofang' ,ZHANG Zeyu?’, ZHAO Ranhang', YANG Jingling', LT Yang?
(1. College of Civil & H ydraulics Engineering, S handong University, Jinan 250061, China;
2. Jiaodong Diversion Water Bureau Shandong Province, Jinan 250100, China)

Abstract: The shortage of water resources in Jiaodong area is becoming increasingly serious with the expansion of urban popula
tion and the rapid development of industrial and agricultural production and economy in recent years. The four cities with serious
water shortage in Jiaodong area (W eifang, Qingdao, Y antai, and Weihai) were taken as the study areas. Inter basin w ater trans
fer was implemented based on the East Route of Soutlr to North Water Transfer Project and the project of water diversion from
Yellow River to Qingdao so as to alleviate the contradiction between supply and demand. The years of 2020 and 2025 were taken
as the planning years. According to the water balance analysis, we built a multr w ater source, multr objective optimal allocation
model that aimed for minimum w ater shortage and maximum benefits of the water transfer projects, and we determined the opt1
mal allocation scheme for different water sources ( Yellow River, Yellow River and Y angtze River) . Results showed that when
water was transferred from Yellow River alone, the water shortage in the water receiving area would decrease by 14%- 83% and
10%-31% respectively in different planning years; when water was transferred from both Yellow River and Y angtze River, the
water shortage in the water receiving area would decrease by 28%-81% and 19%- 53% respectively in different planning years.
The optimal allocation scheme can effectively alleviate the contradiction between water supply and demand and alleviate the

shortage of water resources in Jiaodong area, and thus lay the foundation for sustainable development in Jiaodong area.
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Ml T I A LRI AE A IR S K LR 4y, 43 0 F)
FFE bR A A2 LA 2014 45 A JEHE 470 AN F R 7K P gk
1T 2020 SEAT 2025 1) /K =,
2.1.1 HARAH

ALK AR AE T UL I P, AR S5 5 R
AR AR PR IR R K (S Al b, W 25 A
B R TIAT R il TR AT 3 b — MR R i B K
IKE (AN S P K E R R =) .

4 (AR BG4 % L M, R K
IR K 0 BT BA 1995 2014 4K ZR 40 [ 3 % /K
B R N KB I R BEORL N, i R R 3

KLAKZEIRE < 101



F16% KE 5 H - mAIESG KRR H + 2018 4F 4 F

0 74 fihgk, #fe ARV T IR KE P, RN 58 52
IKIX (PRI TR AR LRI K8 95 R 2, 1E— 2 o
ALK SRR K P57 T B K W K K i
IR O, 53— 77 175 RSB oot | 2 e 45 B
A 7K TRE BRI KR] TREX A 7K T K Sk ()

1

A DL HEA T 27K R] K AR L 2 8 % e
VIR DY 23 eh 25 WS | BRI AR e e

FEBUIRAFE R AN R AU A 00 X %4
DRUE R 1 TR ACR BT TH 5, b 58 2 3 K
AR AR N A] K B L 1.

Tab.1 The amount of water available from local water sources Jim?
) 2014 A K 7 2020 ALK 2025 FE R KR
e 50% 75% 95% 50% 75% 95% 50% 75% 95%
#iL5T 1690000 153000.0  146000.0 117 656.5 104 531.0  97933.5 122 696.5 109 571.0 102973.5
HEW 1230000 112000.0 107 000.0 64 226.5 64 101. 8 64040. 1 66226.5 66 1018 66 040. 1
W& 97000.0 85 000. 0 79 000. 0 87 487.1 76 495.0  49543.0 88487.1 774950 50543.0
BT 350000 29 000. 0 27 000. 0 43 438.3 27 693.7 13269.5 43488.3 277437 13319.5
&l 424000.0  379000.0  359000.0  312808.4  272821.5  224786.2 320 898.4 28 09115 232876.2
2.1.2 FAREM )
- 4 Tab.3 Calculation results of supply and demand of water resources
2K DR 7K R PRI R Y E I, H AT pE—— o
oK BT LTI o T DU K, BB o dox ——— " e
’ 50% 75% 95% 50% 75% 95%
AR AL, ARG AT A 37 5B A ) R B Ry i 40 000.0 62 000.0 69000.0 19.1 28.8 32.1
VER AR R [ S OR B s Tt 247 42 FEIT 35000.0 48 000.0 53000.0 22.2 30.0 33.1
ARBAE(SL 429— 2008) B, AL 2 LUE Bi% A 4 2014 M4 19.000.0 32 000.0 38000.0 16.4 27.4 32.5
B, Gty LD TR G AT R AR JEAETT 6 000.0 13 000.0 15000.0 14.6 31.0 35.7
ol s ™ RAEIHR 1995- 2014 KRS K £k 100 000.0 155 000.0 175000.0 19.1 29.0 32.8
LN SZ7K DX 43 ) A Fo0 o 55 7K Tt A 454 3% YEHT 72 708.7 85 834.2 92431.7 38.2 45.1 48.6
A R 2 BAEE K PO =38 730 AETE K 3 ) 4% HET 73 643.3 73768.0 73829.7 53.4 53.5 53.6
R AR R R A R N T AR 38 K 3 T 0 R4 1R A 2020 MHETH 17 802.8 28 794.9 55746.9 16.9 27.4 53.0
F1, AR F s A vH R R A v i K o 2B HETT 6 273.6 22018.2 36442.4 12.6 44.3 73.3
FKALFE Tk AP 2338 AR, S Rl e T £iF 170 428.5 210 415.3 258450.7 35.3 43.5 53.5
N A8 B TV T To A K (PO e Tb 3 YT 88 156.7 101 282.2 107879.7 41.8 48.0 51.2
FKEE, AT A AR MYAS [5) o 28 A T SI2 8 JBE T FRR 8 I 98 708.1 98 832.8 98894.4 59.9 59.9 60.0
ﬂ'_é%ﬁ E‘J?ﬁi«ﬂ'ﬂﬁlﬁﬁﬂﬂk%ﬁkﬁi{ﬂﬂ, ﬁi?ﬁ?ﬁﬁﬂ(ﬂlﬁﬁ?ﬁ 2025 MHETT 43 881.7 54 873.8 81825.8 33.2 41.5 61.8
INHE KSR A 3040 T 50 o 3 K T e 2% BT 22 143.2 37 887.8 52311.9 33.7 57.7 79.7
£l 252 889.6 292 876.5 340911.8 44.1 51.0 59.4

Al ZRAAN R AE K B AR R bR, AR HBIX

5K DR KBV AR AR 2.
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Tab.2 Calculation results of water demand in

water receiving areas )i m3
FKI A i Hi & 8 Bt
2014  215000. 00 160000. 00 117000. 00 42000. 00 534000. 00
2020 190365. 18 137869. 81 105289.92 49711.91 483236. 82
2025 210853.16 164934.55 132368.81 65631.44 573787.95
2.1.3 HF-FEM
AR 3R T 7 o R T 7K B R T 5 R 4 )

X Y AT RELREE R RIEE (AN TR URE 1517 B0
I3 BEA T SRR A8 2 A, HG R R 2 K AT
AR KU I BUIRAE AL R R 73 BTl SR L3R 3.
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K E A 32 8%, B AKEILF] 17 542 m’, YA
i KR IIFE 33% 2o 4o

1 2020 F 50% Hit % N WF 50X 8k oK 2k
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R KA N 43. 5% , K EIEF] 21 0442 m’;95%
BR R AT X S K R 53 5%, K A #
25. 8514 m’ o 2020 4F PUASHITT 74 R R 5K,
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3.1 BEAHE
311 fEAKER
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DX 5 VAT K R YK 1 23 BE F A 1 Ak 7K & E
BRo R LR e o R 2% 5 2 S rp % T
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Tab.4 Water transfer quota in water receiving areas

77— m3
ZIKIX 71 G1Ran ik
Yy T 30 700 10 000 40 700
L] 23 300 13 000 36 300
JH & T 13 700 9 650 23 350
JB T 5 200 5000 10 200

3.1.2 FARETR

HHR 3 v 827K XA [RIRE RIVAF A [F] ARAIE 26T Fri
KE Qu(i= 1, 2,3, 4)4F A DU H T %2 /K 175 7K &
BR, 2 R A S AR TR KT K, PUAS B
NG TK R Qa(i= 1,2, 3, 4) VEh T/K & FERAE, 45
Y 7K E YR e o 2R TR KN, Qe (i= 1, 2,3, 4)
WS 0. Tk B IE 5.
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Tab.5 Boundary values of water demand Jim3

FBRAE L BRAE

R4 K {RAUE
Q12 022 Qa2 On Q21 Q31 Qa
50% 21046.5 0 0 72708.68 73643.34 17802. 82 6273. 622
B 7K 75% 21046.5 0 0 85834.18 73768.01 28794.92 22018. 24
95% 21046.5 0 0 92431.68 73829.68 55746.92 36442. 38
2020 50% 21046.5  32851.15 15871.46 0 72708.68 73643.34 17802. 82 6273. 622
B KR TAK 75% 21046.5  32851.15 15871 .46 7479 85834.18 73768.01 28794.92 22018. 24
95% 21046.5  32851.15 15871.46 7479 92431.68 73829.68 55746.92 36442. 38
50% 23281. 59 0 0 0 88156. 66 98708.08 43881.71 22143.15
K 75% 23281.59 0 0 0 101282. 16 98832.75 54873. 81 37887.76
95% 23281. 59 0 0 0 107879. 66 98894.42  81825. 81 52311.91
20 50% 23281.59 36185.77 17541.54  8268.28  88156.66 98708.08 43881.71 22143. 15
FEI] KR TIK 75% 23281.59 36185.77 17541.54  8268.28 101282.16 98832.75 54873. 81 37887.76
95% 23281.59 36185.77 17541.54  8268.28 107879.66 98894.42 81825.81 52311.91
3.1.3 A 5EiTHk BT K R TL K 10K 414 4 0 1 L A

PRI 2573 AKX KA AN [R], I LA ) St A5 28 e ek
2218 m] PUAN M T PR 20 7K DX 7K A, 1 5 | 3 9 7K R
KATIKI - 7K X KA 20930 A Ci SEy , P BEIK
RRATAGEAT R 20 Hi Dy o RIEILEEBY
S5 SCPE, 32K X 518 KR K 5347 9% L3 6.
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Tab. 6 Water tariff and overall operational cost

wi g E _THANOE D
T K KAk

KUE K P 241.43 0.265 1.059

HEPiT HEALPRKEE 241,43 0.296 1.175
e 1Lk 724.19 0.392 1.313

T R 132.33 0.572 1.535
ESL 679. 16 0. 826 1. 885

i 777. 49 1. 101 2.308

JeH 1119. 51 1.514 2.763

JH 45 T '] 1164. 87 1. 694 2.975
N 571. 44 1.874 3.155

gt 4728. 1 2.17 3.452

BT 825.33 2.7 3.981

JE i T KK e 6484.91 2.965 4.246

i(i=1,2,3,4) 0 B0 MY, 580, G, Bk
W= 1,23 ) 38BN KKK, F
k7K E Qi A DUA M (IO o
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(2) Bk LR K
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FH LINGO K fi# 2 H b s BB, 3E 174
) 7K 5 A 52 K DX 2 TR) 1) 7K 8 98 AL 4k e B ——il
RAE AR BZ K DA [R] BRI 47 (2020 4. 2025 4)
AR KPR AS A AR UEZE (50%  T5% 95%) | /K
PERARACIC S 7 &, Sk LR, A A5 R
Wk 7.3 8.
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Tab.7 The optimal allocation of water resources when

transferring water from the Yellow River

Jim?

R fRiER BT WRW O MeT i

50% 30 700 23 300 13 700 5200

2020 4 75% 30 700 23 300 13 700 5 200

95% 30 700 23 300 13 700 5 200

50% 30 700 23 300 13700 5 200

2025 4F 75% 30 700 23 300 13 700 5 200

95% 30 700 23 300 13 700 5200
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Tab.8 Optimal allocation of water resources when transferring

water from Yellow River and Yangtze River

ﬁ I’!l3
MEAE PR KR MY W RTW O BEEW Eill
1% 30700 23300 8153 1274

50%
YL 10000 13000 9650 5 000
1% 30700 23300 13700 5200

2020 4 75%
SL 10 000 13000 9650 5000
51 30700 23300 13700 5200

95%
ST 10000 13000 9650 5000
18 30700 23300 13700 5200

50% -

ST 10000 13000 9650 5 000
Sl 30700 23300 13700 5200

2025 4F 5%
S 10000 13000 9650 5 000
1% 30700 23300 13700 5200

95%
S 10000 13000 9650 5 000

IS, [ IS BT A 2% diide KAk 3R B H HTAIF 93 X
Sl 7K B R TR VR YK 43 IE £ W K FE s, itk
FRIFRAR T K B A R 2 H R oK o IR AR K
PALTCE T, AN RIZK U5 D &4 BRI A AN [ ARGIE
FI KR WK 93K 10,

9

Tab.9 The water shortage after transferring

water from Yellow River

ﬁ m3
- - 2K

e N
50% 42 008.7 50 343.3 4102.8 1073.6
2020 4 75% 43 068.0 50 468.0 15094.9 16 818.2
95% 43 129.7 50 529.7 42 046.9 31242.4
50% 68 008. 1 75 408.1 30 181.7 16 943.2

2025 £ 75% 68 132.8 75 532.8 41 173.8 32 687.8
95% 68 194.4 75 594.4 68 125.8 47112.0

IR 9 M 3 X ELI: B T S, W 51 B K S
JEAR 52K DRI 1R e 7K B 38 FEAIR, A 2020 48, ¥

Vit 50% frik 2 7K & FEAK 42% , 75% F1 95%
TRIE T UK K LI 50%; 15 5 T 7E SR E R
I ERK R BRI 329%; JHE TH AR PR IE R R Gk K
I MBFEARL) 77 % 48% R 25% ;5 Ja 5 T 76 25 AR AIE
FR B B B FEAR 83% < 24% A1 14% . £ 2025
F, HEDT THAE 2 AR E R R Bk B2 A% 31% ; H 15
THE SRR T Bk B AT 24%; AT E R
PRk 2N WK 520 FEAR 319% \25% 1 17% 5 J8its
A& PRAIE T K 50 3 BRI 23%  14% Al
10%
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Tab. 10 The water shortage after transferring

water from Yellow River and Yangtze River

}j m?3
Z KX
BRIAE fRIE=

WPy H T & T JBE T

50%  32008.7  37343.3 0 0
2020 4F 75%  45134.2  37468.0  5444.9  11818.2
95%  51731.7  37529.7 323969  26242.4
50%  47456.7  62408.1 205317  11943.2
20254 75%  60582.2  62532.8  31523.8  27687.8
95%  67179.7  62594.4  58475.8  42111.9

TR 10 A1 3 XFLLo bl 40, [R5 2]
IKFNKAT 7K 5 AR 52 7K DX R RI A ()i 7K =34 FEAIR,
7E 2020 4F, ¥ BT 765 FRIE R Sk 543 Bl AR
56% 47 % 44% ; T 5 T AE 5 FRIE %R ok 51 %
K 49%; MW & T 7E 50% R UEHR T A Gk K, 75% Al
95% Ik Z T ik 7K 5243 0l FEAIG 81% 42 % ; Jaik Tii
1E 50% {RUER T AERK, 75% F1 95% {RE K T Hk
O B 46% 28% o 1E 2025 4F, Y /L &R
TER R KR 3 ) PR A 47 %  40% 38%; T3 5% T 1
FARUFZ T BBk S BRI 37% 5 Bl & e & IR
UERR N B SRk 55 ) FRARIE 53% 43 % ~ 29% ; J& it
TIAE SRR 2T 1R k7K & 53 501 B IR AT 46% 27 %
19% .

6

6.1 %t

Z 67 AR K TR (K S B 00, JELE X6 7K R
LI BEL, 2 32 AR DOR BRI T T4 704, BLs2oK
PSS = NN W Gt NI RS R (3 = N |
IKTREMIK DR 2 H AR LA B A, I BEAT 15 Ui
UK TR UL BCE., e ICE T 5 . S5l s

(1) BEF 1 0 B S5 2R - 275 8 = UK AR
PR SR KT KA R 45 15 D0 T, DY Sl
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F16% KE 5 H - mAIESG KRR H + 2018 4F 4 F

7E 2014 4F 2020 £ 5 2025 4E53 B A7 AEA [6) FE B 1)
BK o 8 B KR RN ER BRSO R, FATIX
AE 50% « 75% F1 95% A [FARE %K, 2014.2020
F12025 FH KRN H104Zm’15. 544m’ 17 5
& m* 1 170412 m*. 21 0412 m*. 25 85/ m® 5
25 2914 m’.29. 29/ m’ \34. 09 fZ m’ .

(2) AN RE KA /KE, it AL FLE, 50% 75%
H195% AN[FRIMFIE 2R, 2020 4E 5 2025 4E b 17
By G R T ) i oK o 0 BRI 42% ~
50% 32% 25% ~ T1% 14% ~ 83% 55 31% 24%
17% ~ 31% 10%~ 23% .

(3) BT I, oA B, 50% « 75% F
95% AN FIRER T, 2020 4E 5 2025 4EHEY; 11 7 &
T B i A T I kK R A3 0 B 44% ~
56% 49% + 42% ~ 100% + 28% ~ 100% 5 38% ~
47% 37% 29% ~ 53% 19% ~ 46% .

HHUEE ] D0, DAk C T 28 A AR 5% A 2R L X K
PG RIR DORLTE 06 , 22 IAT RS A AT
JETERIHTHE N ICE 7 N TR AR K TR, B
A BN - E .

6.2 K#

HFTA 173062 2R 7K JR) R S5 B W 7K 5 2L, F)
R R T AT K Fabn 2B AT IR KB 9T, K 2% &
ANTR] AR B K FE BRI K o

(1) SZ7KX Bk S5 K, H AT K Fabr ASe i
SERE R FZK TR, A 3 2 R AR IR FH KRG 3K,
B RIK TR A 38 I /Koy oA o

(2) Z 5 [R) LA = 14 Al ool Js D)5 AN [ 475 0T 1)
PR FEFRIEAT IR B, RN TTRE RS
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