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Multi mode joint operation and rational allocation of water resources in Xuchang City, Henan Province
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Abstract: W at er resources shortage is an important factor restricting the economic and social development of a city. Rational allo-
cation and effective use of limited w ater resources is an effective way to solve the contradiction between water supply and de
mand. Xuchang City as a pilot city for national water ecological civilization construction was studied in this paper. The water de
mand was forecasted by the quota method according to the current status of water resources development and utilization. A wa
ter resources allocation model was established using MIKE BASIN, based on the multt year average water resources quantity,
water resources access methods, engineering scheme, and various water demands, with 2011 as the research base year. The w ater
supply and demand balance of Xuchang City was simulated. The supply and demand balance analysis was conducted three times
to obtain the water supply and demand allocation schemes at different planning levels, and ultimately to achieve water supply
and demand balance, so that the limited w ater resources can produce maximum benefits. The research results showed that the lo-
cal water resources, combined with the joint operation of multiple modes such as Soutlr to North water diversion, Y ellow River
water diversion, and reclaimed w ater recycling, can meet the water demand of Xuchang City for the mediunr long term sustair
able economic and social development. It also has guiding significance for the future sustainable utilization of water resources in
Xuchang City.
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Fig. 1 The present distribution of water system in Xuchang City
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HHFHRECH 0 645, FRCHER HFL 25 33 J7 hm?
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B 30117 A FEAS W RN S D A9 7K1 A
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Tab.1 Forecast of water demand in Xuchang City

JIm?
KPR 2015 2020 2030
wRE Ty 'l RE A T &k He i G Tk Al i G
X 4973 302 4 879 6377 6587 308 6281 6 957 9 306 325 9 081 7 631
VEE B 3612 3779 3970 79 4784 3860 4241 86 6758 4065 4617 94
B g B 338 5495 2 067 537 4485 5613 2077 586 6336 5912 2015 642
i 5L 4698 4091 2 336 61 6223 4179 2302 67 8791 4 401 2 146 73
&M 8218 4322 3 941 1316 10885 4414 4041 1435 15378 4649 3 964 1574
KBl 9614 4607 2 421 24 12735 4706 2487 26 17992 4956 2522 29
/N 34500 22595 19 614 8394 45698 23080 21429 9157 64561 24308 24 346 10 045
Hitb 85 103 99 364 123 260
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WK E s TF K R S L N, 2015 4E Ok
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F/K S ANA 25 7K 5 LG4 s 7 1 B, 20 i) 4 R A
20% F1 10% -
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Fig.2 River network generalization diagram
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Tab.2 First balance analy sis of multr year average water resources in Xuchang City
2011 KP4 2020 7K F4E 2030 7K F4E
TEE ks gokE Bokr WAKE BUkE BukE WHKE GukE Bk
/)3 m3 /7 m3 (%) /)3 m3 /7 m3 (%) /)3 m3 /7 m?3 (%)
X 26 140 0 0 25 338 866 4 19 819 7 057 27
vrE 35947 0 0 32 174 0 0 29 823 0 0
Bk & 13731 2 421 18 12 570 2254 17 10 843 4 062 27
ELS) R0 29 708 0 0 29 157 0 0 26 745 0 0
M 42200 0 0 35 957 0 0 31 540 0 0
K 17 593 0 0 16 157 6 553 32 16 157 11 845 46
&t 165318 2 421 0 151 351 9 674 0 134 926 22 965 0

HI2E 2 WA, FEUEAE 2011 4FEVF BT 41X B4R
ELK 2421 )5 m® A, HoAthg 17 L 350 240 757 i
IR . AKX AE 20201 2030 7K1 4F 9 ik 7K 23 51 A
9674)7 m’ F122 965 J7 m’, B/KES B 6. 4% Fil
17% , %17 ELB AR AE 4% B 329% 2 [8], /N3] X i
IKFIL 46% o F W IEUEFVF B WA i HoK 3%
PRI AN i, (HF1] 2020 452030 4= A5 T B 1

e 10 K XK EIRE

IR LS ™ L, SR B Wi . VR E AR DL
IREEK SR, RS2 B K % P AL T8 G B W %
R ), 4 JCik il 2 VF B A s & BE ] KRSk R
2K
4.2 ZR-TFHESHT

TR IR 50 AT A — Al 43 A I S i
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Tab.3 Second balance analysis of multiyear average water resources in Xuchang City
2011 /KP4 2020 KP4 2030 /KP4
TBXA ks sk BokxE  WEKE Skl Bokx  WHKE Bkl ok x
/77 m3 /77 m3 (%) /77 m3 /77 m3 (%) /77 m3 /77 m3 (%)
X 26 140 0 0 48 652 0 0 49 622 0 0
rE R 35947 0 0 33 076 0 0 30 617 0 0
Bk 5 13731 2 421 18 16 226 0 0 14 363 346 2
ELS) R0 29 708 0 0 32 950 0 0 31 127 0 0
& M 42200 0 0 43 009 0 0 38 450 0 0
K 17 593 0 0 20 161 1027 6 20 161 6 410 27
&t 165318 2 421 0 194 073 1 027 0.5 167 683 6 756 4

E—UF i3 3 B 45 S L, 2020,2030 /KP4
SR KR BN T 42 722 5 m®,32 757 7
m’, G K B K o BB T 8 737 Ji m’.
16 20977 m” #1 5. 9% . 13%, 0] W — Y147 43 7 1
PSR A, 5 EIX B 1 kg 1 AT 1R K %
VT AT TS B 3l A2 AN T L i 7K R
S SR TR R K R a5 TR it ke b LA
fife .
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DA WAl R 55 e 1 SRy JLRR K T, 2% R T Ak
WK ZAE T BT 7K 08 AR TG 1168 23 A7, S8 %5 % e Ak
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[T RN/ 1 DAER T N 55 B 7 D 7o 31

AR LD R A5, 7 BRI AE 7K 5% 11 (2030 4F) 1)
SR T A - A b v Il K IR I 3 A U T [
EEL gt ki 3000 J7 m’; B EL A R U 1
IR TR Wk mg /K JB R 517K BL R 3 n 5| 35 /K
i, ALK B 54 1500 J7 mPo1 000 J5 m’.
1000 J7 m’; 76 @ N 17 308 3o s v /A 0] P £ 4 e LA
e VBT KR TR AR, Bk KR4 B4 1500
Jim® 13600 i m .

o3k = YOV AT, 138 S5 RN R 4 PR .

Pic i 4l SR I, 38 1o m KGR S VAR T 5 B
B XEVPBE KPR TR K R HL  E K v B AR T
TS it TS DXk P PR L G e IR B TP AR
A, R TV B K IR TP IE
44 BELFE

FacHEAE K BRI O E SO0, P Ak AR TR K, 2
Ja e AR K, a2 AR T 7K. FE BRI KP4 1
PR TRE B Aok 2 Tl () ety b, 3 B4R 55 57
rEAT 7K R L ASEUL, 6 A SR BRI 7K AR 8 B Tl
I PR AT BRI, BUE LS L S,

2020 FVFE T2 A 34 i B K 194 073
Jim® BFEHEAE 2011 4E36 0 T 28 755 J7 m’, Hop
ASE AT FH 7K 2 109 618 7 m®, & MK 21
56% ; RNV AN A A KN T 52 841 J7 m’, A
84 455 Jjm’, iy KUK T 44% . 2030 SEHFETH £
RSP E Kl 169 752 7 m’, A BK F
2020 Ek DT 24 321 )7 m’, HoA A vEAT Tl K
kDT 14732 )7 m’, Jy 94 886 ST m’, i K E
(K] 56% , A NV ANEZS K B 74 866 J7 m”, ik /K
w1 44% o 7L, BERIZKSPAE 2020 4 5 2030 AEK
RO E 45 5 A 1 TP AR R LR 23 KR
Frl I EC ISR, 53500k 56% 1 44%

KILKER < 11



F15% K88 # - MRS AR - 20164 2 F

4
Tab.4 Third balance analysis of multi year average water resources in Xuchang City
2011 KP4 2020 /KP4 2030 /K4
TRRCH wpka gukiE BUKE WDRAKR BokE BUR KR Bukh Bk %
/77 m3 /77 m3 (%) /77 m3 /77 m3 (%) /77 m3 /77 m3 (%)
X 26 140 0 0 48 652 0 0 50 178 0 0
WHEH 35947 0 0 34 576 0 0 33 961 0 0
Bk 5 13731 2421 18 18 226 0 0 18 115 0 0
ELS) R0 29 708 0 0 32 950 0 0 31 458 0 0
& M 42200 0 0 46 009 0 0 44 735 0 0
K 17 593 0 0 24 761 0 0 29 161 0 0
it 165318 2 421 0 205 173 0 0 169 752 0 0
5
Tab.5 Results of rational water resources allocation in Xuchang City during the planning years Jim3
2020 7K F4E 2030 7K P4
17
X 4 g Tk AT A4S A3 Tl Al AT AelvAEAs Al A2
ALK 7K LIRS kK KA b K Al K KR
X 28 684 11 582 19 968 5 098 30 606 16 548 19 572 5569
VrE R 11 565 8122 21511 2924 11 565 10238 19 396 2911
Bk B 8289 5 905 7937 4 574 8 289 7516 6 326 4588
e E 20311 7 673 12 639 3147 20311 9 844 11 147 3132
& M 28 097 13 433 14912 4279 28 097 17 408 10 938 4356
KB 12 673 13 700 7488 3 509 12 673 18 462 7 488 3 490
Ak 109 618 60 415 84 455 23 532 94 886 80016 74 866 24 046
s eI PR, 6 T AT 2285 £

(1) FRAEVF B KB IR FHBUIR, LA 2011 4R 4E
HFEUELE, XF 2015.2020.2030 FIRIKF 448 AL 4
R TRE AT T 100, 15 201705 78 BRI A A
M b ARG RS TR K E M T K R, Rk, T
b AR VS AR AT K A AN R B 3, HL T
WK IR 5K, Fe O A g A FIAE RS =
AR RIZK P S 10 75 K 250 500k 8. 510 12 m”
9 9364 m’ F112 326/, m’.

(2) 38 ik VoK SRR BT AT 23 AT, B BR T
RS AN/ BRI AR TR B 15 7 — P ) AR A b gk
AT T, o HEK 2 R G U0 SR 75 K 1 9 7
2, BT AR K, R K Va5 i, % e R K
BRI ARE ) AT 5 B, AT BATY A7 AR A B A e 1)
PET B AE  OT A B LR R L, 3E 0ok
HCT R, St 45 20K W8 Y 2 b /K B8 R G
WAPE, BT = UCFA 43 A1 LA A THIAA R /K 98 PR A 75 1)
R, o S BB -, OA B BRECE T H K

(3) VF BT e B GOk A s o adtdeid fi b, Ak HE
PR LT 28 T RS 5135 PR TR, B9 hn st i /K
T K EN SRR TR, W oK IRl R 1

e 12+ K XKEIRE

JE, SEERVEE A R RIZKSP AR7K B8 R4 BEC ,
NV ST KA RS0 W BER] Fp AR SRR
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