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5 IRI, AT i e S e K R A 2 R R K A I P 2 TR 9 82 KK e, VE 6 TR IR S AR LR 3R 3
HRUOT S 1 TR MK I T B VT 2 (A A 3 5 4533 ) BT A K 40 42 m? 58 2 W TR A BT
TLEIZK 50 42 m® 26 3 I TR A A VYT IEK 80 42 m? 3 I TREFIE K 170 {2 m® . HLER HATPELR T RE A9 5L
Jit 14 R D20 | (LA Sfe X T B TR] - i 4 7 R R S5 7 A 1 A e, b i g SR IR K YD R K AR
H bR R Bl 7 o AR ULk TR A St -5 I 7K S G328 W N R, 8- X6 S8 TT L it o SROK e 1) P A RS 1R
FERYEESR SR AR S ]2 7 O e )

YTt TR R A I B P L I K ) B TRT AR K 2 G B AR AR AT (AR SO AR P A Y e 2 A R
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T RERSTE I AHIE AT /K SRR FHZESR . BFFE S ] R & PRAR Jm el L R SR P 1) TR R R}
2248 T LK EE TR K IRYY ARG i T ST Belle VD iR R A5 O T B A AR RN R S HE
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1.1 ARIEE

TS XN KWK R A B T i B BB S TE LT 3 /Ny, T R E BRI R 1,

(1) BURAFE S 5o AR5 6 KR, B RS T s L XA S AT R R Ak “ =4 254 7K & 1 3
TR NIRRT 5 RS RS AR 52 DA IR B A A 2 M B T 75 7K 2 AN [] R AR , 188 2 IR A 2010 4,
L SAE R 2030 4

(2) BRI TPEZE TR IR I AR, 5 TR AR PO 4 TR 19 St A /K 2 9 i 18 A0 16 K, % ) I
TEVR K IR VD RS ROK e B BRE A B SE A, TR B S AR PE R IR K 43 R TCIR K (7K 40 42 m® 87K 80 12 m’

(3) TV EATRXT L, h T AR R EN KR VDX A 25 B R0 2 10 5% i) S JHE G g = e ) 52 e A
POKPEA PR (2R BT S AT PR L 58

®1 AREE
Tab. 1  Setting schemes

S IKPAE PHL K/ A m? Y5 WIS T4 PHLR K/ A2 m? W5
1 2010 0 7 5 2030 40 7
2 2010 0 b 6 2030 40 =
3 2030 0 s 7 2030 80 w
4 2030 0 & 8 2030 80 =

1.2 HIEHER
(1) HIK R, K ALFE IR i L PG LR AGE R P 4 . DRIRFR I - 1956—2010 43 55 4555 H &%
7137 R TS 22 7K SCuli RARIC K Gk 5 T = Ik 22 50 SR e [X [B] A3 B X1) 2R e 22 =% P W 1o DX 8] i, @1 £k 1 7K
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4012 m* F 8042 m® | BRAFAEH 12 A0y A8 A 43 oh , Hods A Oy 3443 i B i 28 e 2 e A s At

(2) T AKGERE 22 M b7 o 2 3 ymT b s il =2k FH K B A 45 0 Ui e, DR O LA 22 M 5 1 9 7K ek AR A
TG, OBUIRAE 2010 48 22 Wi i 75 4GS R4 IR \-B 7 407K 5 260178 . QI FEAFE 2030 45 22 I 1 75 7K
T RS BT SR A LR (2012—2030 4F) ) ZEA H R R AT KR T A = b 45 PR R |
TAJ AR T B8 A B | B IAT K R AR ZR B T s 7R Y K AR X T 2030 4R R K AL VE 2R TR AS [ UK
ST B M DB IR 5 KA R T A I 5 3T K e P 8 T 2 1 2 T T 5 7K, L e YT 3 B ) Bk
B, TKBERIEILR 2,

F2 WRERZSEZMTETKTRE

Tab.2 Process of water demand in Lanzhou section

AR A BT ARTERE (m? - s7")

IKAR TEKAF L KR/ m?
1A 2H 3H 4H sH e6H 7H 8H 9H 10H 11H 124

2010 PR 650 600 500 750 1100 900 800 750 800 750 750 700 238

2030 TePa LR K 600 600 600 754 1356 1281 1055 1130 754 754 452 650 263

2030 PEZEIE/K 40 fZm® 600 600 600 914 1645 1554 1279 1371 914 914 548 650 305

2030 PUZkiHK 80fZ m®> 600 600 600 1074 1933 1826 1503 1611 1074 1074 644 650 348

(3)KBESEL, ek XIRWOKFERIESHIE 3,
F3 REE UREKEBESH

Tab. 3  Characteristic parameters of Longyangxia and Liujiaxia reservoirs

HL 3 WERE  MIBER/Mm® FEVES/ACm® IEWEKL/m O ERKAL/m FEKAL/m REPLER/MW  ARIER /MW
eIk ZAEY 247 193.5 2 600 2594 2530 1 280 589. 8
XKW R5EAEJET 57 41.5 1735 1726 1 694 1 160 400

(4) AT SR, A SCHP 0T 1B GOK HEHEAT WK R VD B HL 55 70 1 BE 5| 0T 1 i1 BT 8
T B KD TR TR | o 5 R/ INRIE 6 F O B K S VD42 , 3B K 1 TR K VD B L O 4
A TR T 2 580 m*/s, ZMEK, 7 2 A4 H T IRPELE TR KR A FE, BT F AR AT B K I A
VRIS, 75 MRS BUR Sk & A K IR ; T 7 %8 6 1 8 Pl T PR TR M7k A 7, ATEAT 1
it 30 d FOTEK IR, I AS 7 IR0 1B (B 1 RPN ) A7 BTN : 7% 2 A4 YD A E R 15 d(4 A I
EHY, % 6 8 WY SN 30 d,
1.3 WA
13,1 BARSE AR K R A M B T e S /K AR A (AR K 4 A (K 300 ) 9 J ke
KA, TR I 5 P K B SR (B K S5/ IN R 2 A BSSI80 1 1 s R 50 ok K K i Ji /N, B %
TR PR ZR B KA 1 S0 D00 L P i 4 (2 T A

! J
W, =min > > (k(i,)) (Qp(iy)) = Qu(i,))) x 1(iyj)) (1)

i=1 j=1

A W B GUOK RN /MK i (m/s) 5i S H 4RSS ,i=1,2,++,5557 8 | D H AR B s =1,
2, 12( VLA B BE) KRR, 758 2 A4 B9 H GAE 4 A 4050k B2 A 5T A WA B, o A 07
PAH BB iT7 58 2 M4 v j=1,2, - 1350(i, ) ATHERBOREE (5) 5 Qp(in)) o Q(iyg) 20510 22 M
THT o Bt 7K It et 5 BRI T i (m/8) 5k (L) BIOK DI R AL, M (Q,(i,)) =06 (i,j) ) >0 B k(i j)= 1,
(Qp(i,j)=Qc(i,))) <OBF,k(i,j)=0,

1.3.2  BZUKERAGR D SRR St BEBOK PRV (1 filh % 25 AF K R A2 17 Hp el AT ARy 4 A 91HY)
oK BB KB RT 1 IR IRk, BN S BUR e BE oK il #Iman , = (2) .
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A TR (m®/s) 5 0(i,4) N5 0 AFER 4 IPBERYITBER (s) 5 W', (,4) D955 m KIS i AR5 4 BRI &
KR (m’) 5w, (i,4) A—UHDFIFRKE(m®) 5 N, (i,7) B m K i 4558 j i BEFEEI 1 (MW)
N™ (i) RS m KR BEHIE F71 (MW)
133 kA BRI K RI2 R B2 K LT B2 o3 11 24 RIS ik 6
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(1) KBk,

s. j >4

(i) < Z,(i0,) < 237 (iL)) (3)
Kb Z, () RS m KIS AR R BAROKAL (m) 5 20" (i) S m KRS § AR5 j I BER R AROK A, 73
ST R B0 7K B FE K A2 530 m B XU ZRWRAK JE [ FE KL T 694 my 20 (i,j) N5 m KPESE @ 4F50 j B
()8 B KA, TR (7—10 F) 435008 17 e =gk 22 (R TR BR K A2 594 m K X G 7K I3 (TR BR K 71 726 m, 3
TR0 500 %5 107 s Sl /K 26 4 TE #5285 /K72 600 m K X S I /K 2 () TE % 25 /K 4321 735 m,
(2) Tl 2R
Onn (i) < Q,3,) < Qn(i,)) (4)
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/N R B U T AR AT AR 300 m /sy QU (iLg) RS moKIESR | 4RSS j BT BEAY EROK T R B %
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KGR 7K 28 114 15 T T3t 40 ) Ry e K ML 21 20001 552 m’ /s,
V,(i,j + 1) =V, (i) + (Q,(i.) = Q,(i,j)) xt(i,) (5)
RV, (i) HV, iy + 1) 0N m KIS i 4E5S j I BERIRT B KEZS (m®) 5 QL) 5 0,.(i,)) 4%
SRS m KIS @ 5 j BT BOAE (R (m’/s) .
(4) HLuli 2R .
Ny(i,) < N, (iy)) < Np™(iyj) (6)
Abe N, (L) RER m K PESS (ARG j I BCERI T3 (MW) 5 Nt (i) D8R m KRS § AR5 j I BEAY R/
7,53 G R e 0K R B ARAIE H T 589. 8 MW A X GRS /K FE I OR-IE M 7 400 MW 5 No(i,j) RS m 7K PEFS
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1.4 KBEE
X AR SO ST oK SR/ IMEERY SR B s AR AL Bk AT OR A, BRI AR B DR N B GOK
IF B i, PO Z5 R 43 A F RGNS 2 RGN, 7 R G100 A A 8 B 7 e i K R KA W T
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Fig. 1 Flow chart of self-iterative optimization algorithm
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Fig. 2 Water level hydrograph of Longyangxia reservior under different schemes
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2.2 ZEEMESW
2.2.1 HBORERAKRAY BRI 5 AE ARV T R PEN TR AR R R RV IR R RVD UL RV A
R T ] RSO E VR YD B AT AT S AT RS RN UL 4

4 AKADEMRIER

Tab. 1 Evaluation indexes for water and sediment regulation
e kvl v ST I, S PV EE/ RN R R,
s e g ook
(d-&™") WK (a- &) (d-&™) W/ K (a- k)
ViE W 15 26 2.1 FE6 30 19 2.9
EL 15 21 2.6 Ji% 8 30 27 2.0

(1) IRV T BE 43 Hr , BIURAE S 2030 - TC P LR IR/KAS 52 (758 2 A 4) YD J1 BE Sl 15 d/1k,2030 478
£RYHIK 40 12 m* KPEIK 80 12 m® 155 (I7% 6 F1 8) WYTHTS 11 K 30 /R, 5% 2 Ml 4 AREFEAT 30 d/ WK
IR VD B B DR 2 TE PR LRI K AN T, 58 2 T 4 BUSRKaE FE A J A S 22 R LT 1] Sy 30 d BRKIE T
DO B ke X F K ZE KA R B N2 K R B BRI R AR R A A, KA JETE e i [ -, (A5
FOKFER G SLHK & AT 55 30 ™ B RS 0IR 575 T IRK IR R e R 4K & i i SEAR T

(2) WK RIS R BT, [ — VD B T T 6 4 B 48 2 TP IREO A T 5 W, 2 F 28 1
HeAK SRR — B AR T 4 WK 58 2 A TR Wl b T BRSO I 1 n PR VD K & SO IR s,
8 IR 6 WPV YCEE N T 8 WK, Ui HH PE LR IH /K G A K K IH R B K I TR K IR VD Y i

(3) BT, £ VU J7 TR VDFR FRas BB AR, WL T BUIR B oA S — i BRI P #09T i g it
TR HOK FEJE K JEVD | LAGE g 10 7 52T BEJR VM IR R | A20n] i) [n) @, H AR SR PO 4k T2 1 is 178 38 A F1 T
X—HARH S,

2.2.2 Bk A UKRGEER IR X GK PR R R A FK B AR, SRR  BURAE JOm 544 7 &
BIne s B T K ZR  BAREIR WL3k 5,
5 HOKMEITEMIER

Tab.5 Evaluation indexes of water-supply benefit

a KR T LTy ok s KB ZEETH 2T Bk
fem®  fHkEACw® BUKE/ACm® RIER/% fZmd KB MY BUKEAZ M HER/%
UER! 238.0 235.4 2.6 94.5 ER 305.0 297.2 7.7 87.3
JE2  238.0 228.0 10.0 75.0 FE6 3050 293. 1 11.9 76. 4
WE3 2630 255.3 7.6 85.5 TET 3480 341.6 6.3 90.9
EX: 263.0 251.2 11.8 76.4 ES] 348.0 334.7 13.3 76. 4

(1) AR K i S BOK A3 HT . 45 7 58 1) 224051 4 At /K AR 4 L 199 T 7K AL, ik B d5 /N Y
J5 2R T5 5 1(RI 2010 ARV HZE) AL 2. 6 44 m*/a; oK & 5 K I J5 560 75 58 8 (B 2030 7KF-4F 11
WHZE) , M 13.3/2 m*/a, SESIW T ZEAF ) Z 0 EOKEA T, E2EFZRD T RNEK R
FNPEHVS FHKES & T 3B 53 22 N i

(2) WHERPRIER 0T . ARV TR (I 1,3,5,7) BOKIRIERIITE 85. 0% LA I Hohdg B 7 & 1
() 94. 5% , LK AR FERSCR BAF  JRHTD T 22 (7 % 2,4,6,8) BEKEIER N 75. 0% ~76. 4% ALK -3k 5] 5 1K 1%
PR O T R R RANHK I IS B GOK I K i K TRV IR YD =38 2 18] 1) K OF & 358k 28
o8 T ERA DR A HARR KL (K B AR RIE S 58 BRI AT

(3) BHIALES . AR BBV K P R HE RIS A — N E AR bR, B 3 e 2l ) SR 006 9 K I3 Y
B SAF L AR A AR S B T IRV S A S VR 2R R KO A AL AR R
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Fig. 3 Power generation of cascade reservoirs of different schemes
FH &l 3 Al
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JiE R L BRI 40 AR AR R H B/ IME N T % 2 Y 2002 4 87.9 AL kW - hy HE 1 ~4 [N ZAEF %
HLEE AP 122.4,119.7,120.9 F1120. 5 42 kW « h, 7% 1 A1 2 BIBER AR UER 7 92. 7% H1 91. 0%, W]
WL RS T E0T L Y A TR K R D 1) ) B BB A5 T 2 R S0 ) ZR K P2 & HLEE SR SR TS S AF 2030 JE Y
LIKIIEBL T , Je=Fige X ZE0K B 1) & F AR UE R0 8 B REIR AR IRV J7 2200 & HL AR UERAL R 72. 7% , iz
T 90% BT HRIER  JE 7D 75 2 0 i — R 2 70. 9%, % 5L A 2 52 18 S AR Aok B 8 s i, =2 K
FRIVRAGEFEI G AR IRAR TN, KGR ZE A R B P JE 5 K R I B3R 2 8 B B AR, S 80K
S FRAR FLIG P [ | & AL 25 32 30

(2)E 3(b) H a4 N RN LR RESE 3(a) ML, A& 2B A w B, U P 4 TR A 51
G T OKIFER RIS H T IRAR AR RIS ey R R A2 5 FLIEL 3(b) Hr B SRk IR AF & Ha e AR5 1R
3(a) B rEE, FEH B 110 /L kW - h KL, 7 5~8 M43 & #8435 139.3,129. 4,150. 0
H1138. 6 12 kW « h, BB R HARIEZRS 918 96. 4% ,96. 4% ,98. 2% F1 98. 2% , HIREN & & B2k, Hr, 77
%7 WA R R, BRI P 2R IR K 80 42 m® W RN FE 1 )L Ui A K B IR, HL O R KA D
XF 7K KA AR R hr s BB K PEOR KRB m /K LB AT B v i 1o 3

(3) &5 50 T IRV 220 & H it R BRI AN VD 5 22, RIS e X0 SR 7K 22 65 IR 7K IR 00 % A5 2
KR A U R, 2RV I AR RE R, BUIRAE K 2030 AR TE PG £k TRE A IRVD 7 AN VD I R Bh 2
KR D R AR T PE 4 TR O, BT 2 B 1 BERAE R L B8 2.7 /4 kW - hy &
4 BTG 3 A 0.3 (0 kW « hy TR 6 BHE S PP T 9.9 40 kW - hy FE S HE 7T FHL T
11.5 42 kW « h, BXSBEHTHEE2 M4 815 &R IR, % 6 F18 24 30 d/RAGIETD 1 B (15 5
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Fig. 4 Changes in active storage of cascade reservoirs of schemes 7 and 8
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Analysis of joint regulation of water and sediment and
reasonable storage of cascade reservoirs of upper Yellow River

JIN Wenting', WANG Yimin', BAI Tao', SHI Jingtao’
(1. State Key Laboratory of Eco-hydraulics in Northwest Arid Region of China ( Xi’an University of Technology) ,
Xi’an 710048, China; 2. State Grid Shaanxi Ankang Hydropower Station, Ankang 725000, China)

Abstract: Clarifying the influences of the water-sediment regulation and the west route of the South-North Water
Transfer Project on the reservoir capacity of the cascade reservoirs at the upper Yellow River in the future, and
exploring the reasonable benefical reservoir capacity of the cascade reservoirs in case of the comprehensive water
consumption, and in consideration of the comprehensive demands of water supply in the Lanzhou section, power
generation and water-sediment regulation by the cascade reservoirs, flood control and ice flood protection, a joint
operation model for cascade reservoirs considering the minimization of water deficiencies is developed with eight
schemes for the current and prospective years. The self iterative simulation optimization algorithm is used to solve
the model, and the long series runoff data are applied to optimize the operation calculation. The time series method
is used to deduce the benefical reservoir capacity of the cascade reservoirs and determine the reasonable capacity of
the cascade reservoirs. The benefits of the water-sediment regulation, power supply and power generation are
quantified according to the frequency of the water and sediment regulation, average annual water supply quantity,
guarantee rate of water supply, and average annual energy output and power generating guarantee rate. The analysis
results show that the reasonable reservoir capacity of the cascade reservoirs will increase with the increase of
comprehensive water demand and the water-sediment regulation frequency, and that the implementation of the west
route of the South-North Water Transfer Project will help to reduce the scale of the reasonable capacity. Only eighth
of the sediment regulation schemes show that the beneficial reservoir capacity of the cascade reservoirs can meet the
comprehensive water demand, and that reducing the intensity and frequency of the water-sediment regulation may
be a compromise to solve this problem. The research results can provide a scientific reference for the overall layout

of the upper reaches of the Yellow River in the future.

Key words: upper Yellow River; reasonable reservoir capacity; self-iteration simulation optimization algorithm

water-sediment regulation ; the west route of South-to-North Water Transfer Project



