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Abstract

The advanced researches and related problems of early refill operation for multi-reservoir system were
reviewed. The theory and method of dynamic refill operation was studied through analyzing the spatial
aggregation and decomposition of complex cascade and parallel reservoirs. After selected the best mul-
ti-reservoirs refill chances under the change environment, a multi-objective joint refill operation model
was proposed and then solved by optimization algorithms. The joint refill operation schemes of mul-
ti-reservoirs as well as the assessment index in the upper Yangtze River were suggested. The simulated
refill operation results of the Xiluodu-Xiangjiaba-Three Gorges reservoirs show that the hydropower
generation can increase 3.044 billion kW-h (or 4.89%) annually during refill period under the conditions
of satisfying flood control safety and other constrains, and the refill storage rate and water resources
utilization rate are also significantly increased.
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e 7K EEIBT Bt R UL K fiia 6 2 HAR A I . X.CJR A [A]@Ar T % R L5 6 ) A B SR IK =K PE AR SR AT &
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B SR TR, 2 AL G E KT S, BTSN & /K Ras AN TEAT AR, I e = oK e mT
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AT L3 7K PERE SR Al 2 /KR DU A BE A 7T
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T, EBEARWIRBNEIEF &KL XA E KT 20 BT R EAOK B8 T, J5ROKA S IEEw I ELR .
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SOV 7K PR 8 KRR 1) T DR 30 B K PR AR 5 K P R B K IR B 38 7K DA B )4 o 1 B 7K A2 ) K
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AT b i 7K AR AT &8 7K BB A LA R BE AT 5L
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F(Z'(t)= £(Z(6)+ " Qu (t)dt— [ Q, (t)c @)
W% B AKEE” 25t I BIFF A VBT KRV, (1)
maxV, (t)=f(Z'(t))- f(Z(t)) @)

At (%) RREER R, [7Q, (A AT, WIIAFEAR, [7Qy, (t)dt JTULIIT, Pl e e
K
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HIT b WK 2 A7 K TR 7K P 0 VRSt A A 3 350 5% B A e 24 i e 2R A O SR, TR 5%
IKPEZ AAEAE— R LI 96 3, SMIB RS HUR AR K 786 R Hh 2K P2 D I PE IR R, JEAE T A 5% 77
Pl B AT R, TS K PEAE IS BEVII0 AV SRR K T, B 24K PE B 2E t I BRI AL Z, (t) I RE R,
T LUHES: H K A 8 t I BT S5 B ALK L Z) (), 27K B AT B VB A 28 T AT P BESS T DA
SR H KR A TE t I BRI — RIS K BL 2, (t) . UL ATA G — A B Fmsh, RZIRR, B

max Zj, (t) 5k max Z; (t) @)
T BEGOKBET 5, ok bR /K B 23 AV TR SRR K B0 22 R IR UEARIE, U AL B /K BEFEAE
WRKF:
A 7J(E:
[ Quua (D)t = [ Qu (t)dt = £, (Z4 (1))~ fu(Za (1)) )
B 7J(E:
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A. BIKFEZIAZEAE B Rk &, 1.
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EEIER T B AL BAKERIKAELEIR Z,, Zp 2 A8 ish R R BT AR RS N ER, #2 L
WK R R KALBAE T, B R IR R TR ARK . i PR AR DL A R A5 S, TR A RTUR I A i
TR B R, B, CHEARE TR KPR R R AL, U35 7O AR e v AR 1 2K Azt T T T E
P72 TR P 77 ik 2 2 2 I AE — AR EL P, HH LA 24 (95 &R [15].
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2.3.1. FRHAMEZE

R A FENRIR A LA K ik e, A SCRR R E K P S VBT AR AR AR 22 5, A TR S AR,
FLEE AR L AR, R SR K AT BRI R IR o B2 Lol IR AN 5 7 3T 0 PR 450K SRR
RFAE PR 22 0 EAT B AMEE PR O KSR s 35K R T P BE 22 5 BT AT IO AMEE IO R A2 o AME TR 2 A P
TR RE LT A K HLt K P (R 2 L ), SRS B iR 19 PR RE 22 /K R st /K R (PR ), (R B i P e R
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LU TR B b N ALE, Rl M R S M F R — . ORI, T YRRELF R, HUER R
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2.3.2. BRUKRFHIRIRE

BRBUKTHEIRW R . JL2 A S TR & KUK i, e R AP B 1 7K & 38 23 4
e —EB A K ERE KR, SRS KR, X AR MR ER R E; B RS
KM E KR, BAFI BN A S BAE, XA S KEE TR P RACK A HY KR WRFE
— RGP X RSB A IEAT, BT OKERR R, S ATHE R oK Bk B K BOA A P R R A HL RE T
SR IIACKAE RN R, IR LLS & B 2 AR i sl e A, sHR B A RE AR .
Rk, B 7T B TBOUKIRIE, w7k f st AR B /K e R AT RS R B7KSk R, ARSI K i s )R] BE K H B

1) HBBIKERI B HBOKIKIT . LB BTS2 254 ) F BR ) AR T 5K dasst ol 0 78 eA AN RN 1 0K
KA R BRI . W EIEKEAN A, TIFKERN B [E—{LKE B ) RS B /K UK RN e H 7
AGERE, R R0 A KEERKOR R RGEDR, HARGEH AR

AEy, =F,AH, (H, +Hg)7,/367.1 (14)
WS R UE B KL KR R R R, PR H R A
AE, s = FsAH H7, /367.1 (15)

AXF: Fov Fos Hyy Hyps AHL . AHg, 77, 7 P BUAFERTBE AL B KEERIAEKTERL, KKk, K
TR TR FBE AR ZK LI (1) R LRI

A KRR LR TR R RAE R B KT T R HL,  2(15) K Sk T K HL st R 7K Sk 2 A B
T REERIA R IJRAAR R —AME, AR ISR AR, B4
Fo(H,+Hg)

FBHB

HH 7K A B KA K BRI T ISR T AR I B HkSk, SEOR & HREI R o BT 7K AR AR,
RE AP A KPERIAE BAETAE N

AE,, =W,,AH 77, /367.1 (17)

AH, = AH, (16)

B /KEEMIAE HBET RAE N
AEg = (W, +V,, +Wg ) AH 77, /367.1 (18)

RAft: AE, « Ay SV AL B KR HAESUKAA: Wy, 9 A K EETETTIGIN B2 DLJG 28 K IR R 2K s Wy
RTINS B LR FOBEK P, T s BB D ARV, o A KB Bk R
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B A B EIKE LA B KB 2L N B bk, Rt (18)Hh 5 WA =570 KE .
© BIHERBEEK MR, A E B S i /N RN SREEGOK BRI M EJKE A ettt
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Ui A B KT
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(21)
Fo(H,+Hp) FoHg
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PR EE AN B FLRES 20 il R
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AL, SRR K SR R I, [ RE T 1 (K T8 T A o R 20) s 45— 2 A
86K BRI st 0 LT 417K Bl LT B 7, DA 90 5 7 S

D 11T 58 B 2 PR SR (0T UPALIE « WL 24K 5) B I W 2% (A K o 3 0 L 2 A0
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S K K P 5 RGP+ 2 W 5 K (L K 300 A o DK 2/ B

@ TR AN, 1T HIR KB 5 K T AR FK IR, S T 72 AU HOK K 10 BT SR S5 K
KPR R AR I el e SN FK P RE AR 7, WU T DA L R 7
L K KRR (A PSSR IR IR, SRR R I, SR, TR I I F it
(FHIBUK B E A UFE. b, (ERERIRKEE I 7 B FTI AoK BRI ALI, 00  LH 2
2.4, IKEERFEK ML ERZ I SSVK R
2.4.1. IKEERFE KBRS

AR IUK R 2, HE LT ORACER: BrkEb, RO EER, BAE R BUEF R, IR, 3
i ERLAL SR T RS, oAk 0 F A M T

1) Rl R DA BBk R R o

mmEzi(iNJQ)ALNmﬂzKQJQHAQ (30)
t=1 | i=1l
Ao T ELAM G n WEABBEBERVKIEASG N, (6) 58 | AKREAER BRI 77, RUIFHC , &
TR, (1), THIRAIKSL H, (1) TR AUKLFSR B,

2) &BKHIR: L)%iﬂ%%ﬂ%kﬂﬁﬁ%%d@%*

hlgh(l) min (I)X 0/ — Wb,
minQ‘”:iiQ"’" (t) (32)

R Vi (1) A5 § AP B K B RS Vi (i) A3 § AR IE 3 3K BIx BIO FE s V(i)
N | AR IITEARI B o N | K BT 5 R, T AR 2K O o5 6 K T
AR MBITE: Q,, (t) FR | KIS I S KR,

3) FLiE HR: LOmgERE.
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4) RSB DUVERST BRI R 2
minR__, = iii#(qm (t) 2 Q) x100% (34)

nl g

Rt Quoy TR | AR MIRINE B

2.4.2. BRBILRES
1) KEPHLIH,
2) IKBLLIH: IKPE SOV e i AR A K AT
3) AL K e vr i KRR
4) HPERELAR: NEhikg A,
5) T BT o< 2 RIZKZE L AR AL FR VR
6) EBEE LN RS R, WX(6).
7) ERLH: LRSI R K TETE.

2.4.3. RBMRKTSE

R R IEBOK BERE IR R I &8 T B e . JELRME. 2 HARSERRIE R 2 b a8, TEvR A e AR
WREEINEIZSRI(DP). BAAETEVE . MRNTESS AT RAR[16]. B BI7EK R AL R il B 55 9) 2 B I T A
B ACHE L HE A BAL BA(NSGA), £ Bbshi FREEIR(MPSO), %50 E3(DEMO), Pareto fitif7\ahAs4E s
3 (PA-DDS)% . XIT % HARIUALIERE BIVEAT U 5 W SEAN A P A TR &, WS I SR ) A
S e BRI RERE, /AT VR Fia B SR A 1R 225 [A) 43 AT Y R RN S HLAE B AR 22 8] 43 A1 R3S SIRE FE[17].

25. BREERREL RO IEIRER

MARE KRG A G008 BEHRELE s, NERBKEZNS, FiRmkm. g, £5%
Maso EFXTRIEE. RHL HKCLRARETER, BEKEAS. L NKERE KPS MFELR, EICE M
WL BE VER AR BE SRR LU e, 30— K EE R BT R fabnd R BIBRGUK ERE, 1R G BRI T
KPR T A, /RS FZ BRI AE— B, RAREAGIME. TTESESRIMEE, SHirE A
& 77 RIFRMEVESR bR, TR RIS KR E T ZRIVFN IR R, TG B kiR 5%

LT B R K PERE R B /K BE R S B0 AR TR 7 T, A BRI e B A B /KR BE T B2 — A2 HAR T
PRI R, BT ERZE 20 2D 70 AR R TR 1) — 20 X I 2 O B0 70 T BB i, R R AL AN 4y
M dEdicds, JUHIE K B R IR SR 7 A0 1 42 () — PR R M A B 07
3. BIGHE - MR - BRIk EEfR AT B KR LA E

TERRIRIEUE 1) FIURN = e K P T S B 11T &5 /K BEAUA TR B2 o R FH IR D7 VM 5 7K 26 35 /K I LA Bk 2 4
KL, PR E KT RE 1 s Wit &K SR, K =WokERHAMRAMATTR: I—ATEKT S, i
BISTEA P ZIEKIETTRI 8 H 25 H, =WokEZKIETR 9 H 1 H, WKL AEE KA. M 8.25 HilLE
KE 9 H 10 H, BISIEM K IKE S35 % 586 m 372 m, FH4EREEIZKMZE 9 A 15 H; EHaEK
£ 9 H30H, #HEEIERE/KA 600m Al 380 m. —Uk/KZESERTAE 9 H 1 HM 145.0 m FFEAE K, 9 H 30 H
AR AT 165.0 m, 10 H K] & 25 & /K67 175.0 m [4].

PR H 1950~2010 444 8 H 25 H~11 H 30 HIHARFZE R, a2 BirB g Ar Bl e, % 2

minR,, N
nT
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AT b i 7K AR AT &8 7K BB A LA R BE AT 5L

Table 1. Design and early refill schemes of the Xiluodu-Xiangjiaba-Three Gorges reservoirs
F 1 RBE - BRI - ZWOKERITMEREKASR

BRTHE Bt IR E e =l
PR KAz 560 m 370 m 145 m
AL & I 1) 9H10H 9H10H 9H15H
FOE VS
THRI & R I 1) 9H30H 9H30H 10 31 H
9 H 30 HKAL 600 m & 380 m #i# 156 m
L IR 8 H 25 H 825 H 9A1H
RAEKTE TR B I 1] 9730 H 9H30H 10 431 H
9 H 30 HKAr 600 m & ik 380 m & 165 m

Table 2. Comparison of designed and early refill scheme results for the Xiluodu-Xiangjiaba-Three Gorges reservoirs
T2 BEBE - AR - ZWOKERITHRERTE K REREER

PN BRIRIE LR =k B2

KEE  FKE s KR FKE o KEE  FKE g REE FKE E
(fZ kw-hy (12 m®) (fZ kW-hy (12 m®) ! (fZ kW-hy (12 m®) ! (2 kW-h) (I m®) s
Zagy 230.75 9508 9515 11450 10332 8300 27655 7244 9773 621.80 7244 9644

WIS

AT 240.39 87.71 97.73 116.77 97.98 93.40 295.08 52.53 98.80 652.24 52.53 98.29
9.64 -7.37 / 2.27 -5.34 / 18.53 -19.91 / 30.44 -19.91 /
% 4.18 —7.75 2.58 1.98 -5.17 10.4 6.70 —27.48 1.07 4.89 —27.48 1.91
e Rh AMURIGEE, wiURMME T 2.

WEERER: RATE /KT RS A, TERRPRDT ke 2R 2 A2 R 2R, Bh oK 2 & /KA 11
SRR R BN T 30.44 14 KW-h (B30 4.89 %); FHiiE N 96.44%, HEmE T 1.91%; Loz o EE.

4. 4B

KAL EPREREIB M NIZAT, B8 T SO RAMRTAK BHEF FTBUR,  AETROR E AT g H B
BIKPEZ M FEFEE K, S BUA LK PR 8 I 3 AN = AR SE RN o i 45 el RS N o ol SR IRATT A ok B
AR, T8 NRITR B AL AN [A] XK SO AR AN 1, 455 B A K P AR PE AT 1T RE 7T
PARAIT R KA SRR, a8 U, B A2 S B K R & B KRBT 5, SEBUKERE BT
P AL AESELGE M BRI, ORISR A fi HEAT AT Fr 84 J

E ST H
=T 5 SR T H (2016 FC0402206) .
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