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Fig. 1 Schematic diagram of Wujiang River basin in Guizhou province
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Table 1 Basic characteristics of cascade hydropower stations along Wujiang River in Guizhou province

IKPE#FR TR (IEH) B K A/m FEKOL/m  WEER/ACm® PHEERE PRUEH 7/ MW HHLA /MW
BRI 1140 1076 33.61 ZAE 159.1 600
W E 1145 1126 2. 480 7 13.9 84
gl 1086 1052 3.220 7 46.5 360
HRA 970 936.0 4.910 Z 236.0 695
RKNE 837 822.0 0.6740 H 166. 9 600
LEIW 3 760 720.0 13. 60 &S 332.0 1250
14 Bz e 630 590.0 29.02 4F 746. 4 3000
Bk 440 431.0 3.170 H 303.6 1050
e 365 353.5 2. 870 H 322.9 1120




920 KoOB o o R 527 %5

2 BHZUK G AR 2SR BE SR A B A

2.1 BKAAERN

LTSt B 9 K R E RE S A& TEREA ], Horp, e . 178 R, RIE . BAARFIE 6 JE
KSR HORT K RS K, T RE AR, TR RN 5 Adm® o MEGKHE | A4 B MERLS VI 435 Ry
A AR E K, HHE A58 33.61 44m?, 29.02 fZm® Fl 13.60 fZm®, &8 E fE 7734 5
76 f¢m’, P, FEAWRGEH, RS VLI ARG KOME 3 K ERIR S ORAL R B, BB IROK PR R HL | A
SHWIE KR B 5l R, RRGE | EARFITPTE 6 HEK B L& o 3, AR 40 H v i) B KL
W), FEW B I 2T T, KR RE K B IEH FKALETT,

2.2 FEEBREH

TEHATREGOK 22 HARIE G LA TR BE S, Bt 181 85 e BR A 7K P2 By P SR i IR FE RN 5 e as ) 2% 1 5 7T
TR JAE K R Wi AL IS HIK AR oK, AR4E (SN VIR SR sl K R BE T 0E) , 77 VL T i A
/NF 100 m’/s, T EM R EA/NT 193 m’ /s,

AU IELR G 75 TR AR SRR B S S AR i i, B T e/ | il BORMBRARAE R i . RIS KSR AR
BORFRAES KB T8 5 | A w8 KBTs 0 . AWM ER R A SRR, s/, Ew,
A T K SRR BT R R (1) —=X(3) 15

Puin = &) + 6, + oy
{ 2 a, =1
K ¢ WIR/NVEST N EKERATE & R B AR BT K REWFFESE R & Rl el
ARhim b3, &Fni/MESFERREG §FRTEMEIREG o, TRRAMEEE R 55/ M i 175 7K S5 904
AR SRR AR, SRV ERIT IR
¢0pl =d,, T, + az‘fopt
{ z o, =1
Xy o, WITIEE B AR ST RKFRAGE, TER/NEBTKERAHEA R o FERIEZER (E 5L
S FRAOHNE B SRR R0 S E I BAR ST K SE AR R AR SRR 5 &, Wil B AR SRR A 0 R
EHASBIERE.

(1)
(2)

b = alfy?ar + a,&,
{ (3)

Ea, =1
K, b FEITEBAE TR AR HIGEL, & $5 08 PARAE BT K R AU RRE B3, A0 0 BAE AL R AE P8 5K
ELVASAENE SR RELE 5 o TRRAIEZER 508 BUA AR ST /K S IR B AR X SR
WK SFERRENE 25, R (4) TN | SV AU 25 i W 1 A A/ | 38 EUR AR AR S
wKE, 4iRIEK2,
Y, =Y (4)
K, v, RAEWERIEBIRAE ST KE; ¢, AMEAESTKERRE, FERFHINEE ST AR ;
Y R ]I W I 243 ] S B
! ] C
Y=;;@ (5)

A, QFARE IAE(H)FEIRE, =1, 2, -, n, n AGEIEH,



55 6 1] B8, 55 SUNBENSTIK B GUT RIK A AR SR B 921

F2 HRE., BITEMBEREEREN, EEMEBERESEKRE m’/s
Table 2 Minimum, optimal and ideal ecologically flow demands of the Hongjiadu, Wujiangdu and Silin stations
- - W Hiti 9]
5H 6 H 7H 8 H 9H 10 H 11 A 12 A 1 H 2 A 3H 4 H
/) 33.5 74.0 92.3 72.4 57.3 42.6 22.5 16.5 13.2 13.5 14.8 19.8
MR T H 55.1 124 153 118 96. 5 68.6 36.5 26.7 21.7 21.2 24.2. 32.1
AR 87.2 196 240 187 153 109 57.3 42.3 34.2 36.8 38.4 50.3
/b 88.4 169 248 178 155 112 64.2 54.4 47.6 46.7 54.7 66.2
RERAI:S EE 162 303 448 324 283 201 115 99.3 84.7 82.9 98.4 119
AR 255 483 717 519 451 321 183 159 135 132 157 191
/N 254 493 585 368 309 245 150 119 105 104 118 169
J5U 7N EE 406 788 935 588 492 392 240 188 168 164 189 268
AR 617 1200 1420 897 749 595 362 288 256 254 288 408

3 LA HL A 2 2 BRI

A A IAC M R L3S UMM B SUK TR BTt . ks . Bk | fils | AESES RS, =gk
JPEBIBCS DAL B 73Xl i S MO 22 F R DA R BE AR, 5 b SR PR A I BE FL AR5 29 SR 2R PR 1Y
Bres ik or =,

3.1 B#rEH

MEGUKIEZ BRI LU L . AE2S | USSR 88t e Ky BAR R, Horh, i LIBRRAX 41 % H i
Fon, ASUAESRENITELRR, Wz iisielbirEin, BEILX6).

Z =max(ZycApe * Zecoreco T Zavataay) (6)

M—ZZEow—EZP At (7)

=1 t= i=1 t=

Lo = 2 Zf/: (8)

Ly = Z zg,, (9)
1 Q. = 0"
fj.f = Q/’J ECO (10)
‘ , <
Q0" i < O
! 0. =0
ji = NAV ‘ NAV (11)
“lo, LA o)
L =AQLH,, (12)
H K6 =7, —Z“el (13)
:Eﬁ:EFI. ZELL\ ECO ~ NAvﬁj\%IJj‘jkEEEu EE E*Tlﬁlﬁr]:ﬂﬂﬂ‘ E;FTU[IEI_E, )‘ELL\ /\ECO\ A]\mx%%”ﬂ‘jﬁ%
i AU R A B AR A 5 £ j WRTETE ¢ N B A A T W R, =1, 8 43 FRIR

HEGEVE | S VTSR 5 g],jﬂ/%ﬁﬁfzﬁj“fxﬂm_ﬁiﬂ‘ﬁﬁf“ j=6, Sé}tU%%/TI%{IF%H,wM‘T(ﬁ?IZEﬁ
W o AT RBBPOKIE, i=1, 2, -, 9, MAlFRBERE . HE . 517 R BAE . BHE,
P REME . BB UV ECi,0) NS L POKIE  IFBRO R, kW hy VKR BB RS R Tjﬂfr%?lﬁﬁx S
e P”j\ijJEtHT&E’JZZEEHjjJ kW Ar TR BN RG A SHERE I I BB Q0 i KPR ¢ mEBER



922 KoOB o o R 527 %5

MU H, O i K ¢« BT IK Sk Z, R i KR o IFBERINRTK AL, K —ER R R R 20 R i
IKPE ¢ BB K AL, dl i KR DG R AT @y j Wi ¢« BB A AR TR KA Q) A j T ¢ B
BEROTIE FHAK TR
3.2 AREKEH
(1) KEEKEEMGAH. v, =V, +Q"'.D, + SUR, D, +1,,D, - Q,,D, - SUR, D, (14)
(2) KB

"<z < z™ (15)
(3) I 2R
aNF,, <P < NT (16)
(4) BRI IRIE TR LR
Zi,o =Z;,o (17)

R Vo Vi REETE o+ o RPBERIE RS, 1, i KSR ¢ BEBERIIK I AR QO i= 1 KB B R R 3
iy SUR, Wi KR ¢ B FKI R, D, N ¢ BB 5K 8 180G Z,, 0 1 K ¢ B BOR B9 K AL
Z'N R i KPR ¢ B BESRVF SRR AL s 20 i K ¢ BBV RS 7KL NF, R i KPR ¢ BB B GRAIE S 7 5
o ARUER I RE, mAER 1, J/MER O, ABRITRR,, ERBEN 1, WRETOR, TR REL
o, RVFIOIITBARTOAIE L J1 & NT, O i KIERDLE = 70 o8 i KRR BE s AT K AL

4 BHYPOK R E R ISR EE T 5 AR

4.1 AEAR

TN YT 9 PEBYOK FEY A B A K AT S5, 50K PR AR R B S RIE AT 45 . AR T AR 5
KIERH . BRI AES AR R, ST 3 M 4.

T BPOKIELUEREEE RN, W EU a0 | Sy A AR i/ N A 25 0 T oK AR 2 VT S
MR WEATIZ KRR

T2 MGOKFELURRIREE N, [R5 UG | SV AUEUARIE B A A5 0 75 oK DA S S VT8 AL
RS K TR

T3 MGUKFELURRIE N, W UG | YT AR AR Az A5 00 i 75 oK DA S S V0% A
AR S K TR
4.2 PEERSWH
4.2.1 5F-FHRELERSH

FH LINGO A AT AR R SR i . SR H] 1952—2006 4RO, #EATHR 2055, &R By
REF, BINEIT TR 9 K ELAE YRR 3, YT TS0 . VT FUEAK 3 /N3 1 i ) A=
BHKBIER I 4,

M€ 4 AT, It SV 9 BOK BB A LA, REASWE R UL R | VT8 UMK 3 A Fas il U8 18 174
F/NES KRS BASHKT R, FE/MESHK T R(FE DM, SEESHKFER(FE2)F,
KVE . DULPE . RN, BRIV TSI 2435 Kk i A T RRAR . o, PRSI R B 19 22 43 ke f i
YRR T 1. 619%F1 1. 60% ( W32 3) .

3 A, SEAMVESHETR(FE )M, EZETRBAAESHKT R (FE3), HRE,
I, RRGE . SULHE | WEME . EMRRVER 245 R o b, o) BERIERRIRT 1.61%, AR
BRI T 5.04% , RIVERRIRT 3.75%, ST T 2.92%, MR MEEART 3.41%, BRI T 1.32%,
IR T 1.51%, 3T, BRARTHKEZETLERBEZWAK, AV 5N | MR AT



55 6 1] B8, 55 SUNBENSTIK B GUT RIK A AR SR B 923

ST BCREIR T ORUES o Hirb ) BEZRUE . ST A B RECRIE 5 7 Bl IR s B RS R R I Be B
23.5% . 21% M 14%, TR 3T, BERIE . SYTHERUEAR 3 A4 0 W7 i BAR A= 25 00 1 i BEOR UE R 2 518
76.5% . 85%%85.83%, HHMCAT UL, M BT ule, HESKEE . Sy AUERR 3 AT i AR AR 2N i R IE
RGN, BRI | VTR B 3 R K 2R A AR IE Y ) s BRI R R I RRAE

x3 ARABPEARTKESEFHELBE {ZkW-h
Table 3 Average yearly generating capacity of every reservoir under different scheduling schemes
2R ES VEY) %3
e 2.97 2.97 2.97
ST 9.76 9.76 9.76
R P 14.08 13.85 13. 85
RN 29.63 29.63 28.21
BIRE 21.53 21.53 20.75
BT 44.53 44.51 43.26
Fey B fE 102. 55 100. 94 99. 18
JEAK 41.94 41.84 41.39
Wi 41.52 41.35 40.90
it 308. 50 306. 38 300. 27

*4 GITRSESIHEESHKNE(A)RIER %
Table 4 Guaranteed rate of ecological water use for each control section along Wujiang River
2R UE B HE2 %3
S 100 100 76.5
LT 100 100 85.0
JEAR 100 100 85.8
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Table 5 Typical years and flow of Shatuo dam
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Table 6 Yearly generating capacity of each reservoir in different typical years
2R e gl BRI R REWE YT F4) B e SRR WiE At
FARAE 3.24 10. 66 17.47 31.01 23.07 50. 56 135.37 51.75 50. 62 373.75
i FE KA 2.17 6.35 16. 81 30. 58 22.80 46.04 105.33 43.17 43,08 316.32
SR AR 2.90 8. 12 18.99 30.20 21.90 41. 66 92.72 40. 07 40.18 296. 74
At 4 2.97 9.87 14.32 28.06 20.28 38.94 88.73 39.94 39. 60 282.72
KA 2.17 6.35 8.01 20. 65 14.37 25.20 48.19 27.25 29.37 181.56
LA 3.16 9.78 15. 59 26. 61 18.37 39.90 96. 67 40. 50 38.77 289. 35
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Fig. 2 Scheduling process of Hongjiadu, Wujiangdu, Goupitan and Silin four reservoirs in wet year
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Fig. 3 Scheduling process of Hongjiadu, Wujiangdu, Goupitan and Silin four reservoirs during partial wet years
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Fig. 5 Scheduling process of Hongjiadu, Wujiangdu, Goupitan and Silin four reservoirs during partial dried years
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Fig. 6 Scheduling process of Hongjiadu, Wujiangdu, Goupitan and Silin four reservoirs during dry years
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On ecological operation of cascade hydropower stations
along Wujiang River in Guizhou province *
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Abstract: In order to protect aquatic system health of Wujiang River and achieve the win-win goal of the water ener-
gy resources development and ecological environment, the ecological operation of cascade hydropower stations along
Wujiang River in Guizhou provience is studied. The minimum, suitable and ideal ecologically flow demands of the
Hongjiadu, Wujiangdu and Silin stations were analyzed. And the multi-objective combination optimization scheduling
model of Cascade Hydropower Stations there was built and solved. Mean annual and typical year generating capacity of
9 reservoirs are calculated. Ecological water period guaranteed rate and the scheduling process of 3 main control sec-
tions are showed. The results show that this study can increase the ecological water period guaranteed rate of Wujiang
River, as well as guarantee benefits of flood control and power generation. As for low flow year, it is hard to reach the

ideal ecological flow demand.
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