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Abstract

The differences between reservoir construction and operation periods, flood limited water level and flood
control water level, were discussed. The most likely regional flood composition method was applied to de-
rive and analyze design floods as well as the flood control water levels of Jialing River cascade reservoirs in
operation period. Results reveal that: 1) the design floods of downstream reservoirs are moderately influ-
enced by the operation of upstream reservoirs. The 1000-year design flood peak, 3 d, and 7 d flood volumes
of Caojie Reservoir decrease by 11,456 m3/s (18%), 1.35 (12%) and 1.11 billion m3 (5%), respectively; 2)
the flood control water levels of downstream reservoirs are slightly higher than flood limited water level
with the same flood prevention standards. The flood control (limited) water levels of Tingzikou and Caojie
Reservoirs in operation period are 447.4 (447) and 202.3 (200) m, which can increase the hydropower
generation by 1.1% and 4.8%, respectively, and in total 0.11 billion KW-h annually.
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1. 5|8

IKFARA TREAE RN B B, ARYE AR bRitE . FFRAT S AIRIARSE, KA Bl R AR AF S KK R A1IHER
Wtttk e K ZE B R Y 2R 28 R A KA, o IR HE H IR I BB A, MR 45 FEEA ML,
TRRIFIBT b 224, FROA “EEBIABTHEoK”  FERSARHEBR G AL(FRR “TRPRAKAL” e Sk R FEZAT

KRR TAE R TIWE AN IE R 1817, BN AF R BUKED RO KA TR RN, g E
SR DA T AR GOK ERERS SB[ 1] 52 LI KEE IR & sm, KOS AR T RRE SR AR T REFELA, KE
CIBATHARHOK . BRI KL 18 AT BT A R 2 i . N T AN ELREE S, KIS AT IR 4
HKAL(FRIFR “TRIa KAL) TR EE R IEAT

BE OKFIKE TR KT S TE(SL44-2006)) [2] (FFR CGHIEY )b oxed 7K FE 2 e Bt /K i F e e
R5EE, EXKEIBAT TR IR . FERGUKE BRI T, 57 K2 v B s Tt 7K S
FROKAL, ToiksRBlK EERE LRGP H A e KA. Bl B8 Rk EE R & 2, JF R ZOK s AT s vtk
SO KL FE, R AR TE R SRS PR IUK E RIS AT B KT, B EK.

FAEGEEBIWIR T /K PEIZAT BAR BT H KRR 7 3%, Hokz O e HESR AR il i i A1 %29 X 3k 7K () b X 2H
CRETEY  Fh R FH I [R50 3 X 2 B SR 8032, ABZ 7 v RIS R A€ 1 -6 B A0 40 DR B T P A
KB DIFEFEM € o M LLF FR M X AR, e nl ReH X ARk A LR LA 1) 7EATA AT REMIHLIX 4L s
i, R R RN, BABERMG T AL, B T SRR AR R 2) HOT RH M, ABEKE
HH BIG g m, KRR K B 4EECE = s IR e A RN o I E RS [4]8H Copula BREHESR T RIS
X TE) k7K B P e X 4H R ) & B 46 (S 1R Copula BREHE S 116 2K e B v] REBIX Bk i B =, ikt
HEKHL X H S AT AR AL T — 5B R REFESE[6]E T -Copula BRI T 4B IL NG 0, RS
FERIEVEA NSGA EHER T S VDV T Wb ZK B () 5 AT RRLEL A, AR 1 iy 4B 00 T 5 PT A 2H 1 ) oA ) 7

FERTLR KL B R — RS0, RIET BRI RISH R, W&, Hl W, mERWUET, FRe
P 1132 km, 752 2300 m, “FHILLFEN 2.05%0, HIREFL 15.9 /5 km®, HKITHIREFN) 9%. LK%
VAR 698.8 12 m®, AKBEVEGEFI, I ARI([7] [8]. BRI T SRS F D RIBAT 2 MK PE, SRt
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Figure 1. Sketch map of cascade reservoirs and the Jialing River basin

B 1. ERIDRIE A oK BRI E

2. RAREMXLE AR

ST - R - 2T 0 - BEHGKEERRIK DB Xis Xow Xow Xo T3, BUARKICH 110 20 x50
xor B XKL B - - SRR - BRI Ve Yo V3R, BEKKN pe v pre BAE
MK B R TT AL B, HR P& R AE IR T RSN, FTLUT Xiv X Xou X HOBE A MER T
FEBR SR £ (0,000, ) BORANRIERE . (s, ) K, 201 M0 (X AL R 2R O T R MR K . 47 51
ST ALK ALF,  BINSRAR £ (.3, x, ) ZE S KBTI R A, B

4
max f(xl,xz,x3,x4)=C(u1,u2,u3,u4)Hin (xi)
i=1
Xty =X (1)
st. x+tyty,=x
XNtV TV, V=X
XA e(uy,uy,u5,u,) 9 Copula IR LR u,uy,uy,u, X, x,,x,, x, FIERR ., S X (i=1.2,3,4)
FRAE 2 5 55 BRI 4
KH t-Copula BRECRE &4 X LS 734 o t-Copula 73 BRI ELU R IE AN

F(M) v+4
C(w;Z,v)= .[_q;](ul)...jil(““)—v(l-i—la)TEla)) ’ do 2)
()R

b S OUMRMEHERE, o AR R BRI
KA FIR(GA)R M T REALR, T ZOPIRIT
1) ARIEFEAMNE %70 X HIIL LRI AT AR5 7045 o
2) HJERE LA, Bl IS A8 B R U S FAR R BCEAT DAL SR A
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4

min _f(x17x25x3’x4) = _c(”19”2a”3,”4)HfX- (xi)

i=1 '
X4y =%, (3)
st. x+yt+ty,=x

X+ W+t =Xx,=2
AR BN %4 X SRR AL B [y, 00,0, ] o
3) HSRARAS BN DI 4 T 4 X PRI 54 AT 4R T R X 2L
3. kPIF=R
I K 2 ) B K T RUR U T /K R L 022 1 T e A9 8 Ll /K P 1 25 10 PR 0K P 8 K F

SN, BRI AT REMLIX H RSN, IS CUVED HERER AT R L X 2 SR AT LB Wik 55 7 32 IR &
SN ) 48 R K P IS AT I BT BOR AR KA, IF 5 @ B R #EAT 1 X L

Table 1. List of design flood characteristic values of cascade reservoirs in the Jialing River

= 1. BRIHRKERITHKEFEE
KEE KTMOG km’)  IEHEKL(m)  WRAKM@m)  RUKELm)  REBUKAIm)  BRVERIZ m’)  BERAZ m)

M 2.60 704 697/695 704 708.8 0.5/0.7 2.17
FESF 2.84 588 583 588.3 591.8 2.8 25.5
=FO 6.11 458 447 461.3 463.07 14.4 40.67

Hifh 15.61 203 200 217.56 219.18 1.99 22.18

3.1. ESXBKMILED T

HRAE 52 LRI PR, H 3 dy 7 d AR TR DX ALl I B o SCrR A% o BL 7 d i
) BRI TSR 28 2R o SR AR A DX L v 35 R s BU 5 45 3825 7K P 10 R AR VB B R gk W B T SR FH B il
S H RS s SEIG . 38 L R RARBOK SR SIREAT TR SR MR A BR R = R (P3) 3 A1 AN
WAL, FFRM K-S RIS AT st i KB R BTHHOK BRI 2 Fros . B K-S e 2 2 VKT
N a=0.05, p{EKT 0.05 M@K, SREY, RPMEAEEHAZRR P3 4@ 1 K-S Bk

Table 2. Estimated parameters of marginal distributions for each sub-basin

F 2. BORRZRIT AR

- P3 il 24 KS #56 PaigiE
i ¥ C, CJ/C, p i 0.10% 0.20% 0.50% 1% 2% 5%
L Wy 7.08 0.48 25 0.996 23.44 21.77 19.52 17.78 16 13.57
FIRSF Wi 7.74 0.48 25 1 25.63 23.8 21.34 19.44 17.5 14.84
BIEF W 9.12 0.55 25 0.826 345 31.81 28.22 2545 22.64 18.83
T Wy 24.6 0.52 25 0.844 87.99 81.38 72.51 65.68 58.71 49.22
BLHT Wiy 79.4 0.37 2.5 0.844 209.4 196.9 180 166.8 153.1 134.1
T O 1960 0.48 25 0.564 6500 6030 5400 4920 4430 3760
FEHTF Onax 2250 0.5 2.5 0.617 7800 7180 6420 5830 5230 4400
T Ona 10,800 0.5 25 0.796 37,200 34,500 30,800 28,000 25,100 21,200
B O 24,600 0.36 25 0.856 63,400 59,700 54,700 50,800 46,700 41,100
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3.2. BEOXHKNEE S

KH t-Copula PREE . %57 X 3 dv 7 d FlR RBEEREEG /010 . SHUG TR AROCIRE, Bk
J7¥2:K A Cramer Von Mises 2% o B 36 2 25 PE /KN a = 0.05, p KT 0.05 BB R iR 35 77 1R1% 22 RMSE
AR AE EHEN AIC T t-Copula F H HEEZHATILE . PLEETUL B & IX 7 d EEE M E N, 2ird
W 3 Fron. HERTF, A EHEER t-Copula RGBS A Redd ke . &, HH
%4 3 1) t-Copula % fi/MP RMSE Al AIC {8, [RIULiES:E HEN 3 (1) t-Copula B4, t-Copula B & 15 3
A I BRI G AT I P-P BWnE 2 frax, v UG H SRS AN, T A (2R i, 3R B BB AR I (1 4541 S 451
FEIX 3dy 7dEERBE .

Table 3. Goodness-of-fit of estimated -Copula
%z 3. -Copula EREIHLELER

Copula K%L ZH p 1l RMSE AIC
t-Copula (v=2) [0.98,0.91, 0.33, 0.93, 0.35, 0.43] 0.29 0.022 -370.37
t-Copula (v =3) [0.99, 0.92, 0.37, 0.94, 0.39, 0.47] 0.45 0.020 —379.46
t-Copula (v=4) [0.99, 0.93, 0.40, 0.94, 0.42, 0.49] 0.55 0.020 -379.34
t-Copula (v=>5) [0.99,0.94, 0.42, 0.95, 0.43, 0.51] 0.61 0.020 -377.47
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Figure 2. The P-P plots fitted by the joint distributions of 3 d and 7 d annual maximum flood volumes of composed sub-basins
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3.3. PhokithX4H AR oK EE A E RN

TR 5 70 XHIA G A AR5 70 AT Ja P LUK 32 18 B 52000 A 2% AN 7K 2 R B vl et X AL PSR K
B, g3 7 DA e 2 SR R Bt /K PR R B 0 LB K I o SR A NSGA R AN RIS 3 d. 7 d &)
WX AL, Horb 7 d SR AHIX A RRETIR I T4 40 Bbhh, SRA COED HERE A R HIX A Ry 58 1 (B3R 1
FERSE B TS T O S B RIAE, TR DA KB S5 U 23 3ol A B AR L AO B XS L o i, HeTH LGS
RBHNTE 40 WRPATIL, e ml BEM X 2 G545 B RAS R B8 1L SR E 7t & 2/ T R A 20 R 5
R, MHEAARRE - % - FXE. S - EXEPHEE KT RIR RS R 2 - FXEEGEKERN AL
WX, WMITETRARMSRERAR. SRR, &l REHIX 4H R R BN & 3

Table 4. Results of most likely and equivalent frequency composition at Caojie Reservoir/(10° m®)

% 4. BEKER A REMESIR KX ERER AL m’

Ak 0.10% 0.20% 0.50% 1% 2% 5%
Hh X 2R TT &

Bif 209.37 196.88 179.96 166.76 153.12 134.14

I 21.39 20.24 18.48 16 14.52 11.49

- FXIE 226 2 1.85 1.64 1.48 1.19

I A BE LK, BT 30.05 28.63 25.40 22.91 20.38 16.95
B - E - FXH 29.24 26.38 24.65 20.05 18.57 13.58

& - HX [H] 126.43 119.63 109.58 106.17 98.17 90.93

FETN| 23.44 21.77 19.52 17.78 16.01 13.57

- FXIE 2.19 2.03 1.82 1.66 1.49 1.27

[ A2 2H BT 345 31.81 28.22 25.45 22.64 18.83
- - B XE 27.86 25.77 2295 20.78 18.57 15.56

5 - HX [H] 121.38 115.50 107.45 101.08 94.41 84.92

RAFEHKEE 3 dv 7 dERMXARSR)G, TR - KBRS - =7 IR ZUKER G0 T
MR ER SO g E . RN, 2 - KXW, 5 - FXEME - FEXE SRR 3 d 7 d AR EE N
i, % 1981 G PHK IR R BT 25 20 KBRS AR L, A BIREZUK I RGE AT B 5
THE A SR S atiRik. N 7 BB B6 0K e (K IR T, B0 S BT A 7K 2R (45 e Rk e B
53d. 7d BERIHIEA R . ANEMXCH T SR HER 1% BB R Rk AR R LA S .

Table 5. Comparison of design peak discharges regulated by upper cascade reservoirs at Caojie Reservoir/(m*-s™")

* 5. BEUKERERMBELTKERIEREXTL/(m’s ™)

Ak 0.10% 0.20% 0.50% 1% 2% 5%
X 2H R

A 63,400 59,700 54,700 50,800 46,700 41,100
K PR B I L 51,943 50,864 47,589 46,178 43,524 40,360

I A BE LK, H R 11,457 8836 7111 4622 3176 740

HI R /% 18.1 14.8 13 9.1 6.8 1.8
K P& L 49,960 49,312 46,331 44,857 42,544 39,332

[ A 2H B Bl ek 2 13,440 10,388 8369 5943 4156 1768

HIRZE /Y% 21.2 17.4 153 11.7 8.9 43
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B 5 ATA, B - FERSE - 5T DB ZUK R R T B A K PR A B AR A . R AR
I, AR P SE N BT, PR X AL R v SR HE SR BAET K R W T T AR B BT ORI HER  T 18%.
A Jr M, RIS T HAG B A AN [ AR () P UG 3 28y vy - B T ALk, R W m] RE AL Ak (K e v il R A
T RBR TR B AR

3.4. BERUKEEBITHIR I HEK

P AT IR A AT P A, T AR B VR R R WK A et P AR T R . B R A RT RS X A A TS B
BRIE. S0 BEKES E K X 2, F o i A B K I AT T —E R kit g, 3dy 7d
B, WEERSIT R 6. Mk 6 WML: 1) WERSEZ R LUKERRE BN, JRETE T3 KR 1Bt
FRUN, MUK R I E: 2) FF HMEEK RSN TH— @ IERE ., 3d M 7dkE86—THl
W FAAK IS MRS, HIBTWTE B Rtitig., 3d M 7 d PEE R EDREEIRZE) 2518 11,457
m’/s (18%)+ 13.51 12 m® (12%)F1 11.12 12 m® (5%). FATKZEZBITHTE BRI L% T - 3, aE
H 2 B GOK R & R, Ttk R ARG T %

Y FE 5K B B AR B SR EANAS, TV A B K B AT I B S KA. B 6 AT, RURK
JE 5% BIRK R & RE , K B I AT AR KA v T R B BR K AL . 32 RN BT K BRI AT TS 7K A7 (g
PEHAVABR /K A7) 205104 447 m (447.4 m). 200 m (202.3 m). 7% 6 B2 H & 7K FEF 2 W IAVRBR K A7 532 47 TR A% K
At HAR B Z P R i, 57 1 AR ROK AT IS R R I 7 1.1%8 4.8%, HLigk
& 1.1 14 kW-h/4E
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Figure 3. Comparison of 1000-year design flood hydrographs between construction and operation periods
of Caojie Reservoir

E 3. BEEUKERRAMZITHTE BRIk E B

4. &g

1) HerTReth X 2H s RGBT M5, AR N K L X 24 S 2 M T SRR 2%

2) BEGOKPERRA BN Tt /K B — @ FIHNEAE , BEADK ST T4 @M ihgtig, 3d A7 d
B B B E (MR 2 5N 11,457 m/s (18%)~ 13.51 42 m® (12%)F1 11.12 12 m® (5%);

3) EHERIHARHEAR A FTIE T, 57 15 R ZUK AT AR K AL AR ELR R KA 7T 3&E 24365,
49 447 m (447.4 m)F1 200 m (202.3 m), FIIKEESTHIGIN T 1.1%H 4.8%, LMK HE 1.1 14 kW-h/4E;

4) F5 TR B R A K BOR AR — R R SR S O, W R R /KA 48 5K e T B2 IEAT
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Table 6. Comparison of 1000-year design flood values between construction and operation periods

= 6. BRUKERRHMETRTF BRI BUKEHEER B R

LRI ] EERSF | il
feand i 6500 7800 37200 63400
Ohmax (m/s)
BT 6500 7402 (-5.1%) 33,591 (—9.7%) 51,943 (—18%)
i 13.65 14.98 56.51 109.87
W3 (4& m3)
BT 13.65 14.98 (—0%) 54.98 (-2.7%) 96.36 (—12.3%)
fena i 23.44 25.63 87.99 209.37
/4] (’TZ 1’1’13)
21T 23.44 25.63 (—0%) 87.02 (—1.1%) 198.25 (—5.3%)
i 697/695 583 447 200
THBRZK AL (m)
AT 697/695 583 4474 202.3
N N = V1]
2 4T R B 99 173 27.8 165
(2 kW.h) BT 9.9 173 28.1 (+1.1%) 17.3 (+4.8%)
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