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Abstract

After the completion of middle line of South-to-North Water Project, the water supply task has become
the second important goal only to flood control for Danjiangkou reservoir. As a precondition to meet the
water requirement, based on the water supply dispatching rules and the different incoming water guar-
antee rates in water supply period, the annual runoff of wet, normal and low flow typical years, especial-
ly continuous dry years were selected to analyze the reservoir water level control index under different
incoming water conditions. Water level needs to be stored up to about 165 m in order to complete the
water supply during September to October in the low flow years. In the dry year, water level at the end of
flood season needs to be stored up to 166 - 167 m to meet the demand for water supply. In the conti-
nuous dry years, water level needs to be stored up to normal water level for 1 - 2 years to ensure later
water supply. Combining with the flood control requirement, a refilling operation scheme is suggested,
in which the water supply guarantee rate can be increased about 10%.
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RETHR, 2 T FHL DK ER RISRAK %44 A R B EA SRR bR . ZERHOMKE, 9~10 A MK BE
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1. 5|

FHLPURFMR AL TP B, T B A EA0F T, 1973 5y, 2 RE#. ftK.
AL WU LR A R R BRI AL, 2 TF AR B DT I 8 TRE AT R AL 2k, SRAL TR K 17K I
THE. NfRBEE KL P & TR SENE, RILT 2005 SETFaRHEAT N TR, JF T 2014 4F 12 H 12 HIEUTR
) BT BEK, A N SRR E H s AT I B .

PRI UK BRI S G, BT KRN Z IR TR E[L], BOKSOv R T Bt K B EZAE S, HZR
PEZY R RN B R RS B KR 55 SR L, ARGE I ORISR A, EATHIIEE T, PHT KR & iR
8 23% [2]; AR LER IR Bt 7 5, BRI 11.1% [3]. L ORBERTHE 2 2 IR 7K i)
BLAt b, XRPHT HKE B KT S EATH T, RERE/KEERR, ORI K8 IR 5 e, 2 FHT K
J2E N 15 76 BSGJ AR AR g R ) ) AL

2. /KGHMBPESRN

FHL AR B G N PEL R R 5 RA (SRR K) R r KA h 2 TRE =38 73 [4], Hrhaa kAL 2k
AR S AT ORI I v B B AN AL 22 % FR I 2 QTR 5] ARFERLKI, ALK 23 & Rk URIC & K . AR ELAR
FRIEHL T, & 2K A E K AR IER AT IA 95% DA 1, Tk K fRIUEZR 1A 90% LA L, e K R IE# 54 80%
PAE, AT AL 527K DXORAR K PRAE R A 2K

FHI CUKFRIMR AU BT AR 24513 Rk 162.22 12 m®, b & — A/ 490 m¥s; e /KL
LR — M AP TR R 95 44 m®, M7 B2 ¥ YL HI i 350 m¥s, JIJKIR & 420 m/s: i 514 £ 4F- P 51 K & 6.28
12 m®, BRI iR I AR 77 100 mPs.

PRI K P TR R K 3 S PH PR K AL, - BBt BE LA Dyl BEds ik 6, 70 X B2 . /KR 22k
BiE: O EWEKML: @ PifREL: @ MAMUKL 1, @ KK 2; ® REIGUKL: © FFILHK
e @ WM EARALL. BRI 1,
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Figure 1. Water supply operating rule curves of Danjiangkou reservoir

E 1 FIOKE#KIEEE

Table 1. List of natural flow frequency curve parameters at Danjiangkou reservoir

F 1 FHIOXRRERIMEMLSHR

B ()RR (1L m?)

T B Cv Cs/Cv
50 75 80 90 95
KSCHE(5~TRAE 4 H) 379 0.39 2 360 273 252 205 174
HIi4(1~12 A) 379 0.39 2 360 273 252 205 174
FIKHI(5~10 A) 294 0.5 2 270 188 169 128 101
fhKm@1~4 A) 813 0.36 2 70 60 56 47 40

3. BRI REN

HRHEPH T K AR BRAIEE S ATRCR6], FHLKEZK SR B K MK th & 24004% 1.

Y4k 1929 4F 5 H~2015 4F 4 [ 3£ 86 fE(KSCAE)PHL H /K FE N FEAR TR BRHEAT SR /00T, AR /K AR L 20
(11 A~ 4 A)FRIAG H~10 A)RGE, 1F 3R K F B ke -

SRR 7K S B OSSR B SURLAE,  anBORASR K EBUN . WK AT S5 R I A 55 . SR KAk
P 7 I TA] (R SR A 7K A 1990~1995 4F (4L 6 4 /N T 248 Flds N A ) 1976~1978 4F,1997~1999 (1997
1999 4 RKIK PRIE ZE S5 7E 95% LA F) . LT AF (K SCAE) ik B 5 S S de BB |l L35 2.

BT IR AR K AR, AR HEAS [F SR KA 2 5% L A I e S B A Sk K FEIEAT TSOR, BUFE 50%. 75%F1
95%. 99% VUK AKIERE . FZHRB TP BL IR, 50% 9 IEH KK, 75% A KK, 95% Ak, AHLKiH
J5 77 A B B N TS 7]. AT R B, A8 A FHIAE 10 F)SRaKE > Bkl K IR K 55/ 1) S R0 4 %of it
IKECAAF], HA bl 1956, 1991 A $R R K FE X K S AT
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4. R ERBEEK iE B e tR T #
4.1, BBUEhIKEE B BE K LR HIHEAR

R 1 B AR R AN R B 5 3, SRS 3t 3 ) 7 3 SRAN [ SR KO 2 25 I TR i 4 2 7K Ao
PR RR, HAR B IAR 5 A 1 HIRAL) AR BRI K AL(145 m)AIBE/KAL(150 m)PFig L5 & . A
[RIR KA T - Wi R 4R P K A B AE I R AR AL 2 L] 2,

Ak 2 o, T 75% UL L HIRL KA, o SRR AR RIHUIIR I Z 1T, 7K 5 28 SRR AL L L4 RE i

ARBOKTRR, BAARE KSR fEbR I 3.

M 3ATLAE Y, 7ERAKBE R 75% M mAG kK, PHLI/KE 8 H 21 HAKMFEE S 1636 m, 9 A 11
HKAME R 165.2m, 10 H 1 HAKM FEESE 164.6 m A felwi S /K T 3K . e RKSE N 95%H K ES, 8 A
21 HZE/KAL T B8 22 167.1 m (28 2 U AITHER KAL), 9 H 11 H/KAL T B8 2 167.3 m (BRI TR /KAL),

Table 2. Results of typical year selection

2 MBEIFERIER

gE| PAYLE SFRIKIE (%) AR R 30 HUHE e
1956 24.14
HEAMRKEZ, BRI
1958 5.75
1990 59.77 HEAMIRKE L, BRI, Rk IR K (>
1991 74.71 Fili 7K BSRAKAH XS 2>
Fi7K 4
1994 77.01
ORISR B, KK IR S 3
1997 98.85
1999 96.55 EERKBIN S, AR BASRAK RD>
2013 75.86 ISR KA D, 11~3 H SRKM SR>
- FELE 3 MEAEARIANFRAE T0%L |,
1976-1978 7011, 82.76. 85.06 H 1977, 1978 SEFARRIIH KT 80%
SRR 1990~1995 59.77. 74.71, 60.92. 57.47. 77.01. 87.36 L 6 AR WANRLE 50% LA |k
FELL 3 MEAEAUAIFTE 60%LA |,
1997-1999 98.85. 63.22. 96.55 H 1997, 1999 FFEAEFMIFE KT 95%
180 180
B | eecnvenes 50% > o= o= = @ 75% - e = 05 E | eeeecones 50% - w-e 75% - = - 059
K 7K
i — e 99% TR K A7 fir —_—— 99% THBR A fir
170 170
160 [ mr=== 160 oo
150 150
140 ¢ 140 |
8-21 10-21 1221 221 e 4-21 8-21 10-21 1221 221 @i 421
(a) VH7&% 145m (b) VH7&% 150 m
Figure 2. Scheduling processes under different run off frequencies during water supply period
2. FEISRKSAR MK EDAE T IZINE 2%
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Table 3. Reservoir water level control index under different run off frequencies

3. PRIRIKSAER & BB K LT HliatR

P IS

P[] £ HTE S 150 m JHYE A 145 m

95% 75% 50% 99% 95% 75% 50%
8H21H 167.1 163.6 159.9 165.1 163.1 158.9 155.1
9H1H 166.9 163.9 160.7 164.6 162.8 159.4 155.8
9H11H 167.3 165.2 163.0 164.9 163.3 160.9 158.6
9H21H 166.9 165.0 163.0 164.2 162.9 160.7 158.6
10H1H 166.4 164.6 162.9 163.6 162.4 160.4 158.5
10 H11 H 165.7 164.0 162.5 162.8 161.7 159.9 158.1
10H 21 H 165.1 163.6 162.2 162.2 161.1 159.4 157.7
11A1H 164.4 163.0 161.6 161.4 160.3 158.7 157.1
11H11H 163.8 162.4 161.1 160.6 159.6 158.0 156.5
11 H21H 163.1 161.8 160.6 159.8 158.8 157.4 155.9
12H1H 162.4 161.1 160.0 159.0 158.0 156.6 155.2
12 11 H 161.7 160.4 159.3 158.2 157.2 155.8 154.5
12H21H 160.9 159.7 158.6 157.3 156.3 155.0 153.7
1H1H 160.0 158.9 157.9 156.2 155.3 154.0 152.7
1H11H 159.2 158.1 157.1 155.3 154.4 153.1 151.8
1H?21H 158.4 1574 156.4 154.3 1534 152.2 151.0
2H1H 1575 156.5 155.6 153.3 152.4 151.2 150.0
2H11H 156.7 155.7 154.9 152.3 151.4 150.3 149.3
2H21H 155.9 154.9 154.1 151.2 150.4 1495 148.6
3A1H 155.0 154.2 153.4 150.2 149.6 148.8 147.9
3H1H 154.1 153.3 152.6 149.3 148.7 148.0 147.2
3H21H 153.3 152.6 151.9 148.4 1479 147.3 146.6
4H1H 152.4 151.8 151.3 1475 147.1 146.7 146.1
4H11H 151.4 150.9 150.5 146.5 146.3 145.9 145.6
4H21H 150.8 150.7 150.6 145.9 145.8 145.7 145.7
5H1H 150.0 150.0 150.0 145.0 145.0 145.0 145.0

10 A 1 H/KM REE ZE 166.4 m A A 2 K TR,

BE/KAL 150 m FIARFRFE/K AL 145 m R SR IX, KA KAL I  2 145 m, TERIKIR N 95%1)
Rk, FHLEKE 8 H 21 H/AKM FEE S 1631 m, 9 H 11 H/KMFEEE 163.3m, 10 H 1 HAKMFEE
2 162.4 m A BRI 2K TR o MERAKAZE R 99% M AL KK T4, 8 H 21 HEFE /KA FFEZE % 165.1m, 9 H
11 HAKAFREEE 2 1649 m, 10 A 1 H/KALFEE E 163.6 m A e 2 LK 75K
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4.2. FEGHEKEF BB NIZHIRR

EHUE SR KA, SR 5 R 5 HEAH 45 6 715, A PR OV KA A e AR« LA K A 18
IEFEAy AL 3, P 4 FnfE 5.

B = AEGAG KAy, 1997~1999 KK ENAF], 1997 4EAT 1999 4F A4 AL BSR4 7E 95%
DA b, R TG 2 it @ 1 e v 5, 390 T 2R 2 AN Bkl 2R, BIAELE 1998 UK HL K EFEE £ 1k
W B KA TEIE R 1999 FEHEIK T K .

X T 1976~1978 ELEA KL, 3 FERAKINHRAE 70%~85% [8], H/K B 1997~1999 £k, KL AE TR,
BRA 150m AL TR 2 AN B Kl BIREIA AL, e R T REEAR RS R KRR . T S AT
VRS - )i N RO & = D0 iy NP P N A R 8 S N E il A S =T

X 1990~1995 4F, EARESAG K EH M MK, (HRKIZELE 57%~88% 2 7], KK M ELZ 7SR
FiZKAFELLKR,  HRAKIZER PR 1994 F1 1995 4F, AL7EREAME /KL PR ARBF, KER M 150 m i
WHETH A A i B K BB R A, e R I R AR RS R K TR SR I TR SR, R KA 1
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Figure 3. Scheduling processes from 1976 to 1978
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Figure 4. Scheduling processes from 1990 to 1995
[ 4. 1990~1995 i 72
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Figure 5. Scheduling processes from 1997 to 1999
5.1997~1999 £ 72

ARG Y 0 S R ) S R 35 R/
5. AHIOKEEKAR
5.1. BEHtEXR

PRI DUT UK R FE[8], 8 H 6 HZ 20 HIUT R /K R SR A R, JoH & K E R EE KR 4 IR
%, AR B R VR R AN R 5%, b APl sk KB B nT RN, W] 45 A B 7KK B KA ) AR ROV RR /K A6 3%
P ERGTUAANR 9 H 15 HZE 30 H, FERBHEIRD[9], AN UK R A BB AR AU, O AR IR
20,000 m*/s Itk B ERIRMAKEE KA 9 A 156 HZ . Fit, 9 H 15 HUUR T HERGE K, &
BAREIEAT KA .

RSP LA KBS T REME D, RIRHYLFRSRKIRD, UL N2 KA K TG AR /s, TR gE
1B, W 1954~2015 SRR SL St K Rk 4T, AKEE RS JI7E 9~12 42 m®, Fr &K% 1~1.5 m.

5.2. EEMHKEAIOKEEKRAR

FHT K BEAKAL K IRTEFCK AL, 25 EARAE 95% LA EAR/KEAEK, 8 H 21 HIKAL 75 2 & 2= PR KAz A
F, 10 A 1 HKALFEE S 166 m /ity L3625 B K e 5 I MR A sl AR E ) H AR5 JE R R 1R L4k 4,
R KRR A K BRI V& 2 150 m.

6. KBEFN AT

I SR K . T KT S WA T, DU IR BB KT R, TR & /K IR A AH B K
MR PSRRI R, = AR B AR o e B SRk FR L A K “54.8” . “60.9” . “64.107 . “75.107
“83.10” . “84.9” . “03.9” . “05.10” . “05.8” . “11.9” JLtIZut/AtRE, HIATHEEL gt
Ko EEHH KRG IR AR T BORBK, H—FF T THFA.

8 H21 HE 9 H 15 H: ZIT TSR, RIEHREEE, 6 2 A 12,000 m¥s i KA
BN 42.72 12 m® (2003 4E 9 H oK), BRESRT I KR 20 30 & K I B K AL 165 mg i, S vtk bt
7 169.5m LAR, Bt A K.

9 H 15 H# 30 H: scAAFIRIRKEFEHR 1964 429 FKK, 9 H 156 HEUUSKARRMKISRE, itk
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Table 4. Water level control objectives during storage period sat Danjiangkou reservoir
= 4. FHIOKEEKEIKAES Birdk

B 5 Byt R UL NN -y HKEERE BKITR
KPR AT N N WMHEEAR, 8 H 2L HAKRL oo o
8.6~20 BEA. HKEBRAL, TEe K. 2 T R T IE A B HAABR K7 163.5m.

NG R A BUKEBMRE, BRI FKFEIH 1 HRARE FEE R RE S, R E

S2BL T gk, 9fLmik, HréUKRiZA 1m, % 1669 m. FHhim, 8 1645m,
KK A 11 HAKMEESE
g VOKIBRCRES, KITTUOKG 1673, [REVKEGIEER  EBEERG), GaHkK,
01-15 Pt AR, BUMRE AR 12 12 m® KRR R K 4R G T 25 R BRI B2 B L% 15 m,
= ° i, ek 15m. A B 165 m.
KAL) FHHBZE 165m KA. ]
AR ONL R, 589 AR
) S . HIK4E 9 A 21 HokA 10 AWIEK, BKMES LFE
916-30 g kK. THREBR. 4% % 166.9m. 166 m; 9 HRC7E A F L T
W 1.5m, iAF) 167.5m.
. AT R A I N KRS R, FHT ke
10.1 L Sk, SR Tt e K. 10 A 1 H/KALFEE S 166.4m. o

I BN 44.29 12 m®, IR ATIA KK AL B 1.5 m, 9 H 16 HE 165 mi2if, it /KA7E 169.5 m
DA 35— K% 20 HEARSE N, #4208 H a7 I WikoK-F[10] [11] [12], mTLAEREHIE REAN)A — KW
P2, — BRI, 5 Ik R KA 167 m A4

10 A 1 HUUG: #%IERHEH 9 AERE/KAL 167.5 m %18, FRAERNAFIN “83.107 BK(KEF 14—
8), PRI EAAE, R KAIAT I 171.7 m. 1675 m 2 171.7 m WH ERL 44 12 m?, BMEHIE+ 2 4R —
B KARAERT 52 HEAT AMS I, R0 2 R AN 17,000 m¥s FBAE B N A 44.7 12 m®, 1E BiEKEE
ERERBRT, AKX,

Witoke, P 1964 4 10 A KA ER R, EiE “64.107 M EEBHK, H 167.5 miLid, KE
A ELN 512 m®, FESRFERN R RN, $RAT— R 5 12 m® PoKESR A B K ERR A Bt 2 a7 1, K
SAIECH

FRYEIR H K E B KT %, AL 1954~2015 44t 62 FEAL/KFE, P m K RIE R 10% 4 4. H
B8 H 21 H. 10 A 1 H KA HIA3EF] 163.5 m. 166 m, FFVT 7K e AL 7K AR 25 4 S5 i FURR 4 70
BIFEE T 19%A1 6.3%.

7. SR AEIWL

AR SRR 7 s S AR T Bk, BRI, (BB A, X P F K R AGE FRREAT TSR BERR 7E, 5T
R, AEHEAIARTE & 250K A2 150 m, i 95% MM KK, 9~10 H 4 /KA 75 228 2 166~167 m 4 REH 2 fit
KT R I = A SR K A2 1997~1999 AEXHIL /K S A AF], BIELE 1998 AEHARSHL /K EE R IEH &
IKALHTEVEH 2 1998 /K 1 & 1999 FFHyK TRk, HAMIELLANKE, MFEF 1~2 FRWE R IEH KA, A4
AETRAEHE K

SEEPTE TR, PHRHIEPHLIUKES KT R N: 8 H 6 HE 20 H, KEFIMHEK, &5 R
IR PR K67 1635 m; 8 A 21 HE 31 H/KMiZSEZE 1645 m A4 9 H1HE 15 H, /KALZSEZE 165 m
KA 9R B HZ A, fEEMEmENIER T, KAZED LTS 166~167.5 m; 10 A 1 HIFMRIZSEKE
170 m &= IR s KA
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2 FE ALK B [ P FK B & 7K O SR 5%

MRIEA IR A EE KT 58, R E A A B4 — 38 LB 25 (i St KA B 48— 38 DR i st itk AT

T3 AT, B E K 1) I BT L PRI U, K RIE R B JE0R B R A e i 1 10% 545 .

HIERIEM A ATE M, AP REREY, — BB PR, NSLRMERE K, D L,

ERLYRTAC P A
EEUH

[ 5% 5 ARl 5 4 1 S0 H (51539009) .
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