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Abstract

The designed impoundment scheme of Lechang reservoir was started in October 1, which results in a low
impoundment efficiency. In this study, the seasonal design floods and flood control limited water level
during the impounding period were calculated. Based on the reservoir impoundment operation lines, a
multi-objective operation model was established and solved by the NSGA-II algorithm. Compared with
the designed impoundment scheme, the advance impoundment scheme for August 1 (or September 1)
can increase 21.62% (or 13.49%) power generation, 10.40% (or 9.96%) total impoundment efficiency,
and 4979 (or 3647) million m® water resources, respectively. Determining key time nodes and corres-
ponding water levels can provide technical reference for advance impoundment operation on the pre-
mise of ensuring flood control safety.
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1. 518

IR BRI AN T AR FR ST N AT S L AR B il B, R AR BT 20 14 km, FEFROCT X 81.4 km,
kUL AR K AN 4988 km?, £ 5 EIT R 70%, hEA 24T &N 138 m¥s. TRECAFt N T, 45a K
HL, SEETEFIENE . WrhitKbRiES 100 F—il, KAZUKERHESR 200 4F—id, WiTHkA Ay 162.20 m, 1E
W& KAIN 154.50 m, B tBR KA A 144.50 m, e T RS L SCHER[L].

AR, BEEITRIBAEFA SR B, T KT RS, AREEETE T IEIRE, KSR
TAESZREEER . R BWoKEZFEFRRERER, 10 HE2XE 1 AMBENEMHFRRRERD,
[ 10 H BIRAE 1 H RAZKEMIKIA. SRIME R 7 0L 10 B 1 HoAE AR ER A, AHBRKL, 1445 m
BB R IER E/KAL 1545 m, KEBKFMMKMTIE. BHEMK.

B B — K EVROR B AT B KA IR, Ak 2 38 WA TRIRIE 72 M B EAT T — RV T O JE 2R =
U 7K ZERIA A BA T 26, F & KIS TR AT AR, IR T 2 BARE /KRB AR BB KT %, BERIRD)
Wtz 4 O R IR FE R FE MR35 . 25N [3]3E 5 1952 Al 1964 4 M RI4E, 43 54k = kK 22 73 A i it 7k ek F
2, PE 6 HIERTE KT RIFTT R0 E K MIBT Ut XS FI R AT TH 5 . VEZE 41T R FHL I K BESR T & /K I mT
ITHE TR AL, SESEIH SRR T LAY B /K B H AR R B 52 B0 &K R B AY, JR7E IR BER W T /0P B
PERT B KT R W Fe[5] 25 T2 - iRk - LA T i B AR X, DAAE 3k vl i e KRR35 B /KA B o E s
K FH NSGA-I AR AL =0k 7K B B 7K T 28

NE— BRI KER . K AERELGAME, R RIKEZFAIER, ARSCLLR B KR A A
WA R, R AT & KA TR BERF 7T AR & AR i A2 H S BT oK R B ks Kk A, @S2
HFREHT B KA R, KA NSGA-Il LK AE: F4a HEUEERTE KT R, AR EWoK R AT &K
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Elis et
2. FEBRKEERATEK R BERE
2.1 REEEKIABE B

B T 46 5 /KIS RN B R 2 5 U, 205 R S TR B it 22 4= 1 . /K I BT TR — i v B A TUAE L
2L K H 2R ARAIEH JI 2R RN AR D284, K LRI N FE T H XS, X R R T R R A R
B T A B — oz K T F b TUAR L 7 BT S B B, X K B R S R AR P 2 B T AR K B A
AW FA B K EELAE AR RN, $8 SR ESKRE. E/KIHELEHE S R KR, Bl E
RS S A ALIE B ER, X 78 70 RAFE K BER K I 45 A I RG2S, B EEAHES M E MBS X [6].
2.2. IKEEiCE K FEERER

IKEEE KA R FEAR L iy H s R B LR S A2 A, AT 7T & AR AR ALK 5 ol 85 7K R 4 A% HsF 1) s 7K A
22.1. B¥rR%

T2 A K FIRR AL, K& R SER . K. S, OKSEZ7mThee, HAEThAE Hix
Z T RE A —F, TEERFRES HREGE B R, B, FEAESA bR TR . A SO
IK BB KA FE R SR & r B KA BT R i KA B An ek, HeRia .

1) KEZETH R BERK:

Q:my{iE} @
Xe i
X B RAKES | FEKIANEBE.
WINLE S EST N
MV, =V
_ (i,high) min
f, = @X{E—vm o } @

A Vg TANKPEER |8 K IIAK P IA B i KA IS S BLIR PERY sV, R I B AKX IS D P 25
Vi BTN IR EEFEIKA X IO 1) FE 25«

2.2.2. RFH
T E R () E AR R A IS, 5 RERR K PR A B /K FE AR 2R (1) 240 TR 26 A4
1) KEPHLIR:
Ve =V +(1,-Q)- At 3)

KA, VoV, BT KA BRI -1 B BRI RS | AU t i BN Q /KB t
BB H R s AR A K.
2) IKALETR PRZY R KK A AR M 24 R
7L, <Z,<2U,
- @
|Zt - Zt+1| < AZt

X ZL  ZU 3 RDRK S ¢ BORR VI SOKE KR, 70 M BN ES t I BOK 2R BT & 7K BE LA 73 34
Bt KL LS LIRS s AZ, O t I BUZE K AL Fo YRR -
3) R EL R KRR EL K
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<Q, <QU,
{Qh Q. <Q )

|Qt _Qt+1| < AQt

K QL QU, X APAZKIESS t B AR VF i/ Nty S (R AR S ) Fi K P& AQ A t I Bk fu
VR H PR AR R
4) HLuH I
PL <P, <PU, (6)

A PLOAZKIESS t B GRAIEH 77, PU KRR SR t I BERRIUE 7
5) BEKFELIRAH: B KHELAZ AR TR, HRRAA MBS -

2.2.3. thEHE*

R AR ST L HE P 84 FIA(NSGA- N AL B /KA BEAR AL . 12505 50 I 7 #1480 NSGA Sikit R 4. MRAH
MR PR, 7o R T AR SCRCHE T A AL R T BRI ERCE, (xR R U Sk & H AR
. N, NSGA-II SERAE A2 R — AU, R M TARBHT & 55, A BRI 1Mk, RS
FOR PR CR B L R M4 NSGA-II FEIL 51N 7RSS 5mg, B iR RIOLTS /M AR IE R R A F
%o HHT NSGA-II Fk Oz iz AT 2 H s /KB R A [5] [7] [8]. AHFFEH, € NSGA-II FHikss
X RSN 0.7 A1 0.2, FhEEEE N 60, FLARECH 500,

3. BKEAH K SR AHEHIZK AL

FH T 7K 2 5 7K B 2R AR Ak 2= ) R 22 43 BB ks il ST R K BB 8 /K T FE 2R T R R X 3 7K B 43 SRR v 4
KA AT DA R i 5 AR TR) 5 A, B /K P T AR BB LA KB, EANSE B X RT3 R, 7K SRR
BT KA R R o AN FEIE I B Bz T s SR e o BRI KA, A A2 BRI R B /KR

PO & BKTT R bR a2 1 PR JREE R AT 20, 10 A 1 HZ 5 A AE A& KIX 8], LL 12 A
31 HANE KA NTHREEWEKE R, 25e8 H1HMI A 1 HIERNEENEMEKTSR, Bl
412 H 31 H, ¥KeEnEa 12 A 31 HIENEANEKIN.

Table 1. Start and end time of each impoundment scheme of Lechang reservoir
2 1. REBKFIIRA R EKS K& LI

Wi S AL E N 7] 1EE I

R %10 A 1 HiE) 10A1H 12H31H
BHIHEEIE 8H1H 12 H31H
IHIHEETR 9H1H 12H31H

3.1. BEIKEASERIS Ttk

7 1955~2020 4L 66 FE/KMI@B A 1 HE 12 A 31 H)W R SR ESIE HZR R0, 43 514% 5 Wk
HU Woans Wag, Wag 5 R 51 1T 2002 4F & 7K Wog i K, MR BT L BE S A FISE 5 RS, 4% “2002.08” 17
DK RIS R . [FIRER 2 S ORIORE 7, 73 ls 219 A 1 H, 10 A 1 AU E /KA Wosn, Wags
Wog B51, 4% “2002.107 773K Jg H Rt K 2

KA R R 1 B f 0 & S A R B E A1, /BT iH 5 AR B K RIRR AN 5] 25 7K 53 85K Woaan,
Wag, Wog R, W42 Fion. LL8 H 1 HRE T ZNG, FHEREZKHIE 8 A 1 HZ 12 A 31 H 7 BAB vt
Ky FARTT Wogn Rl Wog it AT A 28001 1 Firos
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Table 2. Seasonal maximum Wz, Wsg, W74 0f each impounding time (Unit: 108 m®; Cs/Cv = 3.0)
5 2. BREMESERA Wasn, Wiy, Wy BERF(BERL: {2 m3; Cs/Cv=3.0)

‘ Giit B A P=%
s 1] W
B cv 0.05 0.1 0.2 0.5 1 2 5 10 20
8H1H W24h 0.663 112 7.02 6.25 5.48 4.49 3.75 3.03 2.13 1.49 0.92
W3d 1.380 1.06 13.64 1217 1071 8.82 7.41 6.04 4.30 3.06 1.94
Wwrd 2.079 0.98 18.33 16.42 14.54 12.08 10.25 8.45 6.15 4.50 2.96
9H1H W24h 0.496 1.26 6.21 5.49 4.78 3.86 3.18 2.52 1.71 1.15 0.66
Wad 1.030 1.07 10.31 9.19 8.09 6.65 5.59 455 3.23 2.29 1.45
W7d 1.030 0.97 13.63 12.22 10.82 8.99 7.63 6.29 4.58 3.35 2.21
104 1H W24h 0.330 1.36 5.65 493 422 3.32 2.66 2.03 1.27 0.77 0.39
W3d 0.709 1.38 10.17 8.93 7.72 6.16 5.02 3.92 2.57 1.66 0.90
W7d 1.092 1.22 13.06 1156  10.08 8.17 6.76 5.40 3.69 2.51 1.48
(a) Wap (b) Woq
201
~—~ a
&« €154
“ )
p—
: mmﬂ
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Figure 1. Frequency curves of seasonal maximum (a) W4, and (b) W54 design flood after August 1
1.8 A 1 HUAR S EIE K (a) Wou FA(b) Wog W ITHEEINFR %%

3.2. EIKHART BRI K AL

I3 K INBE K (B 7K 100 45 — 18 ) Rl iy 35 AR (B 7K 0 20 AR —3@) AN M B2, SRR IE 2 7K )
(7 4% ) KA <

1) S ABTH KB AR EAME T 2 B britk . 255 SEPrR i LI A AR 2R ER, DLAR Bg/K R
Z1E 7K 100 4E 80 W T AN IR . AT K AL 162.2 m N iuE KAz DA ki 15 7 S e
T, HESR B 7K AR AN I TR) B 23 BAB ik K AL an % 3 fias. BA 8 A 1 HLAJE 100 4E—38 43 M itk i,
HutKg 2 an 14 2(a) s .

2) o3 BHVCTEE K R I B AR AR AMIS T2 A I IS AR S AU o o B KRR A 110 L 3 AiE B 48 2 PR s 5 4F
—IEAIK BRI AT BOE S E/KAL, I 0.5 m 7KL o4k . N IER 42 i )5 20 4F—idit
IK KT 26 FIHURT BLIE R B KAL, N 1.0 m MIAKFERALRUIAMELE . R, 456 SR i i 40 00 A0 At 1) £ TR 2L
K, DUREWOKFINKAE K] 20 187> Bt BkoOuRYE . Lo IR st bil kAL (2 3) ik Az, B
B BE 7 22 UEN, AR B 7K 20 AE B 2 S BT K 1 S s B KA A T IR B KA, S5 Rk 3 Fr
Ne LL8 H 1 H 20— Wit El, HtKidfR4a i 2(b) s .
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Figure 2. 100-year and 20-year design flood hydrographs in impoundment period amplified by “2002.08” typical
year

2. “2002.08” BLBUF[ESMF I AE/KER 100 £—i8F 20 F—B O HIE /KT IR

Table 3. The derived and demonstrated flood control water level at variant time nodes during impounding period
Fe 3. HESKANILIE K BE B /K ER AN [R) et 18] 5 s A 5 4%l 7k L

EZSEES 100 4B Pl K fr (m) 20 F— i8R i AP AL (M)
8H1H 147.7 1505
9A1H 152.9 153.0
1041H 154.5 1545

WnEE 3 pran, VLOREEINFY A8 1 HE Btk sl, 2 8 H 1 HPERMA ST 147.7 m, ATLAGRIE
RAEFEKIG A 1 HAE 12 7 31 H) 100 4£—i@ 7 itk toKin, @i Bt m e s, e KA A i
THHOKAL 162.2 my AR E K] 20 SE 870 IRy, Ze b/ NBOKAR T S, R K AL ANER I IE
&KAL1545m. 9 A 1 HAN10 A 1 HE/KI 20 4 — @ fim MoK CLRFEA R T IR % &K AL, RIE 7248 %))
YT 20 45— 3B POKIE,  Zerp/NAOKIEBEDT SEIETE, - MOFTHRESR IR 7 2 il A 2 A 2 T A 2 7 2 i P VA XU

MR 22 3 PR 1 & 7K 3] 100 4F — 8B4z 7K Az, 48 P4 R A5 & 7K AN [F] I JIR)5 ik P il /K A2 an 3 4 B

Table 4. Flood control water levels during impounding period
= 4. EIKEARG SRR AL

K B By K iz ()

8 A fy 147.7

8 HHHHy 1494

8 AT H 1512

9 A Lty 152.9

9 A i 1534

9 T 1540
10AFE12 A 154.5
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4, IREIEKMWBESESR ST
41, BELERS

AL B KR BE LUK BE B 28 E AR bR . LB WS KIAES M ], 2 5 I8 T ST J7 RAERT &K
TPRRBES R, Hh 2Pk Eg it REE Sy 8 A 1 A 12 A 31 H. & 51, X EE 7%,
SH1IHMI H1HBEENR, RIEHN K565 dH 70 d, KHESHIHE T 1170 #1730 /5 kW-h, #H
PR BT 248 5 1 21.62% 1 13.49%, &7 mllfdim 1 10.40%H1 9.96%, & /K 12 4 2y TR /K A7)
NS B KBS BN T 4979 F1 3647 5 m3. MEE R AT DUE H, FEB S HIKAL LT, &K )R
PERT, IKPELEE AR

Table 5. Comparison of operation results between the designed scheme and the advance impoundment schemes during the im-
pounding period (August 1~December 31)

5. HHEAEEG A 1 H~12 A 31 B) R FRATE KA RENEE S RILR

it 28 JR it 8 H1HEE 9H1HESE
I A 1071H 8H1H 9H1H
R E i A 17 12H31H 10[A7H 10H12H
PR E R H(d) 122 65 70
B (%) 89.37 99.77 99.33
B HE( KW h) 5410 6580 6140
B4R B (T KW - h) / 1170 730
SEKETT m3) 2194 7173 5841
HME K E (T m3) / 4979 3647

4.2. BBIFREIHISH

N EE MR IRIE AT B KA RARE KT ZHUKALR B RE, RIE 2 EZ KRR B, 2 HIR
PERKEEFE (1997 4E). SR/KEST (2007 4F)AIR/KELH (1983 4F)ik £ M ALGE, ARYE A0 & KA R34 T 7K E AR, B
IRV, 152 4R B IR KRIAX A E A [R] B R AR 25 B KO R & /KR BE 2, il 3~5 Bk

FH S AL AR RSO B KO AR (] 3~5) T, T /KT RAEE . PRI KRR K EE B, HoKERH =
FhEE AT & K R AR = ARt K 1 R B KT RAE T R KEB KR EARIEH S KA. B8 8 H 1 HA
9H 1 HAERE TR 9 H 10 HZATHIKALAHZZEOK, H 2 i T GBI (8] 5 f00 R B db 3 f KA 20, -4 Rl
BRI RAEE KA 5 B T AR (K AL, Ui B DA SRR 8] 15 25 B L B vk i K A7 A 8 3 R AT &5 /K 7 R RE L
L A ) o 7K A, DA RSB vt XU, AT 5 $2 AT 88 /K 7 B3 HA RIFII & KR

4.3, B EKRXBYA

% RE BB 22 A LA AR ARAR (ORACIRIL, B A2 A LAY R KA 2% SC BN 1) s (DAL B AR R RN
16T, SEHiBTBCE KB . S PRI E KT RN SCHE R R T2 6, sehrifEd, #UCRH 8 A 1 HiE&E
55 LIRIBCE AL 2 2k -
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Figure 3. The simulation processes of impoundment operation of three schemes in wet year (1997)
3. FEKE(1997 F) =77 RIELLAE EKITIE

—— NERE — — SIRBHFRUERE — — LIREBFRBERE — — EFRUERE
1B &K AL 8. R & 7 RUNETAKAr 9. 12 E 7 AT KL JE 77 SRINHT AR AL
1400 + r 155
1200 A
F 150
1000 4 /‘
2 L 145 ~
e 800 3
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0 : Bl somes s . === 130
8HI1H 8H31H 9H30H 104304 114294 12H29H
Figure 4. The simulation processes of impoundment operation of three schemes in normal year (2007)
4. JIKEE(2007 ) =MF5 RIEBOAE E KT I2
—— NEfE — — - SIRBEFRUERE — — IREFRHENE — — EARUERE
IEH B KL 8. 2 & 7 RIATAK AL 9. 1R & 7 I KL JET7 SEIMHTARAL
- 155
140 A
120 150
100
R 145 2
E 80 8
&
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Figure 5. The simulation processes of impoundment operation of three schemes in dry year (1983)
5. Fh7K (1983 ) =#A RIERIAFE EKTE
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Table 6. Key node water levels of Lechang Reservoir in advance impoundment scheme (Unit: m)
= 6. REBKERATEKS RKXBIEHT K GL(RAL: m)

H It 8 H1HEH 9 1HES

8H1H 144.50 /

8 H10H 145.95 /

8 H20H 148.05 /

9H1H 148.73 144.50
9H10H 149.41 147.59
9H20H 150.45 149.68
10H1H 151.61 150.87
10 10 H 152.81 152.73
10 H20 H 153.78 153.77
10 H31H 154.50 154.50

5. &hig

ASCLLAR B K RIRX A T 70 5, FF R T IR SE R & /KA TR BERIF 9T, 57 B /K T EE A Y 3R NSGA-II
HkAAl, ARYE R FELR 45 & /K SCBE T SUAR  B BUKAL, 5 R

1) 53 A AR I - 7R I B 5 AU S A, HESRAFIRAIE T & /K B b kAL . 4 & KK AL
FITHESR B B Az d K SRR R, e P AR AN 1B R B KA, TR R IR BE T B AR AEAS AR 1 [ s gk T R
T VAR

2) LB KBRS KA K BEIEAT B3, BKES AERER AT, /KELEA AR, MR %, 8 A
1HMY H 1 HES TREME KA BEEDHIEE T 21.62%FH1 13.49%, Zi#% /> HHEE 7 10.40%F1 9.96%, &
IKIAZ AP B K& 7 I3 N 7 4979 F1 3647 15 m* .

W AR AR B 5 S e 1 KR FE R LIS R) Y R DA AR KA, DR iR B 7K YRR 73 I B /K R
Rt IRFES % .

EE U H
TR KRR K T Rk A PR A B SR B4y 2w R I H (GDHLCX-CG-2104).
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