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Abstract

The Lechangxia reservoir is seasonally regulated and affected by the flood limit water level of 144.5 m,
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and the adjustable storage capacity is only 18 million m3 which wastes flood resources in flood season.
Considering the meteorological and hydrological forecasting information and the inflow uncertainty of
rising process, a pre-discharge scheme and risk analysis model was established. Based on 6 h and 12 h
inflow forecasts, the dynamic control upper bounds of water level in flood season were 145.7 m and
147.5 m, respectively. Compared with the designed scheme, the dynamic control of operating water level
scheme can generate 11.90 million KkW-h more hydropower and reduce 54.1 million m3 discharged water
annually, which has significantly social and economic benefits.
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1. 518

FGE K RIS AT P EEAEAE F st o A R L RS AT, 7K B AR I PR 2 1) K P I8 AT 7R AN IR KA
KBTS AT AR R iR it 7 =AW B e AL« 23 3 I R AR i ARIIZ 4T K A s s
P BEE K SCRR TR EIARACE . HARTNERIR IR, K SCSE HORTIU I Bk #5317 ARRL 5 &, X
NS K BETNIIEAT KA Bh A2 ] IR s BLR it 1 LAtk 1].

IKPEIBAT KA BN SRR CEAE =0k, PRI IR RS K PE PSR R N - XA [2] 75 B kK kS
By IRAEARRIIATE N, 2 BHER FUMACA B SE AR AL IR AR AT, U ST RS B, e K 8
B AR HEAS PR ATIR KB B RE [P 78 55 ). 2 552 [ 3] 25 R8N P K IR AN N R AR FEAN € 1, {81 Monte-Carlo
HRLAU T3 VAR WK PR BROK AL B A P2 8. WA 2 S [ 4] 5 B K TR SR SOK R BT B BE AR ., 1T Tk
TR PETRBR K L A 338 PR, R T 2R P 28 foe K (R B0 28K BT BR KL FRIIBR 45 B 8542 107 56 IFAETHIT
BOUKFERRIN A . FRAEZSESIAMA 1~5 d A3 PULYME S, o KU Mgt sKOPHT UK RS AT R A 3l 4
P R o AT B 8 S (G170 70 R 7 Sl A e T A5 2 T R P EAT G vk o0 RO s b, SR it it
LY ARERETT T IMBRIK AL B A 1 138

NHE— BRI EENF . R AL EL, T RAE K EHIERAE T, A SCUUR Bk 2 7t
XR, EAFEARR BRI B BB bRdE. AR B oK ARG E BT, T RIS 1T KA 83
FERIWETT, WEFCII R B K R AR s AT (2R A, BE— PR R B OK R 25 5 288

2. REIRKEBR

SR BRI AL T ARAAHAETT P BT S B ok B el By, R R B T2 14 km, FER T X 81.4 km,
WhE DA _E 42K T X 4988 km?, £ &7 RIT IR 70%, MUhEAb 24 P4 oA 138 mfs, ST AER o< Tivb i B IC
BIENACIT[7]. 5 B KA ACIT_Big ks sl t: TR, DB, G568 R, BT gL AR,
RZERKEE . WA AHTRIAE~6 H)XERIAT~9 H). FBEWFENSTIA, #UA 4~9 AN E 5§25
(1) 74%, A7k 10~3 H R EA 52N 26%. sCVLJE LXKV, SERGTE R, PR BEBRBE, K PR
=R ARHENT DA O B AT I G, BB 2 R 5. 6 A, HIKE 4. 7 A, mii
11 4~6 H BB RIS IR B T 73%. KEEREE IS HIE 1 R,
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R BRI DRI 2R N 1.04 42 m®, {HRI(4~9 A2 R/KAL 144.5 m 520, R FH )2 %4 0.18 12 m®.
RITAI(4~6 A )R 32 252 2 KU, oK —/0h 3 K, RS2 IBR Hil K O ™ kg 45, S SEOREFK
MR, AFIT R 45 s B ek e Ve iy ik AR FH AN /K e R /K BEURR 3803 JETUA(7~9 A1) BT £ 252 & K
M, [RIZKFEHBAL B G IX, KB RN AR EE T, 4 NI IRK B SR bR T5, M
RE K AERIEOL, 7™ E 0 AR B /K FELE R K BB 5l BRI R K 22 4. sl i J LA 1) LAR Skbrig
R, WIS AT KA A IS PR IK AL 144.5 m iE1T, 5 FEBUKFEETIIABE K, 1ERVE KT & KK
IS T K EE R Rk

Table 1. Characteristic parameters of the Lechangxia Reservoir

F 1 REBUKEFESHER

FEARAL(m)  IEEEAKLL(M)  WBRKAL(M)  BEHUKAL(m)  REBUKAL(m)  BEAUL md) MRIEZE(IL mP) PrgtER (L md)

141.50 154.50 144.50 162.20 163.00 3.44 1.04 211

3. FREPKERZEKEZSERIRE
3.1. FiRFHRE

T ML AE KU B2 o 7870 25 8 B S UK A B, SRATMERE, 9 RIRE N MK Bt e 2,
A SBARAE : AEVOKTILIY AT 22 KR BE ek I IZ AT KAz A B3 2 o BLRERZKAZ A R BRKAL, AT
PRI, RGNS AT /KL Bh A 4% il _EBRAK AL

maxZ, =Z,+AZ, 1)

AZl < f [(qck _Qrk)Xty} (2)
b Z0 AR FOIEHER I Zh A1 B IR AZ, Dyt e RIS AT /KA. Z DL EIFa8E,  f (%) J9KEEK
BB At AR Q. & t, I PRGN, B x5 8 MR AT R TR B RN IR 5T P
FIPFRINER S Qg 9t ISP Bt e /) sl &
2) A IS [R] P9 N R K
W =3 Q(t)At ©)

t=f

A Q(t) AT LTI (R N N PRI AL At R IR o5 BE

3) TIPS Se vt E: FRACYI P RS VFIE R, AT Rl 2B E AR A So vt B E

4) TR R

w=tq-w (4)

A woRTIHK R q N TR VFI At w' O i [ Y\ KRR

FET 2 MBI BARBT B AE R AT B2 T, SR AR B, 32— DA 0 A e IS AT /KA AE B i J Y 7
SR A AL QTR 2 ROKN ) B 5 22
3.2. MRS HHEHIRE

IR PENIE AT /KA B 254 8l J - S R LV, A DAASFAR K PR 7 A DA T 3 £ UG TR -
1 R, RSS2 7 Bk B Bt - Uit mh J5UE Bt Rk BLRGR KB BRI 78 =B B Hed B
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TN FZ B R P i FEE RN, R T S B Tk /K B B ey T 8 P22 (1 s L FR) AR K B B 4 1] 5 T A (ks
PR BRAKE BT BUE AT 2009 t, TSI 2 6 4 K Al F i & 4 & O IR, 37
HITHG L2 ittt i O BEAT T, 25 t, LI ZIRE K PE AR AL FRAR R Zeo SBIKEN BURIRIZE Ry : AR AT %y
ts, T ta~ts RO EFREARAE O LT, WURT DAFE A2 % FELNTIZ S5 HLA R s 1Y) 2 il B BEAT 7K 2 [0 78

I IR

Figure 1. Sketch map of the pre-discharge and refill operation of reservoir

B 1. kEFHAE R EE

FEPEE BE AR IRoR 2 0] 2, — BB R A 2 it O, MAFERE, RIZIBZ e
O Fith(EH T Tk R, Aoxid NG b)), I 7E 70 R T B ] P9 mT Tt 2 [ e PROK AL LR,
W EEAR KA AT E M, RAMEER 7 IR . 2K 5 SR EE PR KA, X B By it JXUIRS: 26 7T % FH [ e YU FR
IKAL I TT SRS

e K T Al E N O, AR IEAK R T, HRAE TMEGE J7 42 032, o] E07E A RCHUIL A P 7K 7] H
PR KA X I [ 2%V PT BRAR 22 1 P R FZE 2 Ve

V=V, + [ 1dt-0, T, =V, +t+zTc l-At-0, T, )

A R RBRIMANERE, At B, (L) nT At K p e Bl Tt g 7742 720 e sh 5%
Hild L BREMIR K, UL AT M, A — Vo, BT ES 0 s sl kK 25 1F T 10 7K 2E gt oK 22 2%
Ve, M HREATHET , SR G REAT QL I0ATE 73T, ATAS 3 LAV, Db BRI A0 7K 2 S0 B2 AR 5 Ve BT L P (V, ) -

fBUE T BE R R AR AR AR K, B R PR Ve i, PEAB E T B AR K AT 5 K A b 3k 7KORE LA ST () 1
T, VLR R EEAR AR Ve i HIEAIR P JUKIIXEE RN R, (V, ), BT Pl 7% v] e C il bniE st
IR 73, DRI A T O T DR F A 22 4, AR L () 7 1t IR 2600«

R, =R, (V,)P(V,)dV, =2 Ry (Vi ) P(Ves) (6)
oV, SR PSS § R EEZS, n 3K AN B B R B bR /K AL AT P kK 1 XU %64 RS
DAAS AR /K 2 [ AR v 1 25 1, T 45

Re < RS (@)
2 (7) BA K BERIIEAT KA EBR LSRR, ATERIERT T8 B vt hnote, LB XU R (R R (R BRAR . BAR(7)
A, AR R EE e K RIS AT KA shAsEE il B, FHAEABRK AR A sh S e R .

ARSOR T P AR R SR AT R 2 52 8 B PR Z) AR NIA 5ok, X (2,2, ] VB K ALEAT B L. AR
Kr 7 M I A BE ST A P I BRI
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4. WHEERSH
4.1. AR A AIEHE LRITE

I B K PE IR B — R K Sz ], AT S BRI KIS 2, Kk WAR, I 7] BRIE Bt oR & KA 2 1 =)
[fl, eEHIZ) T KESRE MR, NEP T R 4~6 Atk ovE, 7~9 ABR/NTATAUN, et
IKIEAR BN 4~6 HovE, BIEP bR EEORMOCHT, W rMmE R, AR, SRR A R
BKAE. 20K, SR WK PE R B S PR KA R — 2, 4ERF 1445 m A2,

I B eI I T Y B TV T R e e B B K SEBL A I 0~3 h e B KTl 24~72 h FA TR .
e A TR S5 AN [ I 200 B 7K RS TR = Bl o 2018~2020 4 5 B Uk /K R 400 1) J AT K T, N2 e 0 190 A,
WA 5~12 ho P4E—B L FHUKIETIIR 6 37, SRIETR-FI1R 758 155 mfs, “PHIMIXHRZE N 6.28%. 4 B kK
FIHX 4L 2018~2020 4 6 h T I At A FE TARR 258 11.10%, 12 h T A3k G FE FidR % 25 18.80%. i
5 MFIRIEM IEMZE N 61.1%. TIFEN 32.1%. JHkFEN 6.8%. L8 LA, IR S kKRR UK ik A H
FERE, NG BEBE K SR Km0, BE T A A K TR/

R B e K PE ST RIS AT K L s A1), 5 BEYERE R 90 ROk e 4. ISR BT RER B E H
T R R N VR AT IR N, SR B TR X SR BT 1 ¢ Al B 2690 m¥s, AH4T 5 4E—IBRIB B bRdE .
PR IR R B I K P N KRS 7 %6, N PEVE R F] 2200 mfs Ik Nt R, E TR R EIAF] 2200 m/s
i, B KA B 75 IR KA 144.50 m, DRSS B vt KU . hAh, 5k B ik 22 HE R R KT 1690 m¥s
B, TR SR & T X TE KA K AL, FF HL R U BT 830 o A Mt o] BE A2 M . ORI AR A G 1 L4y
S ) o B K 2R TR AN R o R e At . WRYE LR T, R BWK EERIHIE AT K AL sh A s
HlZ& A 2 fios .

Table 2. Dynamic control constraints of operating water level at the Lechangxia Reservoir
= 2. REBKERABEITRATSIES K&

AT ZINERE(MYs) T, T P TR R RN R (mPfs) T EE RS KRR (m®s) KSR /N R R (m®s)

Q, <1690 1690 < O™ < 2200 it 1690 /

1690 < Q, < 2200 1690 < O™ < 2200 Tt Q™ /

1690 < Q, <2200 2200< Q™ Ttk 2200 /
/ Q™ <1690 EE / 3 B ML K I

IR EZKRIRX A 6~12 h BRI AT F TR B WK RIRR AL N KR B, 45 & Bk TR, wIleE A — &
ATEEVEN) 24~48 h FHBOK TR, ARG A S, M E KRG I A 3h, 6h. 9h, 12h. 24 h,
DAAS PERARR J5 A A R BE s v A9 iR U, 76 90 00 340 P A T 28 YR R K S A 2 A2 S SIS AT /K AL sl A s il ak PR
DAAE B bR EAFAEAE B, HESRAS 8] 40 BA RIS AT /K A7 5 B 3k XU 28 2 AT DR &R o

BT 7K PEVRSHIZ AT /K A7 sh A 42 ) 32 BRI oK BER, R SR B K AR A S BRIl o, i U R st
BEKIREA 2%, 5% M 10%. ARAEF BT HEHER TGS FR LR, AT UL, SRAF R SR A Rl T
MR . AR T AT Bbs e S R BN 1) 48 2%k /KAL 162.20 m X, JFEH N 2%, MM
K Rk R A 3291 m¥/s; 2) i 5%v/K A7 157.2 m X3, JREETT N 5%, AR K R itk &l 2600 m/s;
3) 8 10%3/K A7 150.5 m IR, TR A 10%, FHR B R R A 2600 mYs.

IEBUAN R KL, A& B KT R EE R, DOASE IS B e TR ks, v L UHIE AT K b~
Bk AR 206 2 o IS AT /KA 2% B AR HE B AR 2 40 ] 2 o, JEHGE /KA 144.5~150.5 m, 43731 A
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B e K AL AN B K B AN S B bR 2% BT HED A AR, A BRI R K R 2% D P ARAE I KU . T LU
H B R K AL G I, Bl AR 2 B O AR

5.00% 18.00%
4.50%} 16.00% |
i & 10.00% }
X 3.00%} =X
= = 8.00%
5 2.50%] 2 6.00%}
2.00% 4.00% |
1.50%} 2.00%
1.00% : : - ; 0.00% ' : : :
1445 1465 1485 1505 1525 1545 1445 1465 1485 1505 1525 1545
HIFIE AT 7K AL (m) HHRIZ 4T 7K A7 (m)
() 2% (b) 5%

Figure 2. The relationship between operating water level and risk of maximal water level than (a) 2% and (b) 5%
2. SRHABITIK LB EE B AR (2) 2%A0(b) S%RY B KU 2R 55 2

KH R B KRR AL 1964~2020 E AT FE TR, AR RRIRIZ 1T KA sh A3 h]_EIR, 85 KU 4
A, @RS TS AT KA S & E ) EIR . RN 6 h 2 12 h g 4T /KA sh &l bR
HEE RN 3 K 4 iR

Table 3. Dynamic control bounds of water level during flood seasons by using 6 h forecast period
7 3. 6 h ML EARHAE I TR L BH7SIEHI 45 R

VES _EFR(m) TBR(m) i 2% HE KU 2R (%) i SR HE KU 3 (%) i 10%HRE AU % (%)
Wit % 144.5 144.5 2 5 10
1 144.9 1445 2 5 10
2 145.7 1445 2 5 10
3 146.5 1445 2.1038 5.2932 10.2524
4 147.5 1445 2.3008 5.7630 10.8872
5 148.5 144.5 2.5099 6.0558 11.4609

Table 4. Dynamic control bounds of water level during flood seasons by using 12 h forecast period
& 4.12 h ARSI TR Bh7SE R R

VES _EFR(m) TBR(m) i 2% HE KU 2R (%) i SR HE KU 3 (%) i 109%HRE KBS % (%)
W& 144.5 1445 2 5 10
1 1455 1445 2 5 10
2 1475 1445 2 5 10
3 1485 1445 2.1577 5.5013 10.4438
4 149.5 1445 2.3386 5.8405 11.0612
5 150.5 1445 2.5596 6.1288 11.5837

FIF 6 h A2, BRIz T KA s A iH] IR A 145.7 m, AT DL 100% Tt 2 iR /K7 1445 m; _ER
5 146.0m, TAMZE 1445 m BIHEZR A 96.7%, TR /KAMELT 144.8 m [FIRER g 100%. AR 35 XU 4% 1) (1 2% 44
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TR, 6h G AE S EFRE 145.7 m. [F3E AT ECHE KA 203 LK 24 3h, 6h. 9h, 12h fl 24
h, DARBRARIR BB bR N JE I, 1532454 1) 5k Bk K EFIRE AT K A sh A il EBR, a3k 5 Fior.

Table 5. Dynamic control upper bounds of water level during flood season at the Lechangxia Reservoir
F 5. BRI ITRAIEZSES] LR

THBEATARAL TR (m) EER SR (D) T2 AT K AL_EFR(m)
3 144.9
6 145.7
1445 9 146.6
12 1475
24 1511

4.2. REABITRALBYZSEES

2 R B R B K P oy WK TR R AR, AOVRIH & 7 H BRI 3 BRI N S U, 45 k7K R o T T
WAEEE b, H 7 ARED SRR, HERdtaRNE, 4~7 ATLIAECN 6 h. EHM 8 H 1 H~9 H 30
HEE NG KN, & XIIAK B, %5 B 12 h,

EFHEEHTEE N, RIERRACCTRBAT FUEE . £ 1994 4F 6 H K 2006 4F 7 H iR K #3347
FIARFRTBOR, JFIEHL 5 BN 5 4F—IB % 20 FF—IBUK, 7 ATE MR (G 20%. 10%- 5%) itk
HEEUSEM AR DR s BTSRRI B, G536 3R 7 Fiam. 5k B Ik K 2 78 k7K Tl 7 LA
P RERS WIS AT K B B A H 0 _E PR [019% 25 144.5 m, /KRR PR B A B R R4 R, sh&ishr R
A0 SR B e K FIAR AL IR 7 vt XU, T A2 v K

Table 6. Comparison of flood regulation results by the dynamic control water level and original scheme for different design frequencies

F+ 6. NENGHRR MBI TR EZSIES 5 RIRT 77 REEMEE R

. JR it Jr % 6 h T Bh a2 )75 % 12h U Sh A fi 75 %
s ;%Ei BOGHE  IUETR SRS ol Bl AROK A WIATRERSL RO TR AL IUET R K A
(m’ls) (m) (m’fs) (m) (m) (mls) (m) (m)
20% 2200 146.1 2200 143.68 145.70 2200 143.04 147.50
946  10% 2600 150.5 2600 143.65 150.09 2600 14351 150.00
5% 2600 157.2 2600 143.78 155.03 2600 143.62 154.95
20% 2200 146.2 2200 143.48 145.70 2200 142.81 147.50
067 10% 2600 150.3 2600 143.94 149.95 2600 143.76 149.99
5% 2600 156.7 2600 144.36 154.89 2600 143.74 154,55

XT4AETH, WWHRN 6, BiTKABIARES] FIRA 145.7 m: Xf T8 AE 9 A, HWHIWLAIA 12 h,
BAT RN BhATER IRy 1475 m. 8 T RIHBEMRAS S, R R B WK PE Sl i S iz /Nef N PERE K BERE, 43
L 2018, 2014, 2019 “EAEMATiK. ~FoK LA F/KAE, K 2013~2020 4 4 (2 /K I X 21 S0 B R B /N N P
BOKZRME K R I BRE ARII(4~9 H ) HEAT I BETE S, iR /K A TR R /K A7 144.5 m, i 7y 0.4038 Jo/kW-h,
FOAC S BE 7 EANEAT KL A1 07 BRI ARG, SR I15E 8 FvR. 4R B WOK EETEA [ B Bl 2545 1) 7
FIBLRIA SRR, %] 3~5 Fim.
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Table 7. Comparison of flood regulation results by the dynamic control water level and original scheme for typical years
2 7. BBVERERE TR ENSIES SR T RRIERLE REER

B % 6 h UL & Rl % 12 h BULE & 7%

e }’%ﬁ% ORHEARE URR KR, BRI BULRAGK G SUNTRR R BRI TR AL SRR AL
(m’s) (m) (m’rs) (m) (m) (mfs) (m) (m)
2013.8 2680 2200 147.23 2200 142.86 145.87 2200 142.49 147.62
2016.3 3600 2600 150.54 2600 143.79 150.04 2600 143.55 149.88
2019.3 2900 2600 148.52 2600 143.61 146.37 2200 143.31 147.63
2019.6 3650 2600 151.45 2600 143.54 150.81 2600 143.65 150.89
2020.4 3120 2600 149.34 2600 143.57 148.10 2600 143.57 148.65

WSS R, IS AT AR RS AP AT AR 2 B 0 & LR 1190 73 kWrh, 8RR FE ke 481.9 J5 T, R

/NFE/KE 5410 73 m, $7kfﬁléiﬁ7kfﬁzt,u\?ﬂ%ﬂﬁ%%im7i%Ei‘ﬁ%ﬁx% FARAEL PR RZKAE R FEKAH

XA EAR G I B s

AP /R A P, W 78 20 R rh /N K B

Table 8. Comparison results between the original design and the dynamic control water level schemes during flood season

= 8. MHAR S RAETITE 5 RAVFEE R

5 % IS Gl IS
ViE S WAFKECT MY BIRHEEJT KWh) N2k (TY)
T ORERKWR) TR M) RER(L kW) FOKR@ M)
FIKAE 3.366 11.007 3513 10.390 6170 (~5.60%) 1460 (+4.35%) 591.2
Tk 4 2.384 1.926 2.502 1.329 5980 (—31.03%) 1180 (+4.95%) 476.2
HhiK4E 1.917 1.126 2.011 0.645 4810 (—42.72%) 940 (+4.89%) 378.9
K77 2.636 6.348 2.756 5.807 5410 (-8.52%) 1190 (+4.53%) 481.9
1400 148
1200 —)\ﬁi}ﬁi ““““ { ”E{}I i 7J(1\‘7 4 147.5
1000 147
E 800 146.5 ,g
= 600 146 =
fflﬂ‘xj 145.5 2
> 400 145
200 | 144.5
0 : : : : : 144
0 500 1000 1500 2000 2500 3000 3500 4000 4500
I B (h)
Figure 3. The simulation processes of dynamic control water level scheme in dry year (2018)
& 3. #h/k (2018 F)shisinHlm RigHld 2
2500 148
— NJEfE HA P i IKAL 11475
Azooo - 1147
UM 4 146 =
;21000 1 11455
4145
500 {144.5
0 . . . . . a . . 144
0 500 1000 1500 2000 2500 3000 3500 4000 4500
I B (h)

Figure 4. The simulation processes of dynamic control water level schemes in normal year (2014)

B 4. FIKEF(2014 F)shFSEHI 75 RERIT 2
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4500 o
4000 —AERE - PR B KA -
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Figure 5. The simulation processes of dynamic control water level schemes in wet year (2019)
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