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Study on “controlling discharge to assist river closure” mode for upstream and downstream power stations of river
basin company//YANG Lei', WU Yunbo®, LI Zhongquan®, ZHU Yuexi*, WU Dudu®( 1. State Key Laboratory of Water
Resources Engineering and Management, Wuhan University, Wuhan 430072, China; 2. Tuoba Hydroelectric Engineering
Construction Management Bureau of Huaneng Lancang River Hydropower Inc. , Diging 674608, China; 3. Yunnan
Dianzhong Water Diversion Engineering Co. , Lid. , Kunmin 650051, China; 4. Sinohydro Engineering Bureau 8 Co. ,
Lid. , Changsha 410004, China)

Abstract: Based on the initially proposed closure scheme, a physical model test study was conducted for the TB
Hydropower Project to analyze the hydraulic parameters of the closure gap under different operational conditions, and it was
pointed out that the discharge index is the key factor determining the difficulty of river closure. Under the actual field
condition before the closure, the numerical simulation method was used to analyze the hydraulic parameters of the river
closure. The results shows that under the same inflow rate, a deterioration in the diversion conditions will significantly
increase the difficulty of river closure. The river basin development company adopted the mode of controlling discharge to
assist river closure, which effectively reduce the difficulty of river closure by decreasing the discharge from the upper
cascade power station, thus completing the river closure successfully. Both the measured data in field and the inversion
results from model test demonstrate that this mode can provide a successful reference for the design and implementation of
similar projects in river basin cascade development.

Key words: river basin company; controlling discharge to assist river closure; model test; numerical simulation; TB

Hydropower Project

AU /KR K v, TR R 0 BT 7 T
FOARFNE TLHA EARA —ERIXERE . B AR R T
TR 142 22 55 VR K 5 B, 0 A T I X AU O S
PRI ST, 70 AN [R) 05 58 1 B I g H Ak 7K
NSH A, DO B B S i
Sk AR IR R R BIE ST T ERE B 58
VM 2 Y Ot T 2%) — 85 S e i

HETH . BER A RFL2EIL 459 H (50809052)

FEBE T RS AR, A7 SCRAE B R =i KT
AL | P SR O 45 B B AR AT (AR K I Sk 83
A SR SRR IR | LA S A G B R 55 ) TR T —
FIWESE, AT T E AU BRI TR e K
FACHI T AE 2R 2R DL S B B R R e, W8
A R R T 9 92 3K e RLBR )  E E
Bl EYKIRLR, FEX e R E LR bR 6RO 7% 22

EBEN & (1974—) 5 BIZEZ 1, FENFACRK G CH R 58 MBI . E-mail :644256484@ qq. com.
BIEIEER MB(1983—) I Mg AR, 322 KK B T AR H 8% 5B BT AR, E-mail :370194669@ qq. com

FR A K o, BRI R 2024, 44( Supl) Tel;025-83786335 E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn + 70 .



S PCHEATIRA I HT B A L, 2 T ) W7 XU R A
WAL 07 1 . B2 A5 8 T ACE RO =
W R YA 1) JE K 7 e b AT 1 B, B8 AR
SRRV VT TB K BT R T I A A A
FASHARAIBEST B 5E T AR T 00 T 07 I BT 4
JOBOBPRAR FIHL B 50 BE, 4 T BOR HERE T
AR A T I A3 i R S L A A AR R 5
K B OR 7 22 | e U PR A, SR BB T U A A 0
“T R BCE PO I B AU A B S
Jith, 7S PRGBS T R4 BIRCR

W6 V4 R B DX K LT A A PR RS T, R
TER K B GOT K B e A e, < — 112
R BRIE A B, A SCEE X e VT TB K HL T
PR TR, SR I RSG5 BUE AU 25 & 17
V0 Z RO 5 SAEAN R BT e K 1280t
A1 T XA 45 S PRI TR B A5 0 4%
B X — MO AT TR, B AR T AR TR
A S , ARG TR it T A w2 %,

1 T#E#R

TB 7K H TR T 48 1 B F IR MM N,
AR T2 e R R TR e 1 51 7 300 i 517K &
FLE SR, TB K s B 1 4 B R 1k Rk T
T, TEARANE 2 ZR0 TR AL S R |
RS 11.5mx11. 68 m( SExE) . TB /KHL T 4]
AL SR BRI ] (N 1 1) A R o G Rl
6m Z3k) S ag gk BT SR . R A 2021 4R
11 A 4] 10—l A P, b 751 m’/s,

2 ERREIRIE

TR RS AL IR 50 R F )R 3 8 PR IE A AR A | FE %45
R BRI A 11 28 0 2 A DX LA R T Vi T 35
ZF IR AR W R A B R X, AR A
WA A TR DU AT T, A R R
A,=60,

B A AL I R T 2 M T &, .
2021 4F 10 H MAHRATHIA 2021 4F 11 H LA
WL 8 . 2021 4E 11 A A4 B b 0 o ol 42
W | E e f AL R AR R T i .
T g BRI #E A S O 3 m, R AT 2 A0 bR
T 53, 2e i ia FH el 3 o Rk o A R IA
6m 3k, BFBAGRIE T AR 1| FiR

FEASA TOUT , 8 A e AR Ml T 5 58 BUS
TG, DURS AR LK 6. 0m, A2 R TR
AR EE A 11 1 m, B O SR K 48. 9 m, #RI
FEMP R FH S i) b BRI A3 %) 5 =X, 85 i Sk 13 ~

F1 HR\EILETR
ERUTRTN

TH Ffs( m3/s)

A 964 2021 4 10 H M), RER T

B 751 2021 4F 11 H A, KA &

c 475 muﬁﬂlﬂ%ﬁutﬁgﬁﬁm$MWﬁ
T+ DX B U

D 150 U R A AL R AR A

18 m*/min( JEH) | SF1 400~ 550 m*/h ( JEAL) | AH Y
F 251 AHER A 0.4~0.5 %, BURM
TR 52 BE M 30. 0 m, 4% L0 T o LR AE K 11250
k2 iR,

*2 HARBRARTRTEOSEKASH

woree BICPY RBokaEZ ORI ROREATE
o SN e e i e
i (m/s) (m/s)  (m’/(s-m))(t-m/(s-m))
A 4.62 4.78 5.19 21.75 319.76
B 3.58 4.45 4.49 19.43 110. 45
C 1.32 2.66 3.02 5.88 27.65
D 1.02 1.32 1.63 2.93 12.06

H132% 2 AT ZEANRIIR A5, R H AR K
NBEAFAERE 225, I, i E M 964 m’/s FRAIK
F 475 m’/s W, e FEKTE 22 4. 78 m i/ NE 2. 66m,
SOFIIFEHM 5. 19 m/s FEZE 3. 02 m/s, e KRR FE it &
M21.75m’/ (s - m) Jli/DE 5.88m’/ (s + m) , B KELGE
AR 319.76t - m/ (s + m) FEZE 27.65t - m/(s » m),
XA A 70 53 2R W Ui i S B R R TR S
i R &R

3 BRIHHERMHAR

3.1 BUAERATEEERL

1E TB 7K B T RE it Tad A& v, ol A s i, 35
H AT B 548 0 B ] B2 17 2 2021 4F 10 H T 4],
I A U 10 4F — W A) OF B &, AP
964 m*/s, 2021 4F 10 A 19 H, Wi ZEH 0 5k
Z 3 RIAVE T, S & B HE 125 IR 0 % B v B Sk
2 10 m, W45 530 LA R 36% , BE I 1 43 I 45
H2REL, AT I 2021 4F 10 H N AR Rk
2| 964 m® /s, BRI HE 5% B A = B 10 m 5L R
AR AU, A SR FH BB AUL 7 12 % A s 7K
SHGIEAT TS,

1Eiz H] Flow-3D 8/ #E AT BUE BT B, >R
FH RNG k-e ZZBLAL, R TraVOF 538 2% H )
AR, SR FH A R 22 430k HEA T H50(E B ik, A5 78 o) 4%
K153 RS A AERLE K T (LK /R
ko BT I)) SRR AL B T B KA A
5 UK 43 A e R R T O E A N
EAK AT o AR DXl P VR A 3 R JEG 5 12 8 A il 4%
M AR b R BEEUE S i A IR E R 0

- 80 - ARAY K A3 IR 2024 44(Supl)  Tel ;025 - 83786335  E-mail :jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn



B ECH 0,

AN 17158 BE T e 11 Ry B i 25 B i o A = B
e Fs,

s R L, S P RIEE N
4.72m, Jo AR B RPN 7. 23 m/s, e H Y
BRI E R 1011.25t - m/(s - m), FHEEHL
AR R AR N, S I R T HT 3 m A5 T X
() T00 A AL, 10 m 25380 5300 19 3 6 =
T RE R, B TER RK A 22 T A
KIS IR I, VB AR T A
FEZ T UL T, 80 A PR X B 1 B 7 e 11 58 i
28 m PRI % X B 1 0 RN g 11 B 5 T 38
SEFE PRI ARG A R, AL P 4B R b B XS B
FRIREAR AR R B PR AR
3.2 ZRRELR A REEEL

R B AR AR T ME B, 2 LR B IR Ve 7T AR TS K H
uh B 5 FE e K L s B Rl — KA R F &, H TB 7K
B TR B3R 5 e f LR sl B = ki, B
B St b RS A AR, A T D R R S B A e
Y ZEM I PR IE OLT , #5 Be A BR R ¥ b g ol
T, LASL/IN R T B, K 2 AR A0 A 0 0 B 1) A A
Jiti o BRI, b9 T BRI I H & AL RS , ToTk
SERAEHIANIG . BRI, 5 28 e R 70 R AT gk o 30
B, b B L G 1) 2 B HLA I 0 far & HE TR, 5 08
DX )P, SE PRt o SOk AN 1000m’ /s, fEE
Hi G e S R) , FEL 3 A BRATLAG £ L i, 25
BRI A e A XA, SEBR ROk R 550 m®/s

EFXT IR 1A 8 B Bk I & o 550 m®/s 1 T80
EAT T BB AT M, IS S 37 Bk 3 154 25 A g

Velocity/(m/s)

I
0-:2 S48 1688

A\ 4

(a) EHFEEE3S m (KM )
Velocity/(m/s)

0E2 4 6 8

N\

(c) JEITSERE28.8 m (KA )

ARA) K A B R, 2024,44(Supl)

H10m, e FKIIRESEONGR 3 s
R3 IRBRFRAENEEZAKASH

(FRESSOm’/s, 5ESE 10m)

Jer BRVE BRI AR P AR SRy AR RS S|

F&/m  FE/m /% W/ (m/s) F/(t-m/(s-m))

35.0  1.03 35.39 3.72 226.31

32,2 1.52 47.03 4.12 357.18

28.8  2.25 65.15 4.41 406. 39

23.0  3.28 77.18 5.26 530. 84

18.0  3.47 85. 36 4.25 426. 47
RN N & Y STV QAT =1 gl A= gl = T |

MELX B fe K 22 BRI | e R LS DR K
HRRE B4 BTt e KA BORIAR WL 4.
x4 ARIREOXKNSE

RICFH BORHTE

MR/ RERE BAE T g, RO
(m’/s)  B/m 2/m (m/s) (t-m/(s-m)) AL/ m
964 3 3.84 5.19 332.21 0.75
964 10 4.72 7.23  1011.25 1.45
550 3 2.12 312 223.88 0.27
550 10 3.47 5.26  530.84 0.77

% 4 R, 5 v S T 8 I i 3 S e AR K
FER TR 964 m*/s BYTHOLT , 2 REIR 2 1AL () A 48
N 3 m BN 10 m B, o 15 KX 9 EAH 22
2m/s, B H R OK OS5 O RO =
679.04t - m/ (s - m) FHREAGHE (5 BT 55 9 de R 43 ek
FAEAZE 0. 70 m; ZE R 8N 550 m’/s WIIHHL T,
2 BRI R 1A R R A 3 m BN E] 10 m B, e
T A 22 2. 14 m/s, Je 1 i K858 D R A0 22
306.96t - m/ (s - m) , MR O HE 5 BT 7 04 B R4
RRRIARAN 22 0. 50 m, 38 52 X6 H B 2 F1RT 3 m 2045

(b) JeH S35 m (4] )

Velocity/(m/s)
(T
0 2 4 6 8

(d) I5ERE28.8 m (Yhiil)
Bl ARAEOEETEORSERESGZE(HRE 4m’ /s, ZESE 10m)

Tel ;025 - 83786335  E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn - 81 -



A0 m A BAEIE Tk 0K 280, v LA 1
BRI HE 1T 10 m 725 A8 5 X B 3R ) 40 i H P A T I
FR, KIEHE S T e O BURRIE K 1 S8, R S8
B TR R R R BOR R AR IR B, Rt S
DLBE AT 10 m A AR K ER = T R B

T K/ IME R TR S T 2 IR L A
F, O O FE 2 e RN T A, 38 3 X E
BT 91 M 964 m*/s 5 550 m*/s, H. % i B
10m FAEEIE T W Ok 71250, vl DL, 78
di BB, AR T A0 A i R VE 224022 1. 44 m, i
Ko R HA 2 1. 97 m/s, Jo O KRB SE TR
AHZE 480. 41t + m/ (s + m) , AHN B9 I 75 fe KA 45k
RARAHAZE 0. 68 m, X FRHA 7 T Uit bk ) HiT A7 A6 3 5
FRERARAETR T X AR M A5 I

YF BiFE S TB B A — A 7l
A I PR L U S AT R IR R 4 R R I
H M 964 m*/s /N ZE 550 m® /s, 3% — T it A R b [
IR T 56 B 0 0 ME B2 i TR AE 2021 4F 10 A
25 HFAT T B HE & (it 1000m®/s) , 7€ 26 H
IR 5 BT ARG T (R I S50 m*/s) o FERKI
it T 2522 BT 3 Ui 32 PR A IR 50 R, SR A < 23t By
BT RO, A O R A T AR, IR
TR A5 RT3 8 A v sl A 4 40t
B S

4 % it

a. 12 IR B 5 BUE AL 4G & 1) T Bo
AR TOLT BB T 24T T 5SS 200, o
B T AR AR AL BE 1 4 B A5 52 WA AL M FEE 114 G
BENE, BRI TB K M TR XA O TR T
2021 4F 10 A 26 H WA SC BRI A, FFIE4h 2R
FWIBE R 5 M BAUAR SS & 1 e B 7 1k REAS
TG T B St i (A 2 ) TR AR

b. BT LfREE 5 TB ML JE T A — sl A\
s E G A R T TR R R
ORTRJEE i AR 1 S BRSOt M JEE A O e T A% 1F
72 BB o3 32 RGBT, 2R A< 42 1 B A A5
PEATHR , A 2 w3z 38 A S AL L ol AT O 1
TS T AR AL T RIS 2%

S HK
(1] BMeife i oK M. dbat. K HHL 7 A,
1992 4.

[ 2] e, RSP, =0 TR B R S iy At OGS H R &%

- 82 - ARAY R A 3 B R 2024, 44(Supl)  Tel ;025 - 83786335

R [J]. ARV, 2005, 36(7):4. (YANG
Wenjun, ZHENG Shouren. Study on key technologies and
measures of early closure of open channel in Three Gorges
Project [ J ]. Yangtze River, 2005, 36 (7): 4. (in
Chinese) )

[ 3] RS, XDk, TOtik. = ek B s Lk PHnit
BRI I]. R E A AR, 2002
(4).535-538. (ZHOU Hougui, LIU Guangting, WANG
Guanggian. Calculation and prediction of the dyke end
slump for deep water closure of the Three Gorges Project
[J]. Journal of Tsinghua University ( Science and
Technology) , 2002(4) ;:535-538. (in Chinese) )

[ 4] Jusuk, WIREM, X4 WA & 1 T aER Rk
R W BRI BT [T]. ALK AR L2 B
274, 2006(3) : 11-14. (FAN Xi’ e, HU Zhigen, LIU
Quan. Research and analysis on water level variational
regularity during river closure end-tipped with double
embankments and its physical model test[ J]. Journal of
North China Institute of Water Conservancy and
Hydroelectric Power, 2006(3) :11-14. (in Chinese) )

[ 5] LU He, HU Zhigen, LIU Quan, et al. The hydraulic
characteristics of end-dump closure with the assistance of
backwater-sill in diversion channel [ J ]. Journal of
Hydrodynamics, 2016, 28(5) :886-896.

[ 6] Wi, R, RLIT, =W TR T8O £ E L5
SRS BRI [T RITREABE B i,
2004(6) :7-10. ( DAI Huichao, WANG Lingling, ZHU
Hongbing.  Development  of  hydraulics  numerical
laboratory and its application in river closure and diversion
engineering of Three Gorges Project and numerical
simulation (II) [J]. Journal of Yangtze River Scientific
Research Institute, 2004(6) :7-10. (in Chinese) )

[ 7] B, KISLEE, B, 55 TBKM IS EmR T RS
GBI AT 1], o EARA KR K, 2022
(12): 201-205. (ZHAO Yinchao, MI Rezati, YANG
Lei, et al. An analysis of the closure scheme and on-site
closure analysis of TB Hydropower Station [ J]. China
Rural Water and Hydropower, 2022 (12): 201-205. (in
Chinese) )

[ 8] SAREr, BN, KIASLEE, 55, BESUTT RSN T 20
SRR AR [T]. KR RS E R, 2023
(7): 13-18. (WU Dudu, WEI Dongfeng, MI Rezati, et
al. Research on diversion cutoff technology under
abnormal conditions in cascade development[ J]. Water
Conservancy Construction and Management, 2023 (7).
13-18. (in Chinese) )

(M B 112024 -09 03 %kl . T )

E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn



