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Discharge Regulation and Water Level Response Mechanism of
A Super Large Cascade Hydropower Station

LUO Gang',XIAO Xiao®, WU Di',CHEN Zhi-wei' ,LU Jun'
(1.China Three Gorges Corporation, Yichang 443100, China; 2.Bureau of Hydrology,Changjiang Water
Resources Commission, Wuhan 430010, China)

Abstract ;[ Objective ] Research on the discharge regulation and downstream water-level response mechanism of a
super-large hydropower station is of great significance for ensuring downstream navigation safety and ecological pro-
tection. This study aims to reveal the hydrological variation mechanism in the reservoir tail reach under ultra-high
dam operation and to provide a theoretical basis for coordinated cascade reservoir operation and navigation safety as-
surance. | Methods ] Based on hourly discharge and water level observation data at the downstream section below
the dam in 2023, the standardized hourly discharge series was analyzed using Morlet continuous wavelet transform.
The main periodic components of the time series were identified using wavelet variance analysis, and the regulation
cycle characteristics were extracted and the discharge-water level response relationship was quantified to systemati-
cally reveal the spatiotemporal response mechanism between discharge variation and downstream water level varia-
tion. [ Results] (1) The discharge of the hydropower station under study exhibited two dominant periods of 38 h
and 19 h, corresponding respectively to a diurnal regulation cycle and a semidiurnal peak-valley rhythm, and the
operational intensity increased significantly during the flood season and storage period. (2) The water level variation
at the downstream main control section showed significant spatiotemporal heterogeneity. During the main flood sea-
son (July-August) , jointly driven by flood control operation and diurnal regulation, the peak daily water level vari-
ation reached 10.94 m, and the instantaneous variation reached 3.92 m, which was 6-19 times higher than that at
the downstream reference section ( permanently backwater-influenced reach). (3) A significant positive correlation

was observed between discharge variation and water level variation (R*=0.83). An increase of 1 000 m’/s in dis-
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charge corresponded to an average water level rise of about 2 m. A discharge fluctuation of 800 m*/s could induce

an instantaneous water level variation of [ =1,1]m. (4) A rapid attenuation of water level variation along the river

was observed. In the near-dam reservoir tail reach, water level response was dominated by unsteady discharge from

the studied hydropower station, whereas in the downstream reach, it was controlled by backwater effects from the

downstream reservoir, showing a 6-19-fold spatial difference. [ Conclusion] Water level variation can be limited to

within 1 m by controlling discharge fluctuation to <800 m’/h, providing theoretical basis for coordinated cascade

hydropower operation and downstream comprehensive risk assessment.

Key words: discharge regulation; downstream water level ; response mechanism; super-large cascade hydropower

station
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downstream related power station in 2023
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WA (m® - 57

Aty A ¥ H 2RI H 5K H 2R H Fe R ki
1 1285 1810 950
2 988 1 670 630
3 551 1 360 650
4 214 900 560
5 768 1 900 760
6 950 1770 770
7 3611 5 700 1 800
8 3536 5590 1730
9 1095 3 060 1770

10 1 689 4140 2390

11 272 1 880 1210

12 1 906 4 360 2 750

VARSI . M SN L 1—6 1 G
B ARRGEAT, H BRI <1 000 m*/s,7—12
A G RRE EARTT, 4 F E HBRRE 1000
m’/s, 2 10 Ay 5 12 483t 2 000 m’/s, iz
U 46 75 (ot 30 TR 1

2023 4 8T 45 I 1 34 0 1 LB B 214 ~

3611 mY/s, Fe/MEBIAE 4 A0y, S RIBAET A
#r,2—6 A4y K 11 A4y HAE <1 000 m*/s,1 F £}
9—10 A4y K 12 A {431 B A8 E4E 1 000~2 000 m*/s,
7—8 A I H ZS 15 >3 000 m*/s; HUR 3= 5 Wi i
it H oK HZEE 900~5 700 m*/s, e/ MEAT H B
4 Ay, s R IAE T A0, B H ¥ H 22 iR 42 5
58% , Fe Wiz H S I Bt K 52 28 L R SR 52

STH 2, FIH 7—8 H Ay, WU F 45 W i i it
7R A2 S IR B K H R XEE DR 8, H ¥ H A g e
5K H AR R R D 8 B AR08 E ; S 9—12 Ay,
kiR 5 H AR IR A4 =L, 12 7 0 B ik R o5 K, B ik
T HL H AT R AR BE I TR I 1—6 A4y, iR
K ZEAKAE , F sty A4 il AR AR IX ]

3 KR IEIEE S HUT 7k AL e Rz 4 1

3.1 U 7K ZEME4FAE
2023 AFSYUR AW -5 U 2 BRI 1] 7K A6 22
GOTAERINGE 2 Frzn . 20Hrak 2 I, 00F 4 i
AR A fe KIS BRI I 3 1E0.66 ~ 3.92 m 2 [], 1
HZE 5L 6 1%, RIS ZUAYARTE & SRR W A AIE . H:
W I e 1L A0y, s (L e 7 4y, 53
N R AR R kR A R 25 R 1—6.9—10 H
Oy HUE EEWTH AR RE 1 ~2 m XA E X ], 7—8.12
A5 2 m AL 11 A4 lyE 2 1 m IR, 525
Fo, T i 2 B T K A ) e KR S W 0k 3l 7 28
0.10~0.29 m, Hrp i filRfE i BL7E 2 A0y, S (E
BAE 12 Ay Bl o, WUR 28 A f R ik
W@ T S IR B9 13. 548, T I 23 18] 70 S 25
F2 2023 FUIT EERETE TS RETE KT8
Table 2 Water level variation at main control section

downstream of dam and downstream reference section

in 2023
P LT TR K 3/ m U7 2 BT K 3/ m
oo HB o Amk AWK HB K Rk
EECE T U
1 2.39 3.30 1.83 0.51 1.28 0.15
2 1.94 3.41 1.39 0.69 1.13 0.10
3 1.12 2.70 1.24 0.35 0.67 0.15
4 0.53 2.13 1.40 0.54 1.23 0.12
5 1.82 4.31 1.77 0.45 0.79 0.22
6 2.27 4.06 1.76 0.37 0.85 0.11
7 7.21 10.94 3.92 0.67 1.75 0.20
8 6.32 10.32 3.84 0.84 0.52 0.27
9 1.23 3.68 1.80 0.33 1.12 0.17
10 1.59 2.59 1.03 0.41 0.96 0.20
11 0.54 1.38 0.66 0.40 0.64 0.11
12 2.35 5.29 2.03 0.55 1.25 0.29

2023 AR 4% W 1A H 4 H 2 R S B i 50
FHIE: H 2 H A8 1§0.53 ~ 7.21 m, fe/MEH BUAE 4 A



%94 %

Ml % 34 KA M K e b 3E AT B 5 IUT ARG B AL 59

Oy K BAE T H 4y, 1—6.9—12 A fy H AZ iF 1
3 mPAF,7—8 Ay F7M H AR IE#E L 6 m U E
Wt K (37 A ek H AR IR 1.38 ~ 10.94 m, fe/)MA H L 7E
11 Afy KM IAE 7 Ay MEZ T, FilES
WTTET (1) H AR IR AR 2 AR R B ROK ST, A 1 H AZ IEAS
110.84 m, ] e K H AR MR AN B 175 m, HUT 245 7
T 1) H 341 H AR g AN e K H AR IR TS BRI T 8.6 A1l
6.3, (EAFHERAYRE, I F R W (7—8 A
fy) HARHR @20k, 7 A0 A ¥ HARIR I 4 A0
13.64i%, on E ISR AR ALY .

IUT =5 45 W T 1 Sk S BT BB, 7K 0 3k e K A2 e
ST LR, K A7 Sh 2 32 B2 AF 57 H o = A I
BRI D R A TR IR s, DR ok iy T e HLR B, T—
8 J1 0 Bif ik e 5 H AR W [R5 58 B AR R 0, O
3.92 miyHEKIEAR Y T T UF S BTy 19.64%, F
Ui 2 BT T R A 22 X 4F 0] K9] B, R 2242 T il
i P DX KA A TG 5 4 1, 0 5 K R sty I itk g 4R
R LU AE AL % o i o 2 4 R o i R O 3, 4
K IR AR 2K F0.3 m, fie K H AR IR TR 4 Wr
TR 176, 254 4, 7T LA ELA H 3IF 4%
VT T 7K A7 o A5 S i 2 2 fok b R 20 R 3, T T e S
AT 7 D) 2 RSP 9 2 A8 (1 AR A, 3 i — 25 BHIE T
I B 5 A2 8 X 58 A AN TRl 18 7K SC ) i A 2 [
I35 REGE 6~19 £,

‘3‘ WUF LR
> | — TS
£
o=
20 - e
£ -1
=, ]
® 3
4
_5 T T T T T
01-01 03-12 05-21 07-30 10-08 12-17

EE
4 2023 ST 35 B A0 S R B K A B EE DR

Fig.4 / Hourly water level variation at downstream

main control and reference sections in 2023

3.2 /7K FR Ik it 55 20T 7K oL 3E M Al Bz 5K 2R
SRR IR KA AR B B S R AR
B STl Wi L TR CE N R . R RS IR Ik
T (BET 50 km ) 32T 3% A 3 [0 2K TOUFE AR, HEoK Az
AR MR 55 (<0.3 m) EL5 R 5 7K H itk 37 JC el 25 AH
SR IXHEBR 1T U 1R S 3R = W K A7 95 5
UK R RTRETE . [RI, BIF A B O H R S
A R SRR RS SE o DR, e e 1) RUEE
CH ) b 955 H il 14 3 A8 1 2 B 3 300 3 X
(PR B ) 7K AN A Wi ) i S BRI AR A R 3R

2023 A sl G A R, AU S A A AR
A WD T U S R BT KA =2 TR ) I DK
RWES . aWrk], EHEBR 0 H RS
T I K 7 H AR I S E LR IR A OC (R =
0.833 9) , 4 H a8 1 000 m*/s i, F 457 i
KAEIFE T 2 mo FE/NEFRUEE b, T ik I B AR
W 55 428 T T A7 P 28 W 2 B R A 1) T A DG OC &R
(R*=0.772) , 4 800 m’/s YL EH T 7= 42 1 m
(IR AR I B o 32 1 G 2R 1 i N7 Dy fEL st I Akt
PV FERR AL T E AR 38 2k i I 722 R < 800
m’/h, AT RO KA 0k Sl e BE BRI AR [ -1, 1 T m 5
WL BT TUE ZefMAESEY . HILZ T, 8
DT e Rl N 13 s 1 v 61 U TR EBS
KF . W KA H AR IR < 1.75 m, BFAR IR K i <
0.21 m, 32 G I s R /N

12
e -
07 o Tz e
ot P, a7
8 R A
£ y=0.001 6x+0.224 a0 %
= .
§‘ 6L R08339 e 4‘,
= " //,‘/ A a
X 4+ A‘A‘”%‘, . .
L o s s 0—8x10°x+0.397 2
44, . R=0.1347
& ‘loo“ : - %

2. o &
a5 s BB s B Ooob gy Y 5°

1 1 1 1 1
0 1000 2 000 3000 4000 5000 6 000

PRI R AR (m?-s™)
(a) AZZIR
6~
) »=0.001 4x+0.001 3
. o T R>=0.772 -
« TP IR ' -
s w7
g 2 r
i
Aok o By Bt
E [ mﬂ:‘“ f y f
= wotr? y=7x10%x-0.000 7
® 20 % R=0.002 8
e
o€ b,
-4+ - L
L

_6 1 1 1 1 1 1 |
4000 -3000 -2000 -1000 0 1000 2000 3000 4000
= 3 T AL S AR /()

(b) A2 g
E5 2023 £ TEEMNIRETIRS FZWHE.
TS BR T E K AL RN AL K B
Fig.5 Relationship between discharge variation and

water level response at downstream main control

and reference sections in 2023
2023 AFIUT 345 W I B KA AR R SR T
SEOLNE 6 TR o It A AR M S 3 B S R X AR 43
ATRRAE . FUATIT S, i o 1E 1) 2l kiR ) 24 v
F[0,1 000 m/s S FE Y (BT 1L 67%) , fiuin)
We sl (R ) PEAR R 2N 1 o5 EE R 29% , IR 2L 3h
(>=1 000m™/s) X 7 4%, it 1o 7K Ao st 725 s D0 362 3



60 KL AR R 4R

2026 4

H AR R A A L - /NI R I, 2 52% 1 I
BOKALKIR <1 m,39% [y i BOK LR IR <1 m, {L
9% W Bl BT 1 m 09 s, TS R
TR AR B 2 7E0.21 myw Bl Y, H. 93% f i Be Az
R EZAEPAEL-0.1,0.1 ImJEE A, FFZ) 50 km
A B S IR , LK A7 2 28 Fh T i R 3k A 2 DX [l 7K
ROV T W5 Rl A S STt A A X i L

. 60
260 S
= 540
1040 i
2
e <
0 | | | | | \‘:[0
S o & &8 & 5 g yaasTegsaaxn
e 8 28 g 8 8 8 Ve diSoam
a5 S = Ao (R
. ; - S g8 g .
SgEgTTE&C L e
g 2 < - o (b) BT K G5
t/(m3sT)
(a) =4 7 T 970 e A
60
§
340
0
& 20
fhusg
R
V &5 8 3R
= =
JKAL/m

(c) b2 IR T T KAV A A
E6 2023 #MTEHHEMSRHENRETES
KA IRSE T 45 R
Fig.6 Statistical results of variations in discharge and
water level at downstream main control and reference

sections in 2023
PR B it 7 2 P o A A WA A AR K B T A
XKL e 2y, 10T 907 1] 7K TOUHE 250 Dl 400 ki e 3
TR R I DR A — e XA B 25 1) O3 S At ) o

4 # ®

(1) 38 5 /N 0 A, PR3 s ATF 5 F ol 3 A7 A
38 b5 19 h PR A, 200 % B2 H AR5
AR A, LI JEE 5k AR TRIUI AN 2500 (o i i

(2)BF5EIaA 1 T i R i B KA 35 3 B A%
ORI, et R HAZ B 10 m, ISR IET 4 m, B
b B AR ARG I 1000 m*/s Xt R KA #TH2 m;
A} 1 30 4 3 800 m’/s P51 & 1 m KA
AR

(3) g da 7 1 K AL 3 Bl ¥ A ) 5 il 11 B
S IR T H AL R AT X (R ) 9K AL
DS R ST NG SR B L | S (E R e s ST
2 N 14~ A5 K A5 DU T O P o ) 2 DX [ K THE
RN o P K SR IO A 2l 55, 23 1] 7 S5 2R 0
i 6~19 f5,

5 Z 3Lk ( References) :

[1]

(7]

W, ABREE, LD, 55 —Fhscak n & ok &
IBATREA A 2K SCHCE T 5 vk DAY i (R
B— K E) [ T]. BIARk:, 2025, 37(2) : 640
650.( Dai Minglong, Qi Junli, Qiu Hongya, et al. A new
method on hydrological change degree evaluation for
quantifying the impact of reservoir operation: A case stud-
y on the middle reaches of the Yangize River ( Yichang-
datong) [ J]. Journal of Lake Sciences, 2025, 37(2):
640-650.(in Chinese) )

WISCEE DI, AR TR T AR S SRR Y BT
T ST AGERIIFE L ] KR 224k, 2020,51(3) : 367
377.( Shang Wenxiu, Peng Shaoming, Wang Yu, et al.Re-
search on the ecological integrity-oriented environmental
flow regime of the Lower Yellow River[]J].Journal of Hy-
draulic Engineering,2020,51(3) :367-377.(in Chinese) )

LT e, RN, S5 B VTR R K LT &
1B A KR SR BN AT [T ] AR, 2025(1) 1293~
303.( Hu Guangyang, Yang Zhonghua, Bai Fengpeng,et al.
Water temperature’ s cumulative effect induced by the con-
struction of cascade reservoirs in the lower reaches of Jin-
sha River[ J]. Journal of Lake Sciences, 2025( 1) 293—
303.(in Chinese) )

P B, R A TR AR, 5. S EAK 3 Wt K R
St [T RS AIFSE, 2024,49 (6) :22-29. ( Lyu Ruiru,
Deng Anjun, Zhang Bangwen, et al. Analysis of flood
characteristics in the baihetan reservoir [ J ]. Journal of
Sediment Research, 2024, 49(6) ; 22-29.(in Chinese) )

Ofg¥s, £ #, TRE T, ISV K L IR i T AR
R AT FE )], Kiz TR, 2024(11) : 146-
152.( Ma Haitao, Wang Xin, Zhang Shouyuan. Propaga-
tion law of unsteady flow in downstream channel of Xilu-
odu Hydropower Station[ J]. Port & Waterway Engineer-
ing, 2024(11): 146—152.(in Chinese) )

AR, AR BT UK A )N A i B 14 ) 5K
WU, T A A [T ] K SR RE R, 2025,
39(2) : 20-23.( Zhang Shijun, Wang Miaolin. Analysis
of the discharge flow variation in Xiangjiaba Hydropower
Station considering the hourly variation limits of down-
stream water level [ J]. Hydropower and New Energy,
2025, 39(2): 20-23.(in Chinese) )

ReWlsE WML e, AR R e A K I ) g i
X UEHBUE R 23 B [ )] 7KGs TR, 2022(4) 81 -87.
(Bi Mingliang, Pan Zeng, Xing Long, et al. Influence of
Xiangjiaba discharge control on downstream channel during
impoundment period of Baihetan[ J]. Port & Waterway En-
gineering, 2022(4) ; 81-87.(in Chinese) )

T, BN X R, 2. 32 Il K AR Bl 5 KK 7 £
AR KA SR IS L) ] K3, 2022,42(6) - 7-
12.(Ding Pei, Luo Xiaofeng, Liu Xinglu, et al. Study on
stage discharge relationship affected by the comprehensive



%94 %

Ml % 34 KA M OK o 3h3E AT B 5 IUT ARG B AL 61

[10]

[11]

[12]

influence of backwater and flood[ J]. Journal of China Hy-
drology, 2022, 42(6) ; 7-12.(in Chinese) )

INIRAE, R, JEANER, A%, 25 K 5w i T
KA B G AR E TR [T ] KB Bk R, 2021,
32(2): 259-270.(Sun Zhaohua, Zhou Xinyue, Fan Jie-
wei, et al. Stage-discharge rating method considering
backwater effect in river channel[ J]. Advances in Water
Science, 2021, 32(2) : 259-270.(in Chinese) )
ATES, X B L R E TR BN T U AR I DG R
P s LT]. BHRIRT SR T, 2016, 6(26) : 16—
17.(Feng Zhuling, Deng Yao. Analysis of the influence of
power generation dispatching on the relationship between
downstream water level and flow[ J]. Technology Innova-
tion A, 2016, 6(26) : 16—17.(in Chinese) )

AR, B E, 900, & RIS EK BT i
EARTEE AR TE [ ] NRKIT, 2023, 54(1) .
200-205.( Du Zedong, Dong Xianyong, Qin Leilei, et al.
Study on unsteady flow characteristics in downstream
channel of Xiluodu Hydropower Station[ J]. Yangtze Riv-
er, 2023, 54(1): 200-205.(in Chinese) )

BN, R, H R, S SET RS R ARSI
SPMER AR A [T ] R AL S T AR

[14]

41, 2022, 30(6) : 1377-1388.(Li Wenjie, Yu Cheng-
feng, Xiao Yi, et al. Characteristics of water level varia-
tion at Zhutuo and Cuntan Stations based on time series a-
nalysis[ J]. Journal of Basic Science and Engineering,
2022, 30(6) : 1377-1388.(in Chinese) )

gk R RRGE, WS HE, 4. 1960—2020 4FBRYT I 7=
TIUEF TR ARG L) ] A T2, 2024,40(13)
77-84.(Zhang Ling, Wu Enjie, Pan Haohua, et al. Spati-
otemporal variations of cross-seasonal drought in the Pearl
River Basin of China from 1960 to 2020( J ]. Transactions
of the Chinese Society of Agricultural Engineering, 2024,
40(13) . 77-84.(in Chinese) )

WM, R, TR, A RSN T
SRR F HE K AR X R DX R R R [T ] R
R (5 BRI , 2019, 44(6) : 821-829,
907.( Xie Ping, Zhang Shuangxi, Wang Haihong, et al.
Cross wavelet analysis on the influence of the Three Gor-
ges Dam impounding on the reservoir precipitation [ J].
Geomatics and Information Science of Wuhan University,

2019, 44(6) : 821-829, 907.(in Chinese))

(4l 2 #%)

RARARRRARRARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARAR

(E#&% 36 IT)

[23]

[24]

[25]

JEIe R T oK G R A IE B Y ST 5 B ik T
HURIBFSE (D], AKAHEAR W, 2023(7) : 55-58.( You
Longfeng. Research on water diversion project planning of
Taiyuan City based on optimal allocation of water re-
sources| J |. Technical Supervision in Water Resources,
2023(7) : 55-58.(in Chinese) )

SR TR 1 RO T A £ 5 15 Y 8 BT 04 ] vh i
ARG (D] N R #30, 2022, 44 (5) - 109 - 114, 120.
(Zhang Fukang,Feng Minquan. Analysis of spatial-temporal
characteristics of water quality in Fenhe River by entropy
weight comprehensive pollution index method [ J ]. Yellow
River,2022,44(5) :109-114,120.(in Chinese) )
SEE,E R8T HE X 2001—2020 4K BY
VR 2 AR AE 23 A [0 ] K B8 T A 15 48 B, 2023,

[26]

9(9) :12-21.( Wu Weiwei, Wang Hao, Jia Yan. Analysis
of the spatio-temporal evolution characteristics of water re-
sources in Jinzhong Region from 2001 to 2020[ J]. Water
Resources Development and Management, 2023, 9(9) .
12-21.(in Chinese) )

RO, IR, SRR, A I UK TR 8T
it B A S UM AT [ )] BRI T AR 2741, 2024, 18(2)
359-370. (Li Jingwen, Li Zhenhan, Wu Haibin, et al.
Carrying capacity of water resources assessment and eco-
logical sensitivity analysis in Fen River Basin[ J]. Chinese
Journal of Environmental Engineering,2024,18(2) :359-
370.(in Chinese) )

(i - P £22)

(E#%E 54 W)

[22]

[23]

Tarboton D G.A new method for the determination of flow
directions and upslope sreas in grid digital Elevation Mod-
els[ J].Water Resources Research,1997,33(2) :309-319.

XISFZE, pRARRe, & B, A JET DEM 3] o £2 3
SRRM L T]. KRR, 2006, 37(9) : 1134-1141.
(Liu Xuejun, Lu Huaxing, Bian Lu,et al. Comparison of
algorithms for extracting drainage network from grid-based
digital elevation model[ J]. Journal of Hydraulic Engineer-
ing, 2006, 37(9): 1134-1141.(in Chinese) )

R, I B, =, AR K R BRI 4
Ml J]. TR KA Sk b, 2010, 39(7) . 22-23,
28.(Kang Daning, Sun Xia, Lu Mingsan, et al. Analysis
of precipitation characteristics in the Tangbai River System
[J]. Water Resources & South to Northwater Diversion,
2010, 39(7) : 22-23, 28.(in Chinese) )

(il -2 E22)





