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transmission. In order to fully tap the peak shaving capacity of Xiangjiaba hydropower Station and clarify the influence of various
factors, [ Methods ]firstly, a hydropower operation model and a unsteady flow hydrodynamic model are constructed to simulate the
reservoir regulation process and the water level process of the downstream river section of the dam under XiangjiaBa peak shaving
scenarios, respectively. Then, the mapping relationship of maximum hourly variation amplitude of water level between
downstream sections and tail water is used to calculate the amplitude threshold of the tail water level. Finally, according to the
operation constraints and amplitude threshold of the tail water level, the peak shaving capacity calculation model is constructed to
evaluate the peaking shaving capacity of Xiangjiaba hydropower station under different combinations of typical load curve during
dry season and flood season, different levels of inflow and reservoir water level. [ Results]The results show that the hydropower
operation model can simulate the hydropower station output well, and the unsteady flow hydrodynamic model can simulate the
change process of water level downstream of Xiangjiaba dam well. There is a significant linear positive correlation for maximum
hourly variation amplitude of water level between downstream sections and tail water. According to the relationship between the
two, the threshold of maximum hourly variation of the tail water level is set as 1. 3 m/h. The peak shaving capacity of hydropower
stations that take into account the downstream navigation demand can be solved by the peak shaving capacity calculation model
established by additionally considering the threshold of maximum hourly variation of the tail water level. [ Conclusion ] The
maximum peak shaving amplitude of Xiangjiaba hydropower station in dry season and flood season is 1.4~ 1.5 million kW and
2.4 million kW, respectively. The maximum peak amplitude is dependent on base load and independent on peak regulation
modes of single and double peaks. Study of influencing factors of peak shaving capacity indicates that when the initial reservoir
water level is low, a small inflow and a large inflow will respectively cause the reservoir water level and the daily increase in
reservoir water level to exceed the limit. The limit daily decrease in reservoir water level and the upper limit of reservoir water
level during the dry season have no effect on peak shaving. But the upper limit of reservoir water level will restrict the peak
shaving operation of hydropower station during flood season when the upper limit of reservoir water level is < 378 m, the inflow
is large, and the reservoir water level is close to the upper limit. When the hydropower station can operate with peak regulation,
the peak regulation capacity of increases with the initial water level of the reservoir under the same inflow, and remains
unchanged after reaching the maximum value. The downstream navigation severely restricts the peak shaving capacity of
Xiangjiaba hydropower stations during the dry season, but has no effect during the flood season. The research result can provide
guiding and reference significance for the quantification method of peak shaving capacity of hydropower stations and peak shaving
operation of Xiangjiaba hydropower station.

Keywords: Xiangjiaba hydropower station; peak shaving capacity; influencing factors; water level variation amplitude;

hydropower station; runoff; numerical simulation
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Fig. 6 Comparison of gauged and simulated water level of downstream hydro-logical stations during verification period
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Fig. 7 The peak shaving capacity calculation model
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Table 3 Operation constraints of Xiangjiaba Hydropower

Station in different periods

| ik o
] 0H1TH—XFE6H30H7THTIH—9HI10H
BT 370~380 m 370~372.5 m
JEK A H AR R <4 m/d
UK AR K B AR IR <3 m/d
WAL R R/ I AR <1 m/h
Jo/ T B =1 500 m*/s

F R RV RE 1 TSR RSN SRR iR iis 2 s
Tia) SR A e KRS fE g, B ASE 7R v 2 7K A7 s B A5 i
I {15 AR ol 7K A7 it 52 72 Wk 1 {1 A B o] %
WERIRE T o FEICOURB R R K IS BRI T e iz 20
HYIRIEERE 7 , o] ZRIVUAS K 3 7K A3 370 ~380 m, H FZE 7K
A ESHUE 370 m 372 m 374 m 376 m 1 378 m it
EHE Nk 4 P g, AR TR RS B SR IT Ui
firtiz 2y SR A BB 7, 356 JBOHT 3 IR U 5 S A T 10T Ui
KB IIERL(WLFR 5) . KEh IR i FHIR VAR VT
SR FH i 2 7K Sk R T K Sl %k o7 Aty 7K 39 AR - 2
LR, R K S R K TR S 2 0 A 5 0 R
1 630 m*/s.5 140 m*/s , BEYTIK SCub A 7K AR S 15
TP R 130 m*/s 430 m*/s, AN [EE 5N HUR iF
A W TT K A7 B K/ NI AR AN ] 8 s, 7 B Ul BH 119 2
P&l 8 AR SR TED (0 A X o7 B, AR SEBREE 2, A
8 BT LA HY , 30U Vi T 3 I 1o A A i K /N Bsf A28 s v
T 5 ] AR/ N AHAE A 7K 0T B BT TR 10—
13 FITRSI B T TET S—8 H WL UBIT 1E7 7K A7 5 /DN A i T
FTGR AT I A B G, 3X ] fE e th T E A |
EARAIBE SR, SRR = T N KRR/
A5 W AR K A e KN AR 25 SR gk 5 rgil,

AN TR PR 2 TR WK A e K/ NI AR T 5 7K A3
NN Y O R e S T N YN S IO S
B, FURKALERR /NI AR 1 55 R 7K AN 5 /N B 728 Wi
W EERPE ARG, RPE R R RIS 1.45~1.70 Z
] ARAE T UK A S5 /N AR W8 -5 B AK AN di /N A
R B £ pRBC, 24 R KAV B K /NI AR IR R 1 m B R
IR e KNI ZAE R 43 58 1.47 m 1.43 m 1.43 m,
1.50 m, PRI, (e 7% 58 TG RE i Bl v B2 7k
A7 fe R /INBS AR R B (E A 1.3 m,

3.2 [EFRMEKXFIERENRZMEESSH

FIIH KA Fe R/ NI AR W I R 1. 3 m Y 8 0 i
T AR 1] SRR K SRR G R BE 7 )
FITIA K AL 370 ~372. 5 m, % & FVRI 5 47 K A7
EVRIE L, R 2015—2021 4F T 5 I8 AT KA
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Table 4 Peaking shaving ability without considering the downstream navigation constraints during dry season

AR f/m® 57!

FiliZK 1 BB D0 T K BRI AR 7K AL

R IR B T K BERI AR K AL

370 m 372 m 374 m 376 m 378 m 370 m 372 m 374 m 376 m 378 m

1 000 % 170 410 410 410 P 240 420 420 420
1200 X 200 410 410 410 2 270 420 420 420
2 000 10 310 410 410 410 P 420 420 420 420
3 000 150 410 410 410 410 210 420 420 420 420
4 000 290 410 410 410 410 390 420 420 420 420
5 000 410 410 410 410 410 420 420 420 420 #
6 000 410 410 410 410 # 420 420 420 420 #
7 000 410 410 410 410 # 420 420 420 # #
8 000 410 410 410 # # 420 420 420 # #
9 000 A ¥ ¥ # # Y A ¥ # #
10 000 A ¥ # # # ¥ A # # #

T X FORFEARAART 370 m # R /R AL H FHIE T 4 m; #3805 K i
BEATHUT H7k 3h ARSI R IS = R KGR K/ EIES T4 R

x5

el

R BT A ST Hh £ 5 RV B BN T kW

Table 5 The designed peaking shaving scenarios for downstream hydrodynamic simulation and statistical results of maximum hourly

variation amplitude of water level

e P UNERITN IKPERIIR K AL ] Vg g R IR RN 0TS 3 U T 7K Ao
PR 2 (EB=Yhass 3 et o i
/m? s /m /T kW 7R IE/ m i KNI AR i/ m
1 2 000 370 10 0.10 0. 07
2 3 000 370 150 1.38 0.94
3 4000 370 290 2.44 1. 66
4 5000 370 410 3.24 2.17
i 7K S e 5 1 000 372 170 1.54 1. 06
6 1200 372 200 1.79 1.22
7 2 000 372 310 2.58 1.74
8 3 000 372 410 3.23 2.15
9 1 200 374 410 3.21 2.12
10 3 000 370 210 1.73 1.19
11 4000 370 390 3.66 2.53
12 5000 370 420 3.97 2.74
- 13 1 000 372 240 2.06 1.44
14 1200 372 270 2.42 1.69
15 2 000 372 420 3.96 2.74
16 1 000 374 420 3.93 2.71
17 1200 374 420 3.92 2.71
18 1 000 374 240 0.92 0. 66
19 2 000 372 110 0. 46 0.35
20 2 000 372. 240 0. 94 0. 67
. 21 3 000 371 100 0. 42 0.32
g 22 3 000 372 240 0.93 0. 67
23 4000 370 80 0. 34 0.26
24 4000 371 240 0. 94 0. 67
25 5000 370 240 0. 94 0. 67
26 1 000 375 240 0.91 0. 66
27 1200 374 240 0.92 0. 66
— 28 3 000 372. 240 0. 94 0. 66
29 4000 372 240 0.93 0. 67
30 5000 371 240 0. 94 0. 67
31 6 000 370 240 0. 94 0. 67
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Fig. 8 Maximum hourly variation amplitude of water level in designed peaking shaving scenarios
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Fig. 9 Relationships of maximum hourly variation amplitude of water level between downstream sections and tail water
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Table 6 Peaking shaving ability of Xiangjiaba Hydropower Station during dry season

e, 3 1 A K ) P R K BRI IR KL/ m 7K B I B0 T 7K PRI 4R 7K AL/ m
AR/ -5 370 372 374 376 378 370 372 374 376 378
1 000 % 140 140 140 140 % 150 150 150 150
1 200 % 140 140 140 140 % 150 150 150 150
2 000 10 140 140 140 140 % 150 150 150 150
3 000 140 140 140 140 140 150 150 150 150 150
4 000 140 140 140 140 * 150 150 150 150 *
5 000 140 140 140 140 * 150 150 150 150 #
6 000 140 140 140 * # 150 150 150 % #
7 000 * * * * # * * * # #
8 000 * e * # # * * * # #
9 000 e # * # # % % * # #
10 000 % * # # # e * # # #
L RIR BN T 370 m; + FRm FEAKAL H FHIREEAT 4 m #3308 BT FRASRE I B 0 ff 2k 5 s 3R B/KAT e R/ IR IR AR AT 1. 3 m s UGN

JE S TT KW,
TR e K IIEBE 7 AT 35 410(420) 5 kW, {HZETRIN,
A TCIz LA ] 5 3 e SR A RE 7 X5 0h 240 T7 kW,
U Y KA A5 i 24 BROGT IR B T TE s
3.3 Tk EIRE %

TEE A MUK AR R A, 1 VR R D s B /K A
FIR Vi K A0 28 e A R /N LG IR iz Bk (LR S)
DR I 356 428 A A U R 7K ST /N AR W 5 A ) AR S b A T A
B, 2% 8 A R VR DA 15 S BT Vi AR AN AR KA AR i
Goitaha, I8 nl LIE H, R 7E BB /K A A8 i 4k
AL T, #5185 5 R E K A B KNI ZE R AE 0. 81 ~
0.87 m Z 0], BIAME 1 m, FHFKAL HZASIRAE 1. 98 ~
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SRR R BE B AT 45 A — B, B A K0 2021 4 11 H
20 H—2021 4F 12 H 13 H 2021 4E 12 H 14 H—2021
£ 12 H 17 H LIS K3 e e st 0 67 47 it 2 4 i I 1]
FINPUERL GA K7 373,23 ~377.78 m, H I AFE T
HOA1920~2 600 m®/s, L vl 56 A i HE F K 04 i
140 J3 kW 3817, SEPRIiZITIE BL 5 2% 6 il R 7K 1
BB ST IR AE AT, 3L N ) 583 2021
4E8 A 17 H—2021 4E 8 H 20 H HEA DLV X i 75
fter 2 & TIERR iR K 37 oy 371. 27 ~372.58 m, H
PIAPEF K 4 040 ~ 4 380 m’/s, FE ufi ) 068 I 3 Ky
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Table 7 Peaking shaving ability of Xiangjiaba Hydropower Station during flood season

AR/ m® 57! 1 000 1 200 2 000 3 000 4 000 5 000 6 000 7 000 8 000 9000 | 10 000
Pk i 370 P % * B 80 240 240 x x x X
BR 371 P P B 100 240 240 x x X x X
372.5 m 372 P P 110 240 240 X X X X X X
370 P % B B 80 240 240 240 240 Y x
Pk A3 371 P % B 100 240 240 240 240 240 x X
LR 372 P XK 110 240 240 240 240 240 X X x
375 m 374 240 240 240 240 240 240 x x x #
375 240 240 240 240 x x X X # #
370 P P X x 80 240 240 240 240 Y Y
TR 20 371 P P B 100 240 240 240 240 240 o e
THOLT K K pr 372 PS P 110 240 240 240 240 240 240 i e
PERTIEIK BB 374 240 240 240 240 240 240 240 240 240 x #
fii/m 378 m 375 240 240 240 240 240 240 240 240 # #
376 240 240 240 240 240 240 240 x # # #
378 240 240 240 240 X # # # # # #
370 P % * B 80 240 240 240 240 Y Y
371 P P B 100 240 240 240 240 240 o Y
PRIk Ao 372 P P 110 240 240 240 240 240 240 % Y
LR 374 240 240 240 240 240 240 240 240 240 Yo #
380 m 375 240 240 240 240 240 240 240 240 240 # #
376 240 240 240 240 240 240 240 240 # # #
378 240 240 240 240 240 # # # # # #
Pk it 370 # 3 X B P P 240 240 x X X
LR 371 P P X P P 240 240 x X X X
372.5 m 372 Ps P P X 240 240 X x x X X
370 # P B B B P 240 240 240 240 Y
Pk A3t 371 P X B B B 240 240 240 240 240
LR 372 P P B B 240 240 240 240 240 X
375 m 374 * 240 240 240 240 240 X X X x
375 240 240 240 240 x X X X X X #
370 # P B B B P 240 240 240 240 Y
TR R 371 P P B B B 240 240 240 240 240 Y
TEBLTK | kA 372 P P B B 240 240 240 240 240 240 Yo
PERTIRIK BR 374 B3 240 240 240 240 240 240 240 240 240 X
fii/m 378 m 375 240 240 240 240 240 240 240 240 240 #
376 240 240 240 240 240 240 240 x # #
378 240 240 240 240 x X # # # # #
370 # X B B B P 240 240 240 240 Yo
371 P P X X B 240 240 240 240 240 Y
PRIk Ao 372 P P B B 240 240 240 240 240 240 e
BR 374 P 240 240 240 240 240 240 240 240 240 Y
380 m 375 240 240 240 240 240 240 240 240 240 240 #
376 240 240 240 240 240 240 240 240 # #
378 240 240 240 240 240 240 # # # #

TE 6 RIR RN T 370 m v FoR BR/K AL B FHIE T 4 m #3878 K HT A AE
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Table 8 The selected peaking shaving scenarios and statistical results of maximum hourly variation amplitude of water level
SR ey /\Jf??ﬁ_}ﬁ IKPERIRKAL | I R E/KT?E’Ej(/J\H\J' IDIT%’“%)TE/JEW fDlT%%ﬁ/ﬁfﬁ
/m’-s /m /TT kW AR E/m R/ R /m H A8/ m
1 3 000 370 140 1.28 0. 87 2.10
2 4 000 370 140 1.28 0. 87 2.06
3 6 000 370 140 1.27 0.85 2.01
4 1200 372 140 1.28 0. 86 2.12
A Ak 5 1 000 374 140 1.26 0.85 2.11
6 6 000 374 140 1.26 0.83 1.98
7 5 000 376 140 1.26 0. 81 2.00
8 3 000 378 140 1.29 0.85 2.17
9 3 000 370 150 1.25 0.84 2.27
10 1 000 372 150 1.25 0.83 2.30
11 1200 372 150 1.24 0.83 2.29
12 2 000 374 150 1.25 0. 81 2.26
HATU 13 6 000 374 150 1.26 0. 81 2. 14
14 3 000 376 150 1.27 0. 81 2.23
15 4 000 376 150 1.26 0. 81 2.21
16 3 000 378 150 1.28 0. 84 2.29
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