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Fig. 1 Section of flood releasing structure after the fifth reinforcement in 2009 (unit; m)
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Fig.2 Discharge flow in the downstream of Fig.3  Destruction of the first step stilling pool

rubber dam during flood season
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Tab.1 The measured flow parameters of every flow condition

- — I it FA CI ZHaH Nt T

(s ) JE I/ i I i/ I £ FE R/ JE Ui/ I 24 3/ JEG Ui/ i I/

(m‘s’l) (m's’]) m (m-s’l) m (m~s’]) (m-s’l)
2 627 1.65 3.33 0.48 ~1.40 5.26 0.16 ~0.52 0.74 0.85
3410 2.13 3.57 0.52 ~1.48 5.45 0.24 ~0.56 0.88 0.62
4500 2.98 4.03 0.64 ~1.56 6.39 0.40 ~0.96 0.45 0.76
8 000 4.10 4.79 1.00 ~1.84 7.28 0.72~1.12 1.14 1.00
12 000 4.73 4.81 1.36 ~2.24 6.73 1.12~2.52 0.78 1.37
16 000 4.96 5.22 1.28 ~3.12 5.17 1.72 ~5.60 1.00 1.35
19 000 5.42 5.48 1.64 ~3.44 6.55 1.84 ~5.96 1.34 1.51
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Fig.4 Flow velocity distribution in the downstream of rubber dam having discharge of 8 000 m’/s (unit; m/s)
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Tab.2 Energy dissipation rate of every step of stilling pool

WD A-A 7K S 1 Wi B—B KA1 Wi C—C KA1 Ly —u
Wikt IR SEMETIT 52 6.1 m) IR HEMETT 2 5.2 m) RSS2 0 m) .
(wf -5y WK WAk, Eokd/  Wkde mdukd Rk WKk, A mkdes e Wi
R/ % R %

m m m m m m m m m
2 627 6.98 0.67 7.65 6.20 0.57 6.77 4.60 0.04 4.64 11.55 31.48
3410 7.10 0.77 7.87 6.24 0.69 6.93 5.00 0.03 5.03 11.98 27.36
4 500 7.30 0.95 8.25 6.48 0.85 7.33 5.81 0.04 5.85 11.18 20.23
8 000 7.70 1.41 9.11 7.20 1.16 8.36 6.00 0.09 6.09 8.26 27.14
12 000 8.10 1.56 9.66 7.60 1.22 8.82 6.92 0.11 7.03 8.74 20.30
16 000 8.66 2.08 10.74 8.32 1.63 9.95 7.68 0.12 7.80 7.34 21.61
19 000 8.90 2.64 11.54 8.40 1.98 10.38 8.20 0.16 8.36 10.08 19.42
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Fig.5 Section of flood releasing structure of the fifth optimized reinforcement scheme (unit: m)

P 5 RS RE TAA T2, BT (TR L 61. 2 m) FIAHE AR B B0 — 20 i N, 24 F
£ e R R AR SR AR 27 45 S BRIt i i — ST T it AT K R T 7 56 4 F B3/ NRFTT R 5 -6 15
IR UE—ZIH 1t N RS T BB K BR , FE AR UE 200 J1 i A A R AR A B RTHE T R 3 KT RERICR

TR I A (TSR 58. 3 m) MK B R I NIRRT R PR L MR 2 h
PR BT 5 R YR 2 B0 N R R SRR A G0 0t , A ZGOH Tt NS K ER TS 4 BT &
5 R ROF- G R SR RIE 2 1 i P R E T RE K BR, K L HE A I it R R i, AR AR
TIERERLEE



62 KoOF Kk B OB ¥ W 2014 4F 12 A

DI 75 28 4 A5 28 5 VR RARAR N 5 58 . Ik s SN RN 152 422 B 5 AR B B | HL kK
HEK BT 4, TR AT H s O] , 45 6 el 3B KA U1, 45 31 5 1 o7 B 7 A 9 24 4% | 1k HEZK BCR Fdl
BRI AE R B 15 R 1K o), B O TR is 72 4,

SN AAR IS PN A TS2BRR T 5% 5, 4853 2010 4E N & 520 J5 , 76 2012 4E 8 38 8 000 m*/s LA I
AR = AR, DA R X SR W I, FL T RE T BB BN AY J i , iR 3 T HU H )

4 T R T

TR R HAPBRZL AL, TP ERIAR L 1.3 mm, TAREEAT T 5 K AR il N U0, 78 T K AL R et 72
W, AR i N2 A W K BR T UOKER B = ANBEIE BUKER , AR DA I AR T TE
BORF2T WiEAT E 7 A e I G SRR T 4

I 1 A UK L I HHEA 3 BE 45 A — 2 it A 7 A D S /K R UK BR B4R el K AL
ERLE R I 3, 78 000 m*/s A EWHIEAT , Pl K AL R]— &R, — 908 Tt A #5774 K BR , 2K IR
APk A 7 AT Wi (DI 6) % T Ui ™ E bl O A8 S I E TR %2 4x, T BiFTE T R R DI
FUVFELBE T 8 AR R R (3 3) O 16 A R 2P T AT RE X R e K 2 283K, R gl Y
AR FRAN B 1.0 mo

WAk, S PRIRE R, IR RS BORAE N 13 mm BYBR AT RIAT 3K 2GR ED BRI R 7R T, 78 4 500 m®/s
PATR, RT3 JC B S Al 7 8 000 m*/s AL il 250/ . PHCE TR b s SOR HR IH R 358 1 e
BEAT TR LA B B B P8R

R3 BRI TR R K AL AN KRR T H0 3R &

Tab.3 Downstream limit water level and limit riverbed incision depth under flood conditions

Wi/ (m? -s7h) IEH KA/ m I F KA/ m R T YIREE/ m Pk m
2627 60.05 58.98 1.07 -
3 410 60.21 59.17 1.02 -
4 500 60.94 59.57 1.17 -
8 000 61.69 60.46 1.23 59.69
12 000 62.68 60.82 1.86 60.53
16 000 63.51 61.47 2.04 61.20
19 000 64.04 62.02 2.02 61.49
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Fig.6  Discharging flow into the downstream channel in the form of ski-jump
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Riverbed incision damagable to hydraulic structure and its countermeasures

LI Yan-fu, HAN Chang-hai, YANG Yu
(State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research
Institute , Nanjing 210029, China)

Abstract: Riverbed incision at the downstream of the dam would induce fall in water level and water level
fluctuation. As a result, the original energy dissipater of the dam can not be able to dissipate water power
completely. Rising water power will destroy the energy dissipation structure. An energy dissipation structure having
two steps is used in the Xiaobudong rubber dam. Due to excessive sand mining, the riverbed was sharply incised
for successive years, the energy dissipation structure was thus destructed. The structure was reinforced many times,
but during a heavy flood the energy dissipation structure between the first stilling pool and the second still pool was
destroyed around the whole dam line, which brought huge economic losses and threat to the Xiaobudong rubber
dam. In this study, based on hydraulic experiments, the failure of the energy dissipator of the Xiaobudong dam is
analyzed. The connection section between the first and second energy dissipaters has been re-designed, and as a
result, in the first and second stilling basins, stable hydraulic jump, is formed, and the energy dissipator is found
in good condition. Besides, the limit depth of riverbed incision is also studied. After reinforcement measures are
actually implemented, the energy dissipator of the dam is able to dissipate the water power completely, and the
energy dissipation structure suffers no damage again. The ideas and measures of the reinforcement in this study can

provide a reference for other energy dissipators facing the similar threat caused by riverbed incision.

Key words: riverbed incision; energy dissipation structure; energy dissipater having two steps; hydraulic

experiment for energy dissipation; limit riverbed incision depth



