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Fig.1- Diversion Dam Plan and Longitudinal Section of Sluiceway (Razvan, 1989)
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Table 1- the mean squared error for velocity profiles.
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Table 2- Absolute and relative errors of sediment transport equations in estimating sediment extraction

. . IV DG (6 35031 (2 gabirgey s
T o slbs (cm?®) Gllao slas o . , alayl,
(cm?) ool dmwloe (cm?)

Relative Error Absolute Error Com. sediment Meas. sediment Equation
0.08 9.77 11733.77 11724 Jso s sy e
62.64 7343.73 19063.73 11724 R

114.03 1336.99 25092.99 11724 oly ol




Ol Bl (Saw j3 (9w ol 2 O 43 (258 &1 (Fadjl Cumd 9 Soiigu slime o256 ST b))

distance from dam

(VYAY) oM Lausgs 005 (53e8 051 2y 3 Saras (i)
(a) Bed topography measured by Gholami Alam

(m) 1.6 1.4 1.2 1.0 08 0.6 04 0.2 0.0
Hoa g 2 jeee aolas 3l oolazul b ool a1 F5i6i ()
(b) Bed topography computed with Meyer Peter and Muler Eq.

0.2

0.4 N\ -

0.6

AN

)
(m) 1.6 14 1.2 1.0 0.8 0.6 04 0.2 0.0

o Woles jleslil b sus sl 2 S 505 (2)
() Bed topography computed with Nielson Eq.

0.2

04

0.6

(@) 1.6 14 12 1.0 0.8 0.6 0.4 02 0.0
oty OB 3l el b sad aculne ey SIS 995 ()
(d) Bed topography computed with Van Rijn Eq.
{Gholami Alam, 1998) ple oME bawgi 8.ws (5 150311 g gmy JWS! Laslgy b oo dwline iy (159995 —0 SIS
Fig.5- Bed topography, computed with sediment transport equations and measured by Gholami Alam

a)



AY

Yo asio/ VE+ Y 5l AT 0, Lo/ Y0 093/ uiSB g (55l (g B3l owilige Coliyios

Meyer-Peter and Muler Eq.
B—M van Rijn Eq.
e MNielson Eq.

28000
oo
24000 e
-J
T 20000 ,'(
(=]
= ,'
2 16000 ol
=
=
= 12000
GEJ -
= r4
& 8000
4000 =
0 -I ¥ L] L] L] L] L] L] 1
40 © 40 80 120 160 200 240 280 320
Time (s)

Cgnry JE by 51 Jols Gy a5 gl )3 G o -1 JSS
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Table 5- Sediment influx and efflux from the sediment discharge channel over a duration of 600 seconds

29t gy CBIE Do) Gl e S ) 02> §29)9 P9y w2
(kg/m?) (m?) (m?) 29,5 (m?3) alb WWi
Sediment efflux Volume of sediment Volume of Volume of sediment
concentration flushing sediment efflux influx

12.50 57.81 260.20 202.39 0.6
14.55 67.00 309.60 242.60 0.7 1.00
17.83 102.43 337.00 234,57 0.8
15.52 83.90 325.83 242.74 0.9
13.61 57.46 292.32 234.86 0.5
12.33 43.98 250.49 206.51 0.6 115
10.67 37.87 231.61 193.74 0.7
10.32 14.35 210.20 195.85 0.32
10.20 14.12 218.76 204.64 0.4
11.24 11.57 238.83 227.26 0.5 1.3
9.02 -1.78 186.49 188.27 0.6
9.85 -4.78 204.24 209.02 0.7
8.32 14.96 163.15 148.19 0.32
8.25 477 172.73 167.96 0.4 15
8.03 6.17 173.21 167.04 0.5 '
7.71 7.38 153.10 145.72 0.6
5.51 -12.83 119.55 132.38 0.2
4.95 -43.09 101.38 144.47 0.4 183
5.42 -50.64 120.27 170.91 0.5 '
4.75 -7.01 97.92 104.93 0.6
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Table 6- Results of the final step of the simulation related to each width of the sluiceway

P9 Pgw, cdile SIS e Py p> oy p> ob;
(kg/m?) (M?) g, (M%) (295 (M) 399 () WoW,
Sediment efflux Volume of Volume of Volume of Time
concentration sediment flushing sediment efflux  sediment influx
11.06 124.96 713.63 588.67 1800 0.8 1.00
9.94 115.72 636.49 520.77 1800 0.9
9.23 78.59 599.35 520.76 1800 0.5 115
8.62 61.97 530.63 468.66 1800 0.6
6.79 19.23 440.69 421.46 1800 0.4 1.30
7.48 25.50 483.74 458.24 1800 0.5
5.13 9.24 404.93 395.69 2400 0.32
4.97 13.96 427.21 413.25 2400 0.4 1.50
4.96 4.69 430.23 425.54 2400 0.5
3.85 -24.71 421.49 446.20 3000 0.2 183
3.72 -20.62 417.23 437.85 3000 0.5
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Fig.10-The effective sediment flushing range created by various a/b ratios at different sluiceway widths
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Table 7- Average values of the Froud Number for different ratio a/b

Slro Sl 3958 358 AD Comd g, 2SS gl 556
Standard deviation Froud Number Ratio a/b Width of sluiceway

0.110 0.355 1.15 Ws/Wi = 0.58

0.090 0.238 0.6

0.092 0.276 0.7

0.106 0.290 0.8 Ws/Wi = 1.00

0.101 0.281 0.9

0.095 0.224 0.5

0.098 0.222 0.6 Ws/Wi =1.15

0.096 0.221 0.7

0.084 0.202 0.32

0.086 0.207 0.4

0.084 0.209 0.5 Ws/Wi =1.30

0.079 0.192 0.6

0.083 0.195 0.7

0.069 0.163 0.32

0.071 0.162 0.4 .
Ws/Wi = 1.50

0.07 0.161 0.5

0.072 0.158 0.6

0.073 0.153 0.2

0.070 0.151 04 Ws/Wi = 1.83

0.071 0.154 0.5

0.063 0.148 0.6
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Extended Abstract
Introduction

Sediment accumulation is a persistent challenge in the operation of diversion dams, which are critical
infrastructures for water diversion and flow management. Sediments tend to deposit in front of intake
structures, obstructing water flow and impairing operational efficiency. Sediment flushing, achieved through
sluiceways equipped with control gates, is an effective approach to alleviate these deposits. However, one of
the key design parameters the gate opening-to-width ratio (a/b) significantly influences flushing efficiency,
though no standardized guideline for optimizing this ratio currently exists. This study investigates how the
gate opening-to-width ratio (a/b) and sluiceway width (Ws) affect sediment flushing performance using the
FLOW-3D computational fluid dynamics (CFD) model. Simulations under controlled flood conditions
provide insights into optimal design parameters to enhance sediment flushing efficiency, aiming to inform
best practices in hydraulic design.

Methodology

This study employs FLOW-3D, a high-resolution CFD software that solves the Navier-Stokes equations
for incompressible, turbulent flow. The model integrates the RNG k-¢ turbulence model, which accurately
captures complex shear flows and turbulent interactions, making it ideal for studying sediment transport in
hydraulic structures.

Simulations were conducted under constant flood inflow conditions, with variations in the gate opening-
to-width ratio (a/b) for each sluiceway width (Ws). To ensure model accuracy, results were validated against
experimental data from prior research, confirming the model's ability to reproduce sediment flushing patterns.
The study examined sluiceway widths from 0.58 to 1.83 times the intake channel width (W;), assessing how
each width and its corresponding a/b ratio affected flushing performance. Key parameters such as Froude
number (Fr), gate dimensions, and sluiceway configurations were analyzed to determine their impact on
sediment removal efficiency.

Results and Discussion

Results indicated that a Froude number between 0.16 and 0.3 produced the best flushing efficiency,
providing sufficient flow energy to mobilize and transport sediments while minimizing turbulence and
backflow. Analysis of sluiceway widths showed that as the width increased, flushing efficiency declined due
to reduced flow velocities. A narrower sluiceway width of 0.58W; exhibited high sediment removal rates, but
this aggressive flushing risked destabilizing upstream structures due to increased erosive forces. Conversely,
a wider sluiceway (1.83W;) promoted sediment deposition, as lower flow energy led to ineffective flushing
and potential blockages.
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An optimal range for sluiceway width between 1.0 and 1.15 times the intake width (W;) was identified. This
range provided adequate flow velocity and shear stress to minimize sediment deposition within the sluiceway
and control downstream sediment transport without risking erosion of upstream structures.

Regarding the gate opening-to-width ratio (a/b), simulations showed that an a/b ratio of 0.5 consistently
enhanced flushing efficiency across different sluiceway widths. Lower ratios (<0.5) resulted in reduced
flushing due to insufficient flow energy, while higher ratios (>0.5) created localized turbulence and erosion,
compromising overall system stability. Optimizing the a/b ratio at 0.5 balanced sediment mobilization with
flow stability, achieving efficient flushing without excessive backflow or structural impacts.

The study further evaluated sediment transport length, or the effective flushing range, within the
sluiceway. With an a/b ratio of 0.5, the effective sediment transport distance reached approximately 60% of
the sluiceway length for narrower configurations, though this range decreased with increased sluiceway
widths. These results underscore the need to balance sluiceway width and gate ratio to maintain effective
sediment transport along the sluiceway length.

Conclusion

This research presents essential guidelines for enhancing sediment flushing in diversion dams through
optimized sluiceway design. A Froude number between 0.16 and 0.3, combined with an a/b ratio of 0.5, was
found to maximize sediment removal efficiency. An optimal sluiceway width between 1.0 and 1.15 times the
intake width (W;) further improved sediment transport, achieving efficient flushing with controlled
downstream flow and minimizing upstream erosion.

Keywords: Diversion dam, FLOW-3D, Gate opening-to-width ratio, Sluiceway
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