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Flow and Riverbed Erosion-Deposition Simulation around
Submerged Water Intake

Z.-F. Cui & D.-C. Hu

Yangtze River Scientific Research Institute, Wuhan, China

ABSTRACT: The research on flow movement and the riverbed erosion-deposition around the water in-
take is essential for the safe operation of water intake engineering. And it is necessary to demonstrate the
reasonableness of the position of the water intake from the terms of flow pattern, the river regime and re-
duce the impact of water intaking on the fairways and flood control etc.. As an example, water intakes of
one power plant locate at downstream of Yangtze River were selected in this paper. And a 3D numerical
model is used to simulate local flows (as shown in Fig.1) and plane 2D flow and sediment model is used
to simulate riverbed erosion-deposition, suspended sediment concentration around submerged water in-
takes, respectively. And recent riverbed evolutions around the water intakes were predicted and so on.
The boundary conditions of 3D flow model provided by the calculation results of 2D model. The water-
sediment condition of typical series and high flow year, moderate flow year and low flow year typical
year were selected. And the reservoir operation impact of the Three Gorges Project and the upstream res-
ervoir to the water-sediment process downstream were take into account. Then, the better location and
appropriate elevation of water intake were recommended based on the calculations result of models
through analyzing the change of riverbed erosion-deposition, bed elevation and suspended sediment con-
centration around water intakes (as shown in Fig.2). The results show that the change of riverbed erosion
and deposition around the water intake is not only affected by the conditions of incoming water and sedi-
ment, but also by the position of the local topography at the same river reach. Therefore, it is essential to
select the appropriate location and elevation to the water intake engineering.

Keywords: Water intake engineering, Riverbed erosion-deposition, 3D numerical model, 2D numerical
model

1 INTRODUCTION

With the rapid development of China's industrialization and urbanization, the demand for electricity is
growing, and the number of thermal power projects is increasing. In order to ensure the normal supply
cooling water of thermal power plant, planning layout for cooling water intakes is necessary. Then, the
primary problem is anal?/sis riverbed erosion-deposition and characteristics of sediment movement at the
intakes (CHEN (2008)!"), DUAN (1997)%, ZHANG (2006)™)). So, it is essential to the safe operation of
power plants in the future.

The water intake from river have two kinds: the open channel type and submerged type mainly (ZHOU
(1997)*). The former use oPen channel to carry water in tortuous channel. And the latter use pipeline to
carry water (ZHAO (2003))P). Since 1958, China began independent research the thermal power genera-
tion, with the rapid development of thermal power generation, the study of sediment problems in river
water intake station also get some achievements. XIE (2005)!®), and ZHANG (2013)!"! adopted numerical
simulation to research the characteristics of flow and sediment movement. HU (2013)™ use 3D numerical
model to simulate flows around submerged water intakes. The layout of water intakes are effected by
many factors, such as the river regime of intake section located, the changes of bed elevation, flow and
sediment concentration, structures of water intake at the head of water intakes. These factors are likely to
affect the safe operation of water intakes, which lack of consideration in most models.
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In this paper, a 3D numerical model is used to simulate local flows. And the plane 2D flow and sedi-
ment model is used to simulate riverbed erosion-deposition, suspended sediment concentration around
submerged water intakes. At the same time, the 2D model is used to research the effect of river regime
change, bed elevation change, sediment concentration and other factors to water intakes projects.

2 MODELING

2.1 3D modeling

A semi-implicit 3D numerical model for non-hydrostatic pressure on an unstructured ¢ grid was adopted.
In the model, governing equations use the 3D Reynolds time-averaged equations (NS equations) based on
assumption of Boussinesq isotropic turbulence. And the turbulent stresses are calculated with € - k model.

The pressure decomposition technique and 6 semi-implicit method are used, with the solution proce-
dure being split into two steps. First, with the implicit parts of non-hydrostatic pressures excluded, the
provisional velocity field and free surface are obtained by solving a 2-D Poisson equation. Second, the
theory of the differential operator is employed to derive the 3-D Poisson equation for non-hydrostatic
pressures, which is solved to obtain the non-hydrostatic pressures and to update the provisional velocity
field. When the non-orthogonal sigma-coordinate transformation is introduced, additional terms come in-
to being, resulting in a 15-diagonal, diagonally dominant but unsymmetric linear system in the 3-D Pois-
son equation for non-hydrostatic pressures. The Biconjugate Gradient Stabilized (BiCGstab) method is
used to solve the resulting 3-D unsymmetric linear system instead of the conjugate gradient method,
which can only be used for symmetric, positive-definite linear systems.

The detail of model equations and discretization can be found in the paper of HU (2011%", 2013!%).

2.2 2D flow and sediment modeling

The governing equations of 2D include the flow continuity equation, suspended sediment diffusion equa-
tion, bedload unbalanced transport equation and riverbed deformation equation based on general curvilin-
ear coordinates. Limited to the length, the equations are not list here.

FVM (finite volume method) and staggered grids were adopted in the 2D modeling. In computation,
SIMPLE (Semi-Implicit Method for Pressure- Linked Equations) was adopted. Method of ADI and
TDMA were linked to solve the discretized alsgebraic equations. And stop the computation when max re-
sidual error of every variable all little than 10™.

3 CALCULATION SCHEME AND RESULT

Limited to the length, the results of calibration and verification for the 3D an 2d modeling are not list in
the paper.

3.1 Water intake project profile

A power plant located at the right bank of Hukou waterways, about 37km downstream of Jiujiang Bridge
in the Changjiang River, as shown in Fig.1. The power plant which include two 1000MW coal-fired units
need intake water from Changjiang River. And the designed intake flow is about 1.0m”/s. Preliminary de-
sign provides four water intake location (intake 1 to 4 from upstream), so we need to filter out optimum
location using the flow and sediment mathematical model.

In this water intake project, two structural styles, i.e. mushroom-style (intake 1 to 3) and single-sided
box-style (intake 4) were considered. The bed elevation of first style is -7.42m, and the diameter of mush-
room is 3.5m. The bed elevation of second style is 3.46m, and the size of single-sided box is 4mx2.5m
(highxwide).

3.2 Calculation reach and grid partition

The calculation reach of 2D model is about 66km ,and the number of grid is 28800 (360%80) as shown in
Fig.1. The calculation river reach of 3D model is about 13km, and the number of grid and node is 17209
and 16956 respectively (Fig.2). And river terrain data of Dec., 2011 was adopted as initial terrain data.
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Figure 1. River regime and grid division of 2D. Figure 2. Plane view of grid division of 3D.

3.3 Flow structure around water intake

Table 1 give the computational flow conditions which are provided by 2D flow model. Fig.3 and Fig.4
give the velocity variation around the intake of style 1 and 2. Fig.5 give variation of vertical distribution
of horizontal flow velocity around the intakes.

Table 1. Computational flow conditions and depths above the intake window (i.e. H in the tab below).

. H
case | discharge | outlet level +——
first style | second style
Q1 83500 20. 11 21. 11 18. 21
Q2 46000 16. 09 16. 92 14. 14
Q3 28400 12. 57 13. 33 10. 54
Q4 5360 3.99 4. 48 1. 79
positive value indicates velocity increase., Seale positive Val;lle lr_ldldtimtes V:llloc;y mcreajes Seale
negative value indicates the flow rate decreases negative value indicates the tlow rate decreases
no Engineering %45_5 0 20m | o Engineering jl_gﬂ;ig 0 20m
add Engineering == 1/5 o add Engineering =" Sso
Unit:cm/s Unit:cm/s
1
’ e
1 yay
o —
1. 0n/ intake 1

(a) layer of intake (b) layer of surface
Figure 3. Velocity variation around the intake of design 1.
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Figure 4. Velocity variation around the intake of design 2.
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Figure 5. The change of velocity distribution around the intakes.

The results from Fig.3 to Fig.5 show that the influence of water intake engineering to river flow is limited
to local, and the flow velocity and direction change more under the condition of small flow discharge
generally. And the zone of velocity increase and decrease appear alternately at upstream and downstream
of two mushrooms for the style 1. The velocity increase zone appear at downstream of the vertical of the
leading edge line of intake box. And velocity decrease zone appear symmetrically on both sides of the ve-
locity increase zone. These similarities and differences of two intake styles are caused by the difference
between the mushroom style intake water from four sides and single-side style intake water from one

side.

3.4 Erosion-deposition simulation around the water intake

3.4.1 Calculation condition

The flow and sediment conditions included typical years and typical series of years were adopted in mod-
eling as shown in Tab.2. To the typical years, the flow and sediment of DaTong hydrometric station
(which is located at 120km downstream of intake) of year 1998, 2010 and 2011 were select as the wet
year, moderate flow year and dry year respectively. To the typical series, hydrological years from 2008-

2011+ 1998 (five years total) were selected.
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Table 2. Calculation conditions.

Year 2008 2009 2010 2011 type 1998
runoff volume (10°m?) 8291 7826 10251 6671 12439
sediment discharge(10"'kg) 13 1.13 1.82 0.72 2.97
average sediment 0.157 0.145 0.178 0.108 0.24
concentration(kg/m’)
series series series year/ series year/ | series year/
remarks
year year moderate year dry year wet year

3.4.2 Result and analyses
Fig.6 give the erosion-deposition distribution in different conditions.

From the calculation results, the change of erosion and deposition show the law of channel erosion and
beach deposition. Also, amount of riverbed erosion-deposition has a close relationship with the incoming
sediment. The amount of riverbed erosion is big when incoming sediment is little, vice-versa. Besides,
riverbed erosion zone is located in the zone of inlet, outlet and mainstream near the intake. And the riv-
erbed of near the right bank and left bottomland deposit about less than 3m.

wet year

moderate year

5 -4 3 -2 105051 2 3

-3 -1 0505 1 2

-2

series year

dry year

5 -4 -3 -2 -1-0506 1 2 3

5 4 3 -2 105051 2 3 4 5

Figure 6. The erosion-deposition distribution in different conditions.

Fig.7 shows the vary of bed elevation of four intake sections Fig.8 shows the erosion-deposition varia-
tion process of four intakes.
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Figure 7. Variation of bed elevation of four intake sections.
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Figure 8. Variation process of bed elevation of four intakes gate.

After the completion of the Three Gorges Project, conditions for incoming water and sediment of the
Yangtze river channel downstream from the Three Gorges reservoir will change, the sediment transport
capacity of the river channel will be in an unsaturated state. So each section riverbed is scouring mainly.
From Fig.7 and Fig.8, we know that the riverbed follows the law of sediment deposition on high-water
period and sediment erosion on low-water period.
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(1) Section of intake 1

The section is scoured in the condition of dry year and both erosion and deposition in other conditions.
There is slight deposit about 0.5-2.0m thickness at left bank beach and deposit about 1.0-2.0m thickness
at right bank beach generally. The bed of the main channel is scoured about 1-3m. And the maximum
thickness of bed erosion and deposition of the section is 3.9m and 3.0m, respectively. On the other hand,
the maximum thickness of bed erosion and deposition at intake gate is 0.3m and 2.8m, respectively.

(2) Section of intake 2

The section is both erosion and deposition in all conditions. There is slight deposit about 0.5-3.0m
thickness at left bank beach and deposit less than 1.0m thickness at right bank beach generally. The bed
of the main channel is scoured about 1-3m. And the maximum thickness of bed erosion and deposition is
4.9m and 5.0m, respectively.On the other hand ,the maximum thickness of bed erosion and deposition at
intake gate is 1.6m and 1.1m, respectively.

(3) Section of intake 3

The section is both erosion and deposition in all conditions. There is slight deposit about 0.5-3.0m
thickness at left bank beach generally. The bed of the main channel is scoured about 1-4m. And the max-
imum thickness of bed erosion and deposition is 8.5m and 4.0m, respectively.On the other hand ,the max-
imum thickness of bed erosion and deposition at intake gate is 5.2m and 0.7m, respectively.

(4) Section of intake 4

The section is both erosion and deposition in all conditions. There is slight deposit about 0.5-2.0m
thickness at left bank beach generally. The bed of the main channel and right bank beach is scoured about
1-3m. And the maximum thickness of bed erosion and deposition is 5.9m and 2.6m, respectively.On the
other hand ,the maximum thickness of bed erosion and deposition at intake gate is1.9m and 1.6m, respec-
tively.

Tab.3 give the vertical average sediment concentration at each intake.Tab.4 give the recommended
bottom elevation of each intake gate.

The vertical average sediment concentration at each intake is closely related to sediment incoming, i.e.
the bigger sediment concentration incoming, the bigger sediment concentration at each intake.

Table 3. The vertical average sediment concentration at each intake  unit: kg/m’.

Sediment concentration
] . ) Intake 1 Intake 2 Intake 3 Intake 4

Case incoming

Max Min Max |[Min |Max |Min |Max |[Min |[Max | Min
Wet year 0.975 0.028 0.926 0.032 0.935 0.032 0.951 0.032 0.959 0.032
Moderate -

0.309 0.063 0.309 0.073 0.308 0.071 0.31 0.071 0.312 0.068

year
Dl}’ year 0.271 0.035 0.28 0.041 0.276 | 0.041 0.276 0.041 0.279 0.036
Series years 0.975 0.028 0.939 0.031 0946 | 0.031 0.959 0.029 0.963 0.029

According the design data, the water level of 97% intake guarantee rate is 3.62m. At the same time, due
to the impact of Three Gorges Project and the upstream reservoir, the water level of the intake reach de-
crease 0.6-0.7m. Then, overall consideration above factors and computation results, it is suggest that the
bottom elevation of mushroom style and box style are less than -1m and -0.5m.

Table 4. The recommended bottom elevation of each intake gate.

Intake position intake 1 intake 2 intake 3 intake 4
recommended bottom elevation (m) -2.5~-1 -4~-1 -2.0~-1 -0.5

4 CONCLUSION

A 3D numerical model is used to simulate local flows and plane 2D flow and sediment model is used to
simulate riverbed erosion-deposition, suspended sediment concentration around submerged water intakes
in this paper. And recent future riverbed evolutions around the water intakes were predicted and so on.

(1) Due to the Three Gorges Project operation, the incoming sediment is significantly reduced. So each
section riverbed is scouring mainly.
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(2) The results show that the change of riverbed erosion and deposition around the water intake is not
only affected by the conditions of incoming water and sediment, but also by the position of the local to-
pography at the same river reach.

(3) The riverbed variation follows the law of sediment deposition on high-water period and sediment
erosion on low-water period.

(4) The vertical average sediment concentration at each intake is closely related to sediment incoming,
1.e. the bigger sediment concentration incoming, the bigger sediment concentration at each intake.
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