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Abstract 
Local scour downstream of the release structure is a critical problem to the 
safe and stable operation of water resources and hydropower engineering. In 
order to investigate the shape and depth of the scour hole under the equili-
brium state of erosion and deposition downstream of an apron, a group of 16 
experiments from the hydraulic similarity model test of Dangka Hydropower 
Station was conducted with the non-cohesive sediment of different median 
particle sizes under different flow rates in this study. The control variable 
method was to study the influence of the flow rate and sediment size on the 
shape of the scour hole to define the number of experiment times of each test 
group. The results showed that the plane shape of the scour hole was irregular 
ellipse or semi-ellipse. The depth and size of the scour hole increased with the 
increase of the flow rate, and decreased with the increase of the sediment size; 
the downstream longitudinal slope ratio of the scour hole increased with the 
increase of the sediment size. The coefficients of the upstream and down-
stream slope ratio of the local scour hole were 1/2 to 1/6 and about 1/10, re-
spectively. 
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1. Introduction 

After the construction of the hydraulic structure on the river, the change of the 
characteristics of the natural river channel results in the increase of the water 
level difference between the upper and lower reaches. In the process of flood 
discharge, the constraint of buildings narrows the width of flood discharge pro-
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ducing the impact area of flood discharge more concentrated, which can cause 
erosion downstream of the release structure and even endanger the safety of 
buildings [1]. The large energy, the poor impact resistance downstream riverbed 
cover, and the high-strong turbulent flow velocity downstream of the hydro-
power will cause erosion on the riverbed, serious local scouring and scouring 
along the downstream channel, which poses a serious threat to the safety of the 
hydraulic structure and the banks [2] [3] [4] [5]. 

Accurate forecasting of the local scour downstream can not only avoid huge 
economic losses but also provide security for downstream towns, residents, eco-
logical environment and enterprises. With the continuous growth of hub con-
struction, the research on the relevant laws of scouring deformation under the 
hub dam has become more and more urgent [6] [7] [8] [9] [10]. Better predict-
ing the impact on the river after the completion of the dam is a prerequisite for 
better service for the construction and national economy. The scouring defor-
mation downstream of the dam has many influencing factors and complicated 
interrelationships [11] [12] [13] [14]. It is needed to consider the shear stress 
and shear flow [15] [16]. Additionally, the effect of flow and grain size on scour 
hole through various types of hydraulic structures is also a critical problem 
causing disaster [17] [18] [19]. The problem of previous research is greatly sim-
plified. However, nowadays it is still difficult to calculate the shape of the scour, 
the maximum scour depth, and so on. Hence, some projects are sometimes de-
stroyed by floods and cause various losses. For complex hydraulic problems, it 
often requires physical model testing. 

The study of discharge flow, flow field, water level and pressure of the drai-
nage structure of low-head hydropower station is well done previously [20] [21] 
[22]. Adduce has investigated on 1D-numerical and experimental studies of local 
scour downstream of a sill bed in clear water after a rigid apron [23]. The pre-
diction of scour profiles and experiment tests have a better agreement for the 
higher discharges. The densimetric Froude number is an important factor ex-
pressing the equilibrium scouring characteristics no matter how the tailwater 
depth of the no protection apron is. Espa has investigated the experimental study 
on the local scouring of a sand bed and also used the densitometric Froude 
number, the normalized apron length, and the normalized tail-water depth to 
predict the flow regime after apron but ignored the effect of the Reynolds num-
ber and the sediment grain size [24]. The detail describing the three scouring re-
gimes (surface jet, bed jet, and bed-surface jet scouring regimes) of the apron 
can be found in [25]. 

Based on the comprehensive analysis of relevant literature, the evaluation of 
the effect of flow through the release structure on the local scour downstream is 
necessary before the construction of hydropower. The experimental methods 
above predicted well the flow fields and the local scour downstream. Therefore, 
this paper includes the 16 groups of the hydraulic similarity model test of Dang-
ka Hydropower Station under clear water to accurately predict the shape of the 
scour and observe scour the maximum depth of Dangka hydropower station and 
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to provide strong technical support for water conservancy and hydropower con-
struction. Moreover, it is to study the effect of the flow rate and the sediment 
size on local scour downstream of Dangka hydropower station. 

2. Experimental Setup 

Dangka Hydropower Station, a type of post-earthquake, is located in the middle 
of the Ziquriver in Dangka Village, Yushu County, Gansu Province, China. It is 
the fourth cascade hydropower station in the planning of the Ziqu River Basin. 
The main task of the station is power generation with a total installed capacity of 
12 MW. This station has a total storage capacity of 10.9 million∙m3, a normal 
water storage level of 3848.00 m and a dead water level of 3846.00 m. The dam 
crest elevation is 3849.00 m and the maximum dam height is 24.11 m. The up-
stream slope of the dam is protected by the concrete precast block with a slope of 
1:2.0 and a downstream slope of 1:1.75 [26]. 

The 16 groups of experimental data from the hydraulic similarity model test 
of Dangka Hydropower Station, studied the influence of flow rate and sediment 
size on morphology was conducted in the Sediment Laboratory of the College of 
Water Conservancy and Construction Engineering, Northwest A&F University. 
The main buildings include: right bank gravity retaining water dam, riverbed 
plant, overflow dam, flood gate, left bank gravel dam, etc. The overall layout of 
the Dangka Hydropower Project Hub arranged from the left to the right, respec-
tively, includes the 310.07 m long of barrage, the 13 m length of a single hole 7 m 
× 6.6 m of the floodgate, 12.30 m length of overflow dam, 35.50 m length of ri-
verbed plant, 16 m length of installation interval and 38.20 m length of the right 
bank concrete auxiliary dam. After the model test, the optimized floodgate sluice 
chamber section is 32 m long in the upstream and downstream direction, and 
the net width of the sluice is 7 m. The drainage structure is set as a flat-bottom 
floodgate on the main river bed where the elevation of the inlet floor of the flood 
sluice gate is determined to be 3824.50 m and the end of the chamber is con-
nected with the bottom of the stilling basin by an arc. The length of the stilling 
basin is 48 m where the elevation of the bottom is 3818. 5 m and the net width of 
the stilling pool section is 11 m. The detail description of Dangka hydropower 
station scheme is illustrated in Figure 1. 

The model uses a geometric scale of 1:50 and the other scales are as follows in 
Table 1. The hydraulic model is designed according to the geometric similarity 
of water flow, similar gravity, and similar resistance. For the water flow through 
the hub, the force is mainly gravity, therefore the model is designed according to 
the gravity similarity criterion. The sidewall of the model river is brick-built. The 
topography of the upstream reservoir area is made into a fixed bed according to 
the original topographic map and plastered with cement mortar. The hinge parts 
such as the overflow meter hole and the flood discharge are all reduced by the 
scale of the prototype and made of plexiglass, see in Figure 2. 

In order to more clearly determine the factors affecting the shape of the scour 
hole formed by the local scouring downstream of Dangka hydropower station,  
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Figure 1. Longitudinal cross-section of Dangka hydropower station. 

 

 
Figure 2. The overall experimental layout of Dangka hydro-
power station. 

 
Table 1. The similarity ratio of hydraulic model test. 

Type Model geometry Flow velocity Flow rate Time Roughness 

Ratio 50 7.07 17678 7.07 1.92 

 
Table 2 presents the control variable method to test the influence of the flow 

rate and sediment size on the shape of the scour hole where the first column be-
low shows the number of experiment times of each test group with 4 types of 
flow rate and 4 types of sediment size. In order to facilitate the test of water re-
lease and calculation, the flow and sediment sizes are all under the conditions of 
the prototype. 

In each test, the sediment was placed and leveled with a steel ruler in the test 
section of the downstream reservoir after the stilling basin. The flow rate was 
adjusted by the upstream water level required. After the flow is stable, the for-
mation process of the scouring downstream was observed to conduct relevant 
data measurement. According to the range of the scouring under different con-
ditions, the important data were collected at the different measuring sections in-
cluded end section of the apron, the maximum depth section of scour hole, the 
end section of scour hole, the several points in each section, the centerline of the 
section, the longitudinal velocity of the left, middle, and right walls, the water 
depth at the end of the apron, and so on. After the scouring was stabilized, 
downstream water was released and the scouring downstream terrain was ob-
served and drawn as the topographic map of the scour under different working  
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Table 2. The detail of experimental test groups of different flow rates over the various se-
diment size. 

Test times Flow rate1 (m3/s) Sediment size1 (mm) 

1 400.48 500 

2 345.36 500 

3 291.34 500 

4 249.46 500 

5 400.48 300 

6 345.36 300 

7 291.34 300 

8 249.46 300 

9 400.48 100 

10 345.36 100 

11 291.34 100 

12 249.46 100 

13 400.48 50 

14 345.36 50 

15 291.34 50 

16 249.46 50 

1The values of flow rate and sediment size are shown in prototype size. 

 
conditions. A high-precision level and a scale with a millimeter-scale were used 
to measure the scouring topography by using the measured zero elevation as the 
reference point. Then, use the benchmark to measure the elevation of the mea-
suring point in the scour hole one by one. Finally, the elevation of the measuring 
point was converted into a relative elevation according to the zero elevation. In 
this way, the terrain image of the scour can be described with high precision and 
can reach 0.1 mm. The role of the cord was to depict a topographical view of the 
scour formed by the flushing. 

3. Results and Analysis 
3.1. Flow Pattern at the End of Apron 

Figure 3(a) and Figure 3(b) show the flow pattern of the outflow water at the 
flow rates of 400.48 m3/s and 291.34 m3/s, respectively. The flow pattern at the 
end of apron has a very important effect on the morphology of the scouring 
hole. The flow pattern of the water flow at the end of the apron flowing to the 
river bed is not the same and the vertical flow pattern of the water flow is also 
different, thus the impact on the slope of the scour is also different. The greater 
the flow velocity at the bottom of the water flow, the greater the flow velocity 
gradient of the water flow in the boundary zone, which will result in a larger 
depth of the scour and a steeper slope. It is very important to take out the flow 
pattern of the water tank to check the shape of the scour hole. The reason why 
the flow pattern at the end of the apron can affect the shape of the scour hole is  
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Figure 3. The mainstream flow through apron of Q = 400.48 
m3/s (a), and Q = 291.34 m3/s (b). 

 
that the velocity and direction of the outflow changes. Comparing the flow pat-
terns at the end of apron in the test under different flow rates, it is found that 
when the flow rate is large (Figure 3(a)), the mainstream flow through apron is 
more obvious and there is more obvious back-vortex flow on both sides of the 
mainstream. 

Based on this conjecture, the Froude numbers of the water flow at the end of 
the apron under each working condition were compared in Table 3. Froude 
numbers are almost the same in the same flow rate even though the sediment 
size changes. It can be concluded that when the Froude number at the end of the 
apron is similar, the slope of the scouring downstream hole is also similar. Table 
4 records the velocity of the end of apron under certain conditions. In order to 
ensure that the measured flow velocity at the end of apron is accurate and relia-
ble, the flow velocity at the end of apron in each group of experiments was rec-
orded. The result shows that the difference of Froude number of the flow in dif-
ferent sediment size group tests is very small at the same flow rate, so the flow 
pattern at the end of apron is basically the same. 

3.2. Influence of Flow Rate on the Shape of the Scour 

Topographic maps of 500 mm sediment sizes at 400.48 m3/s, 345.36 m3/s, 291.34 
m3/s, and 249.46 m3/s of flow rates are illustrated in Figures 4(a)-(d), respec-
tively. The elevation is marked on the top line. For the convenience of measure-
ment records, the reference elevation in the model of Dangka Hydropower Sta-
tion was used as the reference. The actual value cannot be reflected here. The 
scour topographic map of the other three types, 300 mm, 100 mm, and 50 mm of 
sediment size at each flow rate is shown in Figures 5-7, respectively. It can be 
seen from the above figures that under the same sediment size condition, the 
depth and range of the scour were decreasing with the decrease of the discharge 
flow. Therefore, in general, the larger the discharge flow rate, the larger the 
range of the scour downstream, and the deeper the scour. When the difference 
of flow rates was small, the crater may be slightly shallower under the large flow. 

In order to more intuitively observe the variation of the depth and range of 
the scour at different discharge flows, the cross-section from the direction of the 
vertical channel of the scour and the longitudinal section along the channel is il-
lustrated in Figure 8 where Q1, Q2, Q3, and Q4 representing 400.48 m3/s, 345.36 
m3/s, 291.34 m3/s, and 249.46 m3/s, respectively. It indicates the cross-sectional 
view of the scour hole under the four flow rates when the median sediment sizes  

(a)                                                (b)
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Table 3. Froude numbers of water flow at the end of the apron under different working 
condition. 

D (mm) Q (m3/s) Fr 

500 400.48 0.25 

500 345.36 0.25 

500 291.34 0.24 

500 249.46 0.23 

300 400.48 0.25 

300 345.36 0.25 

300 291.34 0.23 

300 249.46 0.22 

100 400.48 0.25 

100 345.36 0.25 
100 291.34 0.23 
100 249.46 0.23 
50 400.48 0.26 
50 345.36 0.25 
50 291.34 0.24 
50 249.46 0.23 

 
Table 4. The velocity of the end of apron under certain conditions. 

Q 
(m3/s) 

Measuring position/(distance from the end of the water)  
Velocity/(m/s) 

 
left middle right 

400.48 

surface 3.19 3.31 3.84 
2 cm below the water 3.59 3.81 4.29 
4 cm below the water 4.08 4.11 4.81 
6 cm below the water 4.36 4.63 5.54 
8 cm below the water 5.09 5.43 6.14 

10 cm below the water 5.61 6.02 6.57 
bottom 6.74 7.13 6.24 

345.36 

surface 3.36 3.22 3.59 
2 cm below the water 4.14 3.43 3.93 
4 cm below the water 3.93 3.74 4.4 
6 cm below the water 4.33 4.14 4.98 
8 cm below the water 4.45 4.45 5.67 

10 cm below the water 5.02 5.58 5.87 
bottom 5.53 5.8 5.95 

291.34 

surface 3.22 2.82 3.54 
2 cm below the water 3.36 3.06 3.89 
4 cm below the water 3.14 3.32 4.07 
6 cm below the water 3.67 3.64 4.15 
8 cm below the water 3.7 4.07 4.7 

bottom 4.79 4.81 4.41 

249.36 

surface 2.58 2.39 3.42 
2 cm below the water 2.46 2.76 3.54 
4 cm below the water 2.45 3.1 4 
6 cm below the water 2.88 4.04 4.04 
8 cm below the water 3.39 3.55 4.26 

bottom 3.96 4.33 3.67 
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Figure 4. The contours of local scour downstream of d = 500 mm under each flow in the stable stage. 

 

 
Figure 5. The contours of local scour downstream of d = 300 mm under each flow in the stable stage. 

 

 
Figure 6. The contours of local scour downstream of d = 100 mm under each flow in the stable stage. 

 

 
Figure 7. The contours of local scour downstream of d = 50 mm under each flow in the stable stage. 
 

are 500 mm, 300 mm, 100 mm, 50 mm, respectively. The horizontal coordinate 
of the figure is the coordinate zero point of the right edge of the scour hole, 
which is determined according to the measured distance, and the ordinate is the 
deepest scour depth as the coordinate zero point. It can be seen from the 
cross-sectional view that as the flow rate increases, the depth and lateral range of 
the scour basically increase. However, when the sediment size is large, the  
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Figure 8. Cross-section of local scour downstream under different flow of d = 500 mm (a), 300 mm (b), 100 mm (c), and 50 mm 
(d). 

 
variation range of the cross-section is small, and even in the case of the small 
flow rate, the cross-sectional range is larger than the larger flow rate, as shown in 
Figure 8(a) and Figure 8(b). Comparing Figure 8(c) and Figure 8(d), when the 
sediment size is small, the larger the flow rate, the larger the lateral scouring 
range, which indicates the phenomenon in Figure 6 and Figure 7. The flow rate 
in the experiment is small relative to the sediment size caused by the phenomena 
in (a) and (b), resulting in a less obvious rule of lateral scouring. Therefore, the 
factors affecting the lateral scouring range are mainly hydraulic conditions and 
geological conditions. At the same time, it can be seen in the figures that the lat-
eral scouring is relatively symmetrical because the lateral diffusion of the water 
flow at the end of the apron is relatively uniform. 

Figure 9 and Figure 10 show the left and right longitudinal section of the 
scour at the four flow rates when the sediment size is 500 mm (a), 300 mm (b), 
100 mm (c), and 50 mm (d). The abscissa of Figure 9 and Figure 10 is the coor-
dinate zero point at the end of the apron (based on the measured distance in cm 
in the model). The ordinate is the elevation of the deepest scour as the coordi-
nate zero. The right longitudinal profile is compared with the left longitudinal 
profile because from the topographical map Figures 4-7, it can be seen that the 
scour hole formed in the experiment basically has the left and right pit back 
slopes. The following two rules can be seen from the four figures of the left lon-
gitudinal scour in Figure 9. Under the same sediment size, the depth and longi-
tudinal scour increase with the increase of the flow rate, which is mainly due to 
the large flow of water flowing out of the mainstream through the stilling basin. 
Moreover, the deepest points of the scour hole formed by the same sediment size 
at different flow rates are relatively close. 

https://doi.org/10.4236/wjet.2020.81010


V. Hong et al. 
 

 

DOI: 10.4236/wjet.2020.81010 113 World Journal of Engineering and Technology 
 

 
Figure 9. Left longitudinal profile of scour under different flows of d = 500 mm (a), 300 mm (b), 100 mm (c), and 50 mm (d). 

 

 
Figure 10. Right longitudinal profile of scour under different flows of d = 500 mm (a), 300 mm (b), 100 mm (c), and 50 mm (d). 

 
In Figure 9 and Figure 10, when the same sediment size is formed under dif-

ferent flow rates, the upstream and downstream slopes of the scour hole under 
different flow rate are very similar. The cause of this phenomenon should be re-
lated to the flow velocity (v) at the end of the apron, the water depth at the end 
of the apron (h), and the median particle size of the sediment (d50). 

3.3. Influence of Sediment Size on the Shape of Scour 

In order to determine the influence of sediment size on the shape of the scour, it 
is necessary to observe the topographic map of the scour under different sedi-
ment sizes at the same flow rate. Figure (a) of Figures 4-7 shows the topograph-
ic map of various sediment sizes after scouring stability at a flow rate of 400.48 
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m3/s. Similarly, (b), (c), and (d) in Figures 4-7 show four kinds of particles un-
der the flow of 345.36 m3/s, 291.34 m3/s and 249.46 m3/s, respectively. Figure 11 
shows the various sediment sizes corresponding to the flow rates of 400.48 m3/s 
and 345.36 m3/s. The left and right longitudinal scour profile of each different 
particle sizes under flow rate Q1 = 400.48 m3/s (a) and Q2 = 345.36 m3/s are 
shown in Figure 12 and Figure 13, respectively. 

By comparing these figures, the depth and lateral range of the scour increase 
with the decrease of the particle size of the sediment. In contrast, the depth and 
range of the scour become smaller as the sediment size increases. The main rea-
son is that the larger sediment size, the larger incipient velocity. As the sediment 
size on the riverbed increases, the initial scour velocity increases, so the riverbed 
is not easily washed away and the ability to punch is enhanced. Therefore, the 
depth and lateral range of local scour after the sluice are reduced as the sediment 
size increases. Hence, it can be concluded that the impact capacity of the ri-
verbed and the local scour behind the sluice have a very great relationship. 

At the same time, the upstream and downstream slopes of the scour hole 
formed under the same flow rate of different sediment sizes are similar. It is be-
cause, in the same flow rate, the flow velocity in the mainstream is relatively 
similar, which further explains that the flow velocity is the most important factor 
affecting the slope of the scour hole. 

4. Discussion of Scour Morphology 
4.1. Plane Form 

The shape of the scour downstream varies widely compare to the complete scour 
(the deepest point of the scour hole was located in the center of the river bed), 
the plane shape was generally irregular ellipse or semi-ellipse (as can be seen 
from the topographic map in Figure 4). The upstream of the scour hole near the 
apron was steeper while the downstream of the scour hole was more gradual. It 
can also be observed from the topographic maps shown in Figures 4-7 that the 
planar shape of the scour hole was not a fixed appearance, because when it was 
affected by special terrain or water flow factors, the shape of the scour will 
change. The topographic map after the completion of a certain flush in the test is 
as shown in Figure 14. The scour hole was heavily biased to the side of the river 

 

 
Figure 11. Cross-section of local scour downstream of each different particle sizes under flow rate Q1 = 400.48 m3/s (a) and Q2 = 
345.36 m3/s (b). 

https://doi.org/10.4236/wjet.2020.81010


V. Hong et al. 
 

 

DOI: 10.4236/wjet.2020.81010 115 World Journal of Engineering and Technology 
 

 
Figure 12. Left longitudinal scour profile of each different particle sizes under flow rate Q1 = 400.48 m3/s (a) and Q2 = 345.36 m3/s 
(b). 

 

 
Figure 13. Right longitudinal scour profile of each different particle sizes under flow rate Q1 = 400.48 m3/s (a) and Q2 = 345.36 
m3/s (b). 

 

 
Figure 14. One of the local scour downstream in the experiment. 

 
bank or two scour holes were biased to the sides of the river. Due to the ununi-
form velocity distribution, some downstream rivers had a deep point except for 
the deepest point of a scour hole. 

The average flow velocity distribution of each measuring point on the section 
has been relatively uniform, but the actual flow due to the internal turbulence 
phenomenon, resulting in unbalanced fluctuating pressure and made the boun-
dary of the scouring riverbed constantly changing, and so on. It is still difficult to 
maintain true binary water flow properties. The actual water flow was affected 
by various factors and eventually formed a complex scouring hole in the down-
stream riverbed. Therefore, in order to further study the scouring process, it is 
necessary to start from the angle of the flow plane. By analyzing the lateral flow 
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velocity distribution on the water flow plan, it can be seen that the swirling water 
flow was often generated on both sides of the main flow concentrated in the flow 
potential. The mainstream was biased to one side because of the asymmetry of 
backflow. In the mainstream bias on the left side, the lateral backflow range was 
forced to shrink, but the rotational speed was strengthened, the left riverbed se-
diment was washed, the right backflow range was relatively enlarged, but the 
spinning speed became smaller, resulting in siltation. At the same time, the 
mainstream carried a part of the sediment into the downstream. Then the back-
flow range changed due to the deformation of the riverbed on the left and right 
sides until the left and right backflow phases were balanced, and the mainstream 
returned to the middle. However, this balance of equilibrium was not be main-
tained for a long time, the mainstream was in the next moment biased to the 
right side, and then to the right riverbed to produce scour hole. In this way, the 
scouring on both sides was alternately advanced and deepened in the process of 
the mainstream constantly swaying until the water flow was stable and the 
scouring balance was stopped. 

4.2. Longitudinal Scour Profile 

From the longitudinal section along the river, the scouring generally had a con-
cave arc shape where the upstream of the scouring hole near the apron was stee-
per, and the downstream of the scouring hole was more gradual. This pheno-
menon can also be seen in Figure 12 and Figure 13. This phenomenon was 
mainly due to the relatively large outflow velocity of the basin, and a relatively 
strong scouring was formed on the downstream riverbed, which soon developed 
a scour hole on the riverbed next to the apron. The sediment on the upstream 
slope of the scour hole moved upstream along the slope in the strong swirling 
action of the water flow, but some of it was carried downstream by the main-
stream. However, the sediment on the downstream slope of the scour hole has 
been moving downstream at the bottom of the river, and the deepest point of the 
scour hole had gradually moved downstream, and the range of the scour hole 
was gradually increased until the upper and lower slopes of the scour hole grad-
ually slow down and the scouring reached to equilibrium. 

In general, there was a scour hole in the longitudinal direction. Sometimes, a 
small pile of mounds was formed behind the scour hole due to the accumulation 
of sediment in the downstream of the scour hole, and a smaller one was formed 
behind the pile of mounds due to the flow of water. However, as the water flow 
has been flattening, the formed craters were small and shallow. 

From the analysis of the test process and the test results, it was known that as 
the discharge flow increased and the flow velocity increased, the farther distance 
from the lowest point of the scour hole to the end of apron, the deeper the scour 
depth. The size, shape, location, depth and development direction of the largest 
scour hole was controlled by many factors. The sand composition of the down-
stream bed was different and the ununiform distribution of the flow velocity af-
fected the distribution and change of the scour. Generally, the side with a faster  
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Table 5. The upstream and downstream slope gradient of the scour hole in the test. 

Q (m3/s) D (mm) 
Upstream of the scour 

hole average slope 
Average slope scour 

hole downstream 

400.48 500 1/3 1/5 

345.36 500 1/3 1/5 

291.34 500 1/4 1/4 

249.46 500 1/4 1/4 

400.48 300 1/5 1/6 

345.36 300 1/4 1/6 

291.34 300 1/5 1/7 

249.46 300 1/3 1/5 

400.48 100 1/4 1/9 

345.36 100 1/4 1/7 

291.34 100 1/4 1/8 

249.46 100 1/4 1/7 

400.48 50 1/3 1/9 

345.36 50 1/4 1/8 

291.34 50 1/4 1/7 

249.46 50 1/4 1/7 

 
flow velocity was easier to form the scour earlier and faster. Through the obser-
vation of the development process of the lateral scour shape during the test, it 
was found that although the cross-sectional dimension of the scour was conti-
nuously developed as the scouring progresses but the slope angle didn’t change 
much. According to the analysis of the main scouring stage, the ratio of the ho-
rizontal distance from the end of apron to the maximum depth of the scourhole 
was not changed much, but the downstream side slope was developing down-
stream before reaching the scouring equilibrium. The change of the shape of the 
scour was the result of the combined action of the sediment movement of the 
riverbed and the collapse of the slope of scour. 

The average upstream slope of the scour hole plays an important role in judg-
ing the impact of the scour on the safety of the dam. In order to more accurately 
study the shape of the scour hole, the upstream and downstream slopes of the 
scour hole were recorded as shown in Table 5. The average slopes of the up-
stream and downstream scour tests were substantially in the range of 1/3 ~ 1/5 
and the range of 1/4 to 1/9, respectively. According to the experimental data, 
Mao Yuxi’s range was roughly 1/3 to 1/6 of the upstream slope of the scour hole 
and the downstream slope was about 1/10. The test results in this experiment are 
in good agreement with the experimental results of the previous study [5]. 

5. Conclusion 

The physical model tests were conducted to study the local scouring downstream 
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of an apron of Dangka hydropower station and some conclusions were shown as 
follows. The plane shape of the scour hole kept similar during the scouring 
process, i.e. irregular ellipse or semi-ellipse. The depth and size of the scour hole 
increased with the increase of the flow rate and decreased with the increase of 
the sediment size. Moreover, the downstream longitudinal slope ratio of the 
scour increased with the increase of the sediment size. The upstream and down-
stream slope coefficients of the local scour hole were 1/2 to 1/6 and about 1/10, 
respectively. In the design and operation, the safety slope coefficient of a scour 
can be determined. Hence, the scour in this range will not endanger the safety of 
the building. This paper strengthens the experimental study of local scour 
downstream of an apron and it could be data of validation of the numerical 
study in future research. 
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