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ABSTRACT
The research of the navigation in Shu River hydropower station, by
means of the integral hydraulic model exploring. Adopting guiding
dividing duke as the one of major engineering measures while the
dredging in waterway、the length of the duke and the configuration of
the head consist the most important parameters .Based on the practical
condition, there are several methods had been created. Then we
corresponding to the fixed flow in each level and observing how the
water flowing when they getting through the entrance area. The next
step is recording the velocity and direction which consisting of the flow
distribution. On the other hand, the data coming from the experiment
will show us the instable flow and navigation obstruction satisfied the
safety criterion or not. Based on the analysis of the phenomena and
proposing the most proper blue print comprehensively.
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conditions of navigation in the downstream sharply deteriorated while
the flow condition cannot meet the requirements of the navigation. On
the other hand, the energy dissipator of sluices is underflow energy
dissipation so that the outlet flow turbulent fluctuation. There are lots of
vortexes hide in the flow and being a serious threat to navigation safety.
As the blueprint shows, when flood coming, the navigation structures
will be used to release the water which means the navigation resources
are partly wasted. If the traffic flow is too small, it will cannot fit the
practical need and the cost in navigation will raise. The construction
and maintenance of navigation facilities and the profit is not in a state.
To maximizing the effectiveness of hub with the limited resources, the
designer choose 1566 m3/s and 3000 m3/s as the full discharge of
power station and maximum navigable discharge. Therefore the design
and construction of the navigation wall is imperative. There are three
most important factors that affect the function of the navigation wall:
length, the geometric forms of the wall and the patterns of the duke
head. The essay is written by the analyses of these three factors.

flowing condition，project approachment

INTRODUCTION
Shu River Hydropower Station project is the sixth cascade development
planning of the of Hanjiang upper reaches. The major task of the
comprehensive water conservancy project is generating electricity
while acting as the role of navigation and flood control. The part of
hydropower and flood control had been constructed and put into service.
The auxiliary facilities such as guiding dividing duke have not been
built .

THE PRESENT NAVIGATIONAL CONDITION OF THE
PROJECT
According to the <Navigation standard of inland waterway >
（GB50139-2004）, the level of the channel is IV which satisfied the
need of ships that displacement are 500 tons . The maximum flow
adapted in designing is 3000 m3/s and the common patterns of the ships
are barges motivated by push motor while the sizes are 35m * 9.2m *
1.3m (length *width*draft depth). In order to reduce the cost of the
project, the structures of navigation and sluices of flood passageway
were put together closely in blueprint. As we know, the shape of Shu
River is narrow and deep while the layout of hydraulic structures is
relatively intensive. Obviously we cannot remove the present
structures .The most unfavorable factor which affect navigation is the
sluices and channel are close neighbor. When sluices works, the flow

Fig. 1 Terminal layout

CONCEPTUAL DESIGN
Based on the requirements of designers, the channel was excavated to
CS28 and extended 35.356m in downstream. After adjust the right
boundary, the channel's width became 51m and the width of the gate is
44.5m. The riverbed was dredged to the cross section where is 250m
apart from the bridge in downstream and a triangle section connected
with gate. The measurement section is the gate area and the connection
section. Since the length of the ship is 35 m, the gate area is 3 times the
captain that is the scope of 105m and beyond this range is the
connection segment. The shape of the cross section of the navigation
wall is shown in Fig. 2. The elevation of the base is designed by
different conditions in different sections while the height of the wall
and the thickness of the base are also changed. The elevation of the
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wall's top is designed according to the actual water line. It means that
the wall shouldn't been drowned when the flow reached 3000m3/s and
the water besides the wall didn't have interaction.
In order to fully study the upper and lower bounds of the navigation in
practical range, 11 schemes were designed in the experiments. Now we
select some typical examples of the following.

Plan A
The total length of the navigation wall is 547 m. The wall is consist of
four parts: the first and second sections are straight lines and form a
polygonal line, the third section is an arc which radius is 273m , the
fourth section is a straight line along the tangent line of the arc . It is the
maximum length of the wall during all the plans. The head is
impervious to water.

Fig. 4 arrangements of Plan C

Plan D
Only the polygonal line section is retained with the head of the
impervious.

Fig. 2 Arrangements of Plan A

Plan B

Fig. 5 Arrangements of Plan D

With the same length of guide wall and longitudinal form, narrow the
width of gate to 40m. The permeable head is used and 9 holes is opened
in fourth section. The radius of the hole is 0.5m while the distance of
two centers of circle is 5m. The center of first circle located in the point
which is 5.5m apart from the head. The intersection angle of the hole
and wall is 145°.

Plan E
The length of the wall is shortened to 312 m and the shape of polygonal
line was kept. This scheme was designed with the shortest wall. The
impervious head is in the middle of the varying backwater zone of the
power station.

Fig. 6 Arrangements of Plan E

Fig. 3 Arrangements of Plan B

THE DESIGN of PHYSICAL MODEL AND SIMILARITY
VERIFICATION

Plan C

The general situation of the model

The length of the wall is reduced to 428.1367m and the polygonal line
section was chosen. Permeable head was adopted while 3 rectangular
blocks with 10m in length and 2m in width were set at the head of the
embankment. The placement of the cube choosing staggered each other
while the outer side of the rear piece is corresponding to the inside of
the previous one. The distance between two cubes is 3 m. By the way,
the intersection angle of the first two pieces and wall was 145°while the
third was 25º. The width of the gate was shown to 43 m.

According to the request of the experiment, terrain condition,
experimental sites and the capacity of water supply, the model is built
to simulate the range of 1000 m upstream and 2800 m downstream
apart from the axis of dam. At the same time, the area between right
and left bank, a tributary of Shu River were present too. The full length
be simulated in Shu River is 3.9 Km. Not only the geometric scale of
the normal model is pointed as 100 but also the gravity similarity
criteria is used for model designing. Anyone else are listed in Table 1.

12th International Conference on Hydroscience & Engineering
Hydro-Science & Engineering for Environmental Resilience
November 6-10, 2016, Tainan, Taiwan.

Table 1 Specific scale of the model

Table 3 Conditions of operation

Items

symbols

Equals

numerical
values

geometric
scale
Scales of
water
flowing、
settlement
and velocity
Scale of flow

λL、λh

λL=λh

100

1
2

λv、λω、λvc

10

3

4

Scale of
coefficient of
roughness

λn

5

Scale of time

λt(water)

Codes
1

2

3

λQ

Similarity verification

λv=λω=λvc=
1/2
𝜆𝜆ℎ

𝜆𝜆𝑄𝑄 = 𝜆𝜆𝐿𝐿 𝜆𝜆ℎ 𝜆𝜆𝑣𝑣
𝜆𝜆𝑛𝑛
1/2
1/6 𝜆𝜆ℎ
= 𝜆𝜆ℎ � �
𝜆𝜆𝐿𝐿
𝜆𝜆𝐿𝐿
𝜆𝜆𝑡𝑡(water) =
𝜆𝜆𝑣𝑣

Codes

Water level of
upstream(m)

Flow
(m3/s)

Generator
Set

261
1566

4#
1#~6#

3000

1#~6#

217

Flood control
closed
closed
Sluice 1, 3# were lift
3.0m，the hole of left
clipping room were
lift 4.5m

100000

The location, size and intensity of the recirculation zone of each plan
should be observed at first . We find that Plan C got the Minimal size
and intensity while the recirculation zone located between CS26 and
CS27.

2.15
10

The parameter for similarity verification is water level. The data of
practical came from the Northwest Engineering Corporation Limited
that provided by the measurement held in 10:10, March 28, 2015 and
with the flow of 930 m3/s. According to the experiment, the size of the
particle which had plum blossom shape and coarse gravel was
determined to adjust the roughness of the river. What we had done was
for the differences between numerical value and the practical value
were basically in the 0.10 m. As the 0.19m was the maximum
difference, the model basically achieved the requirements of similarity.

For the <Navigation standard of inland waterway >（GB50139-2004）
stipulating , Limit values of velocity in class- V channel are
longitudinal velocity, transverse velocity, varying backwater velocity
shouldn't exceed 2 m/s, 0.3 m/s, 0.4 m/s. The measurement section was
the gate area and the connection area which range from the end of the
wall to CS29. Since the length of the ship was 35 m, the gate area was 3
times of the length which is the scope of 105 m and the connection
segment was the area that beyond this range .

HYDRAULIC MODEL TEST ON NAVIGATION
CONDITION
The analyses of data

Table 2 Verification of water level
Codes

location of
staff gauge
(downstream)

water level
of River
（m）

water level
of model
（m）

Difference
（m）

6#

CS0+261m

196.22

196.13

-0.09

8#

CS0+476m

196.01

196.12

0.02

10#

CS0+624m

195.29

195.03

-0.19

12#

CS0+1011m

194.50

194.60

0.10

14#

CS0+1426m

193.85

193.82

-0.03

note

pier

The mind of research
At first, the model is modified based on the scheme. Then we observe
how the water flowing by means of the scraps of paper floating on the
surface and the primary conclusion will be obtained. Next the water
level, velocity and other factors in the fixed flow and operation are
marked as well the velocity profile and the line of water level will be
born. After that we select the maximum flow velocity in each section
along the route of all the schemes and relate norms and requirements.
On the basis of previous work, the comparison between schemes will
be in progress and the winner will be recommended.

The method of experiment
The water level is controlled to 217 m. What flow we chose to working
were 261 m3/s, 1566 m3/s and 3000 m3/s that refers to only a generator
set come into effect, all generators running and maximum traffic flow .

It is obvious that the influence of length , geometric form and patterns
of the head be shown in the experiment.
The longitudinal shape determined the area of each section directly and
had influence on velocity. Specific to the Shu River is that channel is
situated on the right side of the river and there is another guide wall
seated between the power houses and sluices which narrow the width of
spillway greatly. So if the outward deviation of the wall was too
exaggerated that will seriously weaken the capacity of flood control.
The shear stress is generated between the two streams for the external
velocity is greater than the velocity in the channel. The reverse velocity
would be created in the edge of gate area according to Newton second
law. At the same time, the inner flow is affected by the reflux flow as
well as led to the augment of longitudinal velocity. Owing to the
resultant moment formed by inner and external flows, the varying
backwater zone is formed gradually. Moreover, due to the disturbance
of the pier, the turbulent of flow makes fan-shaped area and continue to
spreading towards downstream. The water will interact and influence
each other when the turbulent reach the area of gate which is the major
Influential factor of transverse velocity. So the distance between the
pier and the head of wall become smaller while the navigable condition
is more severe. Meanwhile, if the length of the wall was too small, the
effect of sluice is sharply increased.
The flow regime in the gate area is determined by the patterns of the
duke head. There is no exchange of water on each side when
impervious dike be used. Within the channel, the flowing is stable and
the numerical value is small. But the impact and exchange in the
entrance area of the channel is relatively more severe. The velocity
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increased obviously for affected by lateral flow and the transition area
was relatively small. So the change of velocity is faster and the
difference is larger which acting like rapids. The blend of the water
with different velocity began before the flow reaches the gate area
when come across the permeable head. Therefore the water is flowing
more stable as a result of the transition area which range from the
channel interior to somewhere downstream. Despite the permeable
head will not make the flowing change drastically and abruptly, the
velocity will be bigger compared to the impervious dike in same
condition.
Fig. 7 Arrangements of Plan F
Table 4 Parameter analysis of characteristic value of velocity

The study of comparative experiment
program

Longitudinal
velocity

Plan

A

B

C

D

E

NQ1566
NQ3000
excessive
rates
Vmax（m/s）
F Vmax (m3/s)

2
4

2
4

2
5

1
6

1
3

50%

50%

50%

50%

22%

3.10
3000
CS
29
0
0

3.28
3000
CS
29
0
0

3.10
3000
CS
29
0
0

3.10
3000
CS
29
1
3

3.00
3000
CS
29
0
3

0

0

0

29%

17%

/
/

/
/

/
/

Location

/

/

/

NQ1566
NQ3000
excessive
rates
Vmax（m/s）
F Vmax (m3/s)

1
1

1
1

0
0

0.39
1566
CS
24
0
0

0.34
3000
CS
29
0
2

17%

17%

0

0

11%

Location

Transverse
velocity

Reflux
velocity

Postscript

NQ1566
NQ3000
excessive
rates
Vmax（m/s）
F Vmax (m3/s)

0.89
0.96
0.96
无
无
3000
3000
1566
无
无
CS
CS
CS
Location
无
无
25
25
21
The vertical velocity, transverse velocity and reflux
velocity were not exceeded when the flow is 261 m3/s.
N refers to the quantity of unqualified sections.

Primary Selection
Generally speaking, the comprehensive analysis of the flow velocity,
longitudinal velocity and transverse velocity provide us with the basis
when the choice was made. It is apparently that both the reflux velocity
and transverse velocity are not exceeded with regard to the Plan C.
Coupled with the water is flowing smoothly and without adverse
flowing pattern, the Plan C is pointed as the optimal scheme. This is
consistent with the intuitive observation. The second choice is to be
Plan E.
The result of Primary selection is Plan C.

Final selection
In order to select the final solution, Plan F being designed as a contrast.
Plan F is arranged as follows. The first three sections are kept which
consist of the polygonal line and the arc. The difference between the
length of two walls is 21.5m and the impervious head is another
distinction.

Experimental condition. When the recommended plan and the
comparison plan be ensured, what we should do next is to verifying the
navigational states of two plans under various operational conditions
according to the different mode of the flow. The science and feasibility
of the plans be tested again.
Comparative experimental conditions are shown in Table 4. Six
conditions be got for each plan to study the flowing states in the same
condition and the better one will be confirmed as the final solution. The
measurement section is designed from CS23 to CS29 while covered 7
sections. The gate area and the concatenated segment include CS23 to
CS25 and CS26 to CS29 respectively.
Table 5 Operations of comparative experiment
Codes

Water level of
upstream(m)

Flow
(m3/s)

Generator
Set(#)

Flood control

1

261

4

closed

2

1044

2~5

closed

3

1566

1~6

closed

2000

1~6

Sluice 3# were lift 3.0m

2500

1~6

Sluice 1, 3# were lift

1~6

Sluice 1, 3# were lift
3.0m，the hole of left
clipping room were lift
4.5m

4
5
6

217

3000

Analyses of the results. The results of the experiment were shown in
Table 6.
Firstly, we will do the analysis of longitudinal velocity. Compared to
Plan F, the total exceeding rate and the excessive amplitude are bigger
and small respectively. This is in agreement with the early analysis of
the permeable and impervious head of the dike. There is no difference
of velocity in the connection section and the velocity distribution of
cross section conformed to the law which learned from the velocity
profile. The effect of escort has been initially achieved.
Secondly we turn to the transverse velocity. The difference of
exceeding rate between two plans is very small totally but changed to
big in the gate area. There is no parameter that exceeded the standard in
Plan C however the same for the Plan F as high as 22%. On the other
hand, the maximum transverse velocity of the Plan F appears in the
CS24 according to Fig 5. It means that the oblique flow intensity of
Plan C is small in the gate area.

12th International Conference on Hydroscience & Engineering
Hydro-Science & Engineering for Environmental Resilience
November 6-10, 2016, Tainan, Taiwan.

Last one was the Reflux velocity. The superiority of the Plan C is so
overwhelming.

CONCLUSION

Besides the flow corresponding to the maximum velocity of Plan C was
larger than that of the contrast distinctly under the same condition. The
indicators had exceeded When the flow reached 2500 m3/s . The bigger
flow, the worse condition followed. In a word, the adaptability,
practicability and improvement of the Plan C were more powerful.

In summary, it is not difficult to find that the transition of longitudinal
velocity was stable and the transverse velocity was greatly reduced and
the reflux velocity was relatively weakened if we chose Plan C. All of
the velocity index performing more reasonable and favorable than the
contrast plan. The finally choice was the Plan C. Above all were the
result of theoretical research as well the evaluation of the program also
combined with the actual situation of the project.

Table 6 Parameter analysis in comparative experiment
program

Longitudinal
velocity

Transverse
velocity

Reflux
velocity

Plan

Plan C

Plan F

Excessive rates

0

0

Total exceeding rate

33.3%

28.6%

Vmax（m/s）

2.81

2.86

condition

6

5

Location

CS29

CS29

Excessive rates

0

22.2

Total exceeding rate

19.0%

16.7%

Vmax（m/s）

0.40

0.38

condition

6

5

Location

CS26

CS24

Excessive rates

22.2

27.8

Total exceeding rate

9.5%

11.9%

Vmax（m/s）

0.61

0.65

condition

6

5

Location

CS24

CS25

At the same time, the research is accompanied with the slope regulation.
If the plan came into operation, some engineering measures must be
taken to reduce the longitudinal velocity in connection segment as well
as limit the transverse and reflux velocity rigidly.
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