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environments. On the other hand, these
vegetation patches can increase the flow
resistance in the flow path, which results in a
decrease in water transfer capacity. Roughness
coefficients for calculating the velocity and
discharge in open channels such as rivers in
various forms, such as Manning coefficient (n),
Chezy coefficient (C), Darcy Weisbach
coefficient (f), and dimensionless velocity

Introduction

Vegetation patch affects flow hydraulic
parameters such as flow velocity and resistance,
which can provide valuable environmental
services in aquatic environments. Vegetation
patches affect flow hydraulic parameters such as
flow velocity and resistance, which can provide
helpful environmental services in aquatic
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coefficient (U/U*) are defined, where U is the
flow velocity and U* is the shear velocity.
Among these roughness coefficients, the
Manning coefficient (n) has been widely used in
river and hydraulic engineering due to the
propagation of tables and various experimental
relationships, and many researchers have studied
this coefficient for vegetated flow. The subject of
this research covers two essential issues in the
river and hydraulic engineering: a) Flow
resistance, which due to its close relationship
with the bed shear stress and sediment transport,
its determination in open channels is of
considerable importance; and b) Vegetation
patch, which recognizing its effect on hydraulic
parameters of flow in open channels is one of the
challenging issues in river engineering. The
objective of this research is to investigate the
contribution of vegetation cover to the total flow
resistance in coarse-bed rivers. Meanwhile, a
relationship is presented to estimate the flow
resistance due to vegetation patches using patch
density.

Material and Methods

In this study, four almost straight reaches of
rivers of Fars and Bushehr provinces in Iran were
selected, including two reaches of 43 and 30 m
from Shapur river (Fars province), one reach of
35 meters from Fahlian river (Fars province), and
one reach 28 meters from Dalaki River (Bushehr
province). The data measured in this study
include velocity measurement, surveying, and
bed sampling. Velocity measurement in this
study was performed using Butterfly Current

Meter (BCM). The duration of velocity
measurement in this study was 20 seconds, and
the number of repetitions in velocity
measurement was considered three to five times.
Sampling of the riverbed was performed by the
Wolman method, and gradation diagrams for
each section were drawn. A Leica Total Station
camera was used to survey the studied reaches in
this study. surveying was done in selected
reaches with networking 0.5 m in the cross-
section and 1 m in the longitudinal direction of
the river. Considering the simplifying
assumptions, the equation for the flow resistance
due to vegetation patches was derivated.
Accordingly, the flow resistance due to
vegetation patches was obtained by the
difference in the flow resistance due to bed from
the value of the total flow resistance for each
section.

Results

Investigating the gradation diagram of bed
particles in selected reaches, it was found that the
river is sandy and gravely with non-uniform
distribution. In this study, 71 velocity profiles
(19 points) were measured in 19 cross-sections.
Investigation of these measured velocity profiles
showed the phenomenon of Dip in the profiles
near the vegetation patches, and by moving away
from the vegetation patches, the effect of this
phenomenon is reduced and the profiles become
S-shaped. Table (1) shows the value of the total
manning coefficient and manning coefficient due
to vegetation patches in each measured cross-
section.

Table 1 Total manning coefficient and manning coefficient due to vegetation in each of the measured sections

Reach section number a ks (m) Se Neot ng Ny (n4/Neoe) X 100
1 13.97 0.133 0.0007 0.048 0.0294 0.186 39
2 13.33 0.121 0.0063 0.1501 0.0292 0.1209 81
Shpurl 3 13.28 0.139 0.0091 0.1468 0.0309 0.1161 79
4 13.10 0.134 0.0004 0.0072 0.0288 -0.0025 -9
5 13.12 0.118 0.0031 0.0715 0.0301 0.0413 58
1 14.17 0.142 0.0005 0.0391 0.0301 0.0089 23
Shpur2 2 13.80 0.134 0.0016 0.0630 0.0297 0.0333 53
3 13.49 0.112 0.0004 0.0356 0.0283 0.0073 20
4 13.16 0.125 0.0012 0.0643 0.0291 0.0351 50
1 13.14 0.114 0.0036 0.1378 0.0297 0.1081 78
2 12.77 0.104 0.0005 0.0635 0.0290 0.0345 54
Fahlyan 3 13.03 0.102 0.0016 0.1270 0.0286 0.0984 77
4 12.77 0.113 0.0002 0.0376 0.0296 0.0080 21
5 12.74 0.106 0.0001 0.0282 0.0294 -0.0012 -4
1 12.92 0.094 0.0034 0.0587 0.0282 0.0306 52
2 12.68 0.114 0.0035 0.0412 0.0305 0.0106 26
Dalaki 3 12.97 0.114 0.0064 0.0420 0.0312 0.0108 26
4 13.89 0.115 0.0097 0.0863 0.0299 0.0564 65
5 14.41 0.118 0.0085 0.0466 0.0307 0.0159 34

In Table (1), a is the shape factor, ks is the
roughness height, Se is the slope of the energy patch (Eq. 2), no is the Manning coefficient due
line, 7, is the total maning coefficient (Eq. 1), n4
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is the Manning coefficient due to the vegetation
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to the bed (Eq. 3) and n"—“ x 100 is percentage of

vegetation patches contribution of the total
manning coefficient.

R2/3S;/2
Ntot = 7 (1)
Ny = Ngor — No ()
R1/6
Ny = ————x. (3)

17.98410g(k—s)

In the above equations R is the hydraulic radius.
The negative values of n4 are either due to the
oversimplicity of Eq. (2), measurement errors or
the exaggeration of ng by Eq. (3). According to
this table, the average percentage of vegetation
patches contribution was calculated from the
total manning coefficient of 44%, which shows
the importance of considering vegetation patches
in calculating the Manning coefficient.

Conclusion

In the present study, the manning coefficient due
to vegetation patches in 19 cross-sections in
rivers of Iran was calculated. A relationship with
the coefficient of determination R?=0.90 was
obtained to calculate the manning coefficient due
to the vegetation patches based on the cross-
sectional blockage factor (area of the cross-
section occupied by the vegetation patches). On
average, the percentage of vegetation patches
contribution was obtained from the total flow
resistance of 44%. This indicates that the failure
to consider the vegetation patch in the total flow
resistance, leads to a significant error in the
calculation of hydraulic parameters such as

Environment and Water Engineering

velocity and incorrect estimates in the prediction
of hydraulic models. By investigating the
velocity profile in the selected reaches, two
dominant forms of the velocity profile were
identified: a) The dip phenomenon was observed
near the vegetation patch, which can be
attributed to the turbulence heterogeneity due to
the presence of the vegetation patch near these
profiles, which causes the development of
secondary flow, and b) In profiles that were far
from vegetation patches, S-shaped profile was
observed due to fluctuations in bed sediment
size, the presence of sand and gravel in the bed,
the production of a positive pressure gradient
around sediments larger than average, and the
presence of vegetation patch.
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Reach Number of Number of n n ne 4+ 1 £
sections profiles measured P P p TR ’
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Fahlyan 5 20 375 166 541 1950
Dalaki 5 15 298 92 390 1440
Sum 19 71 1369 744 2113 7830
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Table 2 Number of Surveyed points in selected

reaches
Reach Nbed NVegetation -Db
(Point/m?)

Shapurl 2651 345 2
Shapur2 1516 256 2
Fahlyan 1258 164 2
Dalaki 576 194 2
Sum 6001 959 -
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Fig. 2: a) Surveying of selected reaches; b)
Dimensions and Surveyed points for one of the
vegetation patches in the Dalaki reach, and c) Image
of Shapur2 reach plan with the position of measured
profiles and Surveyed points
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Table 3 Bed particles diameter and geometric standard deviation related to each section

Reach Section Number die (mm) dso (mm) ds4 (mm) dgo (mm) oy
1 19.33 29.67 49.00 55.33 2.53
2 22.67 35.00 47.00 55.33 2.07
Shpurl 3 18.67 34.33 52.00 58.00 2.79
4 15.67 27.67 46.67 56.00 2.98
5 13.67 26.33 42.33 49.00 3.10
1 19.33 32.00 53.33 59.00 2.760
Shpur2 2 20.33 32.33 50.67 55.67 2.49
3 17.00 28.33 43.00 46.67 2.53
4 22.67 32.00 47.67 52.00 2.10
1 23.33 29.33 46.67 47.67 2.00
2 19.00 28.33 38.33 43.33 2.02
Fahlyan 3 19.33 25.67 37.33 42.33 1.93
4 18.67 27.00 44.00 47.00 2.36
5 17.67 25.00 41.00 44.00 2.32
1 16.33 22.67 35.33 39.00 2.16
2 14.67 23.67 43.33 47.33 2.95
Dalaki 3 16.67 27.67 42.00 47.67 2.52
4 17.00 24.33 42.00 48.00 2.47
5 16.33 28.33 46.00 49.00 2.82
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Fig. 4 Cross-section and velocity profiles measured in: a) Section No. 1 from Shapoor 1, and b) Section No. 2
from Fahlian reach
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Table 4 Total manning coefficient and manning coefficient due to vegetation patch in each of the measured

sections

Reach section number a (l:;) Se Nior ng Ny (ny/Ngor) X 100

1 1397 0.133 0.0007 0.048 0.0294  0.186 39

2 1333 0.121 0.0063 0.1501 0.0292  0.1209 81
Shpurl 3 1328 0.139 0.0091 0.1468 0.0309 0.1161 79

4 13.10 0.134 0.0004 0.0072 0.0288 -0.0025 -9

5 13.12 0.118 0.0031 0.0715 0.0301  0.0413 58

1 14.17 0.142 0.0005 0.0391 0.0301  0.0089 23

2 13.80 0.134 0.0016 0.0630 0.0297  0.0333 53
Shpur2

3 1349 0.112 0.0004 0.0356 0.0283  0.0073 20

4 13.16  0.125 0.0012 0.0643 0.0291  0.0351 50

1 13.14 0.114 0.0036 0.1378 0.0297  0.1081 78

2 12.77 0.104 0.0005 0.0635 0.0290  0.0345 54
Fahlyan 3 13.03 0.102 0.0016 0.1270 0.0286  0.0984 77

4 12.77 0.113  0.0002 0.0376  0.0296  0.0080 21

5 12.74  0.106  0.0001 0.0282 0.0294 -0.0012 -4

1 1292  0.094 0.0034 0.0587 0.0282  0.0306 52

2 12.68 0.114 0.0035 0.0412 0.0305 0.0106 26
Dalaki 3 1297 0.114 0.0064 0.0420 0.0312  0.0108 26

4 13.89 0.115 0.0097 0.0863 0.0299  0.0564 65

5 1441 0.118 0.0085 0.0466 0.0307 0.0159 34
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