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Modeling of Sediment Transport Upstream of Al-
Shamia Barrage

Prof. Dr. Saleh I. Khassaf, Mohammed jaber Abbas

Abstract— In this research it was studied and modeling the sediment transport in the channel of Al-Shamia Barrage on the Euphrates river
at Al-Diwaniya city in Irag.. A mathematical model of one-dimensional simulation flow was run and performed; the amount of sediment load
in this part of the river was calculated by using the program of HEC-RAS version (4.1) in which field measurement were taken by the ADCP
device to calculate the discharge and areas of cross-sections. The research requires choosing twenty four cross-sections along the study

reach which is (6 km).

It has been shown by comparison with field results that the Enguland-Hansen formula from this model was the closest to the results
of the field, and the average sediment transport load annually through this formula is about (209000) tons ,while the average annually
sediment transport load measured in the field is about (140965) tons.

Index Terms— Sediment transport, modeling, barrage, HEC-RAS, Barrage, Euphrates River & mathematical model.

1 INTRODUCTION

Sediment transport is a major problem in the control and
utilization of the surface waters of the earth. Sedimentolo-

gy is the branch of science dealing with the properties of
solid particles considered singly or as a mixture. Mixtures may
be composed of different kinds of particles varying in size,
gradation and specific weight. The reason of choosing the
study area is to control water releases of the channel barrage
because of the large agricultural areas on both banks of the
river that make use of the channel barrage for the purpose of
agriculture, as well as constituting of some islands in the river
because of the low rates water discharges and the increase of
the sediment deposition in the river reach. The decrease in the
discharge of Euphrates river because of the decrease in the
water resources causes decrease in flow velocity, constituting
of islands and changing the morphological characteristics of
this reach.

In this research, the model of (HEC-RAS)@4.1) is a
software program that permits to perform one-dimensional
steady flow and bed modeling, and perform a mobile bed sed-
iment transport analysis computations.

2 DESCRIPTION OF STUDY REACH

Tigris and Euphrates rivers are the main sources of wa-
ter in Iraq. Both Rivers originates from southern Turkey. They
are passing through Syria and Iraq, line together at Qurna
(south of Iraq) to create Shatt Al-Arab which estuary at the
Arabian Gulf.

The region of this study in the Euphrates basin is locat-
ed between the towns of Kifil and Shinafiya, extending be-
tween latitudes 310 55' and 320 15' N and longitudes 430 55'
and 440 45' E. Al-shamia Barrage is located on the Euphrates
river at Al-Diwaniya city in Iraq.

The maximum design discharge is 1100 m3/sec with
the highest level of water by 22.5 m above sea level. It has six
radial gates for water drainage is run electrically. Al-Shamia

*

Barrage was constructed during 1986 to control the flow in the
middle Euphrates region. Figure (1) shows reach study loca-
tion [1,3,7].

3 FIELD DATA

Twenty four cross sections are specified in the upstream of the
channel barrage which were selected at (250) meter intervals.
These distances were chosen due to a hydraulic changes in
these sections which expanded from Al-Shamia Barrage
against the water flow direction, The (ADCP) device used to
measured the Hydraulic properties as shown in figure (2) [6].
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Figure (1) : Reach study location][ 7].

Figure (2): ADCP device.

The observed cross sections, discharges,mean velocities,
and specific gravities for the study reach resulting from

(ADCP) device are tabulated in table (1) below:

4 FLOW ROUTING MODEL

A steady one dimensional flow mathematical model was
used to simulate the flow in this reach in order to obtain
the water surface elevation, flow velocity and sediment
transport load along the reach under a set of steady flow
conditions. The HEC-RAS software Version(4.1)figure
(3)below was used to perform this target [9].

= N
File Edit Run View Options GISTools Help
e e ol A A A P EEE il
Poct  hshema [e i shamia\Alshania pg =)
Plan Pnt2 [e\Akshamia\Akshama pl2
Geomehy.  Akshemia Je\&lshamia\Alshamia 01
Steady Flow.  [Flow 01 e \akshamia\kshama 01
Ursteady Flo | |
Hyk Design:~ PAkshamia [e:\AFhamia\Al shamia o1
Descten: [ - [

Figure (3): Main menu of HEC-RAS(4.1.0) model [9].
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Hydraulic

Discharge radius

Mean veloci-
ty (m.s™)

Section | Cross section

No. area (m°)

3 -1
(m>.s™) m)
0.233 1.22
0.280 1.77
0.276 15
0.459 2.04
0.489 1.15
0.326 1.97
0.358 1.05
0.478 1.64
0.204 2.27
0.306 2.27
0.352 1.46
0.386 1.81
0.145 2.46
0.484 1.15
0.584 1.16
0.251 2.29
0.393 1.39

0.262 1.56

0.253 3.41
0.378 1.17

0.382 221
0.406 121
0.405 1.21
0.234 2.83

133.50
197.80
117.00
126.20
67.80
96.20
95.00
85.60
176.10
93.40
109.70
89.40
206.70
91.60
68.00

214.60
86.40

129.00

245.10
92.50

132.00
83.40
83.80

244.10

31.14
55.40
32.29
57.94
33.14
31.33
33.99
40.92
36.00
28.58
38.61
34.48
30.00
44.34
39.70

53.85
33.98

33.80

62.03
34.99

50.45
33.89
33.96
57.00

O|oN[f[|Oo| DWW -

Table (1): The field measurements of cross-sectional area, dis-
charge, velocity and hydraulic radius for each section within
the study areal 7].

4-1 Geometrical Data

The surveyed river cross sections, left and right banks,
downstream reach length, proposed initial Manning’s rough-
ness coefficient, n, of the main channel, information were the
geometrical data required to run the model. These data were
input to the model through the menu of cross section geomet-
rical data.

All sections are drawn from upstream to downstream (in
the flow direction) because the HEC-RAS(4.1) model assumes
this to be true, as shown in figure (4).

After the river schematic system was drawn. The next
step is to input the essential geometric data which consist of
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connectivity information for the stream system such as cross
section data that represent the geometric boundary of the
stream as the model is about the twenty four cross sections (x,
y) coordinates (station and elevation points).It is needed at
representative locations along the stream and at locations
where changes occurs in discharge and slope.as shown in fig-
ure (5)and (6)[9].

L !

Figure (4): General schematic plan of the study reach by HEC-
RAS(4.1).

Alshamia  Plan: Plan 02
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Figure (5): Data of the study reach (cross section).

4-2 Steady Flow Data
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The HEC-RAS(4.1) model deals with the boundary condi-
tions depending on the flow regime. In a subcritical flow re-
gime, which is the flow regime in the river under considera-
tion, boundary conditions are only necessary at the D/S ends
of the river system and deals with its data in a separated win-
dow. The measured discharges from ADCP device for twenty
four cross sections are were inputted, and adopted as the up-
stream boundary required to run the model using the steady
flow data menu. The adopted normal flow slope was (0.0001)
as shown in figure ( 7), and (8).
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Figure (6): Data of Cross-section.
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Figure(7):: Data of the study reach (discharges of cross-sections).
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A total load predictor, which gives adequate results for sandy
rivers with substantial suspended load. It is based on flume
data with sediment sizes between 0.19 and 0.93 mm. It has
been extensively tested, and found to be fairly consistent with
field data.

4-5 Sediment Transport Data File

All the data about the sediment transport for the reach of
study that includes the temperature (Av. T=64.0) and average
specific gravity(Av. Gs= 2.66 ) was entered. The sieve analysis
(for lift over bank, right over bank, and main channel ) indi-
cates the five formulas of model for total sediment transport;
then, it indicates all the needed discharges to count the sedi-
ment transport for it as shown in figure (9), (10), (11),
and(12)[9].
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Figure (8): Data of the study reach (slope of the study reach)
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A calibration process was carried out using stage meas- ATl o ol - X
urements along the reach,[5] The calibrated Manning’s n val- ' Y
ues along the main channel and its left and right banks are \\“

(0.023) and (0.027) ,respectively. An acceptable agreement was
achieved between the estimated stage values using the cali-
brated data and the measured values.

4-4 Sediment Transport Functions

The sediment transport capacity computations can only
be run once, steady or unsteady flow computations have been
run. The sediment transport capacity for any cross section can
be computed using any of the following sediment transport
functions [10,9].

1) Ackers-white.

2) Enguland-Hansen.

3) Laursen (Copeland)..

4) Toffaleti.

5) Yang.

The morphological characteristics of the studied reach are
compatible with the criteria of Enguland-Hansen. , sediment
transport function which is:[11]

Engelund-Hansen (flume):

0.19 <dm < 0.93 mm
0.19 <D <1.33 fps
45 < T <93 degrees F

0.65<V <634
0.000055 < S <0.019 ft
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Figure (9): Menu of Sediment transport capacity (Data of the
study reach).

4-6 Modeling Results

The predicted values of sediment transport formulas
HEC-RAS (4.1) and observed values, are listed in table (2)
below:
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Table (2) :Predicted values from the formulas of model

HEC-RAS (4.1) for sediment discharge in (kg. sec?). Sec.Right Bank Channel
Enguland Tof. m il
ngulan of- Sl
No. E Laursen i e L
Hansen faleti % ¥
g 60
1 1.481 2.079 7.638 HER /
2 0.548 0571 6.988 : ) P
3 1.318 2113 6.785 g T
4 12.037 20.486 18.345 0
0.01 01 1 10
5 1.258 1565 | 5594 bartile size (mm)
6 2111 3.235 6.440
7 5.281 8.050 11.829 Figure (11): Grain size distribution curve for main channel of
8 4.546 7.045 11.331 the reach study.
9 0.523 0.864 5.020
0.344 0.409 2.870 SecRight Bank Channel
1.030 1.034 6.270 100 -
1.397 2.166 5.889 w T

0.014

0.003

0.059

5.377

8.444

14.074

3.174

5.366

8.608

60 /
40

13.241

24.572

23.056

% percentage smaller

1.676

3.126

7.067

0.443

0.710

4.633

0.01 01 1 10

7.888

13.287

14.132

Particle size (mm)

2.737

4.766

8.909

3.797

6.292

10.175

Figure (12): Grain size distribution curve for Right bank of

1.837

3.203

7.226

the reach study.

1.044

1.381

5.848

0.047

0.030

0.465

5- TESTING ADEQUACY OF MODEL HEC-RAS(4.1)

In order to determine the adequacy of the model ,the
predicted sediment rates of these formulas from the model
were compared with measured amounts using statistics meth-
ods, three methods are used in this research to evaluate the
performance of each formula through giving the extents of
error with respect to measured values.

- 5-1 RooT MEAN SQUARE (RMSE) METHOD

This method used to test the adequacy of the computed
and measured values:[5].

L7_,(Observed Qs—Computed Qc)?
RMSE=

n

O

Sec.Main Channel
':..:l -

=
E
o B0
[=1]
: /
S 40
: A
£ T

0 i}

Particle size [mm)

Where n: number of data used.

Figure (10): Grain size distribution curve for Lift bank of the

reach study.

This equation was used to calculate the percentage of the rela-
tive errors of the predicted values with respect to the measured val-
ues and to evaluate the performance of existing formulas.

The best equation that is given root mean square approach to
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zero. and table(3) shows the results from the above equation.

TABLE (3): COMPARISON USING ROOT MEAN SQUARE.

Model

Ackers -White

Enguland-Hansen

Laursen (Copeland)

Toffaleti

Yang

5-2 DISCREPANCY RATIO METHOD

The discrepancy ratio or (Difference Ratio) was used to
test the adequacy of the computed and measured values

,2using the following method : cited in [2].

__ Computed Qg
r= Measured Q.
Where :
r: discrepancy ratio.

The discrepancy ratio is scheduled with the ranges (0.75-
1.25), (0.5-1.5), and (0.25-1.75).When the values of discrepancy
ratio of a selected formulas are closer to (r =1) this indicates
that this model is suitable to be used as a predictive for reach
of this study. Table (4) presents values which fall in these three
ranges.

TABLE(4): COMPARISON USING DISCREPANCY RATIO.

Discrepancy ratio(%)

Model 0.75-1.25 | 05-15 | 0.25-1.75

Ackers -White 125 25 58.33

Enguland-Hansen 16.67 66.67

Laursen (Copeland)

16.67 50.0

Toffaleti

4.17 16.67

8.33 45.83

Yang

This method emphasizes that Enguland-Hansen formula was

the best performance in the study reach and followed by
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Laursen (Copeland) a good result formula.

5-3 MEAN NORMALIZED ERROR (MNE)
This method was used to evaluate the performance of
existing formulas [cited in 2]:
100 o

MNE = =3,

Measured Q;—Computed Q,

-3

Measured Q,
where:
J : is the number of data used
The smallest value of (MNE) indicates a good reliance for
determining a sediment discharge .
Table (5) shows the results. This method gives a general
evaluation for the whole results for each formula used in the

model.

TABLE (5): COMPARISON USING MEAN NORMALIZED ERROR
(MNE).

Formula MNE(%)

Ackers -White 81.648

Enguland-Hansen

63.035

Laursen (Copeland) 88.234

Toffaleti 140.724

Yang 71.454

Table (5) shows that Enguland-Hansen formula from the
HEC-RAS (4.1) has a Mean Normalized Error of (63.035%)
which shows a good performance in predicting bed material

load in this reach of study. It is considered a fairly good result.

6- RESULTS AND DISCUSSIONS
The test of five formulas in model HEC-RAS(4.1) showed

that all models are over-predicted and under-predicted sedi-
ment discharge such as (Ackers-White, Laursen, Toffaleti,
Yang).

The comparison of accuracies indicates that Enguland-
Hansen formula is more accurate than the other formulas .

Very weak performance of calculated results done by ( Tof-
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faleti ) also can be seen from different comparison methods.

The scattering of points may be attributed to the fact that
each formula in this model has a different theoretical basis
from the others and each one is sensitive to certain factors
more than other factors.

Finally, the hydraulic conditions of each model can affect
the performance when they are applied in regions that have
different hydraulic conditions .When all these formulas in
model HEC-RAS(4.1) predict the total sediment discharge, the
measured discharge in this study depends only on suspended
sediment concentration according to the conclusion of previ-
ous investigators in Iraq, so the missed measured part may a

little affects on the final results.

7- CONCLUSION

Measurements of sediment discharge were performed at
twenty four cross sections in Al-Shamia barrage at Al-
Diwaniya city in Iraq. Based on the analysis of results , the
following conclusions are given :
1-The model of HEC-RAS(4.1) as proved its effectiveness in
predicting sediment transport to get the required formula that
is possible to be used in this study reach in the upstream of Al-

Shamia barrage.

2- The Enguland-Hansen formula from the model of HEC-
RAS(4.1) gives best results using statistics methods.

3- The Yang formula provided closer values to the measured
values after Enguland-Hansen formula. But other formulas
(Ackers-white, Laursen(Copeland), Toffaleti) gave results far-
away with poor performance from the field values and Engu-

land-Hansen formula.

4-It was concluded that the average total sediment load from
the model (HEC-RAS)(4.1) (Enguland-Hansen) formula is
about (209000) tons per year.
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