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Characteristics of Tigris River Bed at
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Abstract: Evaluation study of natural characteristics of 55km reach of Tigris riverbed material
located at the Mosul city area was conducted. The main objective of the study is to analyze the surface and
subsurface bed material at the located reach, and to explain the armoring condition in Tigris riverbed. From
the result analysis of the field and laboratory work of the collected samples from the surface and
subsurface layers of the riverbed material, it was concluded that Tigris riverbed had been reached
previously the armoring condition. In general the grain size distribution of the surface layer decreased with
distance along the study reach of the river. The riverbed material was approaching the homogeneous
condition Finally the surface bed material particles have mainly the disc spherical, cylindrical and blade
shape by a percentage of 48.34%, 25.2%, 15.34% and 11.08% respectively. While the dominant size in the
surface and subsurface layer was very coarse gravel by percentage of 74% and 36% respectively.
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Generally river running through deep layers of alluvial sediments or sand will change its flow
and sediment regime after closure of dam constructed across this river. The clear water released
by the dam due to the sediment deposition processes occurred upstream of the dam will erode the
downstream channel causing rapid degradation immediately below the dam. The sediment
removed from the bed by the clear water consists to a large extent of fine particles causing the
bed material to become coarser and coarser while the sediment rate decreased with time and the
bed roughness will increases. Thus decreasing flow velocity until stable bed is attained in
equilibrium condition. This condition of the bed surface coarsening is called the phenomenon of
armoring™).Studying the characteristics of the river bed material specially after constructing a big
hydraulic structures across this river (Like a dam) is an important subject due the significant
changes occur in the size distribution of the bed along the rive, the shape of the bed material,
quantity of sediment transport and the resistance to flow.

Tigris river passes through deep alluvial layers in the north region of Irag, which recently
change its flow and sediment regime specially after constructing Saddam dam in 1985. For
example the average monthly amount of suspended sediment concentration of Tigris river at
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Mosul city have been estimated to be 1100 g/10°g before Saddam dam construction. While it
decreased recently after Saddam dam construction to become 59 g/10%g . Limited number of
studies were conducted on Tigris river before Saddam dam closure by researchers concerning
bed material analysis specially on its north part near Mosul city such as Nedico™®!, Najib™® and
Khaleel™. Therefore it is necessary to conduct another new and supplementary studies on Tigris
River after Saddam dam construction.

The aim of the present research was focused on the evaluation of the natural characteristic
of Tigris riverbed material and directed toward the phenomenon of riverbed armoring after
Saddam dam closure.

1 Study Reach

Six locations along a reach of 55km long from Tigris River extend between Saddam
Regulating dam and Mosul city were selected to collect the samples of surface and subsurface
bed material to conduct this study. The first site is located 200 meters downstream Saddam
Regulating dam, the second at Wana village, the third near Badoosh dam, the fourth is Rashidia
village, While the fifth and sixth are near Al-Shohadaa and Saddam Mosul bridges respectively
(Fig.1). Many factors were taken into consideration in the selection of these sites for bed material
sampling to assure a morphological simulated condition between these sites.
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1.1 Sampling of Bed Material

In general bed material of Tigris River in studied reach is gravel, therefore two distinct
layers surface and subsurface are recognized. The surface layer is often called the paved or
armored layer. According to Adms™®, rivers are considered paved if their surface and subsurface
layers are composed of particles that are similar in their size but lack sand and fine gravel in the
surface layer and armored if the particles of the surface layer are much coarser than the
subsurface layer. Consequently different sampling methods should be followed to determine the
characteristics of these layers. Transect method was used for the sampling of surface layer. A
measuring tape was extended on the surface of the gravel bed shore perpendicular to the
direction of flow and at least 100 particles were collected at regular intervals of 0.3m along the
extend tape. A hand tool excavator was used to remove the surface layer, and then subsurface
sample was taken. The representative sample size is determined according to Barry™ method.
This procedure was used to collect the samples at the selected six locations along the study reach
as shown in Fig.1. Three samples were collected for surface bed and 5 samples for subsurface
bed material at each location. The samples of each location are mixed to get one sample for
surface bed material and one sample for subsurface bed material to care out the required
analysis.

Three mutually perpendicular axes of the surface layer particles, the longest (a-axis), the
intermediate (b-axis), the shortest (c-axis) were measured. The size distribution analysis of
surface layer was found numerically according to the b-axis length, which is proportional to the
sieve diameter. While the size distribution of the subsurface layer was found using set of sieves.

2 Results and discussion

2.1 Surface Layer Analysis

The grain size distribution of the present tested bed material samples for the study reach of
Tigris River was shown in Fig.2. The median diameter (Dsg) of these curves varied between
72mm at the Regulating Saddam and 34mm at Saddam Mosul Bridge. This indicates that the bed
material near the dam was coarser than bed material size at Wana and decreasing downstream
toward Mosul city see Fig.3. This figure describe decreasing relation of the Dgy, Dgs, Des, Dsg
and Ds¢ of the surface layer with distance along the study reach, where Dgg Dgs, Dgs, Dso and D¢
are the sieve diameter in which 90% 84% 65% 50%16% of the material are finer respectively.
This also give an indication that due to the released clear water discharge from Saddam dam, the
fine bed material have washed and transported downstream leaving the large sizes of bed
material. The percent of washed fine particles near the Regulating dam is larger than the other
site downstream due to the large water power existed in the released clear water discharge from
the Regulating Saddam dam. Comparison of the present bed material gradation analysis curves at
Mosul site with different authors was shown in Fig.4. From this comparison, it was found that
the value of the median diameter of the present analysis has an agreement with Nedico®™ and
khaleel™ but more than found by Najib®. In addition it was observed that the value of Dy is
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more than that found by Khaleel™. This may be attributed to the washing and transportation
processes occur in the fine material only as a result of the effect of released water discharge from

the dam.
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Fig. 2 Grain size distribution of surface layer bed material of Tigris river for the study reach
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Fig. 3 Variation of grain size distribution of surface layerbed material for the study reach.

The median particle size (Dsp) is commonly used by researchers as an indicator of streambed
material characteristics, therefore an attempt was made to correlate a relation in the changes in
the median size of the surface layer with distance downstream for the studied reach (Fig.5),

which can be represented by the following equation with correlation coefficients 0.95.
Dsq (at any X)= Dsq (at X=O)- 0.465 X (1)

Where X is the distance along the study reach in kilometers
The homogeneity of the bed material can be evaluated by the geometric standard deviation o
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= (Dg4/D1g). The above characteristic of the surface bed material was calculated for all the study
sites as shown in Tab.1. While Tab.2 introduces this ratio at Mosul site for different authors.

Tab. 1 Geometric standard deviation of the bed material of Tigris river

Regulating Wana Badoosh Rashidia Al-Shohada Saddam
Dam Dam Bridge Bridge
1.57 1.44 1.37 1.53 1.4 1.48

Tab. 2 Geometric standard deviation of the bed material of Tigris river at Mosul site for different authors.
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Fig. 4 Comparison of grain size distribution of surface layer of Tigris river bed at Mosul for different authors
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It was clear from these tables that the geometric standard deviation decreased with time and
distance which gave indicate that Tigris river began to approach the homogeneous condition
specially after Saddam dam closure.

2.2 Subsurface Layer Analysis

The grain size distribution analysis of the present subsurface material of Tigris river at the
study sites was presented in Tab. 3. This table shows that the values of Dg, of subsurface layer at
the study river reach ranges between 12.mm and 22.mm table 4. introduces a comparison
between the above subsurface bed material analysis at Mosul site with different authors. From
Tab. 3 and 4 it was observed that there is no any indication about that systematic changes occur
in the subsurface layer with time and distance. This may be due to existed natural protection by
coarse surface layer material.

Tab. 3 Grain size distribution analysis of subsurface of Tigris river bed material

Site D10(mm) D16(mm) D30(mm) D50(mm) D65(mm) D84(mm) D90(mm)
Reg.Dam 0.4 0.42 25 12.0 27.6 51.6 58.6
Wana 0.2 0.45 12.2 19.0 23.8 32.0 35.7
Badoosh 0.2 0.3 7.0 224 29.7 45.0 56.5
Rashidia 0.4 0.54 5.0 141 22.2 36.0 49.8
Sh. Br. 0.4 0.54 4.0 12.2 20.5 352 49.8
Sadd. Br. 0.5 0.61 3.1 131 214 36.3 48.9

Tab. 4 Grain size distribution analysis of the subsurface bed material

of Tigris river at the Mosul for different authors

Grain Size (mm)

Author
D10 D16 D30 D50 D65 D70 D84 D90
Nedicol” 48 16 54
Nedicol 0.5 1.7 8 12 13 18 25
Al.Shaikh[% 2.9 18 46
Najib!®! 0.8 2.7 14 19 20 34 40
Kirikche 0.14 0.56 43 15 23 28 40 47
Gannial*! 0.28 11 5.6 17 25 30 50 65
Present work 0.45 0.58 3.56 12.7 20 23 35.8 48.9

Generally it is difficult and tedious job to find the real characteristics of surface layer of the
riverbed material. However the characteristics of the subsurface layer can be found easier.
Therefore a statistical relationship between the median diameter of the surface and subsurface
layer was conducted along the study reach to predict the properties of the surface layer from the
analysis of subsurface layer. This relationship was represented by the following equation with
correlation coefficient 0.98.

— 0.09
D50 surface — 4.022X (D50 subsurface) X o (subsurface) (2)
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By this equation, it able to predict the median size of surface bed material along the study area
after knowing the Dspand geometric standard deviation of subsurface bed material, which can be
found in easy way by using sieve analysis technique.

2.3 River Bed Armoring

Different essential criteria presented by many authors were dependent in the present work to
check and describe the armoring condition in this reach of Tigris River as listed in table 5.
Lapshenkove ™% stated that the necessary condition for bed armoring can given when the ratio of
Dgo of the surface layer to the Ds, is larger than 5. While Gessler ™! considered the bed to be
armored when the ratio Dgs/Dso more than 2, finally Komura and Simons ™ and Suryanarayana
and Shen™! introduce the armoring condition when the value of the Ds, of the surface layer is
more than or equal to the Dg,4 of the subsurface layer.

Tab. 5 Application of different standard criteria for surface bed material to be armored.

Author Criteria Site

Reg.Dam Wana Badoosh Rashidia Al Sho.Br Sadd. Bri.

Lapshenkov [12] Dgo/Dso>5 1.93 1.61 1.29 1.63 1.86 1.82

GesslerlZ3 Deu/Dys>2 154 149 125 1.43 1.52 1.46

KomuagSimons¥  Dyysur/Dyssub>1 139 153 113 1.19 1.03 1.12

From the Tab. 5 it was observed that method used by Lapshenkovt*?! and Gessler™ did not
gave indication that Tigris rive at the study site had reached the armoring condition, while
method use by Komura and Simons®™* gave this indication. This may be due to the different
riverbed formation components and conditions dependent by Lapshenkov!? and Gessler'*®! than
Tigris river bed. From the presents results and previous works it may conclude that Tigris bed
had been reached previously the armoring condition before Saddam dam constriction and large
percentage of fine gravel bed material had been washed and transported. In the same time
Saddam dam construction add another energy by the releases clear water to wash and carry the
remained fine materials existed in the surface layer. This may reflect on scouring and
degradation processes occur in Tigris riverbed downstream the Regulating dam site.

2.4 Classification of the bed material
From the length measurements of the particle axes of the surface layer and using Zing diagram, it
appears that the percentage of the particles have blade shape in all the tested sites i. e (Regulating
dam, Wana, Badoosh, Rashidia, Al-Shohada Bridge and Saddam Bridge in Mosul city
arel4.2,6.98, 14.71, 13.25 12.35 and 4.92 respectively, The percentages of particle having disc
shape for the same sites are 52.43, 58.14, 58.82,44.4 and 27.87 respectively while the percentage
of spherical particles are 20, 19.77, 14.71, 20.48, 37.04 and 39.34. Finally the percentage of the
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cylindrical particles are 14.29, 15.12, 11.76,16.87,16.17, and 27.87. The above shape
classification was shown in Fig. 6 which in general gave an indication that the surface layer of
Tigris river bed consist mainly from the disc particles by an average value of 48.35% then
spherical of 25.22%, cylindrical of 15.34% and blade particles of 11.08%. To evaluate another
characteristics of the surface particle, the shape factor of the bed material particles was
calculated for the study sites according to Schulz,et.al™® as listed in Tab. 6 which was estimated
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Fig. 6 Shape classification of the surface bed material of Tigris river

Tab. 6 Average value of sphericity and shape factor of the surface bed material particles

Site Reg. Dam Wana Badoosh Rashidia Al-sho.Br Sadd. Br.
Sphericity 0.67 0.69 0.69 0.69 0.69 0.71
Shape Factor 0.51 0.51 0.51 0.54 0.53 0.59

by an average value of 0.53. Sphericity of the particles that defined as the ratio of surface area of
the sphere of the same volume as the particle to the actual surface area of the particle was
calculated to using Krumbein ™ method. It is clear from the table that the average value of the
sphericity of the Tigris river bed particle in the study sites was 0.68 and this characteristic
increased with the distance along the study reach of river due to the erosion processes occur in
particle edges during its transportation with flowing discharges. The size classification of the bed
material (surface and subsurface of Tigris river was conducted according to Rouse™®! as shown
in Tab. 7. From the table it was found that the dominant size represents the surface and
subsurface layer bed material was very coarse gravel by percentages of 74% and 36%
respectively.
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Tab. 7 Type classification of the bed material of Tigris river according to Rouse™®® method

Size (mm) Surface layer(%) Subsurface layer(%) Classes
250-130 2 - Large Cobble
130-64 20.5 5 Small Cobble
64-32 74 37 Very Coarse Gravel
32-16 1.5 10 Coarse Gravel
16-8 2 14 Medium Gravel
8-4 - 8 Fine Gravel
4-2 - 2 Very Fine Gravel
2-1 - 3 Very Coarse Sand
1-0.5 - 3 Coarse Sand
<0.5 - 18 Fine sand (silt &clay)

3 Conclusion

Tigris riverbed under the study area may have reached the armoring condition before the
Saddam dam closure. The presence of the dam increased the armoring capability of the riverbed
by washing the remaining fine bed materials. It found that the geometric standard deviation of
the surface layer particles decreased with time and distance along the river, which give an
indication that the riverbed material was approached to the homogeneous condition. The shape of
the surface layer particles was mainly disc (48.35%), then spherical (25.22%), cylindrical
(15.34%) and blade (11.08%). While the shape factor and sphericity of surface bed materials was
0.53 and 0.68 respectively. The dominant size in the surface and subsurface layer was very
coarse gravel by a percentage of 74% and 36% respectively. From the analysis of this study it
can conclude that operation of Saddam dam under normal operation condition will never cerate
any noticeable changes in the characteristics of Tigris river bed in the future, this mean that the
river under the study site are almost at the stable condition.
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