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The characteristics of riverbed material is of great importance to water resource 

professionals. These characteristics include size, shape, gradation, settling velocity, and 

specific gravity. Among these, size is one of the most important factors, as it plays a 

crucial role in calculating flow resistance as well as determining the quantity of 

transported sediments. The characteristics of the Tigris Riverbed materials were studied 

for the surface and sub-surface layers to understand and estimate future changes to the 

riverbed, such as erosion or sedimentation processes. A longitudinal section of the river 

was selected, extending over 82 km within Salah Al-Din governorate which is located 

in the north of Iraq. Eight cross-sections were chosen for sampling along the river. At 

each section, samples of the surface and subsurface bed materials were collected. The 

analysis results of these samples showed that the gravelly surface layer of the Tigris 

River has D50 value of 34 mm. It consists of 12.9% small cobbles, and 87.1% gravel. 

The sub-surface layer composed of gravel and sand with D50 value of 14 mm. It consists 

of 0.7% small cobbles, 87.5% gravel, and 11.8% sand. The above results of the Tigris 

River bed materials, consisting of both the surface and subsurface layers, indicate that 

gravel constitutes the majority. This suggests that the bed of the Tigris River can be 

classified as mainly gravelly. 
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1. INTRODUCTION

Since the earliest times and the beginning of creation, water 

has played a vital role in human life, as it is one of the most 

important factors for the sustainability of life on Earth [1, 2]. 

The massive population growth, along with the advancement 

of civilization worldwide, has led to an increased demand for 

water, making it necessary to optimally utilize all natural water 

resources and rivers are one of those resources [3]. These 

rivers have been vital water sources for most human 

civilizations that formed around and along their riverbanks, 

such as the Mesopotamian civilization in Iraq and the Nile 

Valley civilization in Egypt [4]. Therefore, it has become 

crucial to study these rivers with great care from all aspects, 

including hydraulics, hydrology, morphology, and geology. 

These rivers are considered important and complex natural 

systems that require continuous studies due to many factors 

that influence them [5]. These factors, in turn, affect the shape 

and nature of the river, which subsequently impacts various 

civil, agricultural, and industrial activities along its course. 

The mechanisms of sediment transport and the resulting 

changes in the river cross-section over the years due to erosion 

and deposition processes consequently lead to changes in the 

river's morphology, in addition to its impact on the stability of 

riverbanks [6-9]. Several efforts to address the water 

management related to sediment impact on river performance 

were studied [10, 11]. On the other hand, the variation in 

channel geometry impacted the water energy, and this impact 

on the side of channel could have a huge influence on the 

riverbank collapses [12]. This collapse in riverbanks would 

increase the sediment discharge and for sure will lead to a 

reduction in the water quality as well [13]. 

Therefore, specialists working within the field of river 

studies give great importance to examining the shape, size, and 

gradation of these materials due to their role in the processes 

of deposition and erosion along the river course [14, 15]. This 

helps to determine the shape and nature of the river and the 

hydraulics of flow by also affecting the value of flow 

resistance. Moreover, riverbed sediments have an impact on 

the quality of the flowing water and the nature of aquatic life 

present in the river, such as the types of fish and other aquatic 

organisms, as well as the types of aquatic plants that may grow 

on the riverbed and banks [16]. The size and distribution of 

riverbed sediments along the course of the river vary with 

distance and time due to the influence of various hydrological, 

hydraulic, and sedimentary variables. Consequently, 

researchers continuously study the nature of riverbed 

sediments to determine their different characteristics [6, 17, 

18]. There have been many studies conducted on the 

characteristics of riverbed materials through the sieve analysis 

of riverbed sediments to determine sediment grain size, mean 

grain size, degree of sorting, skewness, and kurtosis 

parameters [19]. 

Billi and Paris [20] analyzed twenty-five samples taken 

from different locations along the gravel beds of two rivers in 

Italy. Their aim was to find a relationship between the 
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characteristics of these materials. They also studied the effect 

of the river's hydraulic properties on the particle size 

distribution of the riverbed materials at each site. The results 

show no significant relationship between the grain size 

characteristics of different sediment units (bars, riffles, pools). 

while there was a strong correlation between the D84 and D16 

grain sizes within the riffle sediments but D16 decreases about 

2.5 times faster than D84 in riffle sediments. Kothyari [21] 

analyzed sixty-three samples of riverbed materials from 

different rivers at ten countries to identify the statistical 

relationships present in the gradation curve of these riverbed 

materials. The goal was to use these relationships to predict 

the particle size distribution of riverbed materials. The results 

found that the distribution of sediment does not follow a log 

normal distribution across all size ranges. Instead, power 

transformation was used to convert the size distribution into a 

shape that can follow a normal distribution. Nigussie Tekli 

[22] studied the nature and gradation of surface and subsurface 

bed materials at several stations along the course of the river 

(Kulfo) in southern Ethiopia. Their aim was to compare the 

moving bed sediment load with the riverbed materials. The 

results indicated that the medium-sized gravel and small 

stones are the main constituents of the surface for the riverbed. 

The average particles size of the diameter is varying from 40 

to 57 mm. Also it was reported that the sub-surface consist 

were 60%, 23% and 14% of gravel, sand and stones, 

respectively. The NDICO company carried out an extensive 

study the characteristic of the river's bed consists at a specific 

area located between Baghdad and Mosul. The study reports 

that the D50 of the surface and subsurface layers are 40 mm 

and 8 mm, respectively at Mosul city [23]. On the other hand, 

Najib [24] studied the hydraulic, morphology and sediment 

characteristics for the Tigris River in Mosul city by take three 

cross-sections for 88 km from the river inside the city. The 

result show that the D50 of the surface and subsurface layers 

are 22 mm and 14 mm, respectively. In the same line, Moshib 

[25] studied the hydraulic, morphology and characteristics of 

sediments on 60 Km long section of Tigris River extending 

from Al-Fatha to Tikrit city. The study concluded that river's 

bed consists of surface layer (composed of gravel) and 

subsurface layers (composed of gravel and sand). The D50 of 

the surface layer is 33 mm while it is 11 mm for the subsurface 

layer. The particles shape of the surface layer is 50% disc-

shaped, 19% spherical, 17% flat and 14% cylindrical. Another 

study was carried out on the Tigris River from the Mosul dam 

to the end of the Mosul city extending over a distance of 55 

km. The characteristics of sediments were investigated to find 

the properties of the shape of surface and sub-surface layers. 

The results stated that the main surface layer particles were 

48% disc-shaped, 25% spherical, 15% cylindrical and 11% 

flat-shaped particles. Also, the study concluded that 37 mm 

and 13 mm were the D50 of the surface and subsurface layer, 

respectively. The study reported that the coarse gravel is 

shielding the surface layer by 75% and the subsurface layer by 

36% [26]. The sediment characteristics of the Tigris River in 

Kut City were also examined by collecting 146 samples, which 

were subsequently analyzed using sieve and hydrometer 

analysis techniques. Three classification systems for soil were 

adopted for this purpose: Blott and Pye, Folk, and the United 

States Department of Agriculture (USDA). The results 

indicated that the riverbed is composed of sand, clay, and silt, 

with varying proportions of 84.3%, 12.51% and 3.18%, 

respectively [27]. 

Studying the characteristics of riverbed materials is 

essential for understanding the river's morphology. Nama et al. 

[28] conducted a study on the morphology of the Tigris River 

in the area between Makhoul and Samarra, where part of the 

study involved analyzing both surface and subsurface layers 

of the riverbed soil. This was done by taking twenty soil 

samples from the riverbed, which were analyzed through sieve 

analysis in the laboratory to determine D16, D50, D84. The 

results showed that the sedimentary shapes were 49% disc 

particles, 21% blades, 16% spherical, and 13% cylindrical. 

The samples can be classified into Cobble Gravel, Pebble 

Gravel, Granule Gravel, and Sand. The study of sediment 

characteristics is also important when analyzing the stability 

of riverbanks, as demonstrated by Yass [29], who conducted a 

study on the stability of the Tigris Riverbanks within the study 

area. The results showed that the riverbed soil is gravelly and 

has reached a state of armoring. 

The aim of this study is to investigate the sediment 

characteristics of the Tigris River within the study area, the 

nature of the riverbed soil such as the surface and sub-surface 

layer, and the changes that have occurred in the sediment 

gradation due to erosion and deposition processes. This study 

can also be used as a reference for other studies, including river 

morphology, riverbank stability, or sediment transport within 

the study area.  

 

 

2. THE STUDY AREA 

 

The Tigris River is one of the main rivers in Iraq and is 

among the most significant and ancient rivers in the world. It 

can be classified as a gravel-bed river at upstream due to the 

erosion processes that have affected it over the years [30-35]. 

 

 
 

Figure 1. The reach within the study area 

 

The study area extends from the city of Makhoul in the north 

to the city of Tikrit, covering a length of approximately 82 

kilometers. This section of the Tigris River is considered 

important due to its location after the confluence of the Greater 

Zab and Lesser Zab rivers, which are the two main tributaries 

that contribute to 43-63% of the river's water [33]. Along this 

section of the river, many cities and villages are located within 

the Salah al-Din Governorate. There are also many irrigation 
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projects that provide citizens with potable water for drinking 

and other uses, as well as for irrigating farms and fields in the 

villages.  In this section of the Tigris River, which represents 

the study area, eight locations were selected along the river 

course for the purpose of collecting samples of riverbed 

materials, as shown in Figure 1. The following considerations 

were taken into account when selecting these sites: they 

represent different topographies of the river, accessibility 

between the two banks of the river, ease of sample collection 

without obstructions hindering the work, and avoiding areas 

that have been affected by human activities. 

 

 

3. DATA SOURCES 

 

In this section of the Tigris River, which represents the 

study area, eight sections were selected along the river course 

for the purpose of collecting samples of the riverbed materials, 

as shown in Figure 1. Table 1 presents the coordinate of the 

collected samples. The following considerations were taken 

into account when selecting these sites: they represent 

different topographies of the river, accessibility between the 

two banks of the river, ease of sample collection without 

obstructions hindering the work, and avoiding areas that have 

been affected by human activities. The Tigris River in Salah 

al-Din Governorate is considered a gravel-bed river. In such 

rivers, the bed material consists of two layers: coarse surface 

layer made up of gravel, and a subsurface layer composed of 

gravel, sand, and fine materials. There are several methods for 

sampling for both the surface and subsurface layers of the 

riverbed soil, such as Volumetric, Grid, Areal and Transect 

Sampling. These methods have been explained in details by 

numerous researchers as shown in references [36-38]. In this 

study, the Transect Sampling method was adopted for 

sampling the surface layer by defining a distance across the 

width of the river from the bank, perpendicular to the flow . 

Two points on the riverbanks were identified by installing a 

metal rod on each bank in order to cross the river between them 

using a small boat. The samples were manually and randomly 

collected from the upper layer of the riverbed every 30 

centimeters, with an average of 100 particles at each site then 

the collected samples were placed in a large metal container to 

be tested at the laboratory .  

 

Table 1. The coordinate of collected samples 

 

Cross - Section 
Location 

Latitude (N) Longitude E 

1 35.146075° 43.438036° 

2 35.052026° 43.554308° 

3 35.001071° 43.569965° 

4 34.930831° 43.515765° 

5 34.843825° 43.561886° 

6 34.760404° 43.633237° 

7 34.690564° 43.671241° 

8 34.618663° 43.682990° 

 

Three locations were selected in each section of the river 

sampling: the first one was in the upper third of the river, the 

second one was in the middle, and the third one was in the 

lower third. Then the Volumetric sampling method was 

adopted for sampling the subsurface layer by removing the 

surface layer material using a hand shovel to a depth equal to 

the diameter of the largest particle in that layer. Then, an 

excavation was made by a self-closing steel device, operating 

similarly to the Van Veen Grab, is used then manually inserted 

into the soil to ensure accurate sample collection without the 

loss of sediments. The samples were kept in robust plastic  bags 

and stored in containers. 

These methods are the most commonly used, widely 

recognized, and simplest methods compared to other available 

techniques. 

 

 

4. CHARACTERISTICS OF SEDIMENT 

 

The characteristics of sediments that form the riverbed 

material and are transported through the river are of great 

importance to water resources specialists. These properties 

include size, shape, gradation, settling velocity, and specific 

gravity. Among these, the most important property is size, as 

it is a key factor in calculating flow resistance and the quantity 

of transported sediments [6]. Sediment size can be expressed 

by diameter, settling velocity, weight, sieve aperture diameter, 

and can be measured using either external diameter gauges 

(calipers), optical methods, photographic methods, or by using 

sieve [39]. 

The median particle size D50 was obtained from the 

sediment size distribution and provides insight into the 

characteristics of sediment in the watercourse within the study 

area. It also gives an idea of the materials that are transported 

or deposited, as smaller particles remain suspended in the 

water, while larger and coarser materials settle at the riverbed. 

It is the most commonly used and widely recognized 

parameter for assessing the type of sediment that makes up the 

riverbed soil. Additionally, D50 was used to compare the 

results with other studies in the study area. 

The variables that affect the characteristics of sedimentary 

channels are numerous and complex. Among these, the 

longitudinal slope of the river and the discharge passing 

through it are considered the main variables that determine the 

stream power, which in turn significantly influences the 

nature, shape, gradation, and distribution of riverbed materials. 

This is due to the crucial role of stream power in the process 

of erosion, transport, and deposition of bed materials and 

ultimately determining the characteristics and nature of the 

materials forming the riverbed. Therefore, it is essential to 

provide an overview of the gradient of the Tigris River, as well 

as information about the discharge values at the study area. 

This data will contribute to a better understanding of the 

dynamics influencing the riverbed materials in the region. The 

slope of the river within this area is about 3.8×10-4 according 

to previous studies [29], while the river discharges range 

within an average of 500 (m3/sec), The discharges may 

increase during the spring and rainy periods, reaching levels 

higher than the previously mentioned average. 

 

 

5. RESULTS AND DISCUSSION 

 

5.1 The surface layer 

 

Eight cross-sections were selected and identified within the 

study area, from each cross section about one hundred 

sediment samples were collected using the Transect Sampling 

method to collect the surface layer samples [36]. The samples 

were analyzed in the laboratory of the College of Engineering 

at Tikrit University to determine the gradation of the surface 

layer forming the riverbed. 
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The grain size distribution for the samples of this layer was 

plotted along the study area, as shown in Figures 2-4. From 

these figures, it can be observed that it is mainly consisted of 

coarse gravel, with a minor of fine  gravel and the average 

value of D50 was found to be 34 mm.  

The Rouse classification was used to classify the surface 

bed materials [40]. Tables 2-4  present the sieve analysis of the 

surface layer samples using the sieves with the sizes indicated 

in the tables. 

 

 
 

Figure 2. The grain size distribution for the lift side river 

 

 
 

Figure 3. The grain size distribution for the right side river 

 

 
 

Figure 4. The grain size distribution for the center river 

 

Table 2. Classification of surface bed materials for the left 

side from river 

 
Left River 

Size 

(mm) 

Cross – Section 
Ave 

1 2 3 4 5 6 7 8 

130-64 12.94 12.68 10.55 12.41 11.58 12.47 10.39 11.42 11.8 

64-32 44.06 43.77 41.4 40.21 39.93 42.65 40.77 41.76 41.8 

32-16 38.69 39.12 39.77 38.51 38.88 35.43 37.63 38.25 38.3 

16-8 3.37 3.11 7.07 8.08 8.72 8.54 10.1 7.61 7.1 

8-4 0.94 1.32 1.21 0.79 0.89 0.91 1.11 0.96 1.0 

4-2 0 0 0 0 0 0 0 0 0.0 

Table 3. Classification of surface bed materials for the right 

side from river 

 
Right River 

Size 

(mm) 

Cross – Section 
Ave 

1 2 3 4 5 6 7 8 

130-64 11.69 13.78 13.62 14.58 12.49 13.38 12.29 12.65 13.1 

64-32 43.54 44.38 43.97 42.72 40.54 42.6 43.7 42.18 43.0 

32-16 39.17 35.53 34.67 35.87 39.55 36.55 36.7 36.28 36.8 

16-8 5.28 5.18 6.64 5.88 6.54 6.45 6.38 7.89 6.3 

8-4 0.32 1.13 1.1 0.95 0.88 1.02 0.93 1 0.9 

4-2 0 0 0 0 0 0 0 0 0.0 

 

Table 4. Classification of surface bed materials for the center 

side from river 

 
Center of River 

Size 

(mm) 

Cross – Section 
Ave 

1 2 3 4 5 6 7 8 

130-64 14.05 15.21 13.98 14.09 11.89 13.69 14.27 13.04 13.8 

64-32 45.89 46.03 45.02 43.91 41.93 40.49 43.09 42.62 43.6 

32-16 34.78 32.11 35.15 34.7 38.62 41.3 37.64 38.77 36.6 

16-8 4.7 5.23 4.35 5.7 6.75 4.3 3.75 4.54 4.9 

8-4 0.58 1.42 1.5 1.6 0.81 0.22 1.25 1.03 1.1 

4-2 0 0 0 0 0 0 0 0 0.0 

 

Table 5. Classification of the average surface bed materials 

for the reach 

 
Retained (%) 

Size (mm) 
Surface Layer 

The Average 

130-64 12.9 

64-32 42.8 

32-16 37.2 

16-8 6.1 

8-4 1.0 

4-2 0 

2-1 0 

1-0.5 0 

 

Table 6. Classification of surface bed materials according 

rouse classification 

 
Classes Size (mm) Surface Layer (%) 

Small Cobble 130-64 12.9 

Very Coarse Gravel 64-32 42.8 

Coarse Gravel 32-16 37.2 

Medium Gravel 16-8 6.1 

Fine Gravel 8-4 1 

Very Fine Gravel 4-2 0 

Very Coarse Sand 2-1 0 

Cores Sand 1-0.5 0 

 

From Tables 2-4, the average composition of the surface 

layer of the riverbed can be derived for the whole reach within 

the study area as shown in Table 5.  

According to the Rouse classification of riverbed material, 

the surface layer can be classified based on sediment 

diameters, as shown in Table 6. 

From Table 6, it is evident that gravel constitutes about 

100% of the surface layer materials. The dominant class of the 

surface bed materials is the very coarse gravel by 42.8%, 

coarse gravel, which makes up 37.2%. The fine gravel and 

sand content is negligible in this layer, which classifies the 

Tigris River in this area as gravel-bed. To assess the changes 

in the sediment characteristics of the riverbed over years, the 
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results of this study were compared with previous studies. 

Moshib [25] found that the D50 of Tigris River, extending from 

the Al-Fatha area to Tikrit, was 33 mm. In our current study, 

the D50 of the surface layer was 34 mm. From these 

comparisons, it can be concluded that there have been no 

significant changes in the riverbed material properties of 

Tigris River, except for the erosion of some movable gravel 

particles from the surface layer. Given the current discharge of 

500 m³/s, as long as the river flow remains within its current 

boundaries, these sediment properties will likely remain stable 

in the future. 

 

5.2 The sub-surface layer 

 

Eight samples were collected from the left side of the river, 

eight from the center, and eight from the right side, which 

means that three samples were collected at each cross-section. 

The Volumetric Method was used to collect the sub-surface 

layer samples [36]. The samples were analyzed in the 

laboratory of the College of Engineering at Tikrit University 

to determine the gradation of the sub-surface layer forming the 

riverbed. 
 

 
 

Figure 5. The grain size distribution for the lift side river 
 

 
 

Figure 6. The grain size distribution for the right side river 
 

 
 

Figure 7. The grain size distribution for the center of river 

The grain size distribution for the samples of this layer was 

plotted along the study area, as shown in Figures 5-7. From 

these figures  it can be observed that it was mainly consisted of 

gravel, with a minor of sand and the average value of D50 was 

found to be 14 mm. 

The Rouse classification was used to classify the sub-

surface bed materials. Tables 7-9 present the sieve analysis of 

the sub-surface layer samples using the sieves with the sizes 

indicated in the tables.  
 

Table 7. Classification of sub-surface bed materials for the 

left side from river 
 

Left River 

Size 

(mm) 

Cross – Section 
Ave 

1 2 3 4 5 6 7 8 

130-64 0.84 0.68 0.55 0.43 0.58 0.47 0.39 0.42 0.5 

64-32 5.16 6.17 4.8 3.8 6.13 4.25 5.85 5.76 5.2 

32-16 25.1 25.62 31.77 32.77 25.5 22.51 24.63 26.91 26.9 

16-8 41.65 33.96 39.51 35.48 35.56 40.08 39.89 39.03 38.1 

8-4 10.54 10.82 8.11 8.73 9.19 8.53 9.91 7.96 9.2 

4-2 5 7 4.09 5.12 8.87 8.98 8 4.96 6.5 

2-1 6.06 9.5 6.21 9.01 6.35 9.02 6.12 8.38 7.6 

1-0.5 5.65 6.25 4.96 4.66 7.82 6.16 5.21 6.58 5.9 

 

Table 8. Classification of sub-surface bed materials for the 

right side from river 

 
Right River 

Size 

(mm) 

Cross – Section 
Ave 

1 2 3 4 5 6 7 8 

130-64 0.69 0.78 0.62 0.58 0.49 0.38 0.29 0.45 0.5 

64-32 4.54 1.42 3.77 2.78 3.54 4.32 4.7 4.78 3.7 

32-16 24.17 25.53 31.01 25.57 27.45 27.55 29.99 23.28 26.8 

16-8 42.93 40.88 38.17 40.18 35.32 39.25 40.11 38.79 39.5 

8-4 11.09 10.25 10.1 9.11 7.48 6.25 8.16 8.15 8.8 

4-2 3.02 8.13 3.36 7.13 10.27 7.55 6.1 11.12 7.1 

2-1 8.33 8.03 6.5 7.87 8.33 6.3 4.28 6.03 7.0 

1-0.5 5.23 4.98 6.47 6.78 7.12 8.4 6.37 7.4 6.6 
 

Table 9. Classification of sub-surface bed materials for the 

center of river 
 

Center of River 

Size 

(mm) 

Cross – Section 
Ave 

1 2 3 4 5 6 7 8 

130-64 1.05 1.21 0.98 1.09 0.89 0.79 0.97 1.04 1.0 

64-32 8.29 8.03 5.02 7.91 7.31 8.69 7.29 8.62 7.6 

32-16 22.8 27.25 43.15 44.66 22.32 38.7 27.64 24.77 31.4 

16-8 46.2 45.65 40.05 30.2 42.56 30.85 41.06 40.53 39.6 

8-4 9.58 8.82 3.55 7.6 10.81 4.22 9.25 8.03 7.7 

4-2 4.2 3.05 0.75 0.7 6.31 8.5 3.5 5.49 4.1 

2-1 3.38 2.21 0.6 0.8 3.68 0.8 3.59 4.17 2.4 

1-0.5 4.5 3.78 5.9 7.04 6.12 7.45 6.7 7.35 6.1 

 

Table 10. Classification of the average sub-surface bed 

materials for the reach 
 

Retained (%) 

Size (mm) 
Sub-Surface Layer 

Average 

130-64 0.7 

64-32 5.5 

32-16 28.4 

16-8 39.1 

8-4 8.6 

4-2 5.9 

2-1 5.6 

1-0.5 6.2 
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From Tables 7-9, the average composition of the sub-

surface layer of the riverbed can be derived for the whole reach 

within the study area as shown in the Table 10. 

According to the Rouse classification of riverbed material, 

the sub-surface layer can be classified based on sediment 

diameters, as shown in Table 11. 
 

Table 11. Classification of sub-surface bed materials 

according rouse classification 
 

Classes Size (mm) Sub-Surface Layer (%) 

Small Cobble 130-64 0.7 

Very Coarse Gravel 64-32 5.5 

Coarse Gravel 32-16 28.4 

Medium Gravel 16-8 39.1 

Fine Gravel 8-4 8.6 

Very Fine Gravel 4-2 5.9 

Very Coarse Sand 2-1 5.6 

Cores Sand 1-0.5 6.2 

 

From Table 11, it is evident that gravel constitutes about 

100% of the sub-surface layer materials. The dominant class 

of the sub-surface bed materials is the coarse gravel by 28.4%, 

followed by Medium coarse gravel by 39.1% and the 

percentage of sand in this layer was about 11.8%. To assess 

the changes in the sediment characteristics of the subsurface 

layer of the Tigris River over years, the results of this study 

were compared with previous studies. Moshib [25] found that 

the D50 of the Tigris River, extending from the Al-Fatha area 

to Tikrit, was 11 mm. In our current study, the D50 of the 

subsurface layer was 14 mm. From these comparisons, it can 

be concluded that changes have occurred in the riverbed 

material properties of the Tigris River, leading to the erosion 

of some particles from the sub-surface layer. 

It can be observed from the gradation of the soil layers of 

the riverbed that the surface layer is devoid of fine gravel and 

sand due to its direct contact with water, which has caused the 

erosion of these particles, leaving behind the larger particles 

that are difficult to transport under the current conditions of 

Tigris River. On the other hand, the sub-surface layer contains 

fine gravel and sand in varying gradations and proportions, in 

small amounts, due to its position under the surface layer, 

which provides some degree of protection for it. 

The results of this study, as well as other studies focusing 

on sediment characteristics, are of great significance in 

determining the nature of riverbed sediments from the grain 

size distribution also understanding the mechanisms and 

processes involved in their transport. Consequently, provide 

important and valuable insights that support and enhance 

sustainable development strategies. In addition, these results 

assist those interested in the field of water resources and 

decision-makers in the effective management and handling of 

river water systems. 

This study has certain limitations that should be 

acknowledged and taken into consideration when applying the 

methodology to other areas. These include the difficulty of 

collecting sediment samples from the riverbed, particularly 

subsurface soil samples and the challenge of preserving them 

during extraction to prevent leakage or loss into the water, 

which may affect the accuracy of the results. 
 

 

6. CONCLUSIONS 
 

Based on the results obtained from this study, the following 

conclusions can be derived:  

1. The bed of Tigris River consists of two layers: surface 

gravel layer with a D50 value of 34 mm, and a subsurface layer 

composed of gravel and sand with a D50 value of 14 mm. 

2. The surface layer of the riverbed consists of 12.9% small 

cobbles and 87.1% gravel. The gravel is further divided into 

42.8% very coarse gravel, 37.2% coarse gravel, 6.1% medium 

gravel, and 1% fine gravel. Regarding the sand, it is non-

existed in this layer. 

3. The sub-surface layer of the riverbed consists of 0.7% 

small cobbles, 87.5% gravel, and 11.8% sand. The gravel is 

further divided into very coarse gravel by 5.5%, coarse gravel 

by 28.4%, medium gravel by 39.1%, fine gravel by 8.6% and 

very fine gravel by 5.9%. The sand is further divided into very 

coarse sand by 5.6% and coarse sand by 6.2%. 

4. The above percentages of the Tigris River bed materials, 

consisting of both the surface and subsurface layers, indicate 

that gravel constitutes the majority. This suggests that the bed 

of the Tigris River can be classified as mainly gravelly.  

5. The percentage of sand and very fine gravel is almost 

non-existed in the surface layer materials. These materials, 

which forms about 26.3% of the subsurface layer, can be 

considered part of the river's original bed materials. Over the 

years, they have eroded, and their proportion in the surface 

layer has decreased to no more than 1%. 

6. Through the analysis the sediment of riverbed and 

comparison with previous studies, it has been determined that 

the riverbed has reached a state of armoring and this is 

consistent with the findings of Yass [29]. 

7. The importance of the current study resides in its ability 

to serve as a reference to investigate river's morphology and 

stability of river bank. Utilizing this research study might help 

in developing significant strategies for water management and 

conservation.  

8. The hydraulic and morphological factors significantly 

affected by sediment properties of the surface and sub-surface 

layers of the riverbed. For instance, the ability of water to carry 

materials get reduced when surface layer composes of coarse 

gravel. In addition, the sub-surface layer protected by the 

surface layer, contributes to the stability of the riverbed and 

reduces erosion, which affects the morphological formation of 

the river. 

9. The methodology adopted in this study for determining 

sediment characteristics is a well-established approach that has 

been applied in many rivers around the world. Moreover, its 

results are reliable for identifying sediment types and can be 

replicated in other sections of the Tigris River. More advanced 

methodologies and techniques can also be use, such as End-

Member Modeling Analysis, CM image, Multivariate 

statistical analysis and Principal Component Analysis (PCA). 

These methods will provide a deeper understanding of the 

analysis and distribution of riverbed sediments. 

 

 

7. RECOMMENDATIONS 

 

It is worth mentioning that modelling and measuring a 

coarse gravel riverbed consider a complicated process and 

might results in different outcomes. As such, it is significant 

to investigate the surface layer using digital imaging methods 

and others software analysis. Then, the analytical outcomes 

must be verified with the experimental results obtained from 

the literature. In addition, for more accuracy, it necessary to 

consider more cross-sections in the investigated area to obtain 

more data and to reduce the margin of error as low as possible. 
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