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Abstract 18 

One of the most damaging and costly geoengineering hazards is riverbank erosion. This study aims 19 

to comprehensively determining and mapping hazard Levels of the riverbank subjected to erosion, 20 

along the tidal Shatt al Arab River, as a case study, southern Iraq. This research employs 21 

hydrological, sedimentological and geotechnical measurements to analysis the susceptibility level 22 

of the riverbank’s stability. The ratio between the ebb and flood shear stress and the soil bank 23 

materials’ critical shear stress was suggested as a practical way to comprehensively determine 24 

instability levels against erosion. Accordingly, the results showed that the southern and central 25 

stretches of the river have hazardous (< 1.0) or critical (between 1.0–2.0) states of the shear stress 26 

ratio, while the northern stretch is in a stable state, typically ranging between 2.0–3.0 but may 27 

exceed 4.0.  28 

The northern river stretch, where soil layers have less susceptibility to erosion, corresponded to no 29 

change in the meanders (no-lateral migration indicated from the satellite imagery data) over the 30 

48-year interval 1972-2020. The northern part of the river has stable conditions on the riverbanks 31 

and are gaining soil at a slight deposition rate of about 0.5 m/yr. In comparison, the southern river 32 

part showed that the meanders most likely agreed with the satellite imagery data which were prone 33 

to erosional processes and loss of bank materials. 34 

It suggests that the shear stress ratio is a key to practically identify erosion-induced bank levels of 35 

tidal rivers and it could be used to develop strategies for mitigating the problem. The assessment 36 

of riverbank instability levels using the ratio of critical soil shear stress to fluid shear stress is a 37 

comprehensive, plausible way to better understand the susceptibility of tidal rivers.  38 

Keywords: riverbanks, erosion, tidal rivers, Shatt Al-Arab. 39 
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1 Introduction 40 

Despite the steady landscape features, tidal rivers (salt marsh streams) are known to be very 41 

sinuous planforms with highly undercut banks and significant bank erosion rates (Gabet, 1998). 42 

The erosional streambank process is a continuous critical process in which this hydrodynamic 43 

(fluvial) action surpasses the resistive strength of riverbank particles (Sutarto et al., 2014), 44 

resulting from inter-particle bonding (Ravisangar et al., 2005). It is the mechanism to be focused 45 

on when assessing streambank instability and rates of streambank erosion which have been 46 

interested field for the researches (Zhao et al., 2022; Hasanuzzaman, et al., 2023; Saikia and 47 

Mahanta, 2024) attempting to quantifying retreat impacts of the riverbanks due to erosion 48 

processes.  49 

The distribution and magnitude of erosion rate and meander migration are highly variable because 50 

they are influenced by a variety of factors, including catchment area, bank material, local slope, 51 

configuration of water currents, water level, and position on a specific bend in a meander (Hooke, 52 

1980; Abam, 2003), which become more complex when the riverbank sediment is cohesive (Das 53 

et al., 2019). Water current velocity is critical in characterizing the flow channel and assessing the 54 

erosion rate (Kang and Chan, 2022). In an inland river, where no tidal effects, flow only occurs in 55 

one direction and the water velocity is relatively constant; thus, it follows only one direction and 56 

magnitude of forces acting on the soil particles in the bed and bank. With tidal rivers, two water 57 

velocities correspond to the tidal ebb and flood currents that produce fluid shear stress that act in 58 

different directions and magnitudes on the particles. The Shatt al Arab River, being part of a semi-59 

diurnal tidal system, exhibits two distinct hydraulic behaviors corresponding to flood and ebb 60 

currents daily (Al-Asadi et al., 2023; Lafta 2021). It experiences two 6-hour periods of either 61 

flooding or ebbing, with each period having opposite hydraulic characteristics in terms of water 62 
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speed direction and magnitude. This is characteristic of the tidal Shatt al Arab River (TSAR) (Lafta 63 

2021; Albadran et al., 2002). 64 

The TSAR has been identified as a natural tidal meandering stream that has historically undergone 65 

instability and erosion of its banks (Albahili, et al., 2009; Albadran, et al., 2002). These dynamic 66 

banks and lateral changes, as shown in Figure 1, cause remarkable changes in the water boundary 67 

between Iraq and Iran, which has required frequent morphological surveys to monitor the shifting 68 

of the water boundary between the two countries (Albahili, et al., 2009). Studies have indicated 69 

that the limited understanding of tidal streambank instability in places such as TSAR comes from 70 

the complexity of a large number of relevant parameters that control the slope failure mechanism, 71 

including the hydrological river conditions, soil types, and plant distribution (Abam, 1993). Few 72 

studies (Albahili, et al., 2009; Albadran, et al., 2002) addressing this effect on the instability of the 73 

TSAR banks have been performed. In the case of the TSAR, studies have only addressed specific 74 

locations along the river.  75 

This paper provides a profound analysis of streambank stability parameters of tidal rivers by taking 76 

the TSAR as a case study. It focuses on how two hydrologic conditions, namely, the tidal ebb and 77 

flood shear stresses, affect the riverbanks by setting a ratio between the two tidal (ebb and flood) 78 

shear stresses and the bank materials’ critical (soil) shear stress. This ratio can be applied to 79 

determine riverbank stability levels against erosion and lateral migration. The paper employed 80 

three field measurements and analyses, including hydrological, geotechnical, and satellite images, 81 

to evaluate the riverbanks erosion and retreat level of the tidal meandering river.  82 
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The significance of this research is to provide a comprehensive and practical approach to 83 

understanding the susceptibility of tidal riverbank instability. It simplifies the complexities 84 

associated with bank stability in tidal rivers. 85 

2 Theoretical background 86 

The failure of streambanks occurs through processes causing either a decrease in shear strength or 87 

an increase in shear stresses of the soil mass (M) (Abramson et al., 2001). Both types of these 88 

processes act on the riverbanks. According to previous studies and preliminary observations, slope 89 

failure of the TSAR banks results from the fluvial processes, on which the solutions should be 90 

focused (Das 2019; Sutarto et al 2014). The fluvial process can be presented using the average 91 

applied fluid shear stress, a, as a parameter showing the hydraulic river characteristics: 92 

𝜏𝑎 = 𝛾𝑤𝑑𝑆  ,                     (1) 93 

where w is the unit weight of water (kN/m3), d = water height above midpoint (m), and S=slope of 94 

the energy grade line, approximated by the channel slope. This fluid shear stress (a) is a crucial 95 

indicator of the erosion process on the bank by comparing the fluid shear stress with the critical 96 

shear stress of the riverbank material (c). The critical shear stress expresses the strength of the soil 97 

consisting of the riverbanks and beds. Soil erosion takes place if a exceeds c. 98 

Both a and c are well correlated to the rate of erosion of the riverbanks, and the erosion rate () 99 

can be estimated as a function of c. When a exceeds c, the lateral erosion distance is then 100 

considered and estimated (Osman and Thorne, 1988). Thus, lateral erosion can be implied as to 101 

the Factor of Safety (FS): 102 
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𝜀 = 𝐹𝑆 =
𝜏𝑐

𝜏𝑎
 .                            (2) 103 

Soil properties seem the crucial factor in evaluating the bank stability against the hydraulic factors 104 

of the river. Léonard and Richard (2004) developed a significant relationship between c and 105 

undrained shear strength (𝑆𝑢), as described in Equation 3. The relationship (Equation 3) was 106 

statistically significant (P-value<0.01) with a high coefficient of correlation (R2=0.93). The 107 

standard error for the estimated slope value of the regression, noted as  in Equation 3, is about 108 

1.2x10-5. 109 

𝜏𝑐 = 𝛽(𝑆𝑢) ,          (3) 110 

The  (2.6 x 10-6) is a dimensionless constant equal to, resulted from experimental tests. In this 111 

study, undrained shear strength measured through the geotechnical tests of the selected banks was 112 

used to estimate the critical shear stress (c). 113 

Regarding the fluid shear stress (a), and because of the tidal river conditions, the speed and 114 

directions of the ebb and flood currents are the most significant hydrological parameters of the 115 

riverbed and bank erosional processes. These tidal ebb and flood currents do not appear to be 116 

evenly distributed in the tidal rivers (Lafta 2021). Two behaviors of the velocities that produce two 117 

or more shear stresses, a, acting differently in direction and magnitude on the particles.  118 

The hydraulic shear stress, a, is a vital function of water current velocity (u) and its change affects 119 

the magnitude and directions of the shear forces acting on the bed or bank particles. The TSAR 120 

case is described as a semi-diurnal tidal river, meaning that TSAR has two hydraulic behaviors 121 

(flood and ebb tides) daily at approximately 6 hours for each behavior (Lafta 2021). As a result, 122 

TSAR's flood and ebb currents act at two hydraulic statuses in terms of velocity direction and 123 
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magnitude, acting uniformly. The first hydraulic status is the norm flow (current), in which the 124 

river inflow and the ebb currents run in the same direction. The speed of the currents is doubled 125 

and higher than that of the second (flood) tide status. Conversely, in the flood river status, the 126 

direction of the flood currents is opposite to the river inflow, causing the currents’ direction to 127 

change and reduce water speed (u). In this event, the (opposite) currents (at the flood period) can 128 

be referred to as a negative sign (-u), while the water currents, running at norm conditions toward 129 

the downstream (at the ebb time), can be noted as a positive sign (+u). Consequently, two shear 130 

stresses (+a and -a) will act differently on the bed and bank particles. Hence, two cases of the 131 

tidal river should be considered when the effect of the fluid shear stress on the grains to detach is 132 

analyzed. Figure 2 shows a simplification sketch to illustrate the concept of the two actions of the 133 

shear stresses (+a and -a) at the two tide conditions on the grain. Therefore, this research 134 

examines the two-fluid shear stresses determined at the tidal flood and ebb currents, noted as 135 

a_Flood and a_Ebb, respectively, whether they are greater or less than critical shear stress, c. 136 

Thus, Equation 1 could be expressed as 𝜏𝑎𝐸𝑏𝑏 = +𝛾𝑤𝑑𝑆 at tidal ebb conditions, and 𝜏𝑎𝐹𝑙𝑜𝑜𝑑 =137 

−𝛾𝑤𝑑𝑆 at tidal flood conditions.  138 

Alternatively, if two-point velocities in a vertical profile at two depths (y1 and y2) are known (rather 139 

in the lower 15 percent of the depth), the local shear stress on the bed can be determined from the 140 

following (Richardson et al., 2001): 141 

𝜏𝑎 = (𝜌𝑤𝑣
2)/[(5.75 ∗ (𝐿𝑜𝑔 (

12.27∗𝑦1

𝐾𝑠
))]2 .  (4) 142 

where, y1 is the flow depth, Ks is height roughness which can be obtained from the grain roughness 143 

n (Chow 1959), and v is the average velocity in the vertical. 144 
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Equation 4 is valid for fully turbulent uniform flow over a hydraulically rough boundary in wide 145 

channels with a plane bed (Richardson et al., 2001). Therefore, Equation 4 can be applied twice, 146 

when v is the velocity of the river currents at ebb time, and when v is the velocity of the river 147 

currents at flood time.  148 

After determining c and checking if a ≥ c, bank erosion exists. To test the required parameters 149 

to evaluate the erosion and instability levels of the TSAR's riverbanks, field hydrological and 150 

geotechnical measurements and satellite images were performed to evaluate the long-term lateral 151 

migration of the river. 152 

3 Methods and Materials 153 

3.1 Site Description 154 

The TSAR originates at the Qurna site at the confluence of the Tigris and Euphrates Rivers about 155 

65 km north of Basrah. The TSAR flows around 115 km to the south within Iraq, forms the border 156 

with Iran downstream for another 85 km and empties into the Persian Gulf as shown in Figure 3 157 

(Alkhafaji et al., 2023). The TSAR flows about 200 km overall with a width ranging between 330 158 

m at the confluence of the Tigress and Euphrates Rivers to 1,250 m at the Persian Gulf, and depths 159 

ranging from 8.5-24 m at the confluence and Persian Gulf, respectively (Al-Asadi and Muttashar, 160 

2022). The TSAR experiences predominantly semi-diurnal tide regimes. 161 

With different size-scale curvatures, geomorphologically, TSAR has around 15 meanders, 162 

estimated from the satellite images and shown in Figure 3 noted as M-01 through M-15. The 163 

current study focused on these curvatures to implement the measurements.  164 
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Regarding the sediment, the study area is part of the lower Mesopotamian sedimentary plain of 165 

southern Iraq which experiences complex fluvial-estuarine processes of the Shatt al Arab delta, 166 

and the fine-grained sediments are the most dominant deposits (Alfaris et al., 2024; Muttashar et 167 

al., 2021). Figure 4 shows grain size distribution curves of five sites that reveals generally clayey 168 

silt to silty clay sediment in the TSAR. 169 

The hydrological characteristics of TSAR depend mainly on its four tributaries, which include the 170 

Tigris and Euphrates Rivers. The tidal regime of TSAR is a mixed type between diurnal and semi-171 

diurnal, where the latter is the more predominant. The tide ranges from about 0.5 m at the Qurna 172 

location to 3 m at the Faw location (Al-Ramadhan and Pastour, 1987). In the study presented 173 

herein, the investigated sites were chosen to sample, test, and analyze the bank slides and slope 174 

stability at the maximum curvatures of TSAR and locations with high velocities relatively near the 175 

river banks. The weakest slide-prone sites are mostly identified in the positions of maximum 176 

curvature of the river since the toe of the slope is subjected to a relatively high-water velocity, 177 

which in turn causes disturbance and scouring of the slope toe and rendering the failure (Abramson 178 

et al., 2001). Figure 3 shows the location map of the study area, including the site locations.  179 

3.2 Data collection and field measurements 180 

The data can be summarized into three categories; Field hydrological, geotechnical, and satellite 181 

data (images) that were used to evaluate the long-term lateral change of the TSAR riverbanks.  182 

For the geotechnical testing, the main purpose of the geotechnical data is to detect the critical 183 

shear stress (c) dependent on the mechanical parameter of the soil layers of the river banks, such 184 

as shear strength and unconfined compression strength, along a selected riverbank side of the 185 

TSAR. To do so, geotechnical data were collected to define the main shallow riverbank layers (4-186 
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5 m). Several soil data sources (Saeedy and Mollah 1990; Muttashar et al., 2012; Muttashar et al., 187 

2024) are integrated with the field measurements to cover the investigated area. Figure 2 shows 188 

ten selected sites (boreholes) to implement field soil testing evenly distributed along the river at 189 

its banks. Each borehole was dug to a depth of 4-5 m. Geotechnical testing included Grain size 190 

distribution analysis, Atterberg limits, water content tests, unconfined compressive strength testing 191 

and undrained triaxial shear strength testing according to applicable American Society for Testing 192 

and Materials (ASTM) standards.  193 

For the hydrological measurements, data were acquired using an Acoustic Doppler Current 194 

(Velocity) Profiler (ADCP) and measuring water velocities at several vertical profiles in the outer-195 

bank region, as shown in Figure 5. These field measurements were performed by the Marine 196 

Science Center at the University of Basrah. The measured parameters included depth (d), water 197 

velocity (v) throughout the water column and cross-section area and Manning number (roughness; 198 

n), in addition to the slope (S) of the TSAR. These hydrological parameters are essential to estimate 199 

the fluid shear stress (a) at the selected sites and subsequently estimate the short-term erosion rate 200 

of the river banks. The field measurements include 13 hours at each site to characterize the 201 

hydrological behavior of the river during the two flood and ebb tide periods.  202 

For the long-term change in riverbanks, satellite images taken in June 1972, June 1986, June 203 

2000 and June 2020 from the Landsat satellite 1, 5, 7, and 8 were employed and analyzed to 204 

determine lateral migration rates. In this study, these remotely sensed data over the 48 years are 205 

accessible and have sufficient resolution, and have been used in other prior studies (Lawler, 1993; 206 

Jin et al., 2022; Lo et al., 2021) for determining lateral migration of the river banks at meandering 207 

sites as well as unstable slopes and their movement characteristics (Dwivedi et al., 2023; Wang et 208 

al., 2024).  Table 1 lists the details of the satellite images used for this study. It is notable to mention 209 
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that the column " Flood Tide Conditions" shows the water level of tide at the time where these 210 

satellite images have been taken. 211 

 212 

 213 

Table 1 Details of the satellite images from 1972, 1986, 2000 and 2020 used to assess to the lateral migration changes as 214 
part of this study. 215 

Spacecraft 

Id 

Sensor 

Id 
Path Row 

Date 

Acquired 

Scene Center 

Time 

Flood Tide 

Conditions 

LANDSAT_8 OLI 165 39 2020-06-22 07:15:35 AM 0.2 m 

LANDSAT_8 OLI 166 39 2020-06-13 07:21:41 AM 2.4 m 

LANDSAT_5 TM 165 39 2000-06-15 06:52:13 AM 2.0 m 

LANDSAT_7 ETM+ 166 39 2000-08-01 7:13:13 AM 1.7 m 

LANDSAT_5 TM 165 39 1986-06-09 06:39:49 AM 1.7 m 

LANDSAT_5 TM 165 39 1986-06-16 06:45:46 AM 2.7 m 

LANDSAT_1 MSS 177 39 1972-09-05 06:45:21 AM 2.4 m 

LANDSAT_1 MSS 178 39 1972-08-01 06:50:52 AM 1.9 m 

4 Results  216 

4.1 Remotely sensed changes 217 

Figures 6 and 7 show the changes of six typical meanders (M-01, M-04, M-05, M-07, M-08 and 218 

M-09) at the river over the entire 48-year time frame from 1972-2020. Figure 6 is a descriptive 219 

delineation of the river shorelines at these four periods, which turned out little changes in lateral 220 

migration history, where the long-term lateral migration of the bank soils responds differently and 221 
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sometimes exhibited non-uniform responses that were quantified in Figure 7. The maximum loss 222 

(retreat) and gaining soil of the banks are about (-40) and (+30) m, respectively, as a lateral 223 

movement of the banks at the selected sites. The maximum estimated long-term rate is between 224 

(+0.6) to (-0.8) m/yr. The meanders have generally not revealed significant retreat or building 225 

(gaining new soil) through those four periods. 226 

4.2 Geotechnical consideration of the selected sites  227 

Figure 8 shows the general geotechnical section of the soil layers along the TSAR banks from 228 

Qurna (upstream) to Faw (downstream). The modified diagram (Figure 8) is built from a number 229 

of boreholes that were excavated longitudinally from Qurna to Faw along the TSAR banks. The 230 

section shows shallow soil layers not exceeding 5 m in thickness that are most prone to instability 231 

conditions. The soils reflecting the river bank deposits mainly consist of soft clays and silts, 232 

varying slightly at different locations between Qurna to Faw. 233 

The riverbank consists almost entirely of fine-grained sediments, and the face of the cut bank 234 

shows mainly two horizontal layers formed by stiff, medium stiff, soft, or very soft silty clayey 235 

and clayey silt with few sand particles. The consistency characteristics of these layers reflect low 236 

to intermediate levels of plasticity with non-active soil behavior because of the low content of 237 

active smectite mineral groups in their composition (Muttashar et al., 2021; Muttashar et al., 2020). 238 

Table 2 summarizes the geotechnical characteristics of the soil layers of the riverbanks prone to 239 

fluvial actions and instability at each site taken in this study at the Faw, Seeba, Ashar and Sweep 240 

locations.  Each borehole was characterized into two soil layers as described in Table 2. The shear 241 

strength parameter of these layers is mainly 74-37 kPa and 17-18 kPa of the first and second layers, 242 

respectively. Shear strength (Su) is a crucial state soil parameter to determine the resistance of the 243 
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bank material against erosion since the critical shear stress, c, is practically a function of Su. Also, 244 

Table 2 also includes the estimated c of each detected soil layer. 245 

 246 

Table 2 Geotechnical Properties required to calculate critical shear stress. 247 

Boreholes 

(BH) 

Near-

surface soil 

Layers 

Depth 

(m) 
Description 

Shear 

Strength, Su 

(kPa) 

Critical (soil) 

shear stress, 

c (Pa) 

BH-01 
Layer-1 0-2 M.stiff to stiff sandy silty clay 37 10 

Layer-2 > 2 Soft brown silty clay 18 5 

BH-02 
Layer-1 0-2 V.Stiff Clayey silt 60 15 

Layer-2 2_4.5 M. Stiff to soft Clayey silt 20 5 

BH-03 
Layer-1 0-3 Stiff Silty clay 50 13 

Layer-2 3_5 M. Stiff  Silty clay 30 8 

BH-04 
Layer-1 0-3 Stiff Silty clay 34 9 

Layer-2 3_5 M. Stiff  Silty clay 17 4 

BH-05 
Layer-1 0-1.5 M.stiff clay and silty clay 53 14 

Layer-2 1.5->4 Soft gray elastic silt 14 4 

BH-06 
Layer-1 0-2 Stiff to M.stiff Silty clay 23 6 

Layer-2 2_5 v. soft to soft Clayey Silt 7 2 

BH-07 
Layer-1 0-1.5 Stiff silty clay 59 15 

Layer-2 1.5-4 soft clayey silt with sand 17 4 

BH-08 
Layer-1 0-2 Stiff Clayey Silt 140 36 

Layer-2 2_5 V.soft to soft Clayey Silt 9 2 

BH-09 
Layer-1 0-2 Stiff Silty clay 34 9 

Layer-2 2_4 Soft silty clay 10 3 

BH-10 
Layer-1 0-2 M. Stiff Silty clay 23 6 

Layer-2 2_5 V soft to soft clayey Silt 7 2 

 248 

4.3 hydrological properties and water velocity behavior. 249 

Figure 9 shows the directions of the ebb and flood tidal currents coinciding with the velocity 250 

distribution at three locations: Qurna, Seeba, and Faw. The ebb current azimuth direction is 251 

between 750 and 1250 while the flood tidal current direction is greater than 2500. As the current 252 
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moves from the ebb to the flood phase, or vice versa, the current switches direction and increases 253 

in velocity.  254 

From the figure, the ebb currents are generally shorter in duration but a higher velocity than the 255 

flood currents. So, in both tides (flood and ebb), the currents in any specific site have almost the 256 

same values. For the Faw site, water speed ranges between 0.64 m/s at the ebb tide to 0.52 m/s at 257 

the flood tide. For Seeba, speeds values are between 0.70 m/s at the ebb tide to 0.50 – 0.55 m/s at 258 

flood tide. At the Sweep site, the water speed ranges from 0.35-0.40 m/s at ebb tide to 0.25 m/s at 259 

flood tide. The ebb current is taking place at less time, but a higher amount than the time of flood 260 

currents, is a day which generally reveals asymmetric tidal current behavior. In both phases (flood 261 

and ebb), the currents in any specific site have almost the same values. However, Figure 10 shows 262 

the behavior of the velocity change over normalized depths (z/h) at the three sites, where depth z 263 

is normalized relative to total river depth h. It shows the effects of the ebb and flood phases through 264 

velocity profiles over time, affecting the shear velocity's uniform behavior with depth. At the 265 

downstream sites, Faw site, and even the Seeba site, the uniform replacement between the water 266 

masses is evident during the ebb and tidal flood phases. The high and low velocities vertically 267 

replace space, corresponding to the tidal phase change. However, it seems not adequately uniform 268 

and clear for these alternatives in tidal phases (ebb and flood) as it moves away from the sea toward 269 

the upstream Qurna site as shown in Figures 10e and 910f. It is necessary to understand the spatial 270 

and temporal descriptive behavior of the ebb and flood current velocities since it is relevant to 271 

determining the behavior of fluid shear stress a. 272 

 273 

 274 

Jo
urn

al 
Pre-

pro
of



15 

 

 275 

Table 3 Hydrological Properties required to calculate fluid (applied) shear stress (a). 276 

Locations 
Traverse 

No. 

Height, 

d (m) 

Measured 

velocity, 

V (m/s) 

Manning 

coef.,, n 

Shear 

velocity at 

flood time 

(-)UFlood  

 Shear 

velocity at 

ebb time 

(+)UEbb  

*Fluid 

shear 

stress,  

a (Pa) 

**Fluid 

shear stress 

at flood 

time, aFlood 

(Pa) 

**Fluid 

shear 

stress at 

ebb 

time, aEbb 

(Pa) 

 aNet  

= aEbb - aFlood 

Qurna L-1 4 0.275 0.0239 0.08 0.35 1.24 0.242 5.270 5.028 

Al-

sharash 
L-2 10 0.155 0.0239 0.24 0.31 3.09 1.868 3.118 1.250 

Ektiban L-3 13 0.183 0.0216 0.16 0.18 4.02 0.656 0.831 0.174 

Al-Ashar L-4 20 0.228 0.0188 0.26 0.3 6.19 1.235 1.7106 0.474 

Abo flus L-5 14 0.3 0.0319 0.28 0.3 4.33 3.978 4.568 0.589 

Seehan L-6 8 0.587 0.0262 0.51 0.54 2.48 10.684 11.977 1.294 

Faw L-7 10 0.645 0.0218 0.51 0.52 3.09 7.244 7.531 0.287 

where a is the average applied (fluid) shear stress at the section midpoint calculated using (w.d.S), while ** a is the fluid 277 
shear stress predicted by Equation 4 (Richardson et al. 2001). 278 

5 Discussion 279 

Table 4 shows the ratio of (c/a) reflected as the predominated factor controlling the stability of 280 

selected outer riverbanks of TSAR (the 15 meanders). 281 

 282 

 283 

 284 
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Table 4 the ratio of c/a controlling the bank stability levels of selected outer riverbanks of TSAR (15 meanders). 285 

BH Near-surface soil Layers 
Depth 

(m) 

Critical 

(soil) 

shear 

stress, 

c (Pa) 

**Fluid 

shear 

stress at 

flood 

time, 

aFlood 

(Pa) 

**Fluid 

shear 

stress at 

ebb 

time, 

aEbb 

(Pa) 

aNet 

(Pa) 

c(ave.)/ 

aFlood 

c(ave.)/ 

aEbb 

 

BH-01 
Layer-1: stiff 0-2 10 0.15 3.3 3.2 39.7 1.8  

Layer-2: Soft > 2 5 0.15 3.3 3.2 18.6 1.0  

BH-02 
Layer-1: Stiff to very stiff 0-2 15 1.24 2.1 0.8 8.0 4.8  

Layer-2: Medium Stiff >2 5 1.24 2.1 0.8 2.8 1.7  

BH-03 
Layer-1: Stiff 0-3 13 0.51 0.6 0.1 19.8 15.7  

Layer-2: Medium Stiff >3 8 0.51 0.6 0.1 11.9 9.4  

BH-04 
Layer-1: Stiff 0-3 9 1.14 1.6 0.4 7.2 5.2  

Layer-2: Medium Stiff >3 4 1.14 1.6 0.4 3.6 2.6  

BH-05 
Layer-1: Medium stiff 0-1.5 14 1.14 1.6 0.4 11.0 8.0  

Layer-2: Soft >1.5 4 1.14 1.6 0.4 2.9 2.1  

BH-06 
Layer-1: Stiff to M.stiff 0-2 6 1.67 1.9 0.2 1.5 1.3  

Layer-2: v. soft to soft > 2 2 1.67 1.9 0.2 0.5 0.4  

BH-07 
Layer-1: Stiff 0-1.5 15 6.04 6.8 0.7 1.4 1.3  

Layer-2: soft  > 1.5 4 6.04 6.8 0.7 0.4 0.4  

BH-08 
Layer-1: Stiff 0-2 36 5.48 5.7 0.2 5.0 4.8  

Layer-2: V.soft to soft >2 2 5.48 5.7 0.2 0.3 0.3  

BH-09 
Layer-1:Stiff 0-2 9 1.14 1.6 0.4 7.1 5.2  

Layer-2: Soft >2 3 1.14 1.6 0.4 2.1 1.5  

BH-10 
Layer-1: Medium Stiff 0-2 6 1.14 1.6 0.4 4.8 3.5  

Layer-2: very soft to soft >2 2 1.14 1.6 0.4 1.5 1.1  

where a is the average applied (fluid) shear stress at the section midpoint calculated using (w.d.S), while ** a is the fluid 286 
shear stress predicted by Equation 4 (Richardson et al. 2001).  287 
 288 

In general, Figure 11 represents the values of c/a for the first stiff surface soil layer, while Figure 289 

11 presents the c/a values for the second (soft) layer that ranges between 1.5-2.0 m in depth. In 290 

both Figures (11 and 12), the c/a values illustrate the two tides cases of the river, flood and ebb 291 

tides, in which the fluid shear stress a is changed based on velocities of the river water at those 292 
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two tide conditions as aforementioned. The two figures show the levels of change in c/a in the 293 

tonal form for both flood and ebb cases. 294 

In Figure 11, c/a for the flood period is between 2.5 to 4.5, which is an acceptable value meeting 295 

the range of the stability of the river banks against the erosional processes and lateral migration. 296 

While at the ebb time, the c/a ranges between 2.0 to 4.5 meters. The difference between the two 297 

tidal states (Fig. 11a and 11b) is minimal, even though there is a change in the velocity of the shear 298 

stresses of the water currents in both cases. The shear strength of the surface soil layer (the stiff 299 

layer) is considered the essential control parameter that exceeds the water shear stresses in both 300 

tides.  301 

However, the situation differs in the case of the second soft layer (at depths of 1.5-2.0). Figure 12 302 

shows that these river bank values are subjected to erosion, and the banks are unstable. The value 303 

of c/a is less than 1.0 in the river meanders of the southern part (M-15, M-14, M13, M-12, M-11, 304 

M-10, M-09, M-08, M-07, and M-06), yet it is a less risky level relating to the northern part of the 305 

river (M-1, M-2, and M-4).It is noticed here that most changes in the soil shear strength properties 306 

of the second layer are in the northern part of the river at points (M-1, M-2, M-3, M-4), and it 307 

decreases towards the southern part of the river. All meanders of the south of to central river parts 308 

are within the hazardous values (< 1.0) or even critical (between 1.0-2.0). While the values in the 309 

northern part of the river range between 2.0-3.0 or more than 4.0. 310 

The northern river part that soil layers with less susceptibility to erosion corresponded to no change 311 

in the meanders and no-lateral migration indicated from the satellite image data over the past 48 312 

years between 1972-2020 as shown in Figure 5. Figure 5 reveals the meanders of the northern part 313 

of the river M-1, M-2, M-3 and M-4 stability conditions on the riverbanks with a deposition rate 314 
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(gaining) of about 0.5 meters per year. The southern river part also seems to agree with what was 315 

obtained from the satellite image data (Figure 5). It shows that the meanders M-9, M-8, and M-7, 316 

as typical meanders of the southern part, are prone to erosional processes and loss of the bank soils. 317 

In this river part, since the tidal flow in the case of the TSAR banks acts in two inverse directions 318 

(flood and ebb shear stresses), this might cancel out the effectiveness of each shear stress to a 319 

certain degree. Furthermore, the flow action on the banks reduces to a minimum during the slack-320 

water periods (no flow action) between the flood and ebb flows. As a result, the time that the failed 321 

block remains at the toe of the bank will be longer, which will help the failed materials to be 322 

maintained on the original bank before entraining. It can be concluded that the prolonged presence 323 

of failed materials near the bank toe, the occurrence of inverse ebb and flood tide movements, and 324 

the uniform soil composition throughout bank layers can be key factors that support more 325 

protection to the river bank itself against erosion processes in the case of tidal rivers.  326 

5.1 Limitations and future research 327 

This research has yet to further seek the duration of flow impact on the slump block at the toe of 328 

the bank. Additional investigation is required to examine the temporal influence of flood-329 

dominated and ebb-dominated river flow on the failed block, and to juxtapose it with the temporal 330 

ramifications of non-tidal river flow. The presence of cyclic hydraulic action processes on the 331 

TSAR's bank is evident, and it plays a crucial role in the bank's stability, resulting in a minimal 332 

erosion rate of the bank soil. 333 

6 Conclusions 334 

This research is a comprehensive practical approach to evaluate the susceptibility of tidal riverbank 335 

instability, and simplifies the complexities associated with bank stability in tidal rivers. By taking 336 
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Tidal Shatt al-Arab River (TSAR) as a case study, this paper analyzes streambank instability levels 337 

and number of points can be concluded; 338 

• Three tests and analyses, including hydrological, geotechnical, and satellite images, were 339 

used for the evaluation of the TSAR riverbanks.  340 

• Based on its instability levels and hydrological river behavior, TSAR can be divided into 341 

two portions. All meanders south of the central river parts are within the hazardous (< 1.0) 342 

or even critical values (between 1.0-2.0) and are more prone to erosion. While the values 343 

in the northern part of the river range between 2.0–3.0 or more than 4.0.  344 

• For the northern river part, the soil layers are less susceptible to erosion, corresponding to 345 

the no change in the meanders and no-lateral migration as indicated in the satellite image. 346 

Most meanders of the northern portion have a slightly positive (gaining) deposition rate of 347 

about 0.5 m/yr.  348 

• In contrast, the southern river part showed that the meanders agreed with the satellite image 349 

data at specific sites prone to erosional processes and loss of bank soils.  350 

• The developed ratio of critical (soil) shear stress of the river to the fluid shear stress of the 351 

river is a comprehensive plausible means of understanding better the susceptibility of the 352 

tidal riverbank instability. It can assist in understanding better the meander evolution based 353 

on the bank shear strength and the tidal ebb and flood current velocities.  354 
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Figure 1 Dynamic and lateral changes of Shatt al Arab river banks. 

Figure 2. Two actions of the shear stresses (a_Flood or -a) and (a_Ebb or +a) of the two tides conditions 

on the particle. 

Figure 3. Location map of the TSAR and 15 meanders M-1 through M-15 identified in the satellite image. 

Figure 4. Grain size distribution curves of five sites showing generally clayey silt to silty clay sediment. 

Figure 5. Typical field ADCP measurement showing a Cross-section of the flow velocity distribution at 

the Qurna site.  

Figure 6. Typical meanders M-01, M-04, M=-05, M-07, M-08 and M0-9 used to reveal the lateral 

migration history. 

Figure 7. Loss (retreat) and building (gaining) bank soil estimated from the analysis of satellite images 

analyeis during the 1972-2020 time period. 

Figure 8. Generalized geotechnical section of the layer, modified after (Albadran and Mahmood 2006). 

Figure 9. Tidal current velocity behavior of TSAR (direction and speed) during a 13-hour period. 

Figure 10. descriptive behavior of the ebb and flood tidal velocities at the three sites (Faw, Seeba, and 

Qurna).  

Figure 11. Riverbank stability levels map of TSAR of the first stiff surface soil layer in two the tides 

conditions (ebb and flood). (Wisan, fix figure a so it says c/a instead of c_a) 

Figure 12. Riverbank stability levels map of TSAR of the second stiff surface soil layer in two the tides 

conditions (ebb and flood). 
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An old military checkpoint constructed 
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Highlights: 

• Comprehensive evaluation of riverbank erosion along the tidal Shatt al Arab River in southern 

Iraq.  

• variability in water velocities during flood and ebb phases creating distinct shear stresses affecting 

riverbanks.  

• The ratio of critical (soil) shear stress to the fluid shear stress is a plausible way to understand 

better the susceptibility of the tidal riverbank retreat. 

• hazardous erosion levels in southern and central river suggesting instability, while northern part 

exhibit relative stability. 
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