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ABSTRACT 

River transport through the River Nile has been recently considered as important as other transport 

means. Damietta branch has been developed to serve the purposes transporting goods and raw 

materials between Ras El-Barr port (Damietta), Cairo and then Aswan. This paper discusses the 

impacts of bank failure on the navigation of route and proposes the criteria that should be considered 

to avoid or minimize the occurrence of navigational bottlenecks. Damietta branch is characterized by 

its meandering where there are different types of bends found along the branch which cause additional 

forcesthat act on the two banks in the form of secondary currents, changing boundary shear stress and 

velocity. The main objective of this research is to analyze the impacts of the different bend types on 

bank erosion andtheir consequent results on the efficiency of the navigational path using 

statisticalmodel.In this paper, the main physical characteristics of bend such as wave length, radius of 

curvature and the stream width aredetermined using the recent hydrographic survey maps of 

2009.Normality tests using Anderson Darling Normality were carried out for all bend parameters of 

the three types in order to fit certain distributions for the three types of bends. Many relationships 

between different meander parameters were estimated to improve the efficiency of the navigational 

path and reduce the appearance of navigational bottlenecks.In this paper, the probable bank erosion 

locations with their protection priorities were determined using the previous results and also by 

analyzing the pre bank protected locations.The expected bank erosions along the branch were 

surveyed during field reconnaissance. Priorities for bank erosion severity wereset according to 

thesepriorities were categorized and analyzed. Geographic information system (GIS) was used to 

collect and manage the spatial data required for this research and to present the bank erosion 

locations.Based on the results of this analysis, some remedialmeasures have been recommended. 

Finally, the paper analysis is deemed to support decision-makers to enhance the efficiency of 

navigational path. 
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1 INTRODUCTION 

Inland navigation through natural rivers is mostly preferred since it presents a good opportunity for 

fuel saving, enhancing the environment, and improving road safety. Therefore, navigation through the 

River Nile has been recently considered as important as other transport means. Egypt’s government 

has established the Logistic Center for Trade, located in Damietta, to handle and process cereals and 

grains. Damietta was chosen to host the center due to many strategic advantages. One of the important 

advantages it has been developed and equipped to serve the purposes of transporting goods and raw 

materials between Ras El-Barr port (Damietta) and Aswan. Also, it provides easy access to ports in the 

Mediterranean, Black Sea and North America. These ports serve as they important import and export 

hubs for major grain producing and consuming nations. The total bulk of trade expected for the 

project’s multimedia transportation systems is approximately 65milliontons per year.For all mentioned 
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aboveDamietta branch should be maintained in order to be adequate efficient navigational path along 

the water year. It has three major barrages and locks along the branch as shown in Fig. 1.It has a 

length of about 227.45 kilometers from downstream Delta Barrages to the new Damietta Barrage at 

kilometers 254.44 and a distance of about 17 kilometers to the MediterraneanSea.In order to 

rehabilitate the branch for navigation, it was necessary to modify a navigational path within the river 

course and maintain a navigational depth. The branch has many challengesas the difference sinuosity 

and different kinds of bends along the branchwhich lead to additional force acting on the bank in the 

form of secondary current, changing boundary shear stress and velocity. In addition to the low 

discharge during the minimum water requirements periods which is causing insufficient navigational 

depth.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.Damietta Branch Study and its barrages 

2 OBJECTIVES 

      The main objectives of the present research are to assessthe impacts of bank failure on the 

efficiency of the navigation of route of Damietta Branch and to provide the criteria that should be 

considered to avoid or minimize the need of navigation maintenance. Additionally, the paper 

identifiesprobable bank erosion locations using Geographical Information System (GIS) 

andprovidesassessment of the protectionprioritiesfor decision making. 

3 LITERATURE REVIEW 

Due to the importance of rehabilitating rivers to accommodate navigating vessels, several studies of 

river morphology were carried out on the local and international levels based on field investigations 

and mathematical models. The nature of river bend morphology along Damietta Branch was studied. 

Attia&Sadek(2004) stated that there is non-uniformity in bank erodability.The sinuosity (the ratio of 

channel length to valley axial length) ranged between moderate to high (1.47 to 2.72). (Sadek, 2005) 

concluded that the encroachments on river floodplainsover the past three decades reduced the branch 

capacity for the future discharges. She used one dimensional mathematical model (HEC 2) to analyze 

and evaluate the effect of the predicted water level on both banks due to different high discharges. 

(Moustafa, 2005), developed (GSTARS 2.0) model to predict the morphological changes along the 
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branch. He found that due to the increase of flow, the average amounts of degradation and 

aggradations were 14.91 m/km and 10.62 m/km respectively. Gamilet al., (2008) analyzed a large set 

of data between 1978 and 2003. They found that the average width changed from 230 meter in 1978 to 

222 meter in 2003. (Abdel-Naby, 2006), studied the effect of morphological changes on different 

parameters such as channel plan form, width, erosion and deposition near the embankments of the 

River Nile at the study area Kasr El-Nile, he found that the rate of deposition increased and caused 

navigation problems. 

     Raslan et al., (2009)studied the implications of dredging in Damietta Branch on river regime and 

flow water level using numerical models. They found that aggradations would be dominant over 

degradation. Aggradations would likely to happen at few local sites were extensive dredging was 

carried out. Although navigation in the Nile is important, dredging should not be the only solution for 

maintaining the channelnavigable. Attia et al.,(2010) proved that weirs can be used for improving 

navigation conditions by raising water levels downstream Zefta barrages. They could enhance heading 

up of water in the weir back water zone to solve some of navigational bottlenecks. (Kamel, 2014) 

studied the navigation bottlenecks, which resulted from passing low discharges. He stated that 

previous studies concludeda drop in the water level would be evident as a result of excessive dredging 

activities. The research results introduced regulation works as alternatives to overcome those 

bottlenecks such as spur dikes which were applied as permanent works. 

4 RIVER BANK EROSION FACTORS 

Many factors affect bank erosion. Some of these factors are related to external loads and forces 

acting on the banks and some other factors are internal factors related to their resistance to erosion and 

failure. Some of the external factors can be mentioned as navigation waves, river bends, river 

contractions, spur dike effects and human interventions.It can be noticed that all the previously 

mentioned factors are related to forces exerted by flowing water on the banks causing an erosion or 

slope instability for the banks. This paper focuses on three factors such as as river bends, spur dike 

effects and human intervention. 

Damietta branch is meandered and has different kinds of bends along its length which generate 

additional force acting on the banks in the form of secondary current, changing boundary shear stress 

and velocity.Markham & Thorne (1992)explainedthe secondary circulation pattern at a river bend 

cross section showing the main circulation cell to be restricted to the deepest part of the section.The 

cell of reverse circulation at the outside bank and shoaling-inducedoutward flow over the point bar at 

the inside bank as shown in Fig. 2. 

 

Balance between centrifugal force and pressure gradient 

F c= Centrifugal force =
άό2

ὶ
        (1) 
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Figure 2.Balance between centrifugal force and pressure gradient (Markam&Thorne (1992) 

5 CLASSIFICATION OF MEANDER PARAMETERS 

Many relations are demonstrated to define the kind of meander occurrence as given by 

(Friedkin,1945), Leopold & Wolman (1957) and (Ramsahoye, 1992). Considering both the action of 

the stream and the interaction between the stream and the channelas well as the general laws of their 

formation, one can distinguish the following three types of bends of a natural river channel: 

Free bends - Both banks are composed of alluvial floodplain material which is usually quitemobile; 

the free bend corresponds to the common concept of a surface bend. 

Limited bends - The banks of the stream are composed of consolidated parent material which limits 

the lateral erosion by the stream. Limited bends are entrenched bends. 

Forced bends - The stream impinges onto an almost straight parent bank at a large angle (60° to 

90°).  

In this paper, the main physical characteristics of bend parameters such as the wave length, radius 

of curvature and the sinuosity are measured using the recent hydrographic survey maps of 2009 to 

determine the types of bends. Large sets of data were compiled and used in this analysis. Eachtype of 

bend is categorized and analyzed. The following meander geometrical characteristics are measured for 

each bend of the three typesas shown in Fig. 3. Many investigators, (Attia&Sadek (2004), (Inglis, 

1949), Leoplod, et al., (1964), (Zellar, 1967), (Rosgen, 1996),(Hudsan, 2000), and many othershave 

defined the meander parameters as follows: 

1- Wavelength (ƛ):- it is the repeating length of the meander pattern measured along the center 

line of the valley. Variants include the measurements of the straight line distance 

through the axis of the meander pattern defined by Langbein& Leopold (1966). 

2- Radius of curvature (r):- the radius of the circle defining the curvature of an individual bend 

measured between adjacent inflection points.Newbury&Gaboury(1993). 

3- Arc angle (Ɵ):- the angle swept out by the radius of curvature between adjacent inflection 

points. The angle lies between the two radii of curvature intersecting at a point. 

Langbein&Leopold(1966). 

4- Meander arc length (z):- the length swept out by the radius of curvature between adjacent in 

flexion points. 

5- Sinuosity (s):- it is the ratio of the channel length to the valley axis length. Variants include 

the ratio of the channel length to the straight through the axis of the valley(Rosgen, 1996). 
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Figure3.Definition of meander parametersLeoplod, et al., (1964) 

 

The characteristics and measurements of the geometrical parameters for each type of bends is 

indicated in Tables 1, 2 and 3. From these tables, it is clear that about 25 free, 18 limited and 10 forced 

bends are distinguished out of the examined 57 bends along Damietta branch. The percentage of these 

types is 47%, 34% and 19% respectively along the Damietta branch as shown inFig. 4. 

The bend type assessment and examination according to any hydraulic structure along the branch 

are showninFig. 5. It concludes that the common presence of the free type is upstream the barrages 

ofZefta and new Damietta where the flow velocity is small. Otherwise it is found that the common 

presence of limited bends are monitored downstream the barrages. While the forced bends decreases 

in the downstream direction of the branch. The percentage of its existence decreased from 40 % to 

33% and ended with a percentage of 27%. However, the occurrence of the limited bend changed from 

10% to 30% to 60% in the downstream direction of the branch. On the other hand, the occurrence of 

the forced bend changed from 20% to 60%. These results can be attributed to bend has the smallest 

sinuosityfollowed by the limited bend then the forced bend. 

 

Figure 4.The percentage of bends along the Damietta branch 
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Table 1. Meander Parameters of limited bends 

 

Table 3: Meander Parameters of forced bends 

 

Table 2: Meander Parameters of free bends 
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Figure 5.Virtual value of occurrence of bend types with the hydraulic structures of Damietta branch 

 

5.1 Statistical Analysis of meander parameters 

The meander parameters of Damietta branch bends were statisticallyanalyzed using the Minitab 12 

statisticalmodel. Table (4) shows the variability of bend characteristics in natural rivers which has 

been subjected to many different nature andmain interventions. The analysis of the data represents the 

descriptive statistics of the bend characteristics for each meander parameter such as the arithmetic 

mean, median (center value), standard deviation (STDV) and minimum and maximum values, first and 

third Quartiles and finally skewness and kurtosis. In addition, various statistical tests on the accuracy 

of the selected distribution were performed. These analyses were carried out where the value of 

skewness and kurtosis was close to zero. It indicatedthat the classification is very close to the 

preselected kinds of bends. Also, it is clear that the values of the radius of curvature for free, limited 

and forced bends range from 491m to3327m, and from 367m to 2058m and from 356.9m 

to1354.3mrespectively. In addition the values of meander wave length for free, limited and forced 

bend rangefrom 3376m to 12629m, and from 3000m to 10200m and from 3100m to 12393m 

respectively. Also, these tables show the statistical parameters such as the arithmetic mean, the median 

(center value), standard deviation (STDV) and minimum and maximum values for the radius of 

curvature and wave length,It was found that these parameters in case of free bends are higher than they 

are increase of limited and forced bends as for the meander and sinuosity parameters, they were found 

to be higher increase of forced bends than increase of forced bends than increase of free and limited 

ones. Moreover, the value of wave length for free, limited and forced bends ranges from 2217m to 

11644m and from 1565m to 6970m and from 1236m to 6315mrespectively. In addition, the 

computationof bend parameterssuch as (r), (z),(ƛ) and (s) was subject to statistical tests in order to fit a 

certain distribution for the three types of bends. Normality tests using Anderson Darling Normality 

were carried out for all the 3bend type parameters. The results of these tests showedthat the majority 

of the tested parameters followed the normal distribution as shown in Table 4.Fig.,6represents the 

normal distribution of wave length for the forced bend as an example. 
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Table 4.The Statistical nature for meander parameters of Damietta branch bends 

 

 

Figure6.Normal distribution fitting of wave length for forced bend 

5.2 Relation between Wave Length and Radius of Curvature for Bends of Damietta 

Branch 

In this study, a simple quadratic regression model was used since it is easy to build. The following 

equations in English units are used to deduce the relations between the radius of curvature and wave 

length for the 3 types of bends as shown in Fig. from (7 to 12). In addition the regression between the 

wave length and the meander wave length for third types of bends is shown in Fig. (13 and 14).This 

part of the study can predict the length of the navigational path along the different types of 

bendsconsequently; the navigational bottleneckscan be mitigated. The correlation factors for all the 

Radius of Curvature (r) (m.)
Type No. Mean StDev Minimum Q1 Median Q3 Maximum Skewness Kurtosis P value Distribution

Free bends 26 1286 731 491 776 1062 1594 3327 1.56 1.99 0.429 lognormal

Limited bends 18 965 425 367 673 833 1237 2058 1.11 1.27 0.145 normal

Forced bends 11 785.1 288.9 356.9 673.3 740 1012.1 1354.3 0.37 0.43 0.387 normal

Meander wave length (z) (m.) 
Type No. Mean StDev Minimum Q1 Median Q3 Maximum Skewness Kurtosis P value Distribution

Free bends 26 6346 2239 3376 4498 6033 7610 12629 1.11 1.35 0.127 normal

Limited bends 18 6650 2090 3000 4722 7243 8282 10200 -0.14 -1.21 0.206 normal

Forced bends 11 8128 2881 3100 6765 8138 10166 12393 -0.44 -0.45 0.825 normal

Wave Length (Ẫ)(m.)

Type No. Mean StDev Minimum Q1 Median Q3 Maximum Skewness Kurtosis P value Distribution

Free bends 26 5392 2195 2217 3680 5119 6314 11644 1.2 1.55 0.06 normal

Limited bends 18 4387 1579 1565 3106 4485 5865 6970 -0.08 -0.98 0.833 normal

Forced bends 11 3524 1369 1236 2538 3564 4257 6315 0.37 0.83 0.957 normal

Sinuosity (s)
Type No. Mean StDev Minimum Q1 Median Q3 Maximum Skewness Kurtosis P value Distribution

Free bends 26 1.1858 0.0878 1.1 1.1 1.2 1.265 1.4 0.62 -0.46

Limited bends 18 1.5528 0.1518 1.35 1.45 1.525 1.6225 1.92 0.94 0.71 0.179 normal

Forced bends 11 2.358 0.452 1.88 1.91 2.44 2.6 3.21 0.54 -0.72 0.144 normal
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estimated equations ranged between 88% and 97% which indicate a good fit to the data. Also, a visual 

inspection of the plot reveals that the data are evenly spread about the regression line implying no 

systematic lack of fit. The lines labeled c1 are the 95% confidence limit for wave length. The line label 

P1 are the 95% prediction limit for new observation. 
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Figure 8.The Normal probability plot of the 

residuals for wave length for free bends 

 

 

 

 

Figure 10.The Normal probability plot of the 

residuals for wave length for limited bends 

 

 

 

Figure 11.The Fitted line plot between wave length 

and Radius of curvature for forced bend 

 

Figure 12.The Normal probability plot of the 

residuals for wave length for forced bends 
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6 KINDS OF BANK PROTECTION 

In this paper, two kinds of bank protection worksweremonitored along the branch. The first was the 

spur dikes which were constructed before Aswan High Dam to protect the Nile banks and saveroads 

from damage. These dikes accelerated the sediment deposition in the inner curves. They have caused 

significant deposition over years and also increased the local scour on the outer curves causing bank 

failure. In this study, the hydrographic survey maps of (2009) were used to determine the spur dikes 

locations. Spur dikes percentages were found to be 50%, 68% and 80% with respect to free, limited 

and forced bends respectively as shown inFig. 15. The second type of bank protection was pitching 

using hand placed lime stones of different sizes. This kind of bank protection was more common after 

AHD construction. The percentages of bank protection according to type of bends were determined. It 

was found that the percentageswere 7%, 5% and 30% with respect to free, limited and forced bends 

respectively as shown inFig. 16. From this analysis of data and results, it can be concluded that the 

forced bend is considered the most subjected to erosion and bank failure which can be considered a 

top priority of bank protection. 

 

Figure 15.Spur dikes percentages for bendsFigure 16.Bankprotection percentages for bends 

6.1 Priorities of bank erosion  

The determination of the bank erosion along the branch wassurveyed in field reconnaissance and 

priorities for bank erosion severity were set. The integrated hydrographic survey system has been used 

to conduct field measurements required for the study. The mentioned system consisted of hardware 

echosounder to monitor the depth and more accurate devices to monitor the integrated topographic 

data in three-dimensions, known as Total stations of comprehensive and global positioning system 

0.00

2000.00

4000.00

6000.00

8000.00

10000.00

12000.00

14000.00

0.00 500.00 1000.00 1500.00 2000.00 2500.00 3000.00 3500.00

M
e

a
n

d
e

r 
w

a
v
e

 l
e

n
g
th

 (
m

.)

Radius of Curvature (m.)

Free bends Limited bends Forced bends

Poly. (Free bends) Poly. (Limited bends) Poly. (Forced bends)
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bends 

 

Figure 14.The Fitted line plot between meander wave 

length and wave length for the three types of bends 
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(GPS). This is in addition to the computers in order to process and sign the data of each cross section 

of the river Nile at the current location of the study. A hydrographic survey of the River Nile at the 

proposed site of Damietta branchwas carried out. A number of 57bendscoveringthe Damietta 

branchhave been surveyed and the priorities of bends are presented in Table 5. As shown 

KafrTahlawas aforced bend and has a top priority of protection, as it is a residential area and found to 

be vertical failure as shown in Fig. 17.On the other hand,TantElgezirawas chosen asa second priority 

as shown in Fig. 18. 

Table 5.The field trip for determination of the bank erosion and bank protection areas 

No. Site Name 

KM 

From Delta 

Barrages 

Length 

(m)  
Priority Notes 

1 
El-Munira Village ( right 

bank)  
31 800 1 High failure 

2 Barshom ( right bank) 41 300 2 
Medium 

failure 

3 TantElgezira  ( right bank) 53 200 2 
Medium 

failure 

4 KafrTahla( right bank) 62 600 1 High failure 

5 Meet Ghamr( right bank) 115 600 1 ̮̮̮̮̮̮ 

6 Samannod( right bank) 153 500 2 
Old 

protection 

Figure 17.KafrTahla-first priority                                Figure 18.TantElgezira-second priority 

7 USE OF GEOGRAPHICAL INFORMATION SYSTEM (GIS) TO DETERMINE 

BANK EROSIONS, EFFECTS ON THE NAVIGATIONAL PATH 

GIS is a computer system capable of assembling, storing, manipulating, and displaying 

geographically referenced information. The way maps and other data have been stored or filed as 

layers of information in a GIS makes it possible to perform complex analyses, information retrieval, 

Topological modeling, networks, overlay, and data output (Amdahl, 2001). 

7.1 Design of Geo-Database for types of bends for Damietta Branch 

A Schema for personal geo-data base has been built to archive, display, and analyze Damietta 

branch meander data. Thissystem is flexible enough to be updated according to any recent collected 

data. 
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A methodology based on a research is carried out with the help of hydro-topographic maps and the 

data collected from the field. These data were individually processed and analyzed in a GIS 

environmentas showninFig. from (19 to 26).It is clear that the GIS can assist in determining the high 

erosion spots and the percentages of bends along Damietta branch, before field visits.As shown in 

Table 5 it can be noticed that KafrTahla which is a forced bend type has the top priority to bank 

protection. 

 

 

 

 

 

 

 

 

 

Figure19. The flow Chart  for Methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20.Observation of high erosion Spot and the determination of different types of bends along the 

Damietta branch by using GIS 
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Figure 21.Cross sections in Zefta and El-Hageb (limitedbend) 

 

Figure22.Attribute table of meander parametersforlimitedbends 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23.Cross sections in Meet El Absi and El-Safeen (free bend) 
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Figure24.Attribute table of meander parametersforfree bends 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25.Cross sections in El-Atf and Talha (forced bend) 

 

Figure26. Attribute table of meander parametersfor forced bend 
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8 CONCLUSIONS 

In this paper, the Minitab 12 statisticalmodel was to analyze the meander parameters and describe 

the kinds of bends.In addition to, the computationof bend parameterssuch as (r), (z) , (ƛ) and (s) 

parameters were subjected to statistical tests in order to fit certain distribution for the three types of 

bends. Normality tests using Anderson Darling Normality were carried out for all bend parameters of 

the three types. These analyses were carried out for the three types of bends (free, limited and forced) 

found along Damietta branch. The percentages of the number types were 49%, 32% and 19% 

respectively. In addition, the common presence of the free type is upstream the barrages ofZefta and 

new Damietta where the velocity is small. Also, it is found that the limited bends are monitored 

downstream the barrages. While the forced bends were less in the downstream direction of the branch. 

Moreover, the relations between the radius of curvature and wave length for the three types of 

bendswere derived by the simple quadratic regression model with a correlation factor around 90% 

which means a good fit to the data. 

In this paper two kinds of bank protection are monitored,analyzed and evaluated along the 

branch.They are spur dikes and hand placed lime stones particles of different sizes (pitching). Using 

the hydrographic survey maps of (2009) according to the type of bends, it could be concluded that the 

spur dikes percentages are found to be 50%, 68% and 80% with free, limited and forced bend 

respectively. While the pitching percentage is 7%, 5% and 30% with respect to free, limited and 

forced bend respectively. From this analysis of data and results, it could be concluded that the forced 

bend is considered the most subjected to erosion and bank failure which means it has the top priority 

of bank protection. These relations can be used to predict the length of navigational path along the 

different types of bends to mitigate the navigation bottlenecks. 

Also, the GIS can be a veryefficient tool in the process of identification and mapping ofriver 

changes and bank erosion. In this case study it hasbecome clear that GIS can givebetter results than the 

conventional methods.It is clear that GIS has the ability to assist in determining high erosion spots and 

the percentage of bends along the Damietta branch, which helps before field visits.  
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