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ABSTRACT 

This research mainly aims to upgrade the navigable channels established along the River Nile main waterway and its 

branches within Egypt to satisfy the inland river transportation requirements. The upgrade targets re-design of safe 

navigable channels along river straight and meandering segments. Also, the paper aims to identify the safest design 

approach developed so far. River main waterway and other 3 branches were taken as study areas. Representative 

design ships used are of 100 m length and 15 and 11.6 m widths. Four design approaches; (Boogaard, 1992), (PIANC, 

1997), (CCG, 2001), and (PIANC, 2014) for determining the navigable channel widths through river straight segments 

and extra widths through meanders were used. Results revealed that approaches (CCG, 2001) and (PIANC, 2014) gave 

safest channel widths for one-way and two-way straight channels respectively. Also, in sharp meanders, the extra 

width value given by (CCG, 2001) was preferred, while in normal meanders, the extra width value by (PIANC, 2014) 

was preferred. Finally, (CCG, 2001) and (PIANC, 2014) were strongly recommended to be applied in design because 

they provide the highest safety in both straight and meandering river segments compared with other design approaches 

developed so far. 
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1. Introduction 

     Waterways are the cheapest mode of transport. 

They need no construction or maintenance cost as 

compared with roads and highways (Study-

rankers-online) [1]. They are represented by 

rivers, lakes, seas, and oceans. They can be used 

for trans-boundary trade between riparian 

countries. Bulky and heavy materials are usually 

transported by them. Also, they help to stimulate 

local and regional economies by acting as a 

catalyst for urban and rural regeneration and 

inward investment (British Waterways) [2]. 

Moreover, they are essential to the tourism 

industry as cruises in open areas and natural 

scenery are most favored by tourists.  

     Inland Waterways were classified into three 

main types according to (Thoresen, 1988) [3] 
and as shown in Fig. 1. They are either an open 
(unrestricted) channel or a confined (restricted) 
channel or a canal. An unrestricted channel is a 
relatively large body of water whose bed level is 
low enough to provide a sufficient flow depth 
that ensures unobstructed navigation traffic 
round the year and requires no bed dredging. A 
river cross-section may be classified as an 
unrestricted channel if it is wider than eight 
times the ship beam (width). As for the restricted 

channel, it is a channel with an underwater trench 
or a partially dredged channel in shallow water 
areas. The trench acts as a canal by containing  
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and influencing the flow around the ship. The 
wide overbank allows the flow to act as if the ship 
is in an unrestricted channel. In this case, the side 
slopes of the dredged zone depend on the 
classification of bed materials. It is obvious that 
the restricted channel follows the bed 

configuration of the waterway and is always 
found at the lowest bed levels. As for the canal, it 
is a man-made channel that is entirely 
constructed by excavation. It is a special case of 
the restricted channel with a trench height higher 
than the available water surface. Therefore, the 
canal dimensions along the whole stretch are 
mostly the same. The design of canal side slopes 
depends on the type and classification of bed 
materials. The side slopes are maintained and 
protected using molded rocks or reinforced 

concrete. 
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Fig. 1.  Types of waterways (Source: Thoresen, 

redrawn by Authors) 
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     However, in order to use the waterways for 

transport, navigable channels have to be 

constructed along them to secure and guide the 

transportation traffic. These channels are planned 

and designed to accommodate the traffic expected 

to navigate through. The channel width should be 

proportional to the dimensions of the largest ship 

expected to pass. Also, the channel should be at 

least two-way to allow traffic in two directions 

(up/downstream) simultaneously. 

     Waterways, especially the long ones, usually 
consist of a combination of segments/stretches 
having different cross sections which may be 

classified as one of the three types mentioned 
(PIANC, 1997). This is because one side of the 
waterway may look like unrestricted and the other 
like restricted with sidewalls. However, one 
should think of just one type when planning and 
designing a navigable channel along the 
waterway. An unrestricted waterway can be 
formed from a restricted channel if the width is 
large enough and/or side slopes are gentle 
enough. Most empirical formulas of the 
Permanent International Association of 

Navigation Congresses "PIANC" are based on 
ships sailing presumably along the centerline of 
asymmetrical channel. Therefore, the designer has 
to use the engineering judgment when selecting 
the most appropriate design formulas. 

     Regarding the inland traffic intensity (density), 
there are three different cases; low, medium and 

high. Accordingly, three corresponding cross-
sections of different regular dimensions could be 
defined respectively. When the traffic density is 
low, a channel with a cross-section of one single 
traffic lane is implemented to allow the passage of 
only one loaded design ship at a time. This type is 
used in short waterways and under special 
conditions. In case of medium density, a channel 
with a cross-section of two traffic lanes is 
constructed to allow two loaded design ships to 
pass in opposite directions. The channel cross 
section also allows an unloaded design ship to 

overtake a loaded one with high caution. If the 
traffic density is high, a channel with a three way 
traffic cross section is established to allow two 
loaded design ships to meet at normal speed and 
one loaded ship can be overtaken by a third ship 
with caution. This case is seldom to occur and is 
applied only when the matter is unavoidable. 

     Regarding the inland waterways in Egypt which 

are represented by the River Nile and its branches, 

there are navigable channels already planned, 

designed and implemented through them to serve 

the domestic cargo transportation and tourism. The 

channel is mainly designed as a two-way route. It 

is 100 and 40 m wide along the river main 

waterway and branches respectively. Vessels of 

100 m length and 15 m width are only allowed 

through the main waterway, whereas vessels of 51 

m length and 7.5 m width are allowed through both 

of the main waterway and branches. 

 

2. Objective 

 

     This paper aims to upgrade the navigable 

channels already established along the River Nile 

waterways within Egypt to satisfy the inland river 

transportation requirements. These channels are to 

be re-designed for ensuring safe ship traffic 

throughout both river straight segments and 

meanders and achieving convenient navigability of 

floating hotels, container ships and twin-ship barge 

units. Also, the paper aims to identify the most 

suitable and safest design approach developed so 

far. On the other hand, it should be noted that the 

navigable channels will be upgraded in terms of 

width only. As for the other design parameters 

such as the ship draft, river depths, navigational 

route plan, lock widths, and flow releases 

downstream barrages, they have to be already 

satisfied according to the current recommendations 

of the Egyptian River Transport Authority (RTA) 

as follows: 

 The maximum ship draft shouldn't exceed 1.80 

m; 

 The minimum river depth within the navigable 

channel shouldn't be less than 2.30 m; 

 The navigation vents at bridges should comply 

with the RTA recommendations; 

 The navigational routes should be planned such 

that they avoid, as much as possible, the riverbed 

areas of navigational bottlenecks that need 

dredging and funds; 

 The flow discharges released downstream the 

barrages should be enough to provide the water 

depths needed;   

 The available locks constructed at the existing 

barrages should have widths sufficient to 

accommodate the vessels passing through; 

 In minimum discharge periods, minimum water 

levels downstream locks should provide the 

minimum navigational depths required (2.30) m. 

Otherwise, ship cargo should be reduced or 

relieved to decrease the draft; 

 Water surface inside the locks should be 

maintained at least 2.30 m above the floor levels. 

 

3. Materials and Methods 

 

3.1 Waterways under Study 
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     The navigation traffic within Egypt has been 
mainly concentrated along the River Nile main 
waterway which extends for about 950 km 
between Old Aswan Dam "OAD" in Aswan and 
Delta barrages north of Cairo as shown in Fig. 

2a. It has a waterway width ranging between 300 
to 1000 m. Also, there are other three important 

waterways (river branches) that are used 
regularly for river intensive cargo transportation 
through the Delta Region north of Egypt. They 
are Damietta branch, El-Rayah El-Behery, and 
El-Nubaria canal as shown in Fig. 2b. Damietta 
branch is about 244 km long with a waterway 
width ranging between 250 and 500 m. It starts 
at Delta Barrages and ends at the open sea port at 
Damietta on the Mediterranean Sea. As for El-
Rayah El-Behery, it extends for about 139 km 
from Delta Barrages until it meets Kafr Al-
Dawar–Motobas canal at km (15.10) 

downstream its entrance at Rosetta branch at km 
(187) downstream Delta Barrages. it has a 
waterway width ranging between 50 and 75 m. 
As for El-Nubaria canal, it branches off El-
Rayah El-Behery at km (82.20) downstream 
Delta Barrages and extends for 120 km long 
until the Mediterranean Sea at Lake Marriott. Its 
waterway has a width ranging between 30 and 
55 m (Samuel) [4]. Within all these waterways, 
there are locks of widths equal to 16 m or more 
that can accommodate ships of widths reaching 

15 m. So, there are no problems in improving the 
present navigable channels existing through 
these waterways to meet the new traffic 
requirements. Table 1 shows a list of these 
locks. The bed levels of some of these locks 
compared with their downstream minimum 
water levels can provide enough navigational 
depths, while others don't. Therefore, when the 
downstream water depth is not sufficient for any 
reason (for instance, winter closure or water 
rationalization), ships should reduce their 

cargoes to decrease their drafts lest they should 
get grounded. In extreme cases of water 
unavailability, river transport should completely 
stop or pause until water is back again.  

On the other hand, the navigable channels along 
these waterways currently suffer problems that 
hinder and/or delay the navigation traffic. Such 

problems comprise navigation bottlenecks, sharp 
meandering and channel narrowness.  

     The major problem that disturbs the 
navigable channels along the four waterways 
altogether is the navigation bottlenecks that take 
place and grow over time due to the bed 
aggradation/degradation processes induced by 
the navigation traffic and the external 

interventions. These bottlenecks always require 
repeated dredging works and consequently large 
financial budgets.  

     As for meandering, Damietta branch is 

characterized by being largely sinuous and 
having more than 50 meanders along its length 
(Sadek) [5]. The bends always cause abrupt 
transition areas especially in waterway width 
between the curved and straight segments 
(Herbich) [6]. This transition causes changes in 
the flow patterns which induce unbalanced 
hydrodynamic forces that may act on the ship 
dangerously while it enters the waterway at the 
bend. Therefore, the transition between straight 
and curved segments should be as gradual as 

possible to lessen or absorb the flow changes 
impacts.   

     As for narrowness, the existing navigable 
channel is mainly designed as a two-way route. 
It is 100 and 40 m wide along the river main 
waterway and three branches respectively. 
Vessels of 100 m length and 15 m width are only 

allowed through the main waterway but not 
through the branches, whereas vessels of 51 m 
length and 7.5 m width are allowed through both 
of the main waterway and branches. However, 
on considering the modern navigation 
requirements, especially project VICMED, the 
problem of the two-way channel narrow width 
(40 m) will influence the river transport largely, 
especially along the three branches. Therefore, 
the channel upgrade is deemed unavoidable. 
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Fig. 2a. Egypt map showing the River Nile Main 

Waterway and Main Barrages. 
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Table 1  
Data of Locks along River Nile Main waterway, Damietta branch, El Rayah El Behairy and Nubaria Canal 
River Nile 

Waterway 

Lock name Reach 

name 

Km D/S 

OAD 

Length 

(m) 

Width 

(m) 

Floor 

level (a 

msl) 

D/S 

Mean 

Min WL 

Available 

Navigational 

Depth (m) 

Navigation 

Status 

Main Esna (old) First 167.0 80 16 70.30 72.03   

Main Esna (new) First 169.0 116 17 66.60 72.03 5.43 OK 
Main Naga Hammadi 

(old) 

Second 359.5 80 16 58.00 58.87   

Main Naga Hammadi 
(new) 

Second 361.0 177 17 54.88 58.87 3.99 OK 

Main Assuit (old) Third 546.0 80 16 43.25 44.62   

Main Assuit (new) Third 547.0 117 17 38.00 44.62 6.62 OK 
Main Delta (old) Fourth 953.0 80 12 4.00 13.03   

Main Delta (new) Fourth 953.5 100 12 4.00 13.03 9.03 OK 

  Branch 

name 

Km D/S 

Delta 

      

Branch Delta Barrages 

(Entrance) 

Damietta 0.00 80 12 4.00 13.03   

Branch Delta Barrages 
(Entrance) 

Damietta 0.00 100 12 4.00 13.03 9.03 OK 

Branch Zefta (old) Damietta 92.5 80 12 3.50 3.80   

Branch Zefta (new) Damietta 92.5 150 17 1.50 3.80 2.30 Not OK 

(Need cargo 

reduction) 

Branch Faraskour Damietta 234.0 80 12 -5.00 0 5.00 OK 

  Rayah 

name 

Km D/S 

Inlet 

      

Rayah Entrance (old) El Behairy 0.00 55 12 10.5    

Rayah Entrance (new) El Behairy 0.00 116 16 7.00 9.64 2.64 OK 

Rayah Khatatba (old) El Behairy 42.26 80 12 7.08 ----   

Rayah Khatatba (new) El Behairy 42.26 116 16 5.00 8.25 3.25 OK 

  Canal 

name 

Km D/S 

Inlet 

      

Canal Entrance (Boleen) Nubaria 0.00 116 16 4.70 7.90 3.20 OK 

Canal Bostan Nubaria 28.50 116 16 3.25 6.47 3.22 OK 

Canal Janklees Nubaria 61.00 116 16 2.24 4.16 1.92 Not OK 
(Need cargo 

reduction) 

Canal El Nahda Nubaria 100.0 116 16 -5.50 0.00 5.50 OK 
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3.2 Determination of the Representative Design 

Ship  

 

     The representative design ship dimensions 

have to be specified carefully as they govern the 
design of the navigable channel dimensions. The 
ship constitutes the greatest incident risk in the 
navigable channel. The choice of such a ship was 
subject to a statistical analysis of the available 
data of all types of the used cargo transportation 
and tourist units (NRI) [7]. The physical 
dimensions of all the registered floating hotels 
along the River Nile main waterway in Egypt 

were analyzed and classified. Results revealed a 
representative floating hotel of 75 m length, 15 
m width and 1.8 m draft (Fahmy) [8].  

     For the other three river waterways 
(branches), dimensions of all cargo 
transportation units sailing through them were 
also analyzed. This took place during a 

development project proposed by the Egyptian 

River Transport Authority "RTA" in 2006 to 
increase cargo transportation through Damietta 
branch.  

     Three design ships were assigned during that 

project; one single propelled unit of 100 m long 
and 7.5 m width; the twin-ship barge unit of 
pusher barge and pushed dump barge of 100 m 
total length and 7.5 m width and the container 
ship unit of 100 m long and 11.6 m width. Also, 
the project proposed to upgrade the navigable 
channels in straight segments and meanders to 
cope with the new ship dimensions and ensure 
safe navigation traffic. However, the project has 
not been implemented so far. Table 2 below 
shows the proposed future dimensions of the 

representative design ship, under keel clearance, 
and the water flow depth along the river main 
waterway and the three branches compared with 
those which are currently in use. 

      

 

Table 2 

Comparison of Principal Design Parameters; present and future 

 

No. 

 

Design parameters 

Design values (m) 

The River Nile main waterway The three branches 

Current Future Current Future 

1 Design ship length       (Ls) 100 100 51 100 

2 Design ship beam        (Bs) 15 15 7.5 11.6 

3 Design ship draft         (Ts) 1.8 1.8 1.8 1.8 

4 Under keel clearance (Ck) 0.5 0.5 0.5 0.5 

5 Req. Water flow depth ( h ) 2.3 2.3 2.3 2.3 

 

3.3 Previous Studies 

 

     El Sersawy [9] conducted a research study 

that came up with a new design for the widths of 

the navigable channels along the River Nile 
waterways that accommodated the 1

st
 class cargo 

transportation traffic. In that study, four design 
methods were used. Two were empirically 

developed to determine the navigable channel 
width along the waterway straight segments, 

while the other two were applied on both straight 
and curved segments. The four waterways defined 

earlier above (the River Nile main waterway, 
Damietta branch, El-Rayah El-Behery, and El-

Nubaria canal) were taken as case studies. The 
design ships selected to design the navigable 

channel widths were 100 m long and 15 m wide 

through the main waterway and 51 m long and 7.5 
m wide through the other branches. However, the 

selected design ship for the 3 river branches at the 
time is different from that is currently required. 

     On the other hand, as Damietta branch is a 

typically sinuous meandering waterway, the 

navigable channel through such bends must be 
designed to ensure safe traffic in terms of 
adequate water depth and maneuvering space. 
The basic layout and alignment of the channel is 
to be primarily decided based on the waterway 
bed morphology. It is generally accepted that an 
additional channel width is necessary through a 
bend to account for the added difficulties of 
maneuvering and the broader swept path of the 
ship. This is because ships cannot make 
instantaneous changes in direction, but follow an 

arc. Therefore, the design of channels at bends 
must show the track that ships will actually 
follow. For these reasons, navigable tracks along 
the bends of all natural and canalized waterways 
are much wider than those in straight directions. 
Whereas the vessels in straight stretches/segments 
only wriggle with a maximum horizontal rotation 
angle of ±3º, the vessels in the river bend in the 
downstream direction drift with a horizontal 
rotation angle of up to 20° (Prsic) [10]. However, 
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vessel drifting would be less expressed in the 
upstream direction because the rudder obeys 
better and therefore the upstream track would be 
narrower. Fig. 3 shows the way described by 

(Prsic) [10] when a vessel sails through bend 
channel tracks (lanes) up and downstream. 

 

 

 

Fig. 3. A definition sketch for vessel passage through bend tracks (Prsic) [10]. 

3.4 Navigable Channel Design Methods  

 

     Until recently, various guidelines and 

recommendations for design of navigable 
channels have been set to improve navigation 
and minimize construction and maintenance 
costs. This is due to the fact that the design of 
a waterway channel is highly site specific. So, 
it is too difficult to derive or apply a set of 
general guidelines without having strong 
practical background or expertise. There are 

three design methods that are widely used 
worldwide namely; guideline, empirical and 
common design. Each method includes 
different alternatives and/or trials that can help 
achieve the safest and most efficient channel 
width.       However, both the guideline and 
empirical methods are only applicable for 
straight waterway channels. They don't 
consider the meander effect. Therefore, they 
will be excluded from discussion here. On the 
other hand, the U.S. Army Corps of Engineers 
(USACE) [11] revealed that for two-way 

traffic, it is essential that traffic bound 
downstream should move along the concave 
(outer) river bank of the bend and that bound 
upstream should move along the convex 
(inner) river bank. Also, the minimum 
clearance between channel limit lines should 
be 20 feet (6.1 m) and the clearance between 

vessels should be 50 feet (15.2 m). 

 

3.4.1 Common Design Methods (for straight 

river segments) 

 

     The common design methods can be applied 
for straight and curved waterways altogether. 
They are four and can be discussed as follows: 

 

3.4.1.1 Boogaard Method 

 

     This method was published by Boogaard 

[12]. It is applicable for still water. The 
necessary modifications for the effect of cross 
winds, channel bends and flow velocity are 
considered. The final designed waterway 

channel width is expressed as a multiple of the 
representative design ship (width) beam. As 
shown in Fig. 4, a trapezoidal section is selected 
as a suitable shape. In this figure, h is the water 
depth (m), Ts is the ship draught (m), bt is the 
channel width at keel level (m), Bs is the ship 
width (m), Am is the mid-ship area (m

2
), and Ac 

is the wetted cross section area (m
2
). 
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Fig. 4. Elements of a Waterway Cross Section 

 

     This approach reveals that the first step for 
channel design is to determine the required width 

of the maneuvering lane. This was defined as the 
channel within which the ship may easily 
maneuver without encroaching on the safe bank 
clearance or without approaching another ship too 
closely. It is likely that a lane width must be large 
enough to secure safe navigation. This method 
takes the land width as 2Bs. Applying the 

necessary criteria to guarantee safe and high 
degree of maneuverability, Table 3 was 
produced as guideline for waterway channel 
design. Knowing the representative ship beam 
(Bs) and draft Ts, each of the water flow depth 
(h) and the navigation channel width of still 
water at keel level (bt) can be computed.  

 

Table 3 

Still water guidelines for channel design 

Criterion 
Guidelines for channel design 

One-way Two-way Three–way 

h/Ts 1.3 1.3 1.4 

bt / Bs 2.0 3.0 4.0 

Vmax (5 – 6) Km/h (7 – 8) Km/h (8.5 – 10.0) Km/h 

      

There are three different increments for the 

calculated channel width that can be determined as 

follows:   

 

 For the case of unloaded ships, the navigation 

channel width Bs should be increased to cope 

with the effect of cross winds. Measurements 

on some canals indicated that the maximum 

increment equals the ship beam (Bs);   

 The channel width should have an increase to 

compensate for the bend effect. This will be 

covered over the following sections; and 

 The channel width should be increased to 

neutralize the flow current effects. This 

increase can be estimated by field experience. 

It depends on the following four conditions:   

1. If the mean flow velocity VW is less than or 

equal 0.5 m/s, no extra increase is 

recommended.   

2. If 0.5 m/s < VW < 1.5 m/s for meeting 

maneuvers, the navigable channel width 

should be increased up to 0.2 Bs  

3. If 0.5 m/s < VW < 1.5 m/s for overtaking 

maneuvers, the navigable channel width 

should be increased up to 0.5 Bs  

4. If VW > 1.5 m/s, the increase in channel 

width should be determined by theoretical 

studies and/or full scale model tests. 

 

3.4.1.2 PIANC Methods 
 
     The design methods of PIANC [13] and [14] 

are based on the development of two main 

equations that calculate the navigable channel 

width in either of the single or two way channels as 

a multiple of the beam of the design ship. The 

radius of curvature of a bend is expressed as a 

multiple of its length, while the channel depth is 

related to the ship draft. Considering each of the 

two navigable channel types, dimensions and 

maneuvering conditions of the representative 

design ship, the preliminary design of the 

navigable channel can be determined. The concept 

deals with the width and depth of straight 

navigation sections and gives guidelines to 

compensate for the effects resulting from bends. 

The navigable channel width elements in a straight 

segment/stretch are shown in Fig. 5. They can be 

evaluated for one and two-way channels using 

Eqs. 1 and 2: 
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     Where W is the final navigable channel width; 
WBM is the required channel width for 
maneuvering; Wi are additional channel widths 
due to ship speed and wave; WBR and WBG are the 
bank clearance on the right and left sides of the 

navigable channel; Wp is the passing distance 
between ships. In order to evaluate the different 
elements of the two equations, the additional 
values for channel width (Wi) is defined in 
separate tables. In this case, PIANC [13] and [14] 
provided a set of look-up tables which include 
additional width allowance on the basic 
maneuvering lane width, which takes into account 

the vessel speed drift due to wind, drift due to 
current wave effects, aids to navigation visibility, 
seabed material channel depth and cargo hazard 
level. While the other design elements are given 
in Table 4 as a multiple of the design ship beam.

Table 4 

Design elements for a navigable channel  
Basic Maneuvering Lane 

Ship 

Maneuverability 
Good Moderate Poor 

Basic Maneuvering 

Lane, WBM 
1.3 Bs 1.5 Bs 1.8 Bs 

Width of Passing Distance for Two-Way Traffic 

Width for passing 

distance (Wp) 

Vessel 

Speed and 

Traffic 

density 

PIANC 

1997 

PIANC 

2014 

Vessel speed (knots) 

-  fast > 

12 
- 1.8 Bs 

-  

moderate 

> 8-12 

1.4 Bs 1.4 Bs 

-  slow 5 – 

8 
1.0 Bs 1.0 Bs 

Encounter traffic 

density 

 

-  light - - 

-  

moderate 
0.2 Bs 0.2 Bs 

-  heavy 0.4 Bs 0.4 Bs 

Additional Width for Bank Clearance 

Width Clearance 

(WBR or WBG) 

Vessel 

speed 

PIANC 

1997 

PIANC 

2014 

Sloping channel 

edges and shoals 

Fast - 0.7 Bs 

Moderate 0.5 Bs 0.5 Bs 

Slow 0.3 Bs 0.3 Bs 

Steep and hard 

embankments, 

structures 

Fast - 1.3 Bs 

Moderate 1.0 Bs 1.0 Bs 

Slow 0.5 Bs 0.5 Bs 

 

 

3.4.1.3 Canadian Method 

 

     This method was developed by the Canadian 

Coast Guards (CCG) [15] to determine the 

navigable channel parameters that fulfill efficient 

maneuverability with no less than minimum safety 

margins and allowances. The method is based on 

the operational requirements for ships that can 

provide the conceptual requirements for safe and 

efficient navigation. The design procedure for each 

element of the navigable channel geometry is 

provided. However, good judgment, experience 

and common sense are required when they are 

applied. In this method, the total channel width for 

two-way traffic refers to the measured horizontal 

distance from the toe-to-toe side slopes at the 

design depth. It can be expressed as follows: 
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Total Channel Width = Design Width + 

Allowances                                                          (3) 

 

     The design width refers to the summation of 

width requirements for design ship maneuvering, 

hydrodynamic interactions between meeting and 

passing vessels, cross winds and cross currents, 

counteracting bank suction and navigational aids 

(including pilots). Also, allowances refer to the 

additional width increases that compensate for 

bank slumping, erosion, sediment transport, 

deposition, and type of bank materials. As for the 

effect of bottom surface, it is important only in 

shallow waterways. If the depth is more than 1.5 

times the draft of the design ship, no additional 

width is needed. A guide for all the design 

parameters is given by CCG [15]. 

3.4.2 Common Design Methods (for river 

meanders) 

 

3.4.2.1 Boogaard Method 

      

     Ships traveling and maneuvering along bends 

usually undergo severe unbalance and instability 

due to changes in channel directions. This, in turn, 

creates moment and hydrodynamic forces that 

increase steering difficulty of the vessel transiting 

the bend.  Accordingly, the navigable channel 

width along bends should be greater than that 

along straight segments/stretches. The common 

design method by Boogaard [16] recommended 

an increase in navigable channel width of ΔbL and 

Δbu due to the bends at the keel level in the cases 

of loaded and unloaded ships respectively. These 

values can be computed for the case of two-way 

traffic as follows: 

  

ΔbL=(Ls)
2
/2r                                                        (4)                                                               

 

Δbu=(Ls)
2
/r                                                          (5) 

   

     Where "r" is the radius of curvature and "Ls" is 

the representative ship length.   

 

3.4.2.2 USACE Method 

 

     The U.S. Army Corps of Engineers [11] stated 

that the need for additional width in bends has 

been known and recognized but little information 

has been available on the amount required. 

Therefore, the channel width in bends was 

estimated as a direct function of the deflection 

angle of the ship which is depending on many 

factors and can be computed as follows:  

 

CW2 = (sin αu x L1) + Bs1 + (sin αd x L2) + Bs2 + 

2C + Ct                                                               (6) 

 

Where CW2 is the channel width required for 

two-way traffic (in feet), αu and αd are the 

maximum deflection angles of up and down 

bound ships respectively (in degrees), L is the 

ship length (in feet), Bs is the ship width (in feet), 

C is the clearance required between the ship and 

channel limit (boundary) for safe navigation, and 

Ct is the minimum clearance required between 

passing ships for safe two-way navigation. 

Considering that C=WBR=WBG=0.3 Bs and Ct=1.0 

Bs and Bs1 = Bs2= Bs, L1=L2=100 m = 328.1 feet 

and αu = αd. Eq. 6 can be re-written as follows: 

  

CW2=137.016+656.2Sinα                           (7) 

 

     For example, assume that the maximum 

deflection angle is 12 degrees, the total channel 

width required for two-way traffic will be = 

273.447 feet (83.35 m).  

 

3.4.2.3 PIANC Methods 

 

     PIANC [13] stated that when sailing through a 

bend in the navigable channel, the width of the 

swept path should increase. A bend curvature of 

"r" more than 10 L is preferred, but "r" mustn't be 

less than 5 L. Straight segments of greater than 10 

L should link consecutive bends. The extra channel 

width through the bend should be [L
2
/ 8r] and the 

change in channel width should not exceed 10 m 

through 100 m.  

     An extra width through a channel bend was 

recommended by the CCGs in 2001 to be added to 

the channel width to account for maneuvering 

difficulties while transiting through a bend of a 

radius of curvature less than 6 times the design 

ship length. This excess depends mainly on the 

depth/draft ratio (D/d) and varies from 0.3 Bs at 

D/d = 1.10 to about 1.6 Bs at D/d = 1.50.      

     PIANC [14] revealed that an additional 

waterway channel width "ΔW" is necessitated by 

the increase in the drift angle of the vessel and 

response time from the instant when the vessel 

deviates from the straight channel axis. Therefore, 

the total additional width in a bend "ΔW" due to 

the swept path is equal to the sum of the additional 

width due to these two factors (vessel drift angle & 

response time). The additional width due to the 

drift angle ΔWDA can be determined by using the 

simplified formula: 

 
ΔWDA=L

2
/Ar                                                       (8) 
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     Where "r" is the bend radius, "L" is the overall 

ship length, and A is a factor depending on the ship 

type which is equal to 8.0 for normal ships. An 

additional width ΔWRT is required in bends to 

compensate for the time delay of the ship-handler in 

responding to a required alteration of course. In the 

concept design stage, the following allowance is 

recommended: 
 
ΔWRT=0.4Bs                                                        (9) 
 

3.5 Application of the Design Methods on the 

Present Study Waterways 

 

     Using the abovementioned design methods, 

the channel widths were calculated. The methods 
are separately applied for straight and curved 

bend segments as follows:  

 

3.5.1 Through River Straight Segments 

 
     The final results of channel width values for a 

two-way traffic straight segment were calculated 

using Boogaard [12]. They are listed in Table 5.  

     Knowing the dimensions of the representative 

design ship, the recommended design Eq. 2 for a 

two-way traffic channel by PIANC [13] and [14] 

were applied according to the specified Table 5. 

The navigation and flow conditions selected to 

calculate various design parameters are listed in 

Table 6, while Table 7 lists the final calculation 

results of the designed channel widths for straight 

segments. 

 

 
Table 5 

Estimated Channel Widths by (Boogaard, 1992)   

No. Waterway channel parameters 
Design parameters (m) 

Main waterway & Damietta Other two branches 

1 Value of bt/Bs in Table (4) 3.0 2.0 

2 Channel width in still water (bt) 3.0 Bs 3.0 Bs 

3 Width increase due to wind (Bs ) 1.0 Bs 1.0 Bs 

4 Mean current velocity (VW) VW > 0.5 (m/s) VW > 0.5 (m/s) 

5 Increase due to flow current (Bv) 0.5 Bs 0.5 Bs 

Two-way channel width 4.5 Bs 4.5 Bs 

 

Table 6 

Design Parameters Calculations by PIANC (in meters) 

The Design Element 

PIANC 1997 PIANC 2014 

Main 

waterway 

Damietta 

branch 

Behairy& 

Nubaria 
Main waterway 

Damietta 

branch 

Behairy& 

Nubaria 

Ship maneuverability {WBM} 1.3Bs 1.5 Bs 1.8 Bs 1.3Bs 1.5 Bs 1.8 Bs 

Ship speed (slow)  {W1} 0.0 Bs 0.0 Bs 0.0 Bs 0.0 Bs 0.0 Bs 0.0 Bs 

Cross wind (mild) {W2} 0.0 Bs 0.0 Bs 0.0 Bs 0.2 Bs 0.2 Bs 0.2 Bs 

Longitudinal flow current 

{W3} 
0.1 Bs 0.0 Bs 0.0 Bs 0.1 Bs 0.0 Bs 0.0 Bs 

Good aid to navigation {W4} 0.1 Bs 0.1 Bs 0.1 Bs 0.2 Bs 0.2 Bs 0.2 Bs 

Bottom surface (h<1.5Ts) 

{W5} 
0.1 Bs 0.1 Bs 0.1 Bs 0.1 Bs 0.1 Bs 0.1 Bs 

Waterway depth (h= 1.3Ts) 

{W6} 
0.2 Bs 0.2 Bs 0.2 Bs 0.2 Bs 0.2 Bs 0.2 Bs 

Cargo hazard level (Low) 

{W7} 
0.0 Bs 0.0 Bs 0.0 Bs 0.0 Bs 0.0 Bs 0.0 Bs 

Total increase in width  (Wi) 0.5 Bs 0.4Bs 0.4Bs 0.8 Bs 0.7 Bs 0.7 Bs 

Ship speed increase (slow) 

(WP) 
1.4 Bs 1.0 Bs 1.0 Bs 1.4 Bs 1.0 Bs 1.0 Bs 

Bank clearance (WBG) & 

(WBR) 
0.3 Bs 0.3 Bs 0.3 Bs 0.2 Bs 0.2 Bs 0.2 Bs 

 
Table 7 

Channel Width Calculation by PIANC (in meters) 
The Design Element PIANC 1997 PIANC 2014 

Main 

waterwa

y 

Damietta 

branch 

Behery & 

Nubaria 

Main waterway Damietta 

branch 

Behairy & 

Nubaria 

Ship maneuvering 2WBM 2.6 Bs 3.0 Bs 3.6 Bs 2.6 Bs 3.0 Bs 3.6 Bs 

Increase in width 2 [sum Wi] 1.0 Bs 0.8 Bs 0.8 Bs 1.6 Bs 1.4 Bs 1.4 Bs 

Sloping channel edges  (WBR) 0.3 Bs 0.3 Bs 0.3 Bs 0.2 Bs 0.2 Bs 0.2 Bs 
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Sloping channel edges  (WBG) 0.3 Bs 0.3 Bs 0.3 Bs 0.2 Bs 0.3 Bs 0.2 Bs 

Total increase in width   (WP) 1.4 Bs 1.0 Bs 1.0 Bs 1.4 Bs 1.0 Bs 1.0 Bs 

Total waterway  width  (W) 5.6 Bs 5.4 Bs 6.0 Bs 6.0 Bs 5.9 Bs 6.4 Bs 

 

The values of the method developed by the 

Canadian Coast Guards (CCG) in 2001 to 

determine waterway channel parameters that fulfill 

efficient maneuverability are listed in Table 8.  

 
Table 8 

Channel Width values By (CCG, 2001) 
No.                 Design Element  Design channel width values 

River  

Nile 

Damietta 

branch 

Behairy & Nubaria 

1 Maneuvering lane width 2(1.5 

Bs) 

2(1.5 Bs) 2(1.5 Bs) 

2 Increase due to traffic density  0.4 Bs 0.2 Bs 0.2 Bs 

3 Increase due to cross winds  0.0 Bs 0.0 Bs 0.0 Bs 

4 Increase due to cross currents  0.0 Bs 0.0 Bs 0.0 Bs 

5 Increase due to bank suction  0.5 Bs 0.75 Bs 0.5 Bs 

6 Increase due to navigation aids  0.1 Bs 0.1 Bs 0.1 Bs 

7 Increase due to cargo hazard  0.0 Bs 0.0 Bs 0.0 Bs 

8 Increase due to depth/draught ratio  0.2 Bs 0.2 Bs 0.2 Bs 

9 Increase due to bed surface  0.1 Bs 0.1 Bs 0.1 Bs 

Total width in terms of ship width  4.3 Bs 4.35 Bs 4.1 Bs 

 

 

3.1 Through River Meanders  

 

     Five approaches were discussed to estimate the 

appropriate increase in channel width within curved 

bends. The extra width is estimated as a multiple of 

(Bs) for all the approaches except that of the U.S. 

Army Corps of Engineers (1980) which requires the 

value of the deflection angle. Therefore, it was 

excluded. The extra width values recommended by 

these approaches are listed in Table 9. The table 

reveals that the values are largely disparate. They 

range between 2.5 and 20.0 m. The values given by 

Boogaard [12] are the highest and those given by 

PIANC [13] are the lowest. However, the (CCG) 

[15] and PIANC [14] approaches depend on the 

ship width (Bs) which this study is interested in. 

While, the (CCG) [15] gives higher values which 

mean more safety, PIANC [14] gives lower values 

which mean more economy. Therefore, the choice 

of which depends of the sound engineering 

judgment on the concerned meander. In our case 

studies, extra width values were preliminarily 

proposed. As for the implementation stage, these 

values should be estimated again based on the 

meander curvature and the design ship dimensions 

(length and width). Generally, the highest values 

should be applied in case of Damietta branch for its 

high sinuosity.  

Table 9 

Summary of the increase in Channel Width at Curved Bends 

No. Design method Extra width at bends 

1 BOOGAARD, 1992  20.0 m 

2 U.S. ARMY, 1980  Depends on the deflection angle 

3 PIANC, 1997  2.5 m 

4 CANADIAN, 2001 1.3 Bs  

5 PIANC, 2014 2.5 m + 0.4 Bs  

 

3.1.1 Swept Path Geometry 

      

     Regardless of the extra channel width at river 

bends and the swept track width, swept path 

geometry plays an important role in navigation 

safety. This is because the maneuvering ships in 

bends will remarkably turn away from its course 

more than that in straight segments. Therefore, the 

turning of vessels in bends has to be made at the 

proper time to prevent colliding with banks 

particularly when sailing against the flow current.  

In addition, ship control along the bend is more 

difficult because of the absence of navigation 

ranges (Kray) [16]. Therefore, the channel width 

is usually widened at bends to provide more 

maneuvering space. Herbich [6] concluded that 

the increase of channel width at bends is 

considered a function of a number of variables 

such as the deflection angle, radius of curvature, 
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environmental conditions and the length, beam, 

and controllability of the design vessel. The entire 

amount of widening may be applied to the inner 

curve of the bend, or equally or unequally split on 

both sides of the channel bend to produce such an 

appropriate situation. The optimum alignment for 

the swept path would be reached when the 

transition of vessels between the straight and 

curved channel zones induce minimum asymmetric 

hydrodynamic forces on the vessel. To achieve 

such condition, transition between the straight and 

widened cross section in the bends should be made 

as gradual as possible to provide smooth change. 

In this case, the maximum rate of widening should 

be about one to twenty to secure smooth vessel 

transition between the straight and curved channel 

zones. To deal with such a condition, Kray [16] 

and Wallingford [17] suggested four different 

alternatives for channel widening and swept path 

geometry through bends as shown in Figs 6 and 7. 

This gradual transition between straight river 

segments and bends should be taken into account 

on the implementation of the new width upgrade 

reached by this research work. 
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Fig. 6. Different Alternatives for Straight Line Turn 
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Fig. 7. Constant Width Turn 

 

 

 

4. Final Results and Discussion      

          

     A summary of the final design widths 
calculated for one and two-way channels by the 
common design methods including straight river 

segments and meanders are listed in Table 10 

below. Analyzing the results, the following could 
be pointed out: 

1. Final proposed design width values are given 

for the navigable channels along the four 
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selected River Nile waterways in both straight 
and meandering segments; 

2. For design of a safe two-way navigable channel 

in straight river segments, the approach of 
PIANC, 2014 should be always recommended 

as it gives the biggest width value among the 
four approaches used;  

3. For design of a safe one-way navigable channel 

in straight river segments, the approach of 
CCG, 2001 should be recommended as it gives 

the biggest width value; 

4. In short, a designer should use CCG, 2001 for 

one-way navigable channel design and PIANC, 

2014 for two-way design; 

5. A meander having a radius of curvature "r" less 

than 5 times the ship length "L" is considered 

sharp, whereas a meander of 5L <  r < 10L is 
normal while a meander of r > 10 L is 

considered a straight segment; 

6. For a safe navigable channel at a sharp 

meander, an extra width value should be added 

to the width of the straight channel using 
approach CCG, 2001 as it gives the biggest 

value. In our chosen case studies, Damietta 
branch should have this extra value which 

equals 1.3 Bs; 

7. For normal meanders, the extra width value 

given by PIANC, 2014 is recommended as it is 

safe enough to make room for the probable 
ship deviation; 

8. In straight river reaches/segments, approach 

CCG, 2001 gives the least design width values 
for a two-way navigable channel, while 

approach PIANC, 2014 gives the biggest 
design width values; 

9. In straight river reaches/segments, approach 

PIANC, 2014 gives the least design width 
values for a one-way navigable channel, while 

approach CCG, 2001 gives the biggest design 
width values; 

 

5. Summary and Conclusion 

      

     The present applied research has upgraded the 

navigable channels currently used through the 

River Nile main waterway and other three smaller 

and narrower waterways; Damietta, El Rayah El 

Behairy, and El Nubaria Canal. The upgrade has 

targeted the design of safe navigable channels along 

river straight and meandering segments to 

accommodate broad ships of 15, 11.6, and 7.5 m 

widths. Three design methods were discussed for 

application namely; guideline, empirical and 

common. The first two were excluded because they 

don't consider river meanders in design. Only, the 

third (common) was considered. It has four design 

approaches; (Boogaard, 1992), (PIANC, 1997), 

(CCG, 2001), and (PIANC, 2014). They were all 

applied in design and their final results were 

analyzed and discussed. Finally, the results given 

by (CCG, 2001) and (PIANC, 2014) approaches 

were only taken into consideration because they 

turned out to achieve the safest ship navigability. 

Safety here means the widest channel. The wider 

the navigable channel is, the safer the channel is. 

CCG, 2001 proved safe in design of one-way 

channel, while PIANC, 2014 proved safe with two-

way channels. Also, in sharp meanders, the extra 

width value given by CCG, 2001 was 

recommended while in normal meanders, the extra 

width value by PIANC, 2014 was recommended. 

Proposed computed width values in straight and 

meander segments were given in Table 10. Finally, 

the paper recommends CCG, 2001 and PIANC, 

2014 to be applied in design of navigable channels 

in Egypt because they provide the highest safety in 

both straight and meandering river segments when 

they are compared with other design approaches 

developed so far.   
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 داخل جمهوريت النيل نهر طول على المالحيت القنواث تحذيث

 الجذيذة النقل متطلباث لتلبيت مصر العربيت
 

 المستخلص

 ٔذحذٚث ذطٕٚز إنٗ أساسٙ تشكم انرطثٛمٙ انثحث ْذا ٓذفٚ

 نُٓز انزئٛسٙ انًائٙ انًجزٖ طٕل عهٗ انًمايح يحٛحانًال انمُٕاخ

 انُمم يرطهثاخ نرهثٛح جًٕٓرٚح يصز انعزتٛح داخم ٔفزٔعّ انُٛم

 لُٕاخ ذصًٛى إعادج انرحذٚثْذا اٚسرٓذف ٔ. انذاخهٙ انُٓز٘

كًا . ٔانًرعزجح انًسرمًٛح انُٓز أيحثاس طٕل عهٗ آيُح ياليحٛح

 ٔانرٙ أياًَا األكثز انرصًٛى ٛاخيُٓجذحذٚذ  إنٗ أًٚضا انثحث ٚٓذف

 انًجزٖفٙ اإلعرثار  خذاأل ٔلذ ذى. اٌٜ يحرٗ عانًٛاً ذطٕٚزْا ذى

ٔلذ . نهذراسح كًُاطك أخزٖ فزٔعثالثح ٔ نهُٓز انزئٛسٙ انًائٙ

 ٔعزض يرز 144 انًًثهح نهسفٍ انفعهٛح انرصًٛى سفُٛح طٕل تهغ

 ْٙ:ٔ نهرصًٛى ٛاخجيُٓ أرتع اسرخذاو ذىٔلذ . يرًزا 11.6 ٔ 15

((Boogaard, 1992), (PIANC, 1997), (CCG, 2001), 

and (PIANC, 2014))   ٙخالل انًاليحٛح انمُاج عزض ذمذٚزف 

 انرعزجاخ خالل اإلضافٙ انعزضيحساب ٔ انًسرمًٛح انُٓز أيحثاس

 أٌعٍ  انُرائج كشفدٔلذ . حُٛح(ُ)يماطع انُٓز انً

 ارأعطلذ   and (PIANC, 2014) (CCG, 2001)انًُٓجٛرٍٛ

 أيحادٚح انًسرمًٛح نمُٕاخفٙ يحانرٙ ا أياًَا األكثز انمُاج عزض

 ، انحادج هرعزجاخن أيا تانُسثح. انرٕانٙ عهٗ االذجاِ ٔثُائٛح االذجاِ

 ,CCG) تٕاسطح انًعطٗ اإلضافٙ انعزض لًٛح ذفضٛم ذى فمذ

 انعزض لًٛح كاَد ، انعادٚح انرعزجاخ فٙ تًُٛا،  (2001

 أخًٛزأ. أفضم  (PIANC, 2014) ٛحانًحسٕب تانًُٓج اإلضافٙ

 ,PIANC) ٔ(CCG, 2001) انًُٓجٛرٍٛ  ترطثٛك انرٕصٛح ذًد ،

 يصزجًٕٓرٚح  داخم انمُٕاخ انًاليحٛح ذصًٛى فٙ  (2014

 أيحثاس يٍ كم فٙ األياٌ درجاخ أعهٗ ذٕفزاٌ ، ألًَٓا انعزتٛح

 األخزٖ انرصًٛى تأسانٛة يمارَرٓا عُذ ٔانًرعزجح انًسرمًٛح انُٓز

 عهًاً تأٌ األياٌ ُْا ٚعُٙ أكثز عزض .اٌٜ يحرٗ ذطٕٚزْا ذى نرٙا

  نهمُاِ انًاليحٛح ًٚكٍ أٌ ذعطّٛ طزق انرصًٛى انًرايحح.
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Table 10 

Final Recommended Navigable Channel widths 

  
River Nile Main 

Waterway 
Damietta branch El Rayah El Behairy El Rayah El Behairy El Nubaria Canal El Nubaria Canal 

Type of Proposed 

Navigable Channel 
Two-way Channel Two-way Channel Two-way Channel One-way Channel Two-way Channel One-way Channel 

Range of Waterway Width 

(m) 
From 300 to 1000 From 250 to 500 From 50 to 75 From 50 to 75 From 30 to 55 From 30 to 55 

Proposed Ship width (Bs) 

(m) 
15.00 11.60 11.60 11.60 11.60 7.50 

Proposed Ship Length (L) 

(m) 
100.00 100.00 100.00 100.00 100.00 51.00 

Channel Feasibility Feasible Feasible Infeasible Feasible Infeasible Feasible 

Meander Status Not sharp 

Curvature raduis "r" < 

5L No of Sharp 

Bends = 8 

Not sharp Not sharp Not sharp Not sharp 

Common Design Methods 
Coefficient 

"C" 

Channel 

Width = 

C x Bs 

Coefficient 

"C" 

Channel 

Width = 

C x Bs 

Coefficient 

"C" 

Channel 

Width = 

C x Bs 

Coefficient 

"C" 

Channel 

Width = 

C x Bs 

Coefficient 

"C" 

Channel 

Width = 

C x Bs 

Coefficient 

"C" 

Channel 

Width = 

C x Bs 

BOOGAARD (1992) 4.50 67.50 4.50 52.20 4.50 52.20 3.50 40.60 4.50 52.20 3.50 26.25 

PIANC (1997) 5.60 84.00 5.60 64.96 6.00 69.60 3.80 44.08 6.00 69.60 3.80 28.50 

CANADIAN (2001) 4.30 64.50 4.35 50.46 4.10 47.56 3.90 45.24 4.10 47.56 3.90 29.25 

PIANC (2014) 6.00 90.00 5.90 68.44 6.40 74.24 2.60 30.16 6.40 74.24 2.60 19.50 

Final Average Channel 

Width 
            

Through straight river 

segments 
90.00 69.00   46.00   30.00 

Through river meanders 99.00 85.00   49.00   30.00 

 

 

 

 


