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Hazem Mahmoud® In light of the world's current severe climatic changes, it has been

observed that the frequency of flash floods and torrents is increasing
at an accelerating rate in numerous areas, exposing civil
infrastructure and property to significant damage and losses.
Railways are one of the most essential components of the

Keywords transportation sector's infrastructure, which is the prime engine for
Torrents and Flash floods any development in all sectors. Recently, there have been many
— Railway Infrastructure - cases of torrents attacking some railway tracks in Egypt, especially
Railway Track Drainage in the east of the country, including the Qena-Safaga railway track,

which is the main objective of this study to minimize the expected
negative impacts. Torrents, or flash floods, are one of the most
destructive natural hazards, especially in arid regions. Seasonally,
these regions are exposed to heavy rains that cause serious flash
floods with great negative impacts. In such conditions, the railway
track needs maintenance, insurance, and protection against the risks
of monsoon floods that hit those areas from time to time. The present
study includes the most popular flash floods that attacked railway
infrastructures all over the world and how they were protected,
allowing them to successfully deal with these exceptional
circumstances to maintain the integrity of the railway tracks and the
efficiency of their performance. The study will present a
classification of some previous flash floods that occurred in Egypt
and some other places in the last few decades based on multiple
criteria, including severity, lifetime, direction, impacts, and the types
of harmful effects on infrastructure. The goal of the study is to
introduce a practical manual and procedure for how to deal
successfully with flash floods that may attack the under-study Qena-
Safaga railway track.

1. Introduction
Occasionally, torrential rains and seasonal floods attack railway lines in some areas due to

climate and local weather fluctuations, causing extensive damage to the infrastructure and
negatively impacting the efficiency, quality, and discipline of the lines' operations. In Egypt,
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the eastern desert region, which is located between the River Nile and the Red-Sea, is
seasonally exposed to heavy rains, causing serious flash floods in some areas such as the area
between Qena governorate and Safaga city on the Red-Sea. In this area, the under-study
railway line (Qena-Safaga railway track) is located to transfer the production of Abu-Tartor
phosphate mines in the western desert of Egypt to Safaga port on the Red Sea for export
worldwide. The track is subjected seasonally to major flash floods that cause damage to
infrastructure elements, leading to shutdowns of service as well as increasing repair and
maintenance costs. The current study aims to present the most common events of floods
attacking railway track infrastructure all over the world and how they were treated to avoid or
minimize the impacts. The study will document and analyze the devastating effects of
common floods on the infrastructure of the Qena-Safaga track. In addition, discussing the
characteristics of the region that would enhance the impact of the floods in the area. The study
will also suggest some appropriate treatments that can help reduce the impact of the floods on
the infrastructure of the Qena-Safaga railway, based on global treatments applied worldwide
and according to the conditions of the study area. The available data used in this study was
obtained officially from Egypt's National Railways Authority, while other data used was
extracted from previous studies in the scientific research literature in this field.

2. Literature Review

Railway networks play an important social and economic role in contributing to the quick and
safe transportation of passengers and goods. Performance and continuity of service are largely
related to the efficiency and quality of the infrastructure. Railway track infrastructures, like
all civilized infrastructures, are exposed to different types of natural hazards like earthquakes,
flash floods, and climatic and environmental changes. At the same time, they must perform
perfectly and safely all the time. So, the engineers in charge must be able to deal successfully
and quickly with such expected events. Many researchers and engineers studied the
destructive impacts of such events a long time ago and came up with many conclusions and
recommendations for facing them and minimizing their negative impacts. The present paper
introduces a survey of the most popular railway track infrastructure cases being attacked by
flash floods and how they were treated and overcome to ensure the safety and performance of
the attacked railway tracks as follows:

2.1 Documentation of Flood Impacts on Railway Infrastructure

Substructure, superstructure, drainage systems, and connection lines, according to Otto et al.
[1], are the components of railway infrastructure. Also, Moran et al. [2] defined railway
infrastructure elements of standard cross-section (substructure, superstructure, and contact
line), as well as station buildings, bridges, signal towers, and other things such as power supply
systems, etc. Figure 1 shows the main components of railway infrastructure. They also
concluded that the element of standard cross-section (SCS) is the most important element, as
shown in Figure 2. Most railway infrastructure components are exposed to various types of
climate change impacts that have an impact on railway safety and service quality.
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Figure 2 The percentage of importance of infrastructure elements, Moran et al. [2].

2.2 Extreme weather impacts and consequences

Climate change has a significant impact on railway infrastructure and operations, as railway
elements are more sensitive to changes in extreme weather conditions such as heavy rain,
windstorms, temperature changes, frost, fog, and lightning. In some regions, extreme cold has
an impact on railway performance as the train can derail owing to ice accumulation on the
track, equipment failure, and switches freezing, resulting in time delays and higher
maintenance and repair costs [3]. In arid regions, heavy rains, strong winds, high temperatures,
and lightning are the most harmful weather phenomena that affect the safety of railway
infrastructure and increase repair and maintenance costs, resulting in financial losses. Heavy
rains cause floods that wash away ballast beds and collect water on and in underground tracks,
leading to embankment failures and track settlement. In addition, flood waters carry trees and
large objects, hitting bridge supports and causing structural damage. Strong winds cause
debris, silt, and fine sand accumulation, and falling trees on the tracks, resulting in blocked
tracks and delays. Also, high temperatures cause track buckling, deformations, and reduced
efficiency of electrical devices, resulting in slower speeds. Figure 3 shows the impact of
extreme weather in arid regions on the railway infrastructure and the consequences thereof.
To illustrate the effects of various severe weather phenomena on each element of the railway
infrastructure, Table 1 was constructed based on Figure 3. It is observed from Table 1 that the
railway infrastructure elements are more sensitive to extreme weather phenomena, as well as
floods, which have the greatest impact on the railway infrastructure, since most of their
consequences are more serious than the consequences of other events, as shown in Figure 4
(constructed according to Table 1). Flooding can cause damage to embankments, bridges,
stations, power supply systems, and other structures, causing delays and track closures for
weeks or months, as well as increased maintenance and repair costs.
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Table 1: Effects of extreme weather phenomena on railway infrastructure elements based on Fig. 3.

Weather Phenomena
Element Strong High Lightening Heavy rains /
wind temperature flooding
Substructure v
Superstructure v v v v
Bridge v v v
Building v v
Signal towers v v v
Overhead line v v v
Power supply systems v v v
Controlling and safety devices v v
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Figure 3 The impact of extreme weather in arid regions on the railway infrastructure and its
consequences.
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2.3 Cases of flood impacts and losses

Floods are one of the frequent natural disasters that cause great human and economic losses.
The common types of floods that affect railway track performance are tidal flooding, fluvial
flooding, flash flooding, groundwater flooding, flooding from sewers, and flooding from man-
made infrastructure. Flash floods are known to be the most dangerous type of flood because
they are very fast-moving as well as unpredictable [4]. It can also occur in rivers without
warning, causing severe damage to assets and life [5]. Many cases of flood damage to railway
infrastructure elements such as substructure, superstructure, bridges, signals, stations, and
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railway equipment have occurred around the world, affecting the performance and operation
of railway tracks. Following a comprehensive review of the literature on past floods, Table 2
was created to list the most common cases from throughout the world, including Egypt, along
with their location and date of occurrence as documented by researchers and authors. Table 2
contains 13 cases of flood attacks on railway infrastructure in 11 countries, including Egypt,
along with the resulting damage and references. From the table, floods have serious direct and
indirect negative impacts on both railway infrastructure and rail operations. To illustrate flood
impacts on each element of the railway infrastructure, Table 3 was constructed depending on
Table 2, where the impact of the flood on each element of the railway infrastructure was
determined by the following built-up equation.

Flood impact (%) = Importance (%) * Impact frequency (1)

Where: Importance (%) according to importance of railway infrastructure elements was
determined by [2] (See Figure 1). Impact frequency was based on Table 2

It is clear from Table 3 as well as Figure 5 that the most harmful effects were on the standard
cross-section (substructure, superstructure, and contact line) (13 cases). The remaining cases
varied between destroying a railway bridge (8 cases) and the accumulation of debris and mud
on the track and stations (3 cases). Also, there were many cases of damage to signal boxes and
rail equipment. This is due to failure of other elements, such as failure of bridges, signals, and
railway equipment, which is mainly associated with (SCS) failure, as shown in Figure 6.

Table 2 Some cases of flood damage to railway infrastructure

Event Impacts CBUIRY Oif Reference
study
Major damage to railway tracks.
2006 March Damage to rail bridge. .
: . — Austria [2]
River flood Damage to connection system, and buildings.
Closure line for several months.
. Damage to part of the central railway system. Tanzania
2010 River - -
Train services stopped for more than three [8]
floods
months.
2015 flash floods | Damage to the main Machak River rail bridge. .
; India [9]
in the Machak Washing away rail tracks
River. g y '
: Damage to railway tunnel.
River floods Closing railway tunnel for several months. England [10]
2010 heavy rain | Damage to railway tracks and delays due to Erance
180 mm /12 covering the railway with water and transported [3]
hours debris.
1993 Mississippi | Damage to railway infrastructure.
River floods Damage to bridge, and bridge foundation USA [11]
Damage to 15 railway lines.
Damage to 9 rail bridges. USA
2008 flash floods Damage to rail bed, signals, and other facilities. [12]
Closures of 56 track lines for several weeks.
2018 mud floods | Damage to railway infrastructure. .
. - Russia [6]
/ Heavy rains Damage to bridge
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Event Impacts Uiy Reference
study
Accumulation of landslide on tracks
A total of 600 kilometers of tracks affected by
floods.
Damage to 80 stations.
Damage to 7 regional railway lines.
2021 flash floods | Damage to more than 50 rail bridges, and 180 Germany [7]
level crossings.
Damage to 40 signal boxes, and rail equipment.
Large accumulation of debris and mud on tracks,
systems, and stations.
Damage to railway networks
Blocking many railway lines
Replacing 70,000 tons of ballast.
Replacing tens of thousands of sleepers. .
2021 flash floods Reconstructed more than 10 Km. of railway Belgium 7]
embankments.
Damage to stations.
Damage to bridges.
2021 flash floods | Serious damage to railway line. Netherlands [7]
Damage to Marsa Matrouh - Alexandria railway
November 2020 | line £ (Egyptian
flash flood Washing away the substructure. gypt Railway).
Closure the line and track delays.
Failure of the railway embankment of the Aswan -
November 2021 | High Dam railway line at several places. .
flash flood / Failure of signaling system. Egypt gEa?m:a)n
heavy rains Presence of water ponded next to the line. Y).
Reduced speeds to 5 km/h and track delays.
Table 3 Flood impact on railway infrastructure elements
Element SCS Signal Bridge Station Other
Importance (%) 63 15 6 6 10
Impact frequency 13 5 8 3 4
Flood impact (%) 819 75 48 18 40
819%
700%
s 600%
g | 500%
g 400%
- 300%
u_gj 200% 75%
100% ° 48% 18% 40%
0% ' - - »
H SCS M Signal H Bridge M Station H Other

Figure 5 Flood impact on railway infrastructure elements, where (SCS) refer to standard cross
section (Substructure, Superstructure, and contact line).
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Figure 6 Some cases of rooH —dmg, (a) Railway bridge scour; (b) Railway infrastructure damage
in Russia [6]; (c) Rail damage in Austria [2]; and (d) Rail damage in Belgium [7].
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Figure 7 Some cases of financial losses due to floods

Flood damage to railway infrastructure has exposed many countries around the world to large
financial losses, some of which are estimated to be in the billions of euros. Figure 7 shows
flood losses in some countries in the millions of euros.

2.4 Treatments to reduce Flood Impact

In all parts of the world, there are many treatments that have been implemented to help prevent
or reduce the effects of floods on railway safety and to ensure safe operation. Table 4 was
created to show some treatments to lessen their impact.

Table 4 Treatments implemented to reduce the impact of floods on railway infrastructure based on
opular cases in the world.
Element Appropriate treatments to reduce impacts Reference
Increasing track line stability by replacing track weight with a larger
suitable weight.

Protecting the track from water flood by diverting it away from flood
prone areas to high-altitude

Substructure | Using basalt as a natural material suitable for railway ballast to

and quickly drain the water surface.

superstructure | Using the sub-ballast layer as a way for improving drainage and
prevent the inter penetration of the subgrade and ballast.
The construction of high-altitude drains at locations that have a high [16]
difference in elevation helps collect flood waters before they reach
the track.

[8]

[15]
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Element Appropriate treatments to reduce impacts Reference
Constructing drains on the sides of the track to collect flood waters
before they reach the track

Use of membrane barriers that prevent water entry, and inflatable
water-filled bulkheads as a defense system to protect the track from [17]
flood water.

Excavate a trench in subgrade slopes to drain the water trapped
between ballast and subgrade.

Installing or shifting buildings and equipment to a level higher than
the expected flood level.

Installing pumping stations near the flood-prone area to quickly
pump flood water.

Constructing bridges have wide spans to allow large objects to pass
through without damaging the abutments.

Lining the base of the bridge with high-quality rocks to prevent
scouring.

Installation of a railway bridge with a sharp nose pier to reduce flood
water stress.

Installing an efficient track drainage system to keep track dray and
safe.

Culvert maintenance such as repair of damaged culverts, cleaning
plugged culverts, and periodically, removing the accumulation of
sandy sediments and rock crumbs from inside and in front of
culverts.

Using box culverts with broken inclined headwalls on both sides and
an inclination angle of 30° to improve the performance efficiency of [21]
culverts against flooding by improving the head loss.

[18]

Track
equipment
and building

[17]

[19]

Bridge
[20]

[16]
Draining
system

3. Collection Data

3.1 Geological features

The track under-study is located within an area in Upper Egypt between latitudes 25° 48' N
and 26° 48' N and longitudes 32° 48' E to 34° 12' E. It is bordered to the east by the Red Sea
and the Nile River from the west. It is also bordered to the north by the Qena-Safaga Road
and to the south by the Qena-Qussier Road, as shown in Figure 8. The study area is
characterized by its extreme complexity and undulation, with its extreme height above mean
sea level, as it contains the Red Sea Mountain chains. According to [22], the area is divided
into several geomorphological zones, the first of which is the coastal plain, which includes the
extended lowlands bordering the Red Sea at the contour Line (200 m). This area is occupied
by formations that belong mostly to the Quaternary geological age, where it consists of river
sediments, outwash plains, wadi, and terrace deposits. On the other hand, to the west, where
the area extends from the eastern bank of the Nile at Qena to the contour Line (200 m),
includes the flat and lowlands. The second range includes the coastal highlands and includes
the areas to the west of the coastal plain of the Red Sea, and it is represented by some isolated
and scattered hills, which consist mainly of deposits of evaporite, and limestone intertwined
with shale. The third range includes the Red Sea Mountain chains, which extend parallel to
the coast of the Red Sea in a "northwest-southeast” direction. The track passes through the
three zones as it runs from km zero to km 85, where the lowlands and some scattered hills are.
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It also extends within the Red Sea Mountain chains from km 85 to km 185, and then continues
from km 185 to km 232 parallel to the coast of the Red Sea, as shown in Figure 9.

Lnailes

Qena - Safaga Rai

Highway Road

a

Qena Safaga

Longitudinal section of I

case study

Base Level

(-50)
T
Km oo 85.0 185.0 232.0
Level 73.0 4625 15.3 2.6

=== Section before the Red sea mountain ranges === Section through the Red sea mountain ranges mmmmm Section parallel to the Red Sea coast

Figure 9 Sections of the track under-study within the case study area

3.2 Topographical features

The topography of the study area is characterized by large differences in elevation, causing
high-energy flows to descend from the Red Sea Mountain ranges and high hills and become
more destructive. As it is somewhat lower in height in Qena governorate and Safaga city,
while it reaches its highest point in the middle of the territory, where the minimum height is
zero and the maximum elevation is 1112 meters, as shown in Figure 10.
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Figure 10 Topographic map of case study area generated by GIS.
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3.3 Meteorological Features

The climate of the region varies from season to season, being very hot in summer and very
cold in winter. Although the climate of the area is dry with little rainfall, the heavy monsoon
rains between October and February cause flash floods. Meteorological data for the region
from 1913 to 2000 was recorded from various stations by the Egyptian Meteorological
Authority. It was found that, according to the climatic data recorded by Qena station, the
average maximum temperature in the summer is 41.7 °C, the average minimum temperature
in the winter is 7.2 °C, the total annual rainfall rate is 3.47 mm, and the degree of aridity is
0.2, while the average minimum temperature is 5.6 °C depending on Luxor station, the
maximum degree of aridity is 0.44, and the total annual rainfall rate is 4.38 mm, which were
given by Hurghada station as indicated in Figures 11, and 12 [23].
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Figure 11 The climatic data for case study area recorded by different stations [23].
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Figure 12 Degree of Aridity for case study area recorded by different stations [23].

3.4 Morphometric characteristics

Since the track extends a long distance in the area, it is exposed to the hazards of several wadis.
The section from km zero to km 100 is subjected to the hazards of the eastern sub-basins of
the main basin of Wadi Qena, while the section track from km 100 to km 232 is subjected to
the hazards of wadi basins that drain into the Red Sea, as indicated in Figures 13. Hazard maps
for these areas have been prepared depending on GIS analysis. It was found that the hazard
degree of wadi Qena sub-basins, which affects the section of track from km zero to km 100,
ranges from very low to very high, as shown in Figure 14 [24]. However, the hazard degree
of wadis basins that drain into the Red Sea, which affects the section of track from km 100 to
km 185, ranges from low to moderate, as shown in Figure 15 [25], and constructed Table 5.
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Table 5 Hazard degree of wadis affecting the track under-study

Section Related wadi Hazard degree Reference
Km. (00.00) — Km. Very Low— Low
(34.00) Wadi Qena [24]
Km. (34.00) — Km. Verv Hiah
(100.00) y e
Km. (100.00) — Km. Wadi El Queih Low
(185.00) [25]
Km. (185.00) — Km. Wadis of Safaga, Moderate
(232.00) Nagarah - Gasous, Gawasis
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Figure 13 GIS map of drainage network distribution of different wadis in case study area, W: Wadi.
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Figure 14 Hazard degree map of Wadi Qena sub- Figure 15 Drainage basin hazard map [25]
basins prepared by GIS analysis [24]

3.5 Documentation of under-study line flooding attacks

Documenting flood damage to railway infrastructure plays an important role in providing
suitable support and thus reducing damage. According to Egyptian Railway and [26], Table 6
documents the popular flash floods that hit the line infrastructure and their impacts in 1990,
1994, and 1996.
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Railway Track Infrastructure

Table 6 Documentation of flash floods and their consequences in 1990 and 1996, (Egyptian Railway),
and (*) according to [26]

22,23,24
Flood and 22,23,24 October October October 1994* November 1996
Impacts 1990 1990*
. Max. Rainfall per 40 million m3, 70 km
Capacity / Speed - - day 28 mm/ n
Different Different Different locations
Different locations locations from locations from from km. zero to km.
Impact position from km. 62 to km. 124 to km km. 202 to km. 8, from km. 34 to
km. 96 ' 159 " 232 (Along Red km. 94, and from
Sea coast) km. 221 to km. 232
_Subst_r ucture Supstructyre Substructure Substructure failures
Substructure failures in various failures in . . . . . .
X . . ) failures in various  in various locations
Failures locations totaling various locations totaling 86.000 m?
21,000 m3 locations 9o,
About 3km of the Supgrstruc_t ure Superstructure About 11.8 km of
Superstructure failures in ; . .
) superstructure was . failures in various  the superstructure
Failures various .
damaged. locati locations was damaged.
ocations
Damage to 2
Stations Station buildings

at km (65,79).

Signal Towers

Damage to 4
Signal towers at
km (65,84,85,91).

Bridge

Damage to one
bridge at km 4.7.

According to the table, flash floods in the area can cause massive damage to infrastructure
elements of the track under study, such as substructure, superstructure, bridges, stations,
equipment, signaling devices, and so on.

3.6 Analysis and Discussion
3.6.1 Factors enhancing flood impact on case study

By studying the area, conducting field investigations, and documenting floods and their impact
on the case study, the main factors enhancing flood impact investigations in the case study can
be summarized as follows:

3.6.1.1 Intersection of the track with wadis streams

Flood behavior is influenced by the area's meteorological, geomorphological, and geological
conditions as well as the characteristics of related drainage basins in terms of intensity, frequency,
direction, and ability to damage. Therefore, dealing with such floods is not easy. Sections of the
track under study that directly intersect with the wadi’s streams are more susceptible to flood
damage than others. To determine the locations of these sections, hydrological modeling of the
area was done using GIS technique. It was found that the track sections directly intersect with the
streams are the section between km 0.0 and km 8.0 at its intersection with the outlet of Wadi
Qena, where the valley drains into the Nile River; the section between km 34.0 and km 100.0 at
its intersection with the eastern streams of Wadi Qena ; the section between km 100 and km 185
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at its intersection with the streams of wadi El Quieh, where the streams descend from the Red Sea
mountain ranges and run within the wadi in an enclosed area; and The section along the Red Sea
coast between km185 and km232, where it intersects with the streams of wadis that drain into the
Red Sea, as shown in figure 16.

[ wastershed Boundary

Legend ~— Man Stream Qena Sataga Railway
Sub-Stream @ Brdge Culvert

Figure 16 GIS map of wadis streams and their intersection with track sections: (A) Section intersecting
with Wadi Qena, (B) Section intersecting with sloping streams from the Red Sea mountains ranges
through wadi El Quieh, and (C) Section intersecting with wadis draining into the Red Sea.

3.6.1.2 Culvert sites

In the hopes of reducing the impact of seasonal flooding, many culverts have been constructed
along the Qena-Safaga track. As a result, the Qena-Safaga track's main drainage system for
dealing with flood water is culverts, as shown in Figure 17 (Egyptian Railway).

100 93
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‘E 60 Tunnel
@  Bri
ER Bridge
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2 2 3

0 —l

Tunnel Bridge Cluvert

Figure 17 No. of industry facilities (Culvert, bridge, and tunnel) along the under-study track
(Egyptian railway).

The positions of these culverts were identified within the GIS system to confirm the accuracy of
their positions with wadis streams. As indicated in Figure 18, the culvert positions matched the
streams except for some locations.

Although many culverts were installed at flood impact sites, many track sections were damaged
by flooding, as shown in Figure 20. This is due to the accumulation of sandy sediments and rock
crumbs inside and in front of culverts that reduce their ability to drain flood water, resulting in
massive amounts of flood water collecting in front of them and causing track infrastructure
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damage as well as culvert erosion due to the high velocity of the sand-laden flood water, as shown
in Figure 19.

Legend ~—— Man Steam @ Constnctec Cavert
Sub-Stream

= Culverts in unsasable piaces Srva) Wi

Figure 18 Track culverts indicated within GIS map of wadis streams: (A) Example of constructed
culverts, (B) Example of culverts in unsuitable places.

S o — . N
Figure 19 Flood erosion for a sediment-filled culvert wall (Egyptian Railways).

3.7 Treatment methods

3.7.1 Implemented methods

Flood damage can be greatly reduced by using appropriate treatment methods as well as taking
preventive and precautionary measures. Several protective methods and treatments have been
implemented to reduce flood impact based on the factors described above that enhance flood
impact on the track under study. The following table compares some of these treatments to
treatments used in other cases around the world.
The table shows that some of the implemented treatments are effective to some extent, while
others are not, particularly with high-energy floods, as shown in figure 20. As shown in Figures
21 and 22, the table also includes some treatments for other cases as a suitable alternative to the
treatments implemented for the track under study.
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Table 7 Comparison between treatments implemented to reduce flood impact on track under-study and
treatments for other cases

Protection Case under Study Other cases Referenc
method e
Use sandbag floodwalls as a
(A) Stone-built barriers temporary f!oodwall..
: AR Use water-filled barriers
= |t is often built using sandstone, .
. . made of impermeable
with a height of about 0.7 m.
Floodwall : . X membranes. It can protect [27]
= It is frequently ineffective when
. o about 7 feet of depth. Also,
dealing with high-flow flood .
Lo . it can be removed, stored,
water, resulting in wall failure. .
and reused in subsequent
flood events.
= Increasing the current .
embankment width from 7 m to Depe_ndlng on flood depths
. and site topography, use
11 m at track sections from km .
: reinforced concrete flood
90 to km 152 facing streams. .
. : walls or reinforced concrete
Increase = |t can increase the main block with varving heiahts
embankment embankment stability and their ; ying heignts. [28]
- . . It is more erosion resistant
width resistance to rushing flood .
and withstands greater
waters as well as reduce damage. floodwater pressure. It
» The added embankment can be requires Iesgs ace '
damaged by high-flow flood d SPace.
More expensive.
water.
= Sandstone is often used as a .
. ! The use of limestone as a
Lined lining material lining material is technicall
= |t is often ineffective with severe hg . y [29]
Embankment suitable for reducing

floods, resulting in subgrade
scour.

subgrade seepage.

S,

(B) Embankment failure.

3.7.2 Required treatment

Because of their proximity to the high-energy flows, the track sections directly intersecting with
the wadi flows are considered the most dangerous. However, it was noted that these sections did
not receive appropriate care, making them more vulnerable to damage than other sectors. As a
result, the following constructed table 9 shows some of the treatment methods required for some
critical sections to reduce flood impact. Some of these required treatment methods are illustrated
in Figures 23, and 24.
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(A) (B)
Reinforcing — FL FL
) Reinforcing
Concrete T
blocks or brick Concrete
Concrete wall ~
MNatural land WNatural land
Concrete footing —/' Qp?ional l_cej,r for 9 I
sliding resistanc |

Figure 21 Concrete cantilever floodwall reinforcement: (A) Concrete blocks or bricks wall, and (B)
Concrete wall [27]

Reinforced
concrete Floodwall

Ballast Section

Figure 22 Schematic drawing of flood wall constructed on track side to face flooding.

Table 8 Required treatment methods for some critical sections to reduce flood impact.

Section Protection Description Reference
method
= Installation of trapezoidal-triangular labyrinth
_ - Energy Weir_s on the catchment floor can prqvi_de t_he
Bridges dissipation maximum amount of flow energy dissipation. [30]
intersecting with = Leading to reducing erosion and bridge
wadi Qena damage.

catchmentatkm  =Increasing

47 and km 7.8 width of = Gradually increasing bed width can reduce

catchment flooding speed and using cofferdam protection [20]
method.
bed
= |tis built on sites where steep slopes meet
. i mountains to break the energy and erosive
Tragk sections Sediment power of debris flow. [31]
subjected to traps. . . .
streams stee » Reducing the accumulation of sediments
p L .
inside and in front of culverts.
slope at (km 85- hiah alti llect {1
km 185) and (km _ _ = Constructed at high altitudes to collect flood
= High-altitude water.
202-232) . L [16]
drains. = Preventing high-energy flood water from

reaching the track.
= Installing a grille in front of culvert openings to prevent sand, rocks, and
debris from entering
= Periodically, remove the accumulation of sandy sediments from inside
culverts.
= Lining the floor in front of culverts for a sufficient distance may help to
prevent erosion and culvert damage.

Culvert sites
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Figure 23 Schematic drawing of the flood protection methods required for the track bridge locations at
km 4.7 and km 7.8: (A) Bed width increase method, (B) Cofferdam protection method [20]

Water flood

Altitude drain A » &

- g = Ballast Section

drain

\
Figure 24 Schematic drawing of high — altitude drain to collect water flood before reaching the track.

Subgrade

4. Conclusions and Recommendations

The main objective of this study was to monitor, document, and analyze the harmful effects of
seasonal floods and torrential rains on the safety of the railway track in the Eastern desert region
of Upper Egypt through some available technical data and record official information about
such events and how they were treated. The study also reviewed and studied the most popular
similar cases of railway tracks that were flooded all over the world and how their harmful
effects were treated and overcome, in addition to discussing the technical precautions
recommended and implemented for more safety against such periodic events in some special
places that are exposed to flash floods and torrents.

The most important outputs of the present research and comparative study can be briefly

summarized as follows:

(1) It is proven that the most dangerous type of flood affecting the safety of the railway track's
infrastructure is flash floods, because they usually occur suddenly through torrential heavy rains
within a very short time. Also, such events may occur in some desert places that may be isolated
or somewhat away from the supporting technical points, making it difficult to provide the
needed services as quickly and appropriately as possible.

(2) The utmost importance should be given to the work of monitoring weather data and
information, in terms of expected heavy rains, strong wind speeds, high temperatures, and
lightning, as an early warning indicator for torrents and flash flooding.

(3) According to the GIS technique, the track sections are between km 0.0 and km 8.0 and
between km 34.0 and km 100.0 at its intersection with wadi Qena; the section between km 100
and km 185 at its intersection with the streams of wadi El Quieh; and the section along the Red
Sea coast between km 185 and km 232, where it intersects with the streams of wadis that drain
into the Red Sea, are the most vulnerable to flood damage.
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(4) The positions of the constructed culverts were identified within the GIS system to confirm
the accuracy of their positions with wadis streams. It was found that the positions of all culverts
agreed with the streams except for a few culverts.

(5) Sediment accumulation inside and in front of the existing track culverts reduces their
efficiency in floodwater drainage, causing damage to the track infrastructure.

Data Availability

The underlying research data used in this work was officially obtained from Egypt's National
Railways Authority, while other used data was extracted from the results of previous studies in
the field's scientific research literature.
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