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Abstract. Geomophological hazard assessment is an imporincluding hazard, vulnerability, and risk. Crichton (1999) de-
tant component of natural hazard risk assessment. This pdined the risk as the probability of a loss, and this depends on
per presents GIS-based geomorphological hazard mappintipree elements “hazard, vulnerability and exposure”. If any
in the Red Sea area between Safaga and Quseir, Egypt. Thif these three elements increases or decreases, then risk in
includes the integration of published geological, geomorpho-that area increases or decreases, respectively. Hazard refers
logical, and other data into GIS, and generation of new mapo a characteristic of or phenomenon from the natural envi-
products, combining governmental concerns and legal reronment which has the potential for causing damage to soci-
strictions. Detailed geomorphological hazard maps for flood-ety. Alcantara-Ayala (2002) defined the term hazard as it is
ing zones and earth movement potential, especially along theften associated with different agents or processes. Some of
roads and railways, have been prepared. Further the papénese parameters include atmospheric, hydrologic, geologic,
illustrates the application of vulnerability maps dealing with biologic and technologic. However, Alcantara-Ayala speci-
the effect of hazard on urban areas, tourist villages, industriafied the term natural hazards to be considered within a ge-
facilities, quarries, and road networks. These maps can helplogical and hydro-meteorological framework, where earth-
to initiate appropriate measures to mitigate the probable hazquakes, volcanoes, floods, landslides, storms, droughts and
ards in the area. tsunamis are the main types. As such natural hazards are
threatening events, capable of producing damage to the phys-
ical and social space in which they take place not only at the
moment of their occurrence, but in the long-term, due to their
associated consequences. Natural disasters occur all over

) ) the world; however, their impact in developing countries is
Geomorphological hazards are well known worldwide. Laz-greater due to the geographical location in zones highly sus-

zari et al. (2006) indicated that the integrated analysis betepiible to natural hazards (natural vulnerability), and also
tween territorial data (geology, geomorphology and climate)qe g the different types of economic, social, political and

and historical documents showed that the geomorphologicaljral vulnerabilities that exist (Alcantara-Ayala, 2002).
hazard has been accentuated by the intense human activity. Examples of natural hazards are flash floods and mass

His work also prod'uce(:l e\r/1i_dem?e tlhat the Euman INterveny, asting to name a few from others. According to Varnes
tions occurring during the historical period have been a dey) gg4y scientifically, there are three steps in hazard analysis:

termining factor in increasing the hazard level and accelerat'susceptibility, possibility (often termed as hazard) and risk.

ing the preexisting morphological processes. There are dif-
ferent elements dealing with geomorphological phenomena _ sysceptibility=f (hazard, hazard related factors) (1)

1 Introduction

Correspondence tdB. Pradhan — Possibility/Hazard=f (Susceptibility, Impact factors) (2)

(biswajeet.pradhan@mailbox.tu- ) o _
BY — Risk=f (Possibility/Hazard, Damageable objects) (3)
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However, vulnerability refers to a characteristic of society they may cause potential hazards to human life and property.
which indicates the potential for damage to occur as a resulThese flash floods may rise rapidly due to impervious hard
of hazards (Capobianco et al., 1999). Bell and Glade (2004)ock catchments and move along the sand and gravel filed
proposed a scientific approach to calculate the risks (modiwadis which are normally very dry. The flood speeds are usu-
fied after Varnes, 1984 and Fell, 2000). In the new approactally faster than a person can escape from the rough channels
the Risk (R) is a function of the probability of a hazardous (Khiyami et al., 2005). Flash floods normally reach the sea or
event (H) and its consequences (C) according to the follow-are lost in the inland deserts. Flash floods are not uncommon
ing equation. in arid regions and present a potential hazard to life, personal
Risk(R) = Natural hazargH) x Consequence) property and structures. After a.short period of intensive rain-
i fall, flash floods are formed rapidly and they flow down over

x Elements at RiskE) extremely dry or nearly dry water courses at speeds more
They defined the natural hazard as the probability of occurthan 1.5 m/s faster than a person can escape from the rough
rence of a potentially damaging phenomenon within a specand sandy wadi channels (Dein, 1985). Although flash floods
ified period of time, within a given area and a given mag- are among the most catastrophic phenomena, the volume of
nitude, on the other hand, consequence meaning the (potetilae infiltration from floods is a major source of groundwater
tial) outcomes arising from the occurrence of a natural phe+eplenishment to aquifers hydraulically connected with water
nomenon (including the vulnerability, the probability of tem- courses on the surface. Floods are generated as a combined
poral and spatial impact as well as the probability of seasonatesult of two distinctive causes: (1) Primary Causes: these
occurrence), and finally the elements at risk referring to peo-are due to meteorological and atmospheric conditions related
ple, houses, etc. to the climatologic features of the reason. The rainfall occur-

Flooding is one of the most costly disasters in termsrences, types, intensities, directions, excessive rainfall, etc.
of both property damage and human casualties (Alexandeiare the necessary ingredients among these causes, and (2)
1993). In the world, all over casualties in terms of death Secondary Causes: These are related to the surface features
and property damage, flood hazards rank at the top of thef the drainage basin in terms of geomorphology, geology,
list. Floods are the common name for extreme runoff vol- vegetation, etc. Although a number of water balance stud-
umes after an intensive storm rainfall event over a drainagées have been conducted for a variety of watersheds through-
basin. Most of the floods have a special impact on peopleout the world (Flerchinger and Cooley, 2000; Scanlin, 1994;
as the fear from the consequences exceeds the actual in¥in and Brooks, 1992; Kattelmann and Elder, 1997; Mather,
pacts (Green and Penning-Rowell, 1989). Flooding has d979) the rainfall-runoff studies in addition to the water bal-
serious impact on economy, agriculture, and others (Alexanance of the semi-arid range land still offers some interesting
der, 1993). In addition to natural factors, human activities challenges.
may also contribute to the occurrence of floods and to flood There are several factors contributing to the flash flood-
hazards. The closer the active land use to the main channéhg problem ranging from topography, geomorphology,
stream, the more prone is the land to inundation and consedrainage, engineering structures, and climate. Most flash
quently, drainage cross-sections that have not been prone ftoods are caused by storms in which a lot of precipitation
flood hazard become under the threats to flood. In generalalls in a short period of time, of both convective and frontal
flood hazards are most prevail in humid regions, but they arestorms. There are, however, many other factors contribute
equally prevail in arid and semiarid regions in the forms of to major influence on the flash floods, especially in desert ar-
flash floods, which occur suddenly and wash away anythingeas. Saleh (1989) determined some of these factors including
that comes in its front. rainfall and its characteristics (intensity and duration), water

Flash floods are generated when precipitation saturates thess (evaporation and infiltration), drainage basins, drainage
drainage capacity of the basin slopes and causes impounahetworks, drainage orders, drainage characteristics, and envi-
ment of the drainage network, resulting in exceptionally highronmental and human processes. Hassan (2000) mentioned
discharge at the basin outlets. Flash flood is increasingly bethat frequent flash floods seriously affect the highway and
coming a major contributor to personal and property damagéuman activities along the coastal plains of the Red Sea. Nu-
worldwide. It frequently strikes without previous warning. merous other studies focused on the flood hazards in different
In the study area the problem is aggravated as a result of thareas in Egypt (e.g. El Shamy, 1992a; EI-Etr and Ashmawy,
uncontrolled economic activities, which led to the develop- 1993; Ashmawy, 1994; Youssef et al., 2005; and Youssef and
ment of extensive infrastructures, facilities, and new urbanHegab, 2005). Flash floods are a major threat to human life
areas near the mouths of the wadis. These facts and the coand infrastructures (urban areas, roads, and railways). Unfor-
sequent change of the land use increase the risk of future intunately, there is often a lack of data on key hydrological pro-
undations. The most influential factors include the climatic cesses in arid areas (Gheith and Sultan, 2002). This limits the
disturbances where extreme and sudden rainfall contributeability to understand the flooding process and use this knowl-
extensively to this problem. Flash floods are events that ocedge to minimize its threat to human health and well-being.
cur in many parts of the world including arid regions and Ghoneim et al. (2002) described the flash flood potential in
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the wadi Alam, on the Red Sea coast of Egypt. Their workavailable for the practitioner. Examples for the use of em-
determined the flood-vulnerable sites along the Idfu-Marsapirical design and rock mass classification are the Oregon
Alam road according to the morphometric parameters andRHR (Rock Fall Hazard Rating) system and the Colorado
the hydrograph characteristics. They have used digital eleRock Fall Simulation Program (CSRP) can be used to assess
vation model (DEM) extracted from the topographic sheetsthe risk of falling, rolling and bouncing rocks, and to design
to determine basin characteristics and morphometric paramslope angles, breaks, and ditch dimensions to mitigate their
eters. Due to the ungauged basin they used the morphome&onsequences. For the investigated area, studies on the mass
tric parameters to estimate its hydrological response of thaleposits are extremely limited. The present study aims to
flash flood using simple relationships. They did not use thepredict the most hazardous sites along the major roads and
morphometric parameters to determine the hazard degre¢o prepare some mitigate measures to reduce and avoid these
However, the current research deals with the utilization ofproblems. There are many examples of such empirical sys-
morphometric parameters that have a main influence on théems that include Deere’'s RQD (rock quality designation)
flash flood hazards. Foody et al. (2004) used a hydrologi-system (Deere et al., 1969), Bieniawski's RMR (rock mass
cal model driven by information on land cover distribution rating) system (Bieniawski, 1984), and Barton's Q system
(derived by satellite remote sensing) and soil properties (de{Barton et al., 1974). In addition there are several schemes
rived from field measurement) was used to predict sites afor the natural slopes and rock cuts as the Oregon RHR (rock
risk from large peak flows associated with flash flooding in ahazard rating) system (Pierson and Van Vickle, 1993) and
wadi located in the Eastern Desert of Egypt. MORFHRS that can predict the most hazard zones along the
On the other hand, the transportation systems such as highieads that developed by (Maerz and Youssef, 2004; Maerz et
ways are susceptible to rockfalls wherever they cut acrossl., 2005) for Missouri Highways. In this paper, the Oregon
or skirt along mountains and similar topographic featuresRHR (rock hazard rating) system (Pierson and Van Vickle,
(Bunce et al., 1997; Hungr et al., 1999). In the context1993) has been adopted for evaluating the rock cuts and nat-
of highway rock slopes, potentially unstable slopes presentral slopes.
hazards and pose risks to the traffic motorists, transportation The current research deals with the evaluation of the ge-
infrastructure, local economies and the environment. High-omorphological hazards (flash floods and mass wasting) to
way systems may suffer from rockfalls on a daily basis; butdelimitate the most susceptibility areas for flash floods and
these may not be considered hazardous unless rocks entarass wasting in the Red Sea area between Safaga and Qu-
the roadway (Chau et al., 2004). Although, people are notseir, Egypt.
generally aware of rockfalls except where a particular event
results in significant loss of convenience, property, or life
(Budetta, 2004), rockfall remains an irritant to many trans-2  Study area
portation agencies, which are responsible for providing and
maintaining safe and reliable highways and routes in an ecoThe Red Sea district represents one of the main drainage
nomical fashion. Catastrophic failure of rock cuts and natu-basin systems in Egypt, in which most of the wadis discharge
ral slopes can result in property damage, injury, and even life¢heir water to the Red Sea. The district is subjected to flash
losses. Roads impeded by even small spills of rock materiafloods once or twice annually, especially in the spring and
are inconvenient or even dangerous for motorists. Ensuringautumn. In recent years the frequency of flash floods had in-
the stability of rock cuts, whether new or old, and the natu-creased and caused significant damages to the infrastructure
ral slopes require an evaluation of the structure of the rockand other facilities in the area. The Red Sea district houses
Franklin and Senior (1997a) reported that only 33% of theboth residential areas, commercial and industrial zones, as
analyzed 415 cases of failure in Northern Ontario, Canadawell as tourist villages, quarries, roads, railways etc. All
involved the following mechanisms: toppling (23%), planar these objects are prone to flash flooding. The area is sporad-
sliding (8%) and wedge sliding (2%). Mapping of the dis- ically subjected to heavy showers followed by flash floods
continuity orientations is a serious requirement, before or af-which are commonly characterized by sharp peak discharges
ter the cut has been exposed (Piteau, 1979a). These failured short duration. The catchment areas include the coastal
are however easy to determine, and can range from limitroad which runs nearly parallel to the shoreline. Also, the
ing equilibrium analysis to numerical modelling (Hoek and transverse roads and railways from west to east cross the
Bray, 1981; Piteau, 1979b, c). Loose rock mass susceptilower reaches of most of the drainage basins. Mass deposits
ble to the potential failures must be removed or restrainedseriously affect the roads and railways in the area. The re-
in some way (Piteau, 1979d). Brawner (1994), Franklin andcent flash flood of 1994 had caused severe damages to econ-
Senior (1997b) have prescribed designs for remediation andmy, urban areas, infrastructural facilities, roads and rail-
mitigation of such possible failures. Franklin and Maerz ways (Fig. 1). The study area is located along the Red Sea
(1996) have introduced the use of empirical design and roclcoast, between Safaga and Quseir, covering the area between
mass classification for those remedies. Even though no anlatitude 26 4’ 46" to 26> 49 33’ N and longitude 3323 50"
alytical methods are available for this task, other tools areto 34° 17 11" E (Fig. 2). About 11 drainage basins represent
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Table 1. Climatic data from 1966 up to 2000 for the study area (Egyptian Meteorological Authority 2000 database).

Station MaxT (°C) MinT (°C) Average Annual Rainfall  Maximum Rainfall

humidity (%) (mm/irf) in one day (mm/iR)
Quseir 225-33.4  13.8-26.7 46-54 1 28 (October 1994)
Hurghada 9.7-25.7 21-36.7 43-55 1 20 (October 1994)

eastern and the central zone (Fig. 3). The eastern zone is
formed by the coastal plains of the Red Sea. The central
zone includes the higher relief mountainous part. The ge-
ology of the Red Sea coastal plains has already been stud-
ied by Hume (1912, 1934) and Akaad and Dardir (1966).
The coastal plain strip of the Red Sea betweef025and
26°00" N latitude is occupied by Cenozoic rocks of both
Tertiary and Quaternary age. The Tertiary rocks are repre-
sented by sandstone, lime-grits, conglomerates, carbonate-
terrigenous sediments, and gypsum. The Quaternary rocks
are composed of wadi and terrace deposits consisting of de-
tritus sand, pebbles, and rare boulders. The mountainous
central zone consists of the basement rocks, intensively stud-
ied by many authors like Hume (1935), EI-Ramly (1972),
El Gaby et al. (1984), ElI Shazly (1964), Akaad and El
Ramly (1960), and EI-Ramly et al. (1970). They concluded
that the mountainous areas are essentially composed of pan-
African assemblages comprising gneisses, migmatites, meta-
sediments, ophiolitic melanges, metavolcanics, mafic intru-
sions, tonalite, granodiorite, younger volcanics, molasse sed-
iments, post-tectonic granites, and trachyte plugs and sheets.
These are all dissected by numerous mafic and felsic dykes.
Also, the Precambrian units are unconformably overlain by
the Phanerozoic sediments especially in the south-eastern

Fig. 1. Damages caused by the 1994 flood in the Red Sea Distric{M'ocene) parts of the mapped area.

(A) Cutting of the asphalt roads in the Quseir Arég) Damage of The climate of the area varies considerably from season

the constructiongC) Damage of the buildings south of Qus€ID) to season. Generally, it is characterized by hot summers and

Erosion features in Wadi QuaiatE) Fixing the road after damage cooler winters (Table 1). The minimum and maximum tem-

by floods;(F) Flood water looks like a lake in Quaiah Area. peratures of the Quseir Station are £33.7 and 22.8—

33.£C, respectively and for Hurghada 9-25.7 and 22—
36.7C, respectively. The annual relative humidity varies

the main flooding sites in this area. All these wadis are dis-between 46%—54% for Quseir and 43-55% for Hurghada.

charged into the Red Sea. The area is dissected by the vit&tainfalls are very seldom, averaging in about one mm/inch

roads Qena-Safaga and Qeft-Quseir road, as well as Elwagter year. The highest recorded rainfall is 28 mm per year at

El-Gadeid-Red Sea Railway. Both roads and the railway areQuseir and 20 mm at Hurghada.

frequently affected by gravitational mass deposits and flash

flooding. Recently in the study area, problems related to flash

floods have greatly increased, and there is a need for an e Methodology

fective modelling to understand the problem and mitigate its

disastrous effects. Human activities such as unplanned rapig|S provides powerful tools for the assessment of risk and

settlement development, uncontrolled construction of build-the general management of the natural hazards. Natural

ings and major land use changes can influence the spatial anthzard maps can be prepared to delineate flood-prone ar-

temporal pattern of hazards. eas. Risk and vulnerability maps help the decision mak-
The study area can be categorized into two distinctiveers for a quick assessment of potential impacts of natural

zones, each of which has its own geological features: théhazards and for the initiation of appropriate measures for
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Fig. 2. Study area and hinterland shown by Landsat TM scene.
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Fig. 3. Simplified geological map for the study area (after Conco, 1987).
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Fig. 4. Flow chart of the geomorphological hazard assessment.

impact reduction. Aforementioned data assist the planner$ollowed by vectorization (on screen digitizing). Tracing the
and decision-makers to take correct and in timely steps durdrainage line from the topographic maps and verified us-
ing pre-disaster periods. They also help them during posting TM image has been done to produce maps of the basin
disaster activities for the assessment of damages and lossbsundaries (Fig. 5) and the drainage network (Fig. 6). A seg-
occur due to flooding. Moreover, GIS provide tools for deter- ment map of the drainage basin patterns and a polygon map
mining areas affected by floods or forecasting areas likely toof the basin boundaries have been prepared. A separate label
be flooded based on the analysis of the drainage basins. Magmint map was vectorized (on-screen digitizing) and unique
of hazard assessment and vulnerability measures are easy Iid number was assigned to each point for the most important
be prepared for sites threatened by flooding and mass wasfacilities, areas, and quarries along the study area.

ing. Thus, precautionary measures can be recommended to
be taken in order to minimize the flood and mass depositiorb
effects.

For the mass deposition analysis an empirical method has
een adopted for the rock mass deposition and characteri-
zation. Empirical design is a design methodology that does
For the drainage basin analysis, the methodology adoptedot use formal design methods, calculations, analytical equa-
in the present study is shown in the form of flow chart tions or modelling of any (Brawner, 1994). Instead, it relies
with the detailed step wise analysis and is shown in Fig. 4.on experience and judgment of the geologist or the engineer
In the current analysis, topographic maps of scale 1:50 00@r geomorphologist. In this study, the Oregon RHR (rock
are used with the aid of Thematic Mapper Landsat mosaichazard rating) system (Pierson and Van Vickle, 1993) has
with ground resolution 30 m. These topographic sheets werdeen used for mass deposition analysis (Table 2). The pa-
scanned and then rectified by using IMAGINE ERDAS 8.5 rameters (Slope height, Ditch effectiveness, Average vehi-
using ground control points with the help of Global Posi- cle risk, Sight distance, Roadway width, Structural condition
tioning System (GPS). To easily incorporate the data into thediscontinuous rock, Rock friction, Block size/volume of rock
geographic information system (ArcGIS 9), all maps havefall event, Climate and presence of water on slope, and Rock
been georeferenced using UTM Coordinate system zone 3@all history) listed in Table 2 have been used in the analysis
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Table 2. Rock Hazard Rating System (after Pierson and Van Vickle, 1993).

Rating criteria and score

Category
Points 3 Points 9 Point 27 Point 81

Slope height 251t 30ft 75ft 100 ft

Ditch effectiveness Good Moderate Limited No catchment
catchment catchment catchment

Average vehicle risk 25% of 50% of 75% of 100% of
the time the time the time the time

Present of decision

Adequate site distance,

Moderate sight distance,

Limited site distance,

Very limited sight

sight distance 100% of low 80% of low 60% of low distance, 40% of
design value design value design value low design value
Roadway width including 44 1t 36ft 28ft 20ft

paved shoulders

S o Structural condition Discontinuous Joints, Discontinuous joints, Discontinuous joints, Continuous joints,

g g favorable orientation random orientation adverse orientation adverse orientation

<

© Rock friction Rough, irregular Undulating Planar Clay infilling or slickensided
[o

-% g Structural condition Few differential Occasional erosion Many erosion Major erosion

_g 9 erosion features features features features

O R R R R . . .

O Difference in erosion  Small difference Moderate difference Large difference Extreme difference

Block size or Quality

1ft 3 cubic Yards

2 ft 6 cubic Yards

31t 9 cubic Yards

4ft 12 cubicyards

of rockfall event

High precipitation and long
freezing periods or continual water
on slope and long freezing periods

Moderate precipitation or
short freezing periods or
intermittent water on slope

High precipitation or
long freezing periods or
continual water on slope

Climate and presence
of water on slope

Low to moderate precipitation;
no freezing periods,
no water on slope

Rockfall history Few falls Occasional falls Many falls Constant falls

since the type of rock cuts and slopes are crystalline in naphometric analyses of the catchments areas have been per-
ture. Field investigations using the GPS unit helped us toformed. The drainage pattern parameters are listed in Ta-
get the location of the areas affected by mass wasting. Thible 3. All the elements have been measured and extracted
also includes the study of different factors that will affect the using ArcGIS 9. The following characteristics have been
stability of the slopes. used to describe each basin: linear drainage basin charac-
teristics and two aerial drainage basin characteristics. These
parameters helped to predict the relative flood hazard degree
and the capability of the basins for ground water recharge.
The linear drainage basin characteristics include stream or-
dering (Strahler, 1952), the mean of the bifurcation ratio,
the total drainage length (Carlston and Langhein, 1960), the
The drainage systems, of different wadis threaten the Redlrainage frequency (Horton, 1945), and the drainage density
Sea coast areas between Safaga and Quseir, as well as tfidelton, 1957). The aerial drainage basin characteristics in-
roads and railways connecting and crossing the area, are exiude drainage basin area, length, width, and perimeter, as
ternal, well developed, and highly integrated. They are sig-well as the length of the overall flow-lines (Horton, 1945).
nificantly controlled by geological structure and lithology. The morphometric data are then sorted and used for the GIS-
These basins originate mainly in mountainous highland ofbased hazard assessment analysis.

basement rocks which are flanked in east by a relatively low In order to evaluate the hazard probability of the differ-
dipping sedimentary strip. The area consists of 11 drainagent basins, some of the morphometric parameters were used.
basins, 4 main basins namely; Ambagi, El Baroud, El Queih,These morphometric parameters include drainage density,
and Safaga, with 7 other small basins, namely Nagarah, Aburainage frequency and bifurcation ratio. Drainage density
Sheqili ElI Bahari, Abu Sheiqili El Qibli, Gasous, Gawa- is a measure of the total network lengths of the basin to the
sis, El Hamraween, and Abu Hamra El Bahari. Most of total area of this basin (Melton, 1957). Drainage frequency is
these wadis flow in west-east direction to the Red Sea coaghe ratio of total number of all stream segments in the basin
with its villages, urban areas, and industrial sites. The mor-o the total area of the basin (Horton, 1945). They concluded

4 Results and discussion

4.1 Morphometric analysis of drainage basins
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Table 3. Morphometric parameters of the drainage basins.

Name AKnf) L(Km) W(Km) P(Km) TL(Km) TDN

W. AbuHamraEl Bahari 44.83 17.6 4.76 38.87 42.987 24
W. Abu Shegili El Bahari 100.73 22.07 11.97 65.06 94.147 45
W. Abu Sheqili EI Qibli 26.19 11 3.6 27.2 20.961 8
W. Ambagi 1546.1 58.97 35,55 247.44 1639.4 1502
W. El Baroud 516.29 41.68 2443 108.74 548.08 456
W. El Hammraween 130.53 19.09 10.29 61.16 143.26 120
W. El queih 1928.43 74.02 41.39 242.66 1636.5 1468
W. Gasus 185.59 27.84 12.65 81.07 171.03 168
W. Gawasis 36.76 13.25 5.34 32.89 36.694 23
W. Nagara 69.58 14.75 6.45 37.98 67.986 56
W. Safaga 710.17 55.28 19.18 156.19 762.42 576

W.=Wadi, A=area, L =length, W =width, P = perimeter, TL =total length, TDN =total drainage number

that many streams per unit area mean that more water is, T
moving off of the surface, rather than soaking into the soil. | ‘
They also mentioned that drainage density and frequency de-¢ I‘ ‘
pend upon both climate and physical characteristics of the's 1 ‘
drainage basin. Soil permeability and underlying rock type | \ ‘ ‘
affect the runoff in a watershed; impermeable ground or ex- L]
posed bedrock will lead to an increase in surface water runoff  *6o 2o 40 0 s0 1o 00 20 40 60 80 100
and therefore to more frequent streams. Rugged regions o. Bifurcation Ratio Bifurcation Ratio

those with high relief will also have a higher drainage density . _ ) )
and frequency than other drainage basins if the other charad='9- 7. Hazard degree according to drainage density vs. bi-

teristics of the basin are the same. However, the bifurcatiorjurcation ratio following El-Shamy's and drainage frequency
ratio is the averade ratio of number of Strer;lms of a ivenvs' bifurcation ratio following EI-Shamy’s (1992b) approach.
9 9 Note (1=W. AbuHamraEl Bahari, 2=W. Abu Sheqili El Ba-

order to numbgr in next higher ort_jer, di_mensiqnlgss. Mc'hari, 3=W. Abu Shegili EI Qibli, 4=W. Ambagi, 5=W. El
Cullah (1986) indicates that the bifurcation ratio is a Very garq,d, 6=W. EI Hammraween, 7=W. EI Queih, 8=W. Gasus,
important factor that control the runoff where the amount of g =\, Gawasis, 10 =W. Nagara, 11 =W. Safaga).

runoff increased by decreasing the bifurcation ratio. Two

different approaches, bifurcation ratio versus drainage den-

sity and bifurcation ratio versus drainage frequency, were The bifurcation ratio, drainage density, and drainage fre-
applied to determine the hazard degree for each basin (Elguency data for the different basins in the study area (Table 3)
Shamy, 1992b). El-Shamy (1992b) has established empiriwere plotted in the EI-Shamy’s diagram (Fig. 7). According
cal diagrams according to his work in the Egyptian drainageto the relation between Bifurcation ratio versus drainage
basins. He divided his diagrams into three zones, the firsfrequency six basins (W. Abu Shegqili ElI Bahari, W. Abu
zone (A) is characterized by high possibility for flash floods Sheqili El Qibli, W. Ambagi, W. Gasus, W. Nagara, and
and low possibility for the groundwater aquifer recharging, W. Safaga) are located in zone B which represents moderate
the second zone (B) is characterized by moderate possibilitpossibility for flash floods and five basins (W. AbuHamragl
for flash floods and moderate possibility for recharging theBahari, W. El Baroud, W. EI Hammraween, W. El Queih,
groundwater aquifer, and the third zone (C) is characterizecand W. Gawasis) are located in zone C which represents
by less possibility for flash floods and high possibility for low possibility for flash floods (Fig. 7a, Table 4). In addi-
recharging the groundwater aquifer. Figures 7a and b showion, according to the relation between Bifurcation ratio ver-
these approaches with zones A, B, C. The data from both diasus drainage density six basins (W. Abu Shegqili El Bahari,
grams used to determine the overall hazard degree. If a basiw. Abu Shegqili El Qibli, W. Ambagi, W. Gasus, W. Nagara,
plotted in zone B in the first diagram (Moderate possibility and W. Safaga) are located in zone B which represents mod-
of flash floods) and located in zone C in the second diagranerate possibility for flash floods and five basins (W. AbuHam-
(High possibility for flash floods) the overall hazard degreeraEl Bahari, W. El Baroud, W. EI Hammraween, W. El
for this basin will be high possibility for flash floods which Queih, and W. Gawasis) are located in zone C which rep-
represents the more “conservative” situation. resents low possibility for flash floods (Fig. 7b, Table 4).
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4.2 Flashflood hazard map Table 4. Hazard degree analysis following EI-Shamy’s (1992b) ap-

roach.
Flash-flood-prone wadis (dry channels cut into the terrain)p

were delineated and assessed using GIS to determine the
hazard of flash floods in each basin between Quseir and the

Name BR F HD1 D HD2 FHD

. W. AbuHamraEl Bahari 4.64 0.54 L 0.96 L L
Safaga area. For the creatlon of the hazard map, the datq X-\\/ Abu Sheqli El Bahari 3.39 045 M 093 M M
tracted from EI-Shamy’s model (Table 4) have been applied w,. abusheqili EIQibli 225 031 M 080 M M
for each drainage basin in the study area. The overall hazard W. Ambagi 242 097 M 106 M M
degree which determined by comparing the hazard degree re- - El Baroud 534 08 L 106 L L
. . . . W. El Hammraween 454 0.92 L 1.10 L L
sglted from b|furcat|on ratio versus dral_nage frequepcy and g Quein 786 076 L 085 L L
bifurcation ration versus drainage density (Table 4) indicate w. Gasus 354 091 M 092 M M
that six basins have moderate possibility of flash floods and w ﬁawas's 35‘7) 8-2(3) I\I;I é-gg |\|;| |\I;|
. . o _ . Nagara . . .
five basins have low possibility of flash floods. The over- Safaga 278 081 M 107 M M

all hazard degree was added to the GIS database to assist

in constructing the drainage basin hazard map for the mosfy =\adi; Br=Bifurcation Ratio, F=Frequency, D=Density,

hazardous basins and is shown in Fig. 8. This hazard mapip1 = hazard degree Br vs. F, HD2 = hazard degree BR vs. D, and

was overlaid by the infrastructure facilities (road and rail- FHD = Final hazard degree from HD1 and HD2. L: low hazard (low

ways), urban areas, touristic villages, and industrial areas andossibility for flash floods); M: moderate hazard (moderate possi-

is shown in Fig. 8. bility for flash floods); and H: high hazard (high possibility for flash
floods).

4.3 Susceptibility maps of areas and roads

In the present study, the most susceptible zones have bedn the study area it was so clear that there are both types of
performed using a subjective and qualitatively method. Sofailure modes along the natural slopes and rock cuts and is il-
to make the results better understandable separate classestrated in Fig. 11. Some terrains are characterized by most
have been introduced as moderate and low susceptible anotably flat discontinuities with vertical jointing, where pla-
eas. Susceptibility maps for both the areas along the coasiar and wedge slides are unusually not found, the predom-
and the road and railways have been generated and shownant failure mechanism being of the raveling type. These
in Figs. 9 and 10. For the costal areas the intersection witlraveling failures, whether slow, time-dependent or fast and
the moderate hazard basins with the coastal class indicate @tastrophic are much more difficult to analyze. Analytical
moderate susceptible zones for flash floods and the intersecechniques for prediction are non-effective, and remediation
tion of the low hazard basins with the costal class indicate gudgments are typically made with on-site engineering judg-
low susceptible areas for flash flood hazards. On the othement of an experienced specialist, who must then balance
hand, for the roads and railway, the most susceptible zonethe risk in terms of probability of failure and consequence of
that will be more prone to be damaged by flash floods havefailure, against the cost of effective remediation.

been determined only along the moderately hazard basins. |n this study, various outcrop data were collected and clas-
The intersections between the perpendicular wadis with roaq;ified according to the Oregon RHR (rock hazard rating) Sys-
and railway are the most areas that susceptible to be damem (Pierson and Van Vickle, 1993) in some meaningful way
aged due to erosion by flash floods. The final results of thisyased on parameters that are both easy to measure and are
analysis are shown as susceptibility maps (Figs. 9 and 10). yseful as predictors of rock behaviours.

The stability of rock cut and the natural slopes along the
roads and railways in the study area is controlled by several

Multiple field investigations have been carried out to evaluategeOIOg'C factors. The frequency and orientation of discon-

the rock slope sections in the study area. Field investigation%?rlé'rt]'etsh %Sf ;ﬁilIrsikt?r?;;gr?/\‘/ﬁ:;]eisnﬁzfgﬁggg ttr?s St:‘;“t.? %rf
and data interpretations show that there are two types of faiI—the rcg)]ck mass have been’ investioated. The Oredon )FleHR
ures recorded in the study area. 9 ' 9

(rock hazard rating) system (Pierson and Van Vickle, 1993)
1. Planar, wedge, and toppling failures. In which the dis- has been applied on the natural slopes and road cuts along
continuities are oriented in such a way that they con-the roads and railways in the study area (75 stations). Both

tribute to create wedge, planar, or toppling failures. raveling failure and planner wedge, and toppling failures are
predominant in the areas and are shown in Fig. 11. The rat-

2. Raveling type failure modes this type of failure is not ing value for each parameter has been determined according
related to discontinuities and includes raveling, over-to Pierson and Van Vickle (1993). The final value for the
hang/undercutting, and rolling blocks for both rock cuts overall rating is determined by summation all the rating val-
and natural slopes. ues for all parameters at each station. According to (Pierson

4.4 Mass deposition hazard assessment
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Fig. 11. Different failure types along the roads in the study area.
(A) Planar failure;(B) Raveling Failure;(C) Blocks of different
sizes on the road after clearin@) Blocks ready to slide(E) and

(F) GPS-based road inspection.
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and Van Vickle, 1993) the final rating can be classified into
values greater than 500 require immediate remediation (high
risk); rating values between 300 and 500 require corrective
measures (moderate risk), whereas rating values of 300 or
less consider stable (low risk) and require no remediation ac-
tion. The analysis of all station along the roads and railway
in the study area indicate that 40 stations were determined
to be dangerous. The RHRS values for these stations range
between 300 and 500. These stations require urgent remedial
measures. Once, the data and associated classification was
recorded, this information was entered into the GIS database.
Also, an attribute table was generated with the information
about each site. The attribute table has the data from office
and field, as well as the rating of these sites has been applied
to determine the risk degree. In this study, the location of
the high risk cuts/slopes is shown in the mass wasting haz-
ard map as points (Fig. 12). With spatial referencing, data
on rock cut features can be correlated with other data fea-
tures roadways, topographic maps, aerial photographs, and
bedrock geology. A query-building feature was used to call
up the highly risk cuts and slopes (Fig. 12). The results are
displayed on a map or within the current view of the GIS,
providing key pieces of information for rock cut analysis and
decision making. This will prioritize the rock cut projects
according to risk-reduction and cost—benefit scenarios.
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5 Conclusions — To increase the slope shoulder width to avoid the rocks

falling from reaching the roads.
Geomorphological hazards like flash floods and mass deposi-

tion are destructive and frequently occurring phenomena all — 10 create a ditch under natural slopes and rock cuts that
over the world. The study area has been affected by flash Wil take up all fallen material.

floods and mass deposition hazards frequently. These haz- _ pqr the critical zones to install a wire mesh that covers

ards strike different types of infrastructures as well as urban (part of) the slopes to decrease the energy of the fallen
areas in the study area causing property damages. These | gcks.

geomorphological hazards acting on the study area will ac-

celerated due to many reasons. One of them is due to the lack — To put warning signs about the areas most affected by
of proper warning information about flash floods and mass ~ mass deposits and fallen rocks.
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