
Australian Journal of Basic and Applied Sciences, 7(2): 865-881, 2013 
ISSN 1991-8178 

 

Corresponding Author: Samir M. Zaid, Geology Department, Faculty of Sciences, Zagazig University 
 

865 
 

Flashflood impact analysis of Wadi Abu- Hasah on Tell El-Amarna archaeological area 
using GIS and Remote Sensing 

 
1Samir M. Zaid, 2El Sayed A. Zaghloul and 3Farid K. Ghanem 

 
1Geology Department, Faculty of Sciences, Zagazig University 

2National Authority for Remote Sensing and Space Sciences (NARSS) 
 

Abstract: The study area is located in the west central part of the Eastern Desert, El Menya 
Governorate and covers an area of about 272km2. The drainage basin and their drainage network were 
identified from geometrically correctly enhanced shuttle radar topography mission (SRTM) data 
available in the United States geological survey. Specific computer routines (Arc GIS, 9.2) were used 
for delineation of drainage networks and basin boundaries, and in computing basin and stream 
variables and their morphometric parameters. The drainage network of the investigated  basin is well 
developed, integrated, dense and oriented The pattern is mostly dendritic in shape and runs from east 
and northeast to west. The analysis of drainage lineation showed a parallelism of preferred orientation. 
The orientational characteristics show the salient of NW and NE to be the same trends of fracture 
lineaments. The study indicates that the drainage system of Wadi Abu- Hasah threaten the Tell El-
Amarna archaeological sites especially, tombs of the kings, as well as the highways connecting and 
crossing the towns of El Menya Governorate. With respect to flashflood hazard, the basin rank as 
moderate to high hazard. To protect the archaeological sites, roads and towns of El Menya from the 
flashflood hazard, a hydrological structure (Diverted canal) must be constructed to collect the 
surface water runoff away from the threatened area and to decrease the velocity of the surface 
runoff, in addition Wadi embankment should be built around the tomb in order to minimize the 
water seeps into the tomb throughout the fractures and joints in the limestone section.  
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INTRODUCTION 

 
 Floods are a common natural disaster occurring in most parts of the arid regions (Hewitt, 1997). The 
flashfloods severely threaten the infrastructures, human lives and destroying their livelihood, moreover 
affecting the country’s business, economy and threaten the archaeological areas. Egypt economy depends 
on archaeological tourism because it represents one of the very important resources of national income in 
Egypt (Broadmanetal., 1994; De Roo, 1999; Hagazy et al., 2003; Yehia et al., 2005; Zaid, 2008 and 2009). 
 The present study deals with the flashflood impacts of Wadi Abu- Hasah on Tell El-Amarna 
archaeological sites especially, tombs of the kings, as well as the highways connecting and crossing the 
towns of El Menya Governorate and mitigate their flashflood hazards. The paper also proposes how to 
protect the archaeological sites in Tell El-Amarna from flashflood hazards, utilizing a geographical 
information system (GIS) and Remote Sensing technologies, using the shuttle radar topography mission 
(SRTM) data available in the United States geological survey. 
 Tell El-Amarna archaeological area, which frequently damaged by flashfloods of Wadi Abu Hasah drainage 
basin, is located in the west central part of the Eastern Desert, El Menya Governorate, Egypt. The drainage basin 
of Wadi Abu Hasah extends between latitudes 27º 34' - 27º 42' N and longitudes 29º 30' - 31º 7' E (Figs. 1, 2) 
and covers an area of about 183.42 km2.  
 Although, the Eastern Desert of Egypt is located in the arid and the hyper arid region (average annual 
rainfall = 13mm), the region occasionally subjected to intense rainfall events (often 60 mm/day) over fairly 
short periods (Technology of Valleys Group, 1983). These rainfall events are, as in the most arid areas, the 
result of severe local thunderstorms created by unstable weather conditions (Zeller, 1990).  
 Previous records of flashfloods indicate that they have been devastating, where parts of  Upper Egypt, 
Sinai and Red Sea areas were hit by severe flashfloods for example in 1976, 1982, 1996 and in January 
2011. The hydrological models that previously applied in Egypt have been simple, empirical and 
uncalibrated, compared with GIS models (El Bastawesy et al., 2009). GIS and remote sensing technologies 
are suitable and good tools in mitigation of flashflood disaster. With the advancement of technology in 
today’s world, it is easier to minimize the vulnerability of flood hazards (Chorley, 1978; Star and Estes, 
1990; Morin et al., 2000; Heywood et al., 2002). 
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Fig. 1: Location map of Wadi Abu Hasah, El-Menya Governorate, Egypt. 
 

 
 
Fig. 2: A- Satellite image showing the location of Tell El-Amarna, B- Different archaeological sites of Tell El-

Amarna (Modified after Wikipedia, 2011) 
 
2. Identification of the Archaeological Site: 
 There are two groups of rock-cut tombs at Tell El-Amarna situated at the north and the south ends of 
the cliffs encircling the city of Akhenaton. These are the tombs of favored officials of the court of 
Akhenaton, containing many scenes depicting the royal family in the distinctive style of Amarna art. The 
entrance to the Royal Wadi (Wadi Abu Hasah El-Bahari) lies between the north and south tombs, in which 
the king’s own tomb was constructed. The entrance to the Royal Wadi is often said to take the form of the 
hieroglyphic symbol of the horizon, the akhet in the center of which the sun rises each morning. It was 
perhaps this natural shape which determined Akhenaton to site his new city here on the wide sandy plain 
on the east bank of the Nile. Until recently the Wadi has been a fairly inaccessible place with a narrow 
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boulder-strewn track leading to the Royal Tomb. Akhenaton's tomb lies in a small side valley off the main 
Wadi and since 2004 there is a new tarmac road going all the way up to the Royal Tomb, making access 
for visitors much easier. Although much of the decoration once carved into the plaster over poor quality 
limestone walls is now destroyed, the tomb itself is a very evocative place. 
 Beyond the wall, back towards the tomb entrance, at the top of a short flight of stairs, a doorway leads 
to a series of three apartments. Since their discovery, they have been known as chambers alpha, beta and 
gamma and were identified as the funerary chambers of Princess Meketaten. The central chamber (beta) is 
undecorated, but the two other rooms were decorated with carved and painted scenes of the royal family 
making offerings to the Aten. In chamber alpha there are important scenes depicting the king and queen 
mourning the death of a woman on a funeral bier. 
 Behind the royal couple a nurse carries an infant in her arms and the presence of a fan-bearer suggests 
that the child was also royal. The assumption is that the death represents a mother after childbirth. 
Although better preserved than other chambers in the Royal Tomb, the scenes in chamber alpha are 
damaged and the woman is not named, but a similar death-bed scene in chamber gamma names the 
deceased as Princess Meketaten. This gives rise to the idea that all three chambers belonged to the king’s 
second daughter, who probably died in childbirth. This assumption has been recently challenged and it is 
now suggested that the body represented on the walls of chamber alpha may have been another royal lady – 
possibly the king’s lesser wife Kiya, who is a candidate for the mother of Tutankhamun, or even another 
daughter. Details of the reliefs in these chambers were copied by French epigraphists in 1894 at a time 
when the scenes were still almost complete, and without these drawings we would know even less than we 
do about the mysterious occupant of these apartments. 
 Further along the main corridor towards the entrance to another doorway opens into a further winding 
corridor leading to a series of chambers. It is suggested that this may have been a secondary royal tomb 
intended for the burial of Queen Nefertiti, or the reinterment of Amenhotep III, but it was left unfinished 
and undecorated. The mysteries of the Amarna Royal Tomb seem only to increase with time and with each 
new investigation. Several other tombs had been quarried in the Royal Wadi, both in the main Wadi and in 
the northern and southern side-valleys, but all of them were left unfinished. Many artifacts have been 
found over the years in the area of the Royal Tomb, leading to diverse theories about the history of the 
royal family, but we are still left with very little real evidence from this enigmatic period of history. 
 
3. Methodology: 
 Remote sensing and GIS techniques have been integrated together to detect the catchment area of Wadi 
Abu-Hasah and to protect the archaeological sites in Tell El-Amarna from flashflood hazards. The 
following lines describe the methodology steps. 
 
3.1 Remote Sensing (RS) Techniques: 
 The study is included in the SRTM satellite image (bands, 7.4.2). The following techniques were applied 
in order to fulfill the requirement of the present study:- 
1- The hard copy of SRTM satellite images at scale 1:100,000 have been produced for the study area. 
2- Topographic map of scale 1:100,000 cover the study area were Hasah for additional information and for 
rectifying the satellite image. 
3- Starting with raw data in the form of digital format for the study area on computer compatible tab (CCTs), 
different image processing techniques were executed in order to improve the information content and make it 
more readily available for efficient visual and digital interpretation. 
4- Based on visual and digital interpretation of the produced images, drainage basin of the Wadi Abu Hasah 
and Tell El-Amarna archaeological sites were outlined on satellite image using Erdas Imagine. 
 
3.2 Geographic Information Systems (GIS) Techniques: 
 GIS tool is used to aid in the collection, maintenance, storage, analysis, output, and distribution of spatial 
data and information The following GIS techniques were used:- 
1- Creation of GeoDBMS using ArcCatalog 
2- Gathered data will be stored in the geoDBMS that developed by ArcCatalog and integrated with MS-
Access 2007. 
3- Create shapefile for each layer in need. 
4- The SRTM satellite image was georeferenced for defining location using map coordinates. Georeferencing 
raster data allow it to be viewed, queried, and analyzed with other geographic data. 
5- ArcMap was used to view, edit, create, and analyze geospatial data.  
 
4. Geomorphology: 
 Generally, the geomorphic features in the Nile Valley region depend on their geological structure, 
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lithology and in part on the paleoclimatic conditions and the groundwater behavior. The area is limited 
from the west by the River Nile, trending NW- SE. The study area could be subdivided into five distinct 
geomorphic units (Embabi, 2004 - Fig. 3): 
 
4.1 Dissected Plateau: 
 The plateau bounded the area from the east and southeast (Fig. 3). It is made up of hard Eocene 
limestone plateau. The cliff is irregular in shape, rising about 200m above the ground floor and 250 – 400 
m above sea level. It is dissected by a large number of dry wadis and several faults. 
 

 
 
Fig. 3: Digital Elevat ion Model  (DEM) showing the geomorphic feature and the relief of the study area 

using the SRTM image. 
 
4.2 Pediments: 
 There are two main rock-cut pediments are distinguished in the area namely, the upper and the lower 
pediments. 
 The upper pediment stretches parallel to the scarp face bounding the plateau. The surface is a barren 
white limestone with clay intercalations stretching 3 to 10km east till it buts against the scarp face of the 
dissected plateau. Over the surface of the upper pediment, several limestone mesas and butts are 
encountered. This represents the remnants of the surface of a limestone pediment (Retreated scarp). 
Several east-west wadis dissect this surface. The most important of these are; Wadi Tarfa, Wadi Abu 
Hasah El-Bahari and others. These wadis incise their channels deeply into the limestone surface and in 
places the incision may reach up to 30m. 
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 The lower pediment runs nearly parallel to the upper pediment and overlooks the Nile terraces to the 
west. In a few places along its stretches, the pediment forms a scarp of 44m high above the Nile terraces. 
The surface of the pediment is covered by limestone beds which make a flat surface extending towards the 
Nile. The western side of the pediment is smooth in outline, only where fanglomerates are present, the 
outline is irregular. 
 
4.3 The Nile Terraces: 
 Nile terraces make a thin strip along the Nile. Their width ranges from 0.5 to 1km. Most parts of these 
terraces are now cultivated and a few parts are still rocky.  
 
4.4 Alluvial Plain: 
 Alluvial fans exist mainly where a distinct boundary exists between the uplifted blocks and the 
adjacent plains. In the study area, alluvial fans are common along faulted block fronts. The bajada of the 
region consists of a series of coalescing alluvial fans built by streams which debauch onto the piedmont 
and spread their detritus radially outward from the mouth of the wadis. This unit located in the area 
between the Nile cultivated flood plain and the foot scarp of the plateau. The elevation is about 20 – 90 m 
above the cultivated area. This unit is made up of Pliocene and recent sediments and developed into several 
terraces with different levels and different rock units. 
 
4.5 The Recent Nile Alluvial Plain: 
 This unit represents the central strip of the Nile Valley which forming the fertile cultivated land. It is 
made up of silt, clay with sandy lenses. The surface is flat and highly dissected by a network of irrigation 
canals and drains. The elevation is about 53 m. 
 
4.6 Wadis: 
 The limestone plateau is highly dissected by a number of dry elongated wadis forming deep incised 
gullies. These wadis drain its surface water to the Nile Valley through old and young alluvial plain. 
Generally, the drainage system characterized by the presence of short wadis and small catchment area such 
as Wadi Abu Hasah El-Bahari (Fig. 4) and Wadi Abu  Hasah El-Qibli. 
 

 
 
Fig. 4: Wadi Abu Hasah El-Bahari  (The Royal Wadi). 
 
5. Stratigraphy: 
 In the investigated area, the different lithological units (Figs. 5, 6) can be described according to Said, 
1981, as follows from top to bottom. 
 
5.1 Pleistocene - Quaternary: 
 The Pleistocene and the Quaternary deposits represent the youngest and the recent sediments in the 
study area (Abdel Ghany and Zaghloul, 1973; Hassan, el al., 1978). It is composed of the following units: - 
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Fig. 5: Sketch Geological Map of the study area (Abdel Ghany and Zaghloul, 1973 after 

modifications and additions). 
 
Wadi Deposits: 
 The area was dissected by a group of wadis which running east- west towards the Nile Valley. The 
Wadi deposits consist of gravels, boulders and cobbles mainly from the sedimentary rocks and partly 
cemented by a silty calcareous materials. 
 
Cultivated Land: 
 It is the most fertile flat areas which are cultivated now. It forms a flat surface in the western bank of 
the Nile where it is narrower on the eastern side of the River Nile due to the geomorphology of the eastern 
plateau. 
 
Fanglomerate: 
 Several patches were formed to be covered by a relatively thick conglomerate and loosed sand 
deposits. It consists of gravels and boulders mainly derived from the eastern and western scarps and 
mountains as indicated by rolled igneous and sedimentary pebbles and cobbles. It is formed by the 
coalescence of several Wadi fans depositing their loads into a shallow depression. The thickness varies 
from few centimeters along the edge of these fans to several meters near the center. 
 
Debiera – Arkin Formation (Neonile): 
 This is the youngest formation which represents the flood plain deposits of the River Nile. It is 
consists of silt, silty clay and sandy silt at the base. The maximum thickness is about 12m, while it is 
reduced towards the desert fringes. It rests over the eroded surface of the underlying units with marked 
unconformity surface.  The sandy part of the section represents the periods of recession phase during the 
low flood. According to Said (1981), the age of the Neonile sediments was attributed to the Late 
Pleistocene to Holocene.  
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Qena Formation (Prenile):  
 The fluviatile sand was described under the term Qena-Dandara complex. It is the most extensive and 
important unit for the groundwater aquifer in the Nile Valley and its delta. The maximum thickness 
exceeded 250m in the delta as reported by Said (1981), while the maximum thickness in the study area is 
about 36m. The Qena- Dandara complex mainly consists of sand with thin silty bands and is 
unconformably overlain by the floodplain of the Debiera- Arkin Formation. According to Said (1981), the 
age of the Prenile sediments (Qena Formation) was attributed to the Middle Pleistocene age. 
 

 
 
Fig. 6: Schematic idealized cross section East – West across the Nile Valley (RIGW et al .,  

1991). 
 
5.2 Armant & Issawia Formations: 
 The name of this formation was first introduced by Said (1981) to describe the type section near 
Issawia village east of Akhmeim and assigned the age to the Pliocene. It consists of brown clay, diatomite 
tufaceous limestone, calcareous marl with hard siliceous conglomerate bands and red cemented breccias 
towards its upper part (Brocatelle Limestone – Red Breccias). The conglomerates are recorded from near 
the cliff side and away from this; the conglomerate passes gradually into gypseous marl. The term Armant 
Formation was applied to describe the upper conglomerate sequence interbedded with calcareous marl. The 
maximum thickness is about 120m. 
 
5.3 Eocene Limestone (Old Bed Rock): 
 The Nile sediments and the Pliocene deposits unconformable overlay the Middle Eocene limestone. 
Due to the faulting system which affects the plateau and crosses the Nile Valley, some fault steps and ridge 
blocks were located and encountered on the subsurface limestone rocks represent the basic structure of the 
eastern and western cliff along the sides of the Nile Valley. In the eastern cliff, there are many exposed 
parts of limestone covering vast areas. It includes several geological formations above each other 
belonging to the Middle Eocene era. These formations are Menya Formation (Fig. 8) which overlies 
Samallout Formation, and underlies at some spots the Maghagha Formation. The limestone of Samallout 
Formation represents the part of the major economic importance as it is present in large surface areas with 
big thickness, in addition to its rock composition that contains a very high percentage, high quality calcium 
carbonate. It is formed of semi-homogenous chalk layers of minute grains of colors between snow white 
and pale pink white, dolomitic limestone and highly fossiliferous with Nummulite gizehensis and other 
fossils. The thickness of these layers varies from 5 to 50m. The contact surface between the Menya and 
Samallout Formation is marked and well defined by the occurrences of big boulders and chert concretions 
namely El-Battikh (Watermelon) plain (Fig. 9). 
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Fig. 7: Generalized stratigraphic sequence (RIGW et.al,  1991). 
 
6. Geological Setting:  
 Among  the  authors  who  had  dealt  with  the  origin  of  the  Nile  Valley, Said (1962 and 1981). 
They considered the Nile Valley to be of tectonic origin. In contrast, Hume (1965) considered it to be of 
erosional origin. Sandford (1939) considered the slumped blocks of the Thebes limestone on both sides of 
the Nile Valley as a result of gravity forces. Said (1981) considered some of these slumped blocks to be a 
result of tectonics. The faults in the study area are of normal type and exist in two main sets, oriented 
northwest (N 35° – 38° W) and northeast (N 40° – 80° E) and mainly affecting the Eocene plateau. The 
faults thrown are usually toward the Nile Valley. These faults are responsible for the formation of all wadis 
and the undulating surface of the plateau (Kharafish). On the other hand, the joints systems affecting the 
plateau are associated with the faulting system. 
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Fig. 8: The limestone sequence of Al-Menya Formation as exposed at Wadi Abu Hasah El-Bahari. 
 

 
 
Fig. 9: Accumulation of boulders in the form of Al-Battikh (Watermelon) plain. 
 
7. Drainage Characteristics: 
 The study area represents a part of the River Nile megabasin (El Shazly et al., 1991 and Yehia et al., 
1999). It includes two drainage basins. These drainage basins are Wadi Abu Hasah El-Bahari and Wadi 
Abu Hasah El-Qibli (Figs. 1, 2). 
 
7.1 Qualitative Analysis: 
 The drainage lineation analyses of Wadi Abu Hasah showed that this basin is well developed, 
integrated, dense and oriented (Fig. 10). The common drainage patterns are dendritic, trellis, rectangular 
and parallel and run from east and northeast to west. The orientation of this Wadi corresponds, to a marked 
degree, to the prevailing trends of the fracture pattern of the region, implying that the fractures commonly 
control substantial parts of the course of the Wadi and do determine their sharp bends (Youssef, 1968; 
Halsey and Gardner, 1975; Yehia et al., 1999). 
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Fig. 10: Drainage network map of Wadi Abu-Hasah. 
 
7.2 Quantitative Analysis: 
 Based on the drainage network and the outlets of wadis, the drainage basin and their drainage network 
are traced from SRTM. Specific computer routines (Arc GIS, 9.2) were used for delineation of drainage 
network and basin boundaries, and in computing basin and stream variables and their morphometeric 
parameters. The following are the drainage basin characteristics, which have been used to describe the 
drainage basin of the Wadi Abu Hasah. 
 
7.2.1 Linear Drainage Basin Characteristics:  
 Stream ordering (O) is defined by Horton (1945) and slightly modified by Strahler (1952). Bifurcation 
ratio (Rb) is obtained by dividing the number of stream segments (N) of a certain order of the number of 
stream segments of the following order. Total drainage network lengths Ld = 1.41 N/D (Carlston and 
Langhein, 1960). The length of overland flow Lo=1/2D (Horton, 1945). Sinuosity Si = WL/ L, where (WL) 
is the length of Wadi path and (L) is the shortest distance between the mouth and source of the stream 
(Gregory and Walling, 1973).  
 
7.2.2 Areal Drainage Basin Characteristics: 
 Areal measurements of drainage basin characteristics may be related to stream flow and sediment 
yields. These characteristics include the following: Drainage basin area (A), width (W) and perimeter (P) 
which measured using a digital planimeter. Drainage Frequency F= N/A (Horton, 1945). Drainage density 
D = WL / A (Melton, 1957). Basin shape is expressed in the form of circularity and elongation ratios. 
Circularity ratio C = 4 ( A/ P² (Miller, 1953).  Elongation ratio E=2 (A // L) 1/2 (Schumm, 1956).  
 
7.2.3 Relief Drainage Basin Characteristics: 
 These measurements include Relief H = Eh-Em, where (Eh) is the elevation of headwater divide and 
(Em) is the elevation of the mouth of the basin. Ruggedness number M= D H/ L (Melton, 1957). Gradient 
S = Vd / Vh, where (Vd) is the vertical distance and (Vh) is the horizontal distance between the mouth and 
source of the stream. 
 Parameters are computed to predict the relative flashflood hazard and the infiltration degree for the 
distinct drainage basin as well their capability for ground water recharge. The analysis was performed as 
an attempt to elucidate the possible surface water potentialities of this basin as well as their capability for 
groundwater recharge (Table 1) 
 The hydrogeomorphometric relations for the hydrologic assessment of the hydrographic system of El 
Shamy (1992) revealed that the studied basin is located in Domain B, referring to low chance of downward 
infiltration and relatively high flooding opportunity (Fig. 11).  
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Fig. 11: Assessment of the basin under consideration based on the relationship between stream frequency (F), 

drainage density (D) and bifurcation ratio (Rb) (After El Shamy, 1992). 
 
 Overland flow across the ground surface to the nearest channel is the surface runoff. The calculated 
length of the overland flow of the study area is 0.04. According to this value, the studied basin has a short 
overland flow so low infiltration rate and higher risk of flash flooding. However, the exposed rock types 
generally have secondary porosity and permeability, due to fracturing, which is common especially in the 
middle and western parts of the study area that may cause high infiltration rate. 
 According to the relationships between the morphometric parameters and chance of downward 
infiltration or flashflood hazard, these parameters can be divided into two classes (Zaid, 2008 and 2009): 
Class I, in which the parameters are proportional to infiltration and inversely proportional to the flashflood 
hazard, these parameters are (Rb, L, WL, P, H, Si, Lo, E and M). Class II, in which the parameters are 
directly proportional to the flashflood hazard, these parameters are (N, O, Ld, S, D, F, A, W, and C). The 
geo-environmental assessment of the morphometric parameters indicate that the studied basin ranked as 
high hazard (Table 2). 
 
7.2.4 Total Precipitation, Runoff and Infiltration: 
 It can be calculated from the following equation: 
1-Total Precipitation = Basin area x rate of rain fall.  
2-Total Runoff = 0.750 x Basin area (rate of rain fall – 8) 
3-Total Infiltration = Basin area (1- precipitated factor) x (rate of rainfall – humidity). 
Quantitatively based on the amount of runoff resulting values and infiltration rate, the study area shows 
low recharge ground water order (Table 3). 
 
7.2.5 Soil Erosion and Soil Loss: 
 The relationship between rate of erosion and basin relief is very important, especially for the safety of 
towns, archeological sites and highway road construction along the Nile Valley. Ohomori (1982) 
constructed two equations as follow: 
1-Rate of Erosion = 0.5015 x 0.0001 x 0.48 A x (S.d) 3.2, Where (S.d) is the standard deviation of all 
elevation points through and around the drainage basin.   
2- Soil loss = 0.43 x 0.3 S x 0.43 S2, Where (S) is the hill slope gradient of each basin.  
 The mean annual rate of erosion, slope, and gradient and soil loss has been calculated for all basins in 
the study area (Table 4). Table 4 shows that the total erosion increased with increasing soil loss. The effect 
of erosion increases towards the west of the study area due to the short profile length, dense structure, high 
inclination and high gradient of the stream profile. 
 
Table 1: Cumulative data of morphometric parameters. 

Basin N Ld WL Rb Si F D S A L W P O Lo C E H M 
Wadi Abu 

Hasah 
2263 259.4 22.5 2.24 1.12 12.3 12.3 0.03 183.4 20 8.2 61.4 7 0.04 0.62 0.8 0.5 0.003

 
Table 2: Cumulative data of flashflood hazard of study area . 

Basin O N Ld W/L Rb Si F D S C Hazard degree 
Wadi Abu Hasah 4 4 3 3 4 3 5 4 4 5 78% Very high 

N =Total drainage segment number, Ld= Total drainage network lengths, WL= Maximum drainage network lengths, Rb= Bifurcation ratio, 
Si= Sinuosity F= Drainage Frequency, D = Drainage density, S=Slope, A= Basin area, L=Basin length, P=Basin Perimeter, W= Basin width, 
O=Basin order, LO=Length of overland flow, C=circularity ratio, E=Elongation ratio, H=Relief and M=Ruggedness number        
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Table 3: Total precipitation, runoff and total infiltration of each basin. 
Basin Total Precipitation (M3) Total Runoff (M3) Total Infiltration (M3) Groundwater recharge 

probability 
Wadi Abu Hasah 10.9 x 106 7.15 x 106 0.92x 106 Low 

 
Table 4: Slope, gradient, direction, total erosion and total soil loss of each basin. 

Sub basin Area 
(km2) 

Slope Gradient Direction Total Soil loss
m3 / year

Total  erosion m3 / 
km2 / year 

Wadi Abu Hasah 183.4 8º - 32º 0.60 NE - SW 0.44 119.8 
 
7.3 Flood Impact Analysis:  
 Flood impact analysis is done to identify the impact in flood prone areas with the help of GIS system 
(Kates, 1965; Massam, 1980; Jain et al., 1981; Wessel, 1996; and Trnka, 2002). The impact area is 
calculated through overlay techniques based on the landuse geological properties- climatic parameters and 
topographical properties etc. The digital layers of each data set were overlaid and attribute table was 
recalculated to obtain results and carry out analysis. However, for the study, vector features are used for 
overlay analysis using different spatial data in GIS to define inundation risk areas. The study was 
performed for finding the impact of flood on landuse, geological properties, climatic properties and 
topographical properties and to develop analysis based mapping products. The spatial data set available for 
studies was mainly in vector format.  
 
7.3.1 The Slope: 
 Drainage basins are composed of two principal components: channels and hillslopes. Young (1972) 
suggested that most of the land surface of the earth is formed by Valley hillslopes. Ruhe and Walker 
(1968) notice that the term hillslopes contain both geometry and position of any profile, which begins with 
summit and finishes with footslope. The studied Wadi showed that the direction of steepest slope trends 
from NE corner towards the SW in the direction of downstream where archeological sites located (Fig. 
12A, B).  
 
7.3.2 The Hill Shad: 
 A hill shad specifies the brightness for each cell on the satellite image. This brightness depends on 
how the cell is positioned in relation to a single light source (e.g., the sun). There are two variables that are 
used to define the light's position: altitude and azimuth. Three dimensional terrains, mountain strike, 
orientation and the slope of the hill could be expressed by a shaded - relief map that calculated using the 
direct sunlight model. This map shows the way where excess water at a point will flow in a given 
direction. Figure 13 shows that water will flow towards the Tell El-Amarna archaeological area. 
 

 
 
Fig. 12: A- Slope of Wadi Abu- Hasah, B- Ranging classification of hill  slope degree. 
 
7.3.3 Flow Direction: 
 Flow direction is important in hydrologic modeling because in order to determine where a landscape 
drains, it is necessary to determine the direction of flow for each cell in the landscape. This is 
accomplished with the “Calculate Flow Direction” menu choice. For every cell in the surface grid, the 
ArcGIS grid processor finds the direction of steepest downward descent. Flow direction is a focal function. 
For every 3x3 cell neighborhood, the grid processor stops at the center cell and determines which 
neighboring cell is lowest. Depending on the direction of flow, the output grid will have a cell value at the 
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center cell, as determined by this matrix. Figure 14 shows that water will flow from NE to SW then change 
its direction to flow from SE to NW towards the Tell El-Amarna archaeological area as shown by blue 
color zone. 
 

 
 
Fig. 13: Shaded-relief map of Wadi Abu- Hasah. 
 
7.3.4 Flow Accumulation: 
 Flow accumulation is the next step in hydrologic modeling. Watersheds are defined spatially by the 
geomorphological property of drainage. In order to generate a drainage network, it is necessary to 
determine the ultimate flow path of every cell on the landscape grid. Flow accumulation is used to generate 
a drainage network, based on the direction of flow of each cell. By selecting cells with the greatest 
accumulated flow, we are able to create a network of high-flow cells. These high-flow cells should lie on 
stream channels and at valley bottoms. 
 Once the flow accumulation is calculated, it is customary to identify those cells with high flow. This 
can be done with a Map Query or Map Calculation, or simply by altering the classification of the legend. 
The display should resemble the vector stream network for the study area. 
 Figure 15 showing how the royal tomb is situated at the level lower than the level of the Wadi floor 
(Wadi bottom) which greatly allowed the surface runoff to seep into the tomb during the flashflood and 
showing the Royal tomb location in an accumulation water area that’s clear by red color zone. The Royal 
tomb of Akhenaton's is severely threatened and affected by the Wadi flashflood as clearly shown in the 
damage and weathering of the wall decoration and rock cut (Fig. 16).  
 
8. Conclusions: 
1-Meteorologically, the area is likely to be affected by strong thunderstorms and intense cloudbursts 
(rainfall = 60 mm/day) in the next few years, which may followed by high flash flooding opportunity. 
2-Satellite image revealed some regional faults. Most of these faults are affecting the Eocene limestone 
and very few others are affecting the Pleistocene-Quaternary deposits in the western parts of the study 
area. The Suez (NW-SE) and Aqaba (NE-SW) trends represent the most prominent fault trends. These 
faults and associated joints are responsible for the formation of and the undulating surface of the limestone 
plateau. 
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Fig. 14: Flow direction of Wadi Abu- Hasah. 
 

 
 
Fig. 15: Flow accumulation of Wadi Abu- Hasah. 
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Fig. 16: Photographs showing the impact and damage effect resulting from Wadi Abu Hasah 

flashflood (January, 2011) on roads (A); and the limestone forming archeological 
sites (B) especially the tombs of the kings: limestones are fractured, shattered, and 
jointed and mostly subjected to weathering process, which cause a deterioration and 
salinization and loss of pigments (C, D, E) and lead to the exfoliation (F, H) of the 
limestone bed rocks. 

 
3-The hydrogeomorphometric relations for the hydrologic assessment of the hydrographic system of El 
Shamy (1992) show that the drainage basin of the Wadi Abu Hasah lies in domain B and indicates a low 
chance of downward infiltration and high flash flooding opportunity. The average calculated length of the 

A B

C D

E F

G H
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overland flow of the study area is 0.04, according to this value, the studied basin have short overland flow 
so low infiltration rate and higher risk of flash flooding.  
4-The Flood impact analysis depending on all the studied parameters (climate, topography, geologic 
structure and morphometric analyses) suggests that the most of Tell El-Amarna archaeological sites is 
subjected to moderate to high hazard possibility, but it is more dangerous in the western part of the study 
area especially the Royal tomb of Akhenaton's which is located in the mainstream of Wadi Abu Hasah and 
in the direction of steepest slope trends. Generally the high impact of a flashflood in the western part of the 
study area is due to dense stream, dense fracture, and high flow accumulation. However, some 
archeological sites are safe from the flashflood impact due to their presence on the scarp face of the eastern 
limestone plateau far from the main stream and flow direction.  
 
9. Recommendations: 
 In order to have mitigation measures, the present study proposes to carry out the following:- 
1. To construct a hydrological structure (Diverted canal) to collect the surface water runoff away from 
the threatened area and to decrease the velocity of the surface runoff on the upper stream toward the Wadi 
fan which drain the water to the Nile. 
2. To line the Wadi embankment around the tomb in order to minimize the water seeps into the tomb 
throughout the fractures and joints in the limestone section. 
3. On the other hand, it is not recommended to build a dam in the upper stream of the Wadi. The storage 
water (reservoir) in the up-stream will seep through the fractures and joints in the limestone bed rocks and 
then filled the tomb and its room's. Then, the weathering process will lead to the weathering and 
exfoliation of the limestone beds. This actually will cause a deterioration and salinization of the limestone 
bed rocks.  

REFERENCES 
 

Abdel Ghany, M.S. and E.A. Zaghloul, 1973. Geological studies on the Quaternary deposits in the Nile 
Valley, Internal report, EGSM, Egypt.  

Broadman, J., L. Ligneau, A.P.J. DeRoo and K. Vandaele, 1994. Flooding of property by run off from 
agriculture in north-western Europe.Geomorphology, 10: 183-196. 

Carlston, C.W. and W.B. Langhein, 1960. Rapid approximation of drainage density. Line intersection for 
hydrological assessment of method. U.S. Geol. Surv, Bull., 11: 31. 

Chorley, R.J., 1978. Introduction to Geographical Hydrology, Methuen and Company Ltd: New York.  
DeRoo, A.P.J., 1999. Modelling runoff and sediment transport in catchments using GIS. In: Gurnell, A.M., 

Montgomery, D.R. (Eds.), Advances in Hydrological Process, Hydrological Applications of GIS. John Wiley 
and Sons, Chichester, England. 

El Bastawesy, M., K. White and A. Nasr, 2009. Integration of remote sensing and GIS for modeling Flash 
foods in Wadi Hudain catchment, Egypt. Hydrol. Process, 23: 1359-1368. 

El Shamy, I.Z., 1992. A new approach hydrographic basins of recent recharge and flooding possibilities. 
10th Symposium on Quaternary and development in Egypt, Mansoura Univ. Egypt, 18. 

El Shazly, E.M., M.A. Abdel Hady and M.L. El Rakaiby, 1991. Drainage megabasins in Egypt. Bull. Soc. 
Georg. d` Egypt, Tome, LXIV: 45-58. 

Embabi, N.S., 2004. The Geomorphology of Egypt, Landforms and Evolution. The Nile Valley and the 
Western Desert. The Egyptian Geographic Society, Special publication. 

Gregory, K.J. and D.E. Waling, 1973. Drainage basin form and process. A Geomorphological Approach, 
London, Longman Group Ltd., 456. 

Hagazy, M.N., F.S. Ramadan, S.M. Zaid and El Badry Oussama, 2003. Geo- environmental study on the 
area north Marsa Alam Eastern Desert, Egypt.  Jour. of Environmental Research, 5: 105-124. 

Halsey, J.M. and W.C. Gardner, 1975. Tectonic analysis of Egypt using earth satellite data. Lecture given to 
Egyptian Geologists in Cairo, 4. 

Hassan, M.Y., B. Issawi and E.A. Zaghloul, 1978. Geology of the area East of Beni Suef, Eastern Desert. 
Annal. Geol. Surv. Egypt, 8: 129-162.  

Hewitt, K., 1997. Regions of risk, A geographical introduction to disasters, Longman, Ltd: Essex, U.K. 
Heywood, I., S. Cornelius and S. Carver, 2002. An Introduction to Geographical Information System, IInd 

edition, Pearson Education: Harlow. 
Horton, R.E., 1945. Erosional development of the stream and their drainage basins, hydrological Approach 

to quantitative morphology, Geol. Soc. Amer. Bull., 56: 275-370. 
Hume, W.F., 1965. Geology of Egypt. Part III: The stratigraphical history of Egypt: Part I, from the close 

of the Precambrian episodes to the end of the Cretaceous Period: 712p; Part II, from the close of the 
Cretaceous Period to the end of the Oligocene: Geol. Surv. Egypt, 734.   

Jain, R.K., L.V. Urban and G.S. Stacey, 1981. Environmental Impact Analysis: A new dimension in 



Aust. J. Basic & Appl. Sci., 7(2): 865-881, 2013 

881 
 

decision- making, 2nd edition, Van Nostrand Reinhold Co: NewYork. 
Kates, R.W., 1965. Industrial Flood Losses: Damage Estimation in Lehigh Valley, Chicago: University of 

Chicago, Department of Geography, Paper no. 98. 
Massam, B.H., 1980. Spatial Search: Application to planning problems in the public sector, Pergamon: 

Oxford.  
Melton, M.A., 1957. Flood estimates .How good are they? Water Resources, 22: 159-164. 
Miller, V.C., 1953. A Quantitative geomorphic study of drainage basin characterizes lies in the clinch, 

Mountain area, Virginia and Tennessee.Columbia Univ., Geol.Dep.tech.Report, 3: 30. 
Morin, M., J. Jenvald and M. Thorstensson, 2000. Computer-supported visualization of rescue operations’, 

Safety Science, 35(1-3): 3-27. 
Ohomori, H., 1982. Functional relationship between the Erosion rate and the Relief Structure in the 

Japanese Mountains. Dep. Geogr. Tokyo Univ., Bull., 14: 65-74. 
Research Institute for Groundwater (RIGW), 1991. Geo- electrical Sounding Survey for Minya Map Sheet, 

Internal Report. 
Ruhe, R.V. and P.H. Walker, 1968. Hillslope models and soil formation. I, open system Trans. 9th Inter. 

Congress of soil science, 4: 551-560. 
Said, R., 1962. The Geology of Egypt, El Sevier, Amsterdam and New York. 
Said, R., 1981. The Geological Evolution of the River Nile, Springer-Verlage, New York, Heidelberge 

Berlin, 151.  
Sandford, K.S. and W.J. Arkell, 1939. Paleolithic man and the Nile Valley in Lower Egypt. University of 

Chicago , Oriental Institute , Publication, 46: 1-105. 
Schumm, S.A., 1956. Evolution of drainage system and slopes in Perth Amboy bad lands at new Jersey. 

Geol. Soc. Amer. Bull., 67: 597-646. 
Star, J. and J. Estes, 1990. Geographic Information system: An Introduction, Englewood’s Cliffs, Prentice 

Hall: New Jersey. 
Strahler, A.N., 1952. Hypsometric (area-altitude) analysis of erosional topography. Geol. Soc. Amer. Bull., 

63: 1117-1142. 
Technology of Valleys Group, 1983. Protection of 16 May City from flashflood hazard. 1st Technical 

report, Center of Development Researches and Technological Planning, Cairo Univ., 144. 
Trnka, J., 2002. Hazmat Transportation Accidents: Introducing GIS as a core Information System in 

Emergency management, Final Thesis -Linköpings universitet. Institutionen för datavetenskap- IDA, 
Linköpings. 

Wessel, J., 1996. Institutional frameworks for flood management, Annales geophysical, 310. 
Wikipedia, 2011. Tell El- Amarna map showing the location of the different archaeological sites: 

http://en.wikipedia.org/wiki/Remote_sensing. 
Yehia, M.A., N. Amin, S.M. Zaid and El Badry Oussama, 2005. Potential of Flash Flooding of the drainage 

basins of the area East of Nile Delta area and risk evaluation. Jour. of Environmental Research, 6: 43-57. 
Yehia, M.A., M.H. Ashmawy, H.A. El Etr, H. Abdel Monsef, I.Z. El Shamy, E.A. Hermas, M.N. Higazy 

and S.M. Hassan, 1999. Flash flooding threat to the Red Sea coastal towns of Safaga, Quseir and Marsa El 
Alam, Egypt. J. Remote Sensing and Space Sci., 2: 69-86. 

Young, A., 1972. Slopes. Longman Group Ltd London, 288.  
Youssef, M.I., 1968. Structure pattern of Egypt and its interpretation. AAPG Bull., 4(52): 601-614. 
Zaid, S.M., 2008. Potential of Flash Flooding of the drainage basins of Safaga area and risk evaluation. Bul. 

Fac. Sci. Zagazig Univ., 30: 349-362. 
Zaid, S.M., 2009. Potential of Flash Flooding of the drainage basins of Quseir area and risk evaluation. The 

4th Conf. of Environment, spec. publication, Zagazig Univ., pp: 1-16.  
Zeller, M., 1990. Precipitation on arid or semiarid regions of the southwestern United States. In: 

Hydraulics/Hydrology of Arid Lands (1FAL) (ed. by R. H. French). American Society of Civil Engineers, New 
York, pp: 525- 529. 


