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ABSTRACT 

The site selection for the a nuclear power plant (NPP) is controlled by many 
criteria. One of the most important criterion is the tectonic and seismicity of the 
site and its surroundings. Since,  it is preferable the site in concern is characterized 
by low tectonic and low seismicity to avoid the damage effects associated with the 
occurrence of destructive earthquakes. The investigation of the tectonic and 
seismicity maps of egypt has been carried out to candidate  potential areas or sites 
for nuclear power plant installation from seismicity point of view. Also, the design 
basis ground motion in terms of peak ground acceleration and response spectra of 
some of the potential sites are defined through the conduct of probabilistic seismic 
hazard analysis 

The study revealed that although there is no criterion to exclude areas of   
high tectonic and high seismicity as potential sites for nuclear power plant 
installation but, it is preferable avoiding such areas. This is attributed to the critical 
seismic curve that characterizes such areas and is required high seismic design 
levels to resist the destructive vibratory ground motion associated with the 
expected earthquake. Cosequently, the required high seismic design levels will have 
a negative impact on the economic cost of the facility compared with that built in 
low and moderate seismic areas.  Hence, areas like the gulf of suez, the norhern 
part of the Red Sea and the southern part of Sinai Peninsula should be avoided as 
potential sites for NPP from the tectonic and seismicity point of view.  On the other 
hand,  areas like Nile delta and its valley, the Northern and Southern parts of 
Western desert and the central and southern parts of the Eastern Desert should be 
candidate as potential sites on condtion, the other criteria meet the IAEA's 
regulations. Also, the seismic hazard curve of the Northwest littoral zone reflects 
low design basis ground motion values compared with the Nile delta  region. 
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INTRODUCTION 
Due to the dryness of oil within the coming few decades as expected   many countries in 

our world look for an alternative cheap and clean source of energy.  Because the electrical energy 
generated from nuclear power plants is considered the most cheapest and cleanest compared with 
the other sources therefore it is expected the demand on this technology will be increased 
especially after the safety factors in operation of nuclear power plants became higher.  

Siting of nuclear power plant is a long story and is required many studies and 
investigations on regional, near regional, site vicinity and site detailing scales. Earthquake hazard 
analysis of the concerned site is considered one of the most important study in which, the design 
basis ground motion and its corresponding response spectra should be defined. 

It is found that there are internationally accepted procedures for evaluating the seismic 
hazard appropriate for assessing the seismic performance of nuclear power plants. However, 



recent publications produced by the International Atomic Energy Agency (IAEA), particularly 
Safety Guide 50-SG-S1, provide much useful material for such evaluations.  

IAEA's REGULATIONS 
One of the most important required studies in site selection of nuclear power plant is the 

earthquake hazard analysis.  Site selection of nuclear power plant is not an easy work but on 
contrary, it is long and heavy task comprising four stages to define a suitable site for nuclear 
power plant. The four stages are the conceptual and planning stage, site survey stage, site 
investigation stage and finally site confirmation stage.  

The role of earthquake hazard analysis starts early in site survey stage through the 
investigation of tectonic and seismicity map to reject areas of high tectonic and high seismicity 
and candidte areas of low tectonic and low sesimicity (IAEA, 1984, 1994). This step helps in 
narrowing the process of selectivity that may extend to include all the territory of the country to 
some potential areas.  The screening should be based on the historical and instrumental data 
(IAEA, 1994, 2002). Special attention should be given to surface faulting.  Areas near large 
known capable faults are usually rejected in the regional analysis  

Also, the role of earthquake hazard analysis extend to the site confirmation satge through 
the definition of the design basis ground motions taking into account in the desgin of the nuclear 
power plant and its corresponding reponse spectra. 

Two levels (S1 and S2) of ground motion should be evaluated and taken in the seismic 
design of the plant. The S1 level corresponds to a less severe earthquake load. The factors which 
influence decision as to the level of ground motion chosen to represent S1 are seismo-tectonic 
setting, design considerations, post earthquake situation and economic considerations.  

The S2 level corresponds directly to ultimate safety requirements. This level of ground 
motion shall have a very low probability of being exceeded during the life time of the plant and to 
be used for design purposes. Its evaluation may be based on seismotectonic considerations, 
historical earthquakes experience in the region and a detailed knowledge of the geology and 
engineering parameters of the strata beneath the site.  
REQUIRED DATA 

Many workers dealt with the structure and tectonic of Egypt, among them, Yossef, 1968, 
Mckenzie,1970, Maamoun and Ibrahim, 1978, Mesherf, 1990 and Kebeasy, 1990.  These studies 
have been collected and carefully studied to well understand the structure and tectonic setting of 
Egypt.  A tectonic map developed by McKenzie, 1970 has been obtained and carefully examined 
(Fig. 1). In addition, a map shows the surface tectonic trends as traced from the 1981 geologic 
map of Egypt (Fig.2). Seismicity maps should be provided showing the distribution of both 
historical and recorded earthquakes and hence the main seismo-tectonic trends can be delineated. 
It is necessary that, the availabe historical data be collected extending as far back in time as 
possible (Fig. 3). A complete seismological catalogue has been used. The catalogue has been  
compiled through the cooperation between the National Institute of Astronomy and Geophysics 
(NARIAG), the Geological Survey of Egypt, the National Institute for Remote Sensing and Space 
Sciences and UNESCO Cairo Office. Figure (4) shows the locations of the Instrumentally 
observed seismicity in and around Egypt from 1900 to 2002. Most of these events are small to 
moderate with focal depths ranging between 5-15km. The seismological catalogue is necessary to 
conduct seismic hazard analysis to define the required design levels of ground motions and its 
corresponding response spectra for nuclear sites. 

DATA ANALYSIS AND DISCUSSION 
TECTONIC SETTING AND SEISMICITY OF EGYPT 



Egypt is situated in the north-east corner of African plate. In the east, it is in contact with 
the Arabian plate while in the north, it is in contact with an area subjected to internal deformation 
within the Eurasian plate (Turkey and Aegean sub-plates). At the contact with Arabian plate, 
Egypt is affected by the opening of the Red Sea (Mid oceanic system) and its two branches (the 
Gulf of Suez and the Gulf of Aqaba-Dead sea transform). The relative movements between these 
plates causes many deformation along their boundaries. Thus, the seismicity of Egypt is attributed 
to the interaction between the three plates of Eurasia, Africa and Arabian plates (Fig. 1).  

The primary features of active plate tectonics in the vicinity of Egypt are discussed by 
many authors – three major plate boundaries are recognized, the African – Eurasian plate margin, 
the Dead sea transform fault and the Red Sea plate margin. A piece of the African plate called 
Sinai block or sub-plate is partially separated from the African plate by the spread – a part or 
rifting along the Gulf of suez. In addition to these plate boundaries, there are mega shear zone 
was running from southern turkey to Egypt (Mckenzie et al., 1970, Moamoun et al., 1980, 
Garfunkel and et al., 1981 . 

 
Fig. (1): The tectonics of the middle East Based upon maps by McKenzie (1970). 

 



 
Fig. (2): Surface tectonic elements (1981 geological map of Egypt,  

Geological Survey of Egypt). 



 
Fig. (3): Historical earthquakes occurred in Egypt and surrounding areas in the period 

2200 B.C. – 1899, compiled from different sources. 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 



 
 

Fig. (4): Seismicity map of Egypt and its surroundings. 
 

 
Fig. (5): Seismo-tectonic trends affecting Egypt (after Kebeasy 1990) 

According to Mesherf, (1990), since the basement rocks the oldest rocks in Egypt, they 
are expected to record all tectonic events affecting Egypt.  Figure (2) shows a large number of 
tectonic elements of varying lengths and trends.  Moreover, it shows greater density of tectonic 
trends in areas where basement rocks crop out or in areas of relatively thin sedimentary cover.  
The tectonic elements show a much lesser distribution where the basement rocks are buried under 
a relatively thick column of sediments, as in central and northern Western Desert, the delta, North 
Sinai, Gulf of Suez and Red Sea. 

Kebeasy 1990 attributed the earthquake activity tends to occur along three main seismic tectonic 
trends as shown in Fig. (5 ); 

A- Northern Red Sea- Gulf of Suez – Cairo – Alexandria Clysmic trend. 

 This trend is the major trend in Egypt and extends along the northern Red Sea, Gulf of 
Suez, Cairo, Alexandria and extends along the north-west in the Mediterranean.  It is 
characterized by the occurrence of shallow, micro, small, moderate and large earthquakes.  The 
activity along this trend has increased in recent years.  The activity along this trend is mainly 
attributed to the Red Sea rifting as well as several active faults. 



B- East Mediterranean- Cairo Fayum Pelusiac trend 

 This trend extends from the east Mediterranean to the east of the Nile Delta to Cairo and 
Fayum region.  Along this trend, small to moderate historical and recent earthquakes are 
observed.  The moderate and first instrumently recorded event in the Gilf El-Kebir area in 1978 
may form the extension of this trend into the south-western part of the Western Desert although 
there are few earthquakes between Fayum and Gilf El-Kebir areas. 

 
C- The Levant Aqaba trend 
 This trend is a continuation of the levant active fault and extends along the Gulf of Aqaba 
and southwest in the Red Sea and bisects the Clysmic trend at about 27o N and 34o 6E.  Small, 
moderate and large earthquakes are observed along this trend. 
 The study of the tectonic and seismicity maps (Figs.1, 2, 3 and 4) revealed that the high 
active seismic areas are generally the southern part of Sinai Peninsula, the area along the Gulf of 
Aqaba, the northern part of the Red Sea and the Gulf of Suez. Therefore, they are rejected as 
potential areas for nuclear power plant. The most quite areas from the tectonic and seismicity 
points of views are the Nile Delta, the northern part of Sinai Peninsula, the central and southern 
parts of Estern Desert, the northern and southern parts of Western Desert.  Although, the central 
and southern parts of the Eastern Desert are characterized by the distribution of the lineaments, 
fractures and surface faulting but they affected old rocks in age that means they are not capable.   
These areas are recommended to be potential areas for nuclear power plant from tectonic and 
seismicity points of views. On the other hand, Nile Delta and its valley is characterized by low 
seismicity, so it is recommended to be potential areas for nuclear power plant. But consideration 
should be paid into sites at its boundaries that have low population density in addition, the other 
criteria should meet the IAEA regulations. 
Design – Basis Ground Motions 

Earthquake hazard analysis has been conducted based on approach developed by cornell, 
1969. This approach consists of four steps to determine the seismic hazard at the concerned site 
(Riad, 1990) used the available geological and seismo-tectonic data and constructed the seismo-
tectonic model affecting Egypt and its surrounding as shown in (Fig. 6). It consists of twenty 
seismo-tectonic source zones. The parameters of each source zone like the upper and lower 
magnitudes, activity rate and β value has been determined. These parameters have been used to 
prepare the input file for FRISK-SP software developed by (Blake, 2002). This software depends 
on the principle of probabilistic hazard analysis in its execution. It expresses the hazard in the 
form of hazard curve which relates the peak ground acceleration with return period. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (6) Seismo-tectonic model of Egypt. 



As mentioned above, two levels of ground motion should be assigned and take into 
account in the design of nuclear power plant (IAEA, 1979 and 2002). The hazard curves for two 
selected zones which are the northwest littoral zone and the east of Cairo have been estimated 
using FRISTKSP software taking into accound the seismo-tectonic model described before and 
the parameters of its seismic source zones. The first zone represents an area of low seismicity and 
the second an area of moderate seismicity. Seismic hazard curves of both zones have been 
estimated and constructed as shown in (Fig. 7 & 8). According to IAEA regulations, S2 level is 
defined as the peak ground acceleration corresponds to 10000 years return period and S1 level is 
taken to be the half of S2 level. According the investigation of seismic hazard curve of northwest 
littoral zone indicated that S2 level is 0.24g and S1 level is 0.12g.. On the other hand, the S2  level 
of east Cairo is calculated to be 0.34g and S1 level is 0.17g. 
 
 
 
 
 
 
 
 
 
 
 

Fig. (7) Seismic hazard curve of 
Northwest littoral zone. 

Fig. (8): Seismic hazard curve of East 
Cairo zone. 

Response spectra The response spctrum reflects the behaviour of the critical building during the 
occurrence of the causative ground motion at different frequencies and different damping ratios. 
The spectral shape of the ground motiom is delineated according to the relative influences of the 
source spectral characteristics for earthquakes in the region and the attenuation characteristics of 
the materials which transmit the seismic waves from the hypocenter and the site area. The 
calculated two levels of ground motions have been used to define the response spectra at the two 
nuclear sites as shown in tables (1 & 2 and Figs. (9 & 10).  These standard response spectra are 
used as alternatives for the site specific response spectrum based on many response spectra 
derived from records of past earthquakes. The response spectra of the two sites are calculated for 
a range of frequencies 33, 9, and 2.5 Hz  (IAEA, 1979) and different damping ratios 2, 5 and 
10%.  

Table (1): Horizontal Design Response Spectra for East Cairo zone 
Percent of critical damping A(33Hz) B(9Hz) C(2.5Hz) 

2.0% 
5.0% 
10% 

0.34 
0.34 
0.34 

1.2 
0.88 
0.64 

1.44 
1.06 
0.77 

Table (2): Horizontal Design Response Spectra for Northwest littoral  zone 
Percent of critical damping A(33Hz) B(9Hz) C(2.5Hz) 

2.0% 
5.0% 
10% 

0.24 
0.24 
0.24 

0.84 
0.62 
0.45 

1.02 
0.75 
0.54 
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Fig. (9): Response Spectra of East Cairo 

zone. 
Fig. (10): Response Spectra for Northwest 

littoral  zone. 
CONCLUSION 

 
From this study, it could be concluded the following; 
1- Although there is no criterion to exclude areas of   high tectonic and high seismicity 

as potential sites for nuclear power plant installation but, it is preferable avoiding 
such areas. This is attributed to the critical seismic curve that characterizes such areas 
and is required high seismic design levels to resist the destructive vibratory ground 
motion associated with the expected earthquake. Cosequently, the required high 
seismic design levels will have a negative impact on the economic cost of the facility 
compared with that built in low and moderate seismic areas. Hence, areas like the 
gulf of suez, the norhern part of the Red Sea and the southern part of Sinai Peninsula 
should be avoided as potential sites for NPP from the tectonic and seismicity point of 
view. 

2- On the other hand,  areas like Nile delta and its valley, the Northern and Southern 
parts of Western desert and the central and southern parts of the Eastern Desert 
should be candidate as potential sites on condtion, the other criteria meet the IAEA's 
regulations. 

3- 3- The seismic hazard curve and response spectrum of North-West Littoral Zone 
reflects low seismic design parmeters compared with the Nile Delta zone since, the 
S2 level acceleration of NWLZ is estimated to be 0.24g and, the S2 level acceleration 
is estimated to be 0.34g for East Cairo as a site in Nile Delta region. 
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