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Abstract The Gulf of Suez is characterized by the presence
of many hot springs and deep thermal wells scattered around
its coastal areas. So it is considered one of the promised
geothermal areas in Egypt. In this study, the main emphasis
is to investigate the geothermal potential around the Gulf of
Suez using the available logging and geothermometer data-
sets. The temperature profiles and well logging data of some
hot springs and deep wells around or within the coastal area
of the Gulf of Suez are used in this study. The temperature
profiles are analyzed and some important thermophysical
properties are estimated (geothermal gradient, thermal con-
ductivity, heat flow, and specific heat capacity). Such anal-
ysis revealed that a medium to high geothermal gradient
(22.0–30°C/Km) is given for the Gulf of Suez as a whole,
with some spots of much higher gradient in the order of
35.0–44°C/Km (Ras Fanar and Hammam Faraun areas).
The compiled thermal plots show that the thick evaporites
and rock salt lithology, which is a major constituent in this
area, attain the highest thermal conductivity (>3.10 W/m/K)
and heat flow (>90 mW/m2) and the lowest specific heat
capacity (<0.30 J/kg/K). The available gamma ray and the

natural gamma ray spectroscopy logs are used to conduct a
radioactive-based heat generation study using the character-
istic radioactive nature of some elements like; 238U, 235U,
232Th, and of the isotope of 40K. A good linearity is ob-
served between the heat production (A in microwatt per cubic
meter) and the gamma ray (API) along a wide range of data-
sets (0–150 API) in all wells. The heat production factor
increases in the carbonate lithology (up to 3.20μW/m3) and
is proportional to the shale volume. A geothermometer-based
study is used to estimate the subsurface formation temperature
and heat flow from the geochemical analysis of some water
samples collected from the studied hot springs. The estimated
thermal parameters are in harmony with the regional thermal
regime concluded form logging data. A thermal basin growth
study, in relation to the clay diagenesis is conducted
concerning the thermal effects that take place with depth
giving rise to another clay mineral (illite). Furthermore, a
number of 2D thermal–burial history diagrams are constructed
for the complied sections of some of the studied areas to show
the vertical distribution of the estimated petrothermal proper-
ties. A reserve evaluation study is carried out to estimate the
economic geothermal capacity of these hot springs to be used
as alternative clean source for possible energy production
(electricity) and other low-temperature purposes.
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Introduction

Geothermal field is a geographical definition, it usually
indicates an area of geothermal activity at the earth’s sur-
face. In cases without surface activity, this term may be used
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to indicate the area at the surface corresponding to the
geothermal reservoir below (Axelsson and Gunnlaugsson
2000). The geothermal reservoirs can be classified in terms
of many parameters, such as their temperature, equilibrium
state, and the enthalpy of their fluids. The most important
classification is that it takes into account the equilibrium
state of the reservoir (Nicholson 1993). It depends mainly
on the circulation of the reservoir fluid and the mechanism
of heat transfer. In this classification, two geothermal cate-
gories can be recognized. The first is the dynamic category,
in which the reservoir is continuously recharged by water
and discharged into the surface or through the permeable
formations. According to the temperature regimes, this cat-
egory may include high-temperature system (T>150°C)
and/or low-temperature system (T<150°C). The second cat-
egory is the static one that includes normal low-temperature
systems and/or geopressured systems, which may be found
in large sedimentary basins. Another classification of geo-
thermal reservoirs, which is based on the energy content of
the fluids and their potential forms of utilization, classifies
the geothermal reservoirs into low, medium, and high en-
thalpy (or temperature) resources.

The geothermal energy is utilized mainly for electricity
production, which is the main engine for the industrial
development in a number of countries such as Iceland,
New Zealand, Japan, USA, Italy, and Indonesia. The most
common non-electric used worldwide (in terms of installed
capacity) is heat pumps (34.80%), followed by bathing
(26.20%), space heating (21.62%), greenhouses (8.22%),
aquaculture (3.93%), and industrial processes (3.13%;
Lund and Freeston 2001). The utilization of geothermal
energy in developing countries has exhibited an interesting
trend over the years. In the 5 years between 1975 and 1979,
the geothermal electric capacity installed in these countries
increased from 75 to 462 MWe. By the end of the next 5-
year period (1980–1984), this figure had reached
1,495 MWe showing a rate of increase during these two
periods of 500% and 223%, respectively. In the next
16 years, from 1984 to 2000, there was a further increase
of almost 150%. Geothermal power plays a fairly significant
role in the energy balance of some areas; for example in
2001, the electric energy produced from geothermal resour-
ces represented 27% of the total electricity generated in the
Philippines, 12.4% in Kenya, 11.4% in Costa Rica, and
4.3% in El Salvador (Dickson and Fanelli 2004).

In Egypt and the Middle East, the utilization of geother-
mal energy is still far away from the economic usage. The
reasons of this may be argued to many factors such as the
low-temperature nature of the encountered geothermal
resources in these areas, the presence of other energy sour-
ces which are easy to explore and use like rock oil and coal,
the lack of the necessary industrial experiences in geother-
mal utilizations, and the high cost of the energy plants,

which can be constructed for electricity production.
However, nowadays, some of the high-quality geothermal
plants are constructed for electricity production, in the in-
dustrial range, using low boiling point fluids and with low
industrial cost. These plants, which are called “Kalina”,
depend on the ammonia fluid in the engine cycle due to its
low boiling point, around 70°C, as compared with the
boiling point of water.

The geothermal activity in Egypt is recognized in differ-
ent areas in terms of small hot springs exposed at the surface
or thermal deep wells. Nearly all the hot springs are detected
around the coastal parts of the Gulf of Suez and around the
Cairo–Suez road (Helwan hot springs). A very good exam-
ple of the thermal waters, which come from deep wells, are
those located in the Western Desert (Kharga and Baharyia
oases). Generally, the geothermal resources in Egypt can be
categorized as low-temperature potentials and the most im-
portant are those located around the Gulf of Suez. In this
study, the main emphasis will be on the geothermal activity
around the coastal parts of the Gulf of Suez, using available
datasets either from the surface shallow hot springs and/or
from the deep wells drilled around the Gulf of Suez.

Geothermal activity around the Gulf of Suez

The thermal water activity around the Gulf of Suez can be
recognized through a number of hot springs, which can be
observed at the surface. Some of these hot springs are
detected at the eastern coast of the Gulf of Suez and others
are located at the western coast. These springs owe their
existence to tectonic (or volcanic) heating associated with
the opening of the Red Sea/Gulf of Suez rift (Boulos 1990).
The available temperature logs and bottom hole temperature
data of some deep oil wells around the coastal areas of the
Gulf of Suez are also used as good and direct indicators of
the subsurface temperature regimes prevailing in the area.

Hot springs and deep wells

In general, the thermal activity around the Gulf of Suez is
controlled by the structural elements affecting the whole
gulf area. The major geologic structures affecting the whole
province are the NNW–SSE-oriented faults. Figure 1 shows
a location map of the different hot springs surrounding the
coast of the Gulf of Suez. Some of these hot springs are
located in the eastern coast, like Ayun Musa and Hammam
Faraun, while others are found in the western coast (Ain El
Sukhna). Geologically, Ayun Musa area is generally flat
with some minor topographic highs scattered in the area.
The stratigraphic column of this area, as inferred from some
drilled wells (Ayun Musa 2), is characterized by thick
Paleozoic rocks (1,960 ft) unconformably overlying the
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Pre-Cambrian basement rocks. The Mesozoic rocks (quartz-
ite, marl, sandstone, and thin limestone beds of about
3,100 ft) are well represented in this area and covered by
younger deposits of clays of Miocene age.

Hammam Faraun hot spring is located about 40 km to the
south of Sudr area. Due to their proximity, the geologic
setting of the Sudr and Hammam Faraun areas is nearly
similar. The stratigraphic column is represented by well-
classified highly fractured Eocene rocks of considerable
thickness (limestone, subordinate shales, marl interbeds,
and traces of sandstone), from which the springs flow,
covered by thin sediments of the Miocene and Oligocene
(gypsum, sandy marl, and conglomerate), and the Pliocene
and Post-Pliocene sediments. Ain El Sukhna hot spring, on
the other hand, is located in the western coast of the Gulf of
Suez. The stratigraphic succession of this area is represented
mainly by Miocene deposits of reliable thickness (650 m)
overlying a small clastic succession of the Jurassic rocks and
underlying a big section consisting of Recent and Post-
Miocene deposits.

The available data of deep oil wells scattered along the
coastal areas of the Gulf of Suez are used in this study. The

stratigraphic successions penetrated by these wells are relat-
ed to the main geology of the Gulf of Suez, which can be
classified stratigraphically into two main groups; the
Miocene group (Early: Belayim, South Gharib, Zeit, and
Post-Zeit Formations and Middle: Nukhul, Rudies, and
Kareem Formations) and the Pre-Miocene group which rests
unconformably over the basement rocks. The thick evapor-
ites and rock salt lithology, which is a major rock constituent
of the Miocene group, attain the highest thermal properties
in the Gulf of Suez area.

Many authors had studied the geothermal activity in
Egypt with special emphasis on the Gulf of Suez region.
The most important of those are the works of Issar et al.
(1971), Morgan and Swanberg (1979), Morgan et al. (1977,
1983, 1985); Swanberg et al. (1983), Riad et al. (1989),
Boulus (1989, 1990); Zaghloul et al. (1995), Feinstein et
al. (1996), Hosney and Dahroug (1999), Hosney (2000),
Hosney and Morgan (2000), Lashin (2007), and Lashin
and Al Arifi (2010).

Available data and methodology

This study is based mainly on the temperature profiles and
well logging data of some oil fields around or within the
coastal area of the Gulf of Suez (±5 km) as well as the
geothermometer data acquired from the geochemical analy-
ses of the hot springs. These wells are located both in the
eastern (Ayun Musa area, Sudr area, South Zeneima field,
and Ras Budran field) and the western (Zeit Bay field and
Ras Fanar field) flanks of the Gulf of Suez. The chemical
analyses of water samples collected from the hot springs and
boreholes (Ayun Musa, Sudr-22, Hammam Faraun, and Ain
El Sukhna) are utilized for estimating the subsurface tem-
perature and heat flow.

The study begins with analyzing the temperature data,
either as complete temperature runs or as bottom hole tem-
perature guiding points. Horner and Albright methods are
used effectively in correcting the bottom hole temperatures
and estimating the actual subsurface formation temperature.
The geothermal gradient, thermal conductivity, and the re-
gional heat flow around the Gulf of Suez are also estimated.
A radioactive-based heat generation study is conducted us-
ing the characteristic radioactive nature of some elements
like; 238U, 235U, 232Th, and the isotope of 40K. The gamma
ray (GR) and the natural gamma ray spectroscopy (NGS)
logs are utilized to estimate the rate of radiogenic heat
production parameter A in microwatt per cubic meter.
Furthermore, the relation between the heat generation
(HG) and the acoustic properties of the rocks is investigated.

Geothermometers (silica, Na, K, Ca, etc) are used as
indicators to investigate the prevailing subsurface geother-
mal regimes in the study areas. The ICEBOX software,

Fig. 1 The Gulf of Suez map showing the locations of the different
wells and the hot springs included in this study
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which is a mark of the Iceland Geo-survey (ISOR), is used
for correcting and estimating the subsurface formation tem-
perature, either from logging data or geochemical analyses.
A thermal basin growth study, in relation to the clay dia-
genesis, is conducted concerning the effect of sedimentation
rates and temperature gradients on the transformation cycles
of specific clay minerals. With depth and temperature, con-
siderable thermal effects on the acoustic properties of the
smectite clay mineral take place, giving rise to another clay
mineral (illite), which pertains to different petrothermal
characteristics. Furthermore, a number of 2D thermal–burial
history diagrams are constructed for some of the study areas
around the Gulf of Suez. These diagrams demonstrate the
relation between the average basin growth rate (ω) and the
increase of thermal burial with depth through the geothermal
gradient of the evaluated stratigraphic section. A reserve
evaluation study is carried out to estimate the economic
geothermal capacity of these hot springs for electricity pro-
duction purposes and other low-temperature utilizations.
Hammam Faraun hot spring is selected, as an example and
its geothermal potential is evaluated in terms of the electric-
ity production (thermal megawatt, MWt).

Analysis and interpretation of temperature data

Estimation of formation temperature

Formation temperature is a very important parameter in the
thermal evaluation of any geothermal field. This parameter
can be measured directly either as a complete run in bore-
holes, using a suitable temperature probe, or as separate
guiding points at the bottom of each logged interval (bottom
hole temperature, BHT). The later procedure is the most
commonly used during the logging of deep wells. Most
techniques treat temperature as progressive measurements
with time after the stop of circulation, to extrapolate the
temperature at static conditions (Cheremenski 1960; Jaeger
1961; Edwardson et al. 1962; Schoeppel and Gilarranz
1966; Kehle et al. 1971; Parasnis 1971; Oxburgh et al.
1972; Manetti 1973; Middleton 1979, 1982; Ben Dhia
1988; Kumar 1989; Jones et al. 1989; Lucazeau and Ben
Dhia 1989; Correia et al. 1990).

Due to the time difference between the stop of drilling and
installing of the logging equipment, some loss in temperature
may occur, giving rise to a little bit reduced BHT value than
the actual one. In this study, a computer program (BERGHITI,
v. 1.3) is used to calculate the actual formation temperature
either by the Horner or Albright methods (1975). BERGHITI
is a part of the ICEBOX software, which is a copyright of the
ISOR and is used mainly for the postdrilling thermal recovery
analysis of wells and the calculation of equilibrium rock
temperature (Helgason 1993).

Temperature profiles

On studying the geothermal activity within a certain area, a
previous knowledge of the prevailing formation temperature
in this area is very essential. There are different profiles for
the distribution of temperature within the geothermal fields.

Isothermal temperature profiles

Heat transfer dominates by fluid convection; typical pro-
files are for high permeable geothermal system with tem-
perature that is not too high (T<250°C).

Inverted temperature profiles

Lateral or tilted flow in permeable rock formations.
Horizontal and/or tilted fracture flow may also cause inver-
sion of the temperature profiles.

Linear temperature profiles

The linear temperature is dominated in low (vertical)
permeability formation. This type is the most common and
usually occurs in the low-temperature geothermal fields.
Heat transfer dominates by heat conduction and interpreta-
tions of temperature are usually carried out through calcu-
lating the geothermal gradient, thermal conductivity, and
heat flow. Most of the hot springs and geothermal active
areas around the coast of the Gulf of Suez are related to this
type.

Geothermal gradient

The geothermal gradient is a very important parameter in
any geothermal study. The overall heat flow of the earth’s
surface is generally constant within any particular area; in so
doing, the heat flux through the various formations with
depth is in equilibrium. The rate of change of temperature
across a formation with a low thermal conductivity (due
mainly to high porosity) will be high; conversely, a low
geothermal gradient is indicative of the high thermal con-
ductivity formations with much lower porosity (Baker
Hughes 1996). For a given area, the geothermal gradient,
or the rate at which the subsurface temperatures increase
with depth is usually assumed to be constant. It can be
calculated using the following equation:

G:G ¼ ΔT

ΔZ
¼ T2 � T1ð Þ

Z2 � Z1ð Þ � 1000 ð1Þ

where, G.G is the geothermal gradient (°C/Km) and ΔT is
the temperature change within a depth interval of Z2–Z1,
(ΔZ in meters).

Figures 2, 3, 4, and 5 show the temperature profiles (logs
and BHT) of some selected wells representing the study
fields around the coastal parts of the Gulf of Suez. All the
temperature profiles exhibit normal linear profiles, only one
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exception is found in Hammam Faraun area, where an
inverted temperature profile can be clearly observed, indi-
cating the influence of an oriented tilted flow of the geo-
thermal water in this area. The geothermal gradients of the
temperature profiles are also indicated in the figures (red
solid lines). Medium geothermal gradients are observed in
the Zeit Bay and Ras Burdan fields, which range between
22.48–29.8 and 26.1–29.6°C/Km for both fields,

respectively. Meanwhile, the average geothermal gradient
in Ras Fanar field tends to be high as it reaches 39.7°C/Km,
as seen in Fig. 4. The geothermal gradient of the available

Fig. 2 a and b The temperature
logs and the geothermal
gradients of W. Dib-1 and G.
El-Zeit-2 wells in the Zeit Bay
field, Gulf of Suez

Fig. 3 The temperature profiles and the average geothermal gradient
of some wells in Ras Budran field, Gulf of Suez

Fig. 4 The temperature profile and the average geothermal gradient of
RF-A1 well in Ras Fanar field, Gulf of Suez
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temperature data of one borehole in the Hammam Faraun
area (Fig. 5) is very high, as it shows a geothermal gradient
of 42.9°C/Km. The interpretation of temperature data in the
other fields, such as the S. Zeneima field, shows low aver-
age geothermal gradient of 19.7°C/Km and much higher
gradient in the order of 45.7°C/Km in Bakr oil field.

Thermal conductivity

Thermal conductivity (λ) is a basic physical property of rocks
and fluids that changes with rock composition and is inversely
proportional to thermal gradient (Prensky 1992). This impor-
tant thermal petrophysical parameter can be either measured
in laboratory using crushed samples and well cuttings or from
well logs (Anand et al. 1973; Goss et al. 1975; Hagedorn
1985; Blackwell and Spafford 1987; Beck 1988; Vacquier et
al. 1988; Dove and Williams 1989; Brigaud et al. 1989, 1990,
1992; Jessop 1990; Demongodin et al. 1991; Seto and
Bharatha 1991; Somerton 1992). Comprehensive compen-
dia of thermal conductivity data are given by Clark (1966),
Kappelmeyer and Haenel (1974), and Roy et al. (1981).
The in situ thermal conductivity of most sedimentary rocks
is in the range of about 1.0–4.5 W/m°C, although some
lithologies fall outside of this range. In general, the thermal
conductivity of most clastic sedimentary rocks is inversely
correlated to their clay content (Deming 1994).

Different types of mixing models have been proposed to
relate the thermal conductivity of an aggregate to its indi-
vidual components. The most common of these is the geo-
metric mean model:

l ¼ lma 1� fð Þ � lfw ð2Þ
where, lma is the thermal conductivity of the matrix, lw is
the thermal conductivity of the pore fluid, and ϕ is the
fractional porosity.

Specific heat capacity

Specific heat capacity (joule per kilogram Kelvin; j/kg K) is
defined as the amount of heat required to raise the temper-
ature of the unit mass (1 kg) of a substance by a unit
temperature increase (1 K). Knowledge of the specific heat
capacity is of fundamental importance in geothermal calcu-
lations. This parameter is related to the thermal conductivity
(l) and the thermal diffusivity (κ) by the equation:

cp ¼ l
k � ρ ð3Þ

where, Cp is the specific heat capacity (J/kg K), κ is the
diffusivity and ρ is the density of the rock.

In geothermal fields, in order to calculate the specific heat
capacity of water-saturated rocks, the porosity and degree of
saturation of the rocks must be known. Because the specific heat
capacity of water (Cw) is about five times higher than that of the
rock matrix (Cm), the water content of a rock has a dominating
influence on the total specific heat capacity (Scharli and Rybach
2001). The following equation can be used:

cws ¼ cm � ρm 1� fð Þ þ cw � ρw � f
ρws

ð4Þ

where, Cws is the specific heat capacity (J/kg K) and ρws is the
density of the water-saturated rock.

Heat flow

Traditionally, geothermal studies have been concerned with
estimating the heat flow, although temperature is the actual
quantity of interest. The utility of heat flow studies lies in
the ability to infer thermal conditions at great depth from
measurements in shallow boreholes (Deming 1994). Heat
flow is never measured, but instead is estimated (Eq. 5). If
the heat transfer in the crust is by heat conduction alone,
then heat flow to the surface is governed by the heat con-
duction equation, as follows:

Q ¼ l�ΔT=ΔZ ð5Þ
where, Q is the heat flow (Watt per square meter), T is the
formation temperature (degree Celcius), Z is the depth

Fig. 5 The temperature log and the average geothermal gradient of a
borehole in Hammam Faraun area, Gulf of Suez
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(meter), and l is the thermal conductivity (watt per meter
per degree Celcius).

A number of thermal models exhibiting the estimated
formation temperature, thermal conductivity, specific heat
capacity, and heat flow are constructed for a number of wells
and hot springs in certain areas around the Gulf of Suez.
Such areas are selected according to the availability of
actual temperature logs and/or BHT profiles. For this pur-
pose, the stratigraphic section of each area is compiled from

the geologic sections and the composite logging data of all
the available wells in each field.

Figures 6, 7, 8, and 9 represent the constructed thermal
diagrams of the Zeit bay, Ras Budran, and Ras Fanar fields,
in addition to the Hammam Faraun hot spring. In all figures,
the evaporites and rock salt rock units (Zeit and South
Gharib Formations and some members in Belayim
Formation) along with the basement rocks exhibit the high-
est estimated thermal conductivity values in watt per meter

Fig. 6 a The estimated
formation temperature and
thermal conductivity, b Heat
flow and heat capacity
parameters of Zeit Bay field,
Gulf of Suez

Fig. 7 a The estimated
formation temperature and
thermal conductivity, b Heat
flow and heat capacity
parameters of Ras Budran field,
Gulf of Suez
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per Kelvin (3–3.5), the highest heat flow values in milliwatt
per square meter (80–100), and the lowest specific heat
capacity values (<0.30 J/kg/K). The rock units, where the
shale (Watta Formation) and the argillaceous limestone li-
thology (Thebes Formation) dominate, show low thermal
conductivity (<2.5) and heat flow (<65) and high specific
heat capacity (>0.50). Some rock units of the Nubia S.S
Formation exhibit intermediate petrothermal characteristics.

In Hammam Faraun-Sudr area (Fig. 9), the estimated
formation temperature reaches 128°C at a depth of
1,720 m, which is considered high as compared with
other comparable depths. Both of the thermal conduc-
tivity (2.8–3 W/m/K) and the heat flow (105–120 mW/
m2) increase in front of the U. Eocene rocks suggesting

that these rocks are the possible reservoir of the upcom-
ing geothermal hot water.

Radiogenic heat production

The abundance of the naturally occurring radioactive elements
in the earth's crust constitutes a large source of heat supply to
the surface heat flow. Therefore, quantifying the vertical and
lateral distribution of these elements is of prime interest in any
geothermal study. All natural radioactive isotopes generate heat
to a certain extent, but only contributions of the decay series of
238U, 235U, 232Th, and of the isotope of 40K are geologically
significant. About 40% of the measured heat flux at the earth's

Fig. 8 a The estimated
formation temperature and
thermal conductivity, b heat
flow and heat capacity
parameters of Ras Fanar field,
Gulf of Suez

Fig. 9 a The estimated
formation temperature and
thermal conductivity, b heat
flow and heat capacity
parameters of Hammam
Faraun-Sudr area, Gulf of
Suez
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surface on continents comes from the thermal decay of these
radioactive elements. The remaining percent (60%) comes
from a combination of radioactive sources in the lower crust
and upper mantle, as well as a convective flux into the base of
the thermal lithosphere (Deming 1994). For studying the geo-
thermal potential of a certain area, the concentration of these
radioactive elements can be determined analytically when rock
samples, either hand specimens or crushed, are available or
indirectly using the suitable subsurface logging suites.

In this study, and for some wells around the coastal areas
of the Gulf of Suez that have complete logging datasets, the
radiogenic heat production can be determined from the
integrated gamma ray spectrum or from the natural gamma
spectrometry log.

Gamma ray method

The empirical relationship introduced by Buecker and Rybach
(1996) is used to derive the heat production from gamma ray
readings (API). The general form of this equation is:

A μW=m3
� � ¼ a GR API½ � � bð Þ ð6Þ

where, A is the rate of radiogenic heat production (microwatt
per cubic meter), a and b are empirical constants.

Natural gamma ray spectroscopy

The radiogenic heat production rate (A) is a scalar and
isotropic petrophysical property independent of the in situ
temperature and pressure. It can be calculated by knowing
the concentration of uranium (U), thorium (Th) and potas-
sium (K) elements, and the density (ρ) of the rock (Rybach
1986), according to the following equation:

A μW=m3
� � ¼ 10�5ρ 9:52cU þ 2:56Th þ 3:48cKð Þ ð7Þ

where, cU is the concentration of uranium (parts per million;
ppm), cTh is the concentration of thorium (ppm), ck is the
concentration of potassium (percent), and ρ is the rock
density (kilogram per cubic meter).

Figures 10, 11, and 12 show the empirical heat production–
gamma ray relationships for somewells representing the study
fields encountered in the investigated area. It is clear that
certain special features are governing the relationship between
the two plotted parameters, which are more or less in some
wells rather than in the others. Generally, there is a good
linearity over the whole gamma ray range from 0 to 150 API
in all wells. Two regression lines are indicated (dashed lines),
one with high slope for the carbonate dominated lithology and
another with low slope for the clastic rocks that have low shale
volume. The average regression line (solid line) is indicated
between these two slops.

A very good correspondence between the heat production
and gamma ray is observed in the Zeit Bay (clastics and
carbonates) and S. Zeneima (basement rocks) fields
(Figs. 10 and 11). A higher heat production (A>2.5μW/m)
is recorded for the carbonate lithology in W. Dib-1 well
(Fig. 10a) associated with increasing order of the gamma
ray log, while lower response is exhibited by the basement
rocks in S. Zeneima field (A<2.0μW/m).

As a whole, the dependence of heat production upon the
gamma ray is very good at lower heat production values (A>
0.9μW/m3) as indicated by the narrow scattering of the data-
points of the study wells in Ras Budran field (Fig. 12a and b).
Meanwhile, at higher heat production, the scattering of data-
points relatively increases.

Heat generation and acoustic velocity relationship

In the recent years, many studies have been carried out to
examine the relationship between heat generation and
acoustic velocity. It is found that heat generation shows a

Fig. 10 Heat production-
gamma ray relationship, a Wadi
Dib-1 well and b Gabal
El-Zeit-2 well, Zeit Bay field,
Gulf of Suez
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tendency to decrease with increasing the P-wave velocity.
Bunterbarth (1975) has found that, for a given pressure and
temperature range, there is a systematic variation of the
packing index of cations in going from acidic to basic
composition of rocks; in turn, the HG decreases and acoustic
velocity (Vp) and density increase. On this basis, Rybach
(1978) has established the following empirical relationship
between heat production and velocity:

HG Vp

� � ¼ a exp �b � Vp

� � ð8Þ

The numerical constants a and b depend on the depth
and pressure of the rock. Figures 13 and 14 show the
heat generation–P-wave velocity relationship, where an
exponential dependence of heat generation on the Vp is
indicated. The uppermost solid lines in the figures indi-
cate the different pressure regimes, which could influ-
ence the relationship.

Beyond these lines, the HG–Vp relationship increases at
lower pressure, where the effect of fracture and alteration

becomes dominant (Rapolla and Keller 1984). Two exam-
ples are selected to demonstrate the constructed relationship
between the heat generation and P-wave velocity at different
lithology types (hard and soft) around the Gulf of Suez
(Figs. 13 and 14). The HG–Vp relationship seems weak for
the basement rocks (R2<11%), as represented in Fig. 13.

It appears clear that a pressure regime of the range of
0.50–2.0 kp will influence the HG–Vp relationship over a
small range of datapoints in S. Zenemia area (Fig. 13a),
while the rest of the other clusters are far from the prevailing
pressure regime.

On the one hand, the relationship seems good (R2>24%)
for the sedimentary section (Fig. 14), where all the datapoint
clusters are located in the area in which the structural control
and alteration processes can play a big role. The last relation
between the heat generation and P-wave velocity can be
further used as a base for exploring the possible subsurface
geothermal potential in new areas around the Gulf of Suez, in
a regional scale, providing that it is matched with the velocity
of a good seismic survey.

Fig. 11 Heat production-
gamma ray relationship, a S.
Zeneima-1 well and b S.
Zeneima-2 well, S. Zeneima
field, Gulf of Suez

Fig. 12 Heat production-
gamma ray relationship, a RB-1
well and b RB-A7 well, Ras
Budran field, Gulf of Suez
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Geothermometers

Geothermal exploration serves the purpose of locating geo-
thermal areas favorable to development and to finding sites
within them for drilling. This exploration includes geological
mapping, as well as geochemical and geophysical surveys.
The principal purpose of geochemical surveys is to predict the
subsurface temperatures to obtain information on the origin of
the geothermal fluid and to understand the subsurface flow
directions. By definition, geothermometer is a chemical sub-
stance or isotope in water that may be used to predict the
subsurface temperature in geothermal systems. The basic
assumption behind using the geothermometers is the chemical
equilibrium between the substance (isotope) and mineral (s) in
the reservoir. While using these geothermometers, an

approximation is made that chemical and isotopic reactions
do not significantly modify the composition of the fluid as
it ascends from the source aquifer to the point of sam-
pling, whether it is at thermal spring, fumaroles, or well-
head. Theoretically, any cation ratio and any aqueous
species concentration can be used as a geothermometer
as long as equilibrium prevails. A temperature equation for
a geothermometer is a temperature equation for a specific
equilibrium constant referring to a specific mineral-solution
reaction (Arnorsson 2000).

Many water geothermometers were developed from the
mid-1960s to the mid-2010s. The most important ones are
the silica, Na/K, and Na-K-Ca geothermometers. Some other
geothermometers are based on the Na/Li, Li/Mg, K/Mg ratios,
and Na-K-Mg relationships. Many workers had dealt with

Fig. 13 Heat generation-P wave velocity relationship a S. Zeneima-1 well and b S. Zeneima-2 well, S. Zeneima field, Gulf of Suez

Fig. 14 Heat generation-P wave velocity relationship, a RB-A1 well and b RB-A7 well, Ras Budran field, Gulf of Suez
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using the geothermometers for subsurface formation studies.
The most important works are those done by Fournier and
Rowe (1966), Ellis and Mahon (1977), Fournier (1977),
Fournier and Potter (1982), Swanberg et al. (1983),
Arnorsson et al. (1983), Arnorsson (1985), Rimstidt (1997),
Arnorsson and Stefansson (1999), Arnorsson et al. (2002),
Lashin (2007), and Lashin and Al Arifi (2010, 2011).

Silica geothermometers

Silica geothermometers have been widely used in temper-
ature studies since long time ago. There are several known
silica polymorphs in nature. They are quartz, amorphous
silica, moganite, tridymite, cristobalite, coesite, and sticho-
vite. Chalcedony is a variety of quartz, being composed of

very fine quartz crystals, so their surface energy contrib-
utes to their solubility, which explains why chalcedony is
more soluble than quartz. Detailed studies on natural
chalcedony grains have shown that they are a mixture of
two silica polymorphs, quartz and moganite. The silica
phases of interest for geochemical studies of geothermal
fluids are quartz, chalcedony, and amorphous silica and
probably also moganite. The following are the most im-
portant forms of silica geothermometers that are used in
this study:

Quartz

T1 �Cð Þ ¼ 1;309
5:19�log S � 273:15 range of �C : 25–250

ð9Þ

T2 �Cð Þ ¼ �42:2þ 0:28831 S � 3:6686� 10�4S2

þ3:1665� 10�7S3 þ 77:034 log S
range of �C : 25–900 ð10Þ

T3 �Cð Þ ¼ �55:3þ 0:3659 S � 5:3954� 10�4S2

þ5:5132� 10�7S3 þ 74:360 log S
range of �C : 0–350

ð11Þ

Chalcedony

T1 �Cð Þ ¼ 1;032
4:69�log S � 273:15 range of �C : 25–250

ð12Þ

T2 �Cð Þ ¼ 1;112
4:91�log S � 273:15 range of �C : 25–250

ð13Þ

Amorphous Silica

T1 oCð Þ¼ 731
4:52�LogS � 273:15 range of �C : 25–250

ð14Þ

T2 �Cð Þ ¼ �121:6þ 0:2694 S � 1:8101� 10�4S2

þ7:5221� 10�8S3 þ 55:114 log S
range of �C : 0–350 ð15Þ

Na-K-Ca Geothermometers

The Na-K-Ca geothermometers are also very important for
subsurface formation temperature determination. The main
advantage of these geothermometers in comparison with the
quartz geothermometer, and especially the Na/K geother-
mometer is that they do not give high and misleading results
for cold and slightly thermal, non-equilibrated waters. The

following are a list of equations, which utilize the three
cationic geothermometer (Na-K-Ca) or couples of them
(Na-K, K-Mg, K-Ca, Na-Ca, etc):

Na-K

T1 �Cð Þ ¼ 933
0:993þlog Na=Kð Þ � 273:15 range of �C : 25–250

ð16Þ

(11)
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K-Mg

T1 �Cð Þ ¼ 2;330
7:35þlog K2=Mgð Þ � 273:15 for log K2=Mgð Þ > 1:25

ð17Þ

T2 �Cð Þ ¼ 1;077
4:033þlog K2=Mgð Þ � 273:15 for log K2=Mgð Þ > 1:25

ð18ÞNa-Ca

T1
�Cð Þ ¼ 1; 096:7

3:08� log Na=Ca0:5ð Þ � 273:15 ð19Þ

K-Ca

T1
�Cð Þ ¼ 1; 930

3:861� log K=Ca0:5ð Þ � 273:15 ð20Þ

Na-K-Ca

T1
�Cð Þ ¼ 1; 647

Log Na=Kð Þ þ b log Ca0:5=Nað Þ þ 2:24

� 273:15

ð21Þ

In this study, the computer program WATCH 2.1, which
is introduced by the Icelandic Water Chemistry Group
(ICEBOX software), is used for calculating the subsurface
temperature. It serves as a tool for interpreting the chemical

composition of the geothermal fluids, although it is also
useful for nonthermal waters. The geochemical analysis of
the thermal water of the hot springs and wells around the
coastal areas of the Gulf of Suez (Ayun Musa, Hammam
Faraun, Sudr area, and Ain El Sukhna), which are used in
this study, are taken from the work of Morgan et al. (1983),
Swanberg et al. (1988), and El Refaei and Abdallah (2000).

Table 1 exhibits the reliable estimated subsurface temper-
atures of the hot springs using some of the aforementioned
geothermometer indicators along with their associated heat
flow values. The table shows that Hammam Faraun area
attains the highest recorded subsurface formation temperature
(94.86°C) and heat flow (121.67 mW/m2) values among the
other studied areas. These values are in harmony with the
average temperature (95°C) and heat flow (116 mW/m2)
values obtained from the analysis of temperature data
(Fig. 9) of the U. Eocene reservoir rocks of Hammam
Faraun spring (depth of 475–1,150 m). Table 2, on the other
hand, shows an example of an output file (AyunMusa area) of
the analyses carried out by WATCH 2.1 software.

Geothermal basin modeling

The geothermal modeling for a certain basin requires infor-
mation concerning the sedimentation rates, temperature gra-
dients, and chemical reaction constants.

Table 1 The subsurface tem-
perature and heat flow values
estimated using the different
geothermometer indicators

Area Geothermometer Quartz Chalcedony Na-K Na-Ca Na-K-Ca

Hammam
Faraun

Subsurface temperature T1 94.48 63.90 108.62 55.48 106.59

T2 94.86 65.71 – – –

T3 80.41 – – – –

Used 94.86°C

Heat flow 121.67 mW/m2

Ayun Musa Subsurface temperature T1 75.11 43.51 60.10 50.34 80.35

T2 75.52 46.52 – – –

T3 60.63 – – – –

Used 75.52°C

Heat flow 92.86 mW/m2

Ain Sukhna Subsurface temperature T1 63.44 31.37 91.94 63.28 91.99

T2 63.65 34.97 – – –

T3 48.55 – – – –

Used 63.65°C

Heat flow 75.17 mW/m2

Sudr Subsurface temperature T1 86.66 55.72 154.14 78.18 112.65

T2 87.18 57.99 – – –

T3 72.48 – – – –

Used 87.18°C

Heat Flow 110.23 mW/m2

Arab J Geosci (2013) 6:2807–2828 2819



Thermal basin growth and clay diagenesis

In certain sedimentary basins with mixed clastic deposits, one
of the most important evidences of its thermal growth with

depth is the recognition that smectite portion of shales under-
goes a transformation into another clay type called illite. This
transformation is dependent on the temperature and time of
cooking and requires the presence of potassium, which is

Table 2 The geochemical analyses and the subsurface formation temperature estimated using WATCH 2.1 software, Ayun Musa area
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usually available in the pore waters. Dutta and Hobart (1999)
introduced a new procedure for measuring the thermal growth
of certain basin using the logging tools and available temper-
ature data. In this method, the transit time was taken as a
substitute indicator for the degree of smectite/illite transfor-
mation, in addition to utilizing a time–temperature history to
quantify the degree to which the transformation had
completed. This ideal scientific approach requires that
assumptions be made concerning the initial smectite concen-
trations, burial rates, temperature gradients, and chemical
kinetics constants. According to the aforementioned assump-
tion, the rate of basin growth to a certain depth or formation
can be calculated using the following term:

Z ¼ w � t ð22Þ

where, Z is the true vertical depth of the formation, ω is the
average basin growth rate, and t is the age of the formation.

ω is expressed by the number of feet of sediment per year.
It can be a positive number if the rate of accretion is greater
than the combination of the rate of subsidence (compaction)
and the rate of erosion. As the temperature of sediments
increases with depth, it will be possible to relate the rate of
growth with temperature in only one term as follows:

T ¼ Ts þ G � G� Z ð23Þ
where, T is the true formation temperature, Ts is the surface
temperature, GG is the geothermal gradient.

Then by substituting Eqs. 22 and 23, then:

T ¼ Ts þ G � G� w � t ð24Þ
If the average surface temperature slightly changes or

remains constant, then it will be possible to relate the rate
of basin growth to the rate of temperature increase:

dT

dt
¼ G� w ð25Þ

Now we can quantify the influence of the temperature on
the diagenesis of sediments (clays), where the rate of change in
the number of moles of smectite in a sediment is proportional
to the number of moles remaining. Furthermore, Arrhenius
equation for the rate of a chemical reaction can be assumed to
model the transformation of smectite to illite, as follows:

dN

dt
¼ �K � N andK ¼ A e�E=RT ð26Þ

where, N is the number of moles of smectite, t is the time, K is
a constant (rate of change), A is a frequency factor, and E is the
activation energy.

Equations 26 can be combined as follows:

dN

dt
¼ �N Ae�E=RT ð27Þ

The inflection point in the transformation occurs at the
maximum change rate of (dN/dt)max when [d/dt (dN/dt)]0
0. Differentiation of the last equation and substituting in
Eq. 25, will lead to:

e�E=RT ¼ E=RAð ÞT2Gw ð28Þ

Taking the logarithms of both sides and assuming that the
temperature at which the transformation of smectite to illite
is Tm, then:

E=RTm ¼ ln ART2
m=Gw E

� � ð29Þ

The last equation serves as a base for determining the
temperature of maximum smectite to illite transformation
(Tm), then it will be possible to determine the depth (Zm),
density (ρm), and acoustic time (Δtm) of the transformation
through a certain sonic/density crossplot.

In its simple form, this sonic/density transform can be
considered an improvement over the Gardner method. For
any depth interval within a certain sedimentary sequence,
where smectite is cooked into illite, there will be consider-
able thermal affects on the acoustic properties of the cooked
interval, giving rise to different petrothermal characteristics.
In so doing, three different trends can be suggested by the
inspection of crossplots of delta t and density data. So, in
geothermal fields that have mixed clastic sediments, sonic/
density transform can be used to indicate the expected shale
diagenesis. Figures 15 and 16 indicate the presence of
cooked illite zones (the middle regression line) in Ras
Budran and Ras Fanar areas.

2D thermal models

A number of thermal–burial history diagrams are con-
structed for the same areas whose stratigraphic sections are

Fig. 15 Shale diagenses and the cooked illite zones in Ras Budran
field, Gulf of Suez
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compiled and used as a model sections, as shown in
Figs. 17, 18, 19, and 20. They exhibit the modeled thermal
burial history diagrams for the Zeit Bay, Ras Budran, Ras
Fanar, and Hammam Faraun areas in a 2D representation.
These diagrams illustrate the vertical distribution of the
most important thermal parameters (formation temperature,
thermal conductivity, heat flow, and heat capacity), taking in
consideration the propagated influence of the burial depth
and time.

Utilization of geothermal energy

The geothermal resources in Egypt are low-grade energy
and can be utilized in terms of low-temperature purpo-
ses. In this work, the analyses of the temperature and
the geothermometer data show that Hammam Faraun
area is the best area to be exploited for geothermal
utilization. Both the surface and subsurface thermal
waters attain the highest recorded temperature (70°C
and 94.5°C, respectively) among the other hot springs
encountered along the coastal parts of the Gulf of Suez.
The historical and touristic situation of the Hammam
Faraun hot spring and its close proximity to the sea-
shore are other advantages. In the past, only a few
workers had paid their attention to the economic impor-
tance of the Hammam Faraun area. The most important
work was that of Boulos (1989) and Lashin (2007).
Boulos (1989) was first who studied the potentiality of
the geothermal resources in an industrial scale. He pre-
sented a new idea for applying the ocean thermal ener-
gy conversion concept for generating the electricity
(150–200 kW) required for tourism development. A
single-stage binary plant with ammonia fluid was sug-
gested for this purpose.

Fig. 17 2D thermal burial history models showing a the formation temperature, b the thermal conductivity, c the heat flow, and d the heat capacity
of the Zeit Bay field, Gulf of Suez

Fig. 16 Shale diagenses and the cooked illite zones in Ras Fanar field,
Gulf of Suez
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Geothermal reserve estimation

In this study, a geothermal reserve estimation study is carried
out for evaluating the possible geothermal capacities of the
geothermal reservoir of Hammam Faraun hot spring. It is
selected as an example to check and examine the geo-
thermal potentials of the hot springs around the coastal
parts of the Gulf of Suez in an industrial scale for
possible electricity production and/or for other low geo-
thermal applications.

The reservoir parameters of the Hammam Faraun hot
spring are gathered from the analyses of the temperature data
and from other geological information. A computer program
(RESPAR, ICEBOX software) is used to estimate the different
reservoir properties providing that, the temperature, porosity
and the reservoir thickness parameters are known. A reservoir
volume of 2.76 km3 is given for a square area of 2×2 km
surrounding the Hammam Faraun hot spring with a provided
reservoir thickness of 675 m (thickness of the U. Eocene
rocks) and a total depth of 1,150 m (Fig. 9). The initial

temperature of the reservoir is taken as 70°C, while the refer-
ence temperature is suggested in this study to be 40°C due to
the higher average annual surface temperature in Egypt. Then,
the total stored energy of the main fractured limestone reser-
voir in Hammam Faraun area, which is regarded as the sum of
energy stored in the rock (Er) and the energy represented by
the fluid stored in the pore spaces (Ef), can be estimated using
the following equation:

Et ¼ Er þ Ef ¼ V 1� 8ð ÞρrCr Ti � Toð Þ
þ V 8 ρwCw Ti � Toð Þ ð30Þ

where, Et is the total thermal energy (Joule) in the rock (Er)
and fluid (Ef), ϕ is the reservoir porosity (percent), V is the
reservoir volume (cubic meter), ρr,w are the densities of rock
and water (kilogram per cubic meter), Cr,w are the heat capac-
ities of rock and water (Joule per kilogram degree Celcius),
and Ti, To are the initial reservoir and the reference temper-
atures (degree Celcius).

Fig. 18 2D thermal burial history models showing a the formation temperature, b the thermal conductivity, c the heat flow, and d the heat capacity
of the Ras Budran Field, Gulf of Suez
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According to the above equation, the total stored energy
in the Hammam Faraun hot spring is calculated to be 2.68×
1017 J for the reservoir rock and 6.38×1016 J for the reser-
voir fluid. This stored thermal energy can be converted into
power potential using the following equation:

Power potential MWtð Þ ¼ Et � RF� CE

PL� LF
ð31Þ

where, RF is the recovery factor, CE is the conversion
efficiency, PL is the geothermal plant life in years, and LF
is the load factor.

The turbine conversion efficiency factor, which is the
ratio between the maximum received temperature of the
geothermal reservoir (94.86°C for Hammam Faraun reser-
voir rocks using downhole pumps) and the actual tempera-
ture in the normal home usage (average room temperature in
Egypt is 25°C), is found to be 0.26. Supposing that the
proposed geothermal plant is assumed to work for 50 years
with a recovery factor of 0.20, then the thermal power
potential in Hammam Faraun area (Eq. 31) will be
12.4 MWt. The estimated 12.4 MWt power potential in
Hammam Faraun area is economically good and supporting
the idea of constructing a small binary power plant for
electricity production.

Kalina binary plant

Generating electricity from low-to-medium temperature geo-
thermal fluids (binary plant) and from the waste hot waters
coming from the separators in water-dominated geothermal
fields has made considerable progress since improvements
were made in the binary fluid technology. Binary plant tech-
nology is a very effective and reliable mean for converting the
energy available from water-dominated (85–170°C) geother-
mal fields into electricity (Dickson and Fanelli 2004).

The most famous is the Kalina cycle, which was devel-
oped in the 1990s and utilizes a water–ammonia mixture as
a working fluid. It can be designed in a small-sized mobile
plants which, can help in meeting the energy requirements
of isolated areas. The convenience of these small mobile
plants is most evident for areas and communities, which
have no high voltage transmission lines in the vicinity and
that would be too expensive to connect to the national
electric grid. By selecting suitable secondary fluids and by
obtaining the minimum temperature limit, binary systems
can be designed to utilize geothermal fluids in the temper-
ature range below 170°C. In Hammam Faraun area, down-
hole pumps can be used to utilize the downhole thermal
waters with temperature more than 85°C. Figure 21 shows a
simple design of a small power plant of the Kalina cycle

Fig. 19 2D thermal burial history models showing a the formation temperature, b the thermal conductivity, c the heat flow, and d the heat capacity
of the Ras Fanar field, Gulf of Suez
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type, which could be used in Hammam Faraun area
(Mannvit 2012). On the other hand, the surface low geo-
thermal water coming from Hammam Faraun can be used
for other direct heat applications. The most common forms
of utilization are; district heating, fish farming, agricultural
applications, and green houses. Constructing a number of
swimming pools for touristic purposes is also another im-
portant application.

Summary and conclusions

The utilization of geothermal energy in Egypt is still far
away from the economic usage. On the last three decades,
only few studies have dealt with these resources. The aim of
this study is to evaluate the geothermal potentiality around
the coastal areas of the Gulf of Suez, using the available
logging and geothermometer datasets. The available tem-
perature profiles and well logging data of some oil fields
around or within the coastal area of the Gulf of Suez are
analyzed and some important thermophysical properties are

estimated (geothermal gradient, thermal conductivity, heat
flow, and specific heat capacity). It is found that the geo-
thermal gradient around the Gulf of Suez is generally me-
dium to high (22–30°C/Km). Much higher trends in the
order of 35–44°C/Km are observed in some areas (Ras
Fanar and Hammam Faraun). The compiled thermal plots
show that, the evaporites and the rock salt lithology attains
the highest thermal conductivity (>3.10 W/m/K) and heat
flow (>90 mW/m2) as well as the lowest specific heat
capacity (<0.30 J/kg/K).

Furthermore, the heat generation factor A (microwatt per
cubic meter) is estimated using the gamma ray and the
isotopes of 238U, 235U, 232Th, and 40K. A very good corre-
spondence is observed between the heat production and
gamma ray especially at lower heat production values (A>
0.9μW/m3). The dependence of the HG upon the Vp of the
rocks is also investigated. Good HG–Vp relationship is
observed beyond the pressure lines indicating that the
fractures and alteration are the main controlling factors
for the geothermal water. This relationship seems good

Fig. 20 2D thermal burial history models showing a the formation temperature, b the thermal conductivity, c the heat flow, and d the heat capacity
of the Hammam Faraun-Sudr area, Gulf of Suez
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and can be applied in a regional scale for exploring new
geothermal targets around the coastal parts of the Gulf
of Suez, if it matched with other seismic velocity datasets.

The available geochemical analyses of some hot springs are
used for estimating the subsurface formation temperature and
heat flow. In this respect, many silica and Na-K-Ca geother-
mometers are used. The geothermometers show that Hammam
Faraun area attains the highest recorded subsurface formation
temperature (94.86°C) and heat flow (121.67 mW/m2) among
the other studied areas. These values are in harmony with the
comparable values obtained from the analysis of temperature
data.

A thermal basin modeling analysis is carried out concerning
the petrothermal changes, which some clay minerals (smectite)

undergoes with temperature and depth, giving rise to another
mineral (illite). The smectite/illite transformation is recorded in
Ras Budran and Ras Fanar fields, where the cooked illite zones
are clearly observed in the sonic–density crossplot (the middle
regression line). In addition, a number of 2D thermal–burial
history diagrams are constructed for the aforementioned esti-
mated petrothermal properties, using the compiled sections of
each of the study areas, each alone. The geothermal potential in
thermal megawatt is estimated for Hammam Faraun hot spring
for electricity production and other low temperature purposes.
The estimated geothermal potential is found to be 12.4 MWt,
which is considered economic and good for constructing a
small binary power plant (Kalina cycle) for electricity
production.

Fig. 21 Design of a simple
Kalina power plant (Mannvit
2012)
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Recommendations

The Gulf of Suez is characterized by the presence of some hot
springs around its coastal areas. The temperature of the surface
geothermal water coming from these springs is not so high,
but still accessible for small-scale economic utilization. The
present study proved that Hammam Faraun hot spring can
produce enough power potential in thermal megawatt to be
used in an industrial scale. A binary power plant (Kalina type)
is suggested for this purpose. It can be used for limited
electricity production and for other low temperature utilization
such as; heat pumps, green houses, fish farming, and swim-
ming pools. It is recommended strongly to pay more attention
and to increase the scientific work to develop the area around
Hammam Faraun spring for touristic purposes on one hand,
and for constructing new communities feeded with the
geothermal-based energy, on the other hand.
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