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Analysis of the rainfalls evolution in the Cheliff watershed during the last century
Adda Ababou', Abd-el-Kader Bouthiba®
! Faculty of Nature and Life Sciences, University Hassiba Ben Bouali, Chlef, Algeria.

Abstract :

The analysis of the rainfall evolution in the Cheliff watershed using the standardized precipitation
index over the last 100 years showed different rainfall behaviors, a continuous alternation between
very short dry and wet periods of 6 to 7 years from 1914 to 1946, a long period very wet period of
30 years between 1947 and 1979, and finally a very long dry period of 30 years from 1980 to 2011.
Through the trend analysis it was possible to detect a major shift during the year 1980. The
comparison of precipitation through the analysis of variance (ANOVA) showed highly significant
differences (p < 0.001) between the 3 periods (1914/1946, 1947/1979 and 1980/2011). The
highestrainfallregressions observed during the third period (1980/2011) were recorded above 35°
of latitudes, this period showed also a very strong decrease in probabilities of rainfall compared to
the first and second period, whereas the areas below 35° the precipitations remained relatively
stable.

Key Words:Rainfalls, Standardized precipitation index, Trend analysis, Probabilities, Cheliff,
Algeria.

Introduction

Drought is the most complex and least understood of all natural hazards, affecting more people than
any other hazard [1].In contrast to the permanent aridity in arid areas, droughtis a temporary dry
period recurring extreme climate event over land characterized by below-normal precipitation over
a period of months to years[2]. It may be caused by global climatic variations, global warming or a
change in general circulation patterns andcauses serious hydrological imbalance in the affected area
[3]. In this context,based on the general consensus aboutdecreasing rainfallsand water shortage in
Algeria, this study aims to assess the drought severity through the analysis of rainfalls evolution
over the past hundred years in the Cheliff,the largest Algerian watershed.

1. Material and methods
1.1. Study area

The Cheliff is the largest watershed in north Algeria; it extends over an area of 46600 km? and is
located between 33°51'55"-36°27'00" of north latitude and 0°7'41"-3°26'30" of east longitude
(Figure 1). It is divided into three main parts; the lower, the middle and the higher Cheliff and
encompass 8 states; Laghouat, Djelfa, Tiaret, Tissemsilt, Médéa, Ain-Defla, Chlef, Rélizane. This
watershed is well-differentiated morphologically and geologically, with a rugged topography at the
higher Cheliff level and a flat topography at the lower Cheliff level, the altitudes range from 40 m
in the lower Cheliff level to 1600 m in the higher Cheliff.

Analysis of the rainfalls evolution in the Cheliff watershed during the last century
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Figure 1. Location of the study area
1.2. Data analysis

The study involved a rainfall series of 98 years from 1914 to 2011, collected through the 8 states
contained in the Cheliff watershed, with a lack of 4 years. Based on the WMO normal
climatological period, the series was divided into 3 periods of almost 31 years each. In order to
compare the average annual rainfall between the 3 periods an analysis of variance was performed.
To study the rainfall behavior during the last century, the series were analyzed through the
standardized precipitation index (SPI) [4]. The SPI was computed at an annual scale based on the
shape (B) and the scale (o) parameters of the gamma distribution function, indeed as it was
observed in this study, [5] found that the precipitation time series were well fitted by the Gamma
distribution. The SPI was computed using the following approximation provided by [6]that converts
cumulative probability to SPI.

2 2
Cn +Cqt +Cot Cn +Cqt +Cot
Pl = —[t-—0 172 if 0<H (x)<05(1) andsPl = +|t —— 01 2 if 05<H (x)<1(2)
2 3 2 3

1+dgt +dot ™ +dgt 1+dgt +dot ™ +dgt

Where:

}f0<H(x)<O.5 (3) andt = [In ;2 if 05<H (x)<1(4)

(11 (x))

—X

X 4
xale'gdx

)
H(x)=q+(1-a)6 (x) (5):6(x)="2—5—~— (6)
£ (@)
cp = 2.515517;¢; = 0.802583;c4 = 0.010328;d, =1.432788;d., = 0.189269;d5 = 0.001308

Jr\/i (7)-0,:5 (8);U :ln(i)—M(Q)

p= :
Y] g n

The SPI1 drought classification (Table 2) was suggested by Hayes et al. (1999).
Table 2. Classification scale for SPI

SPI values Drought category
2.00 and above Extremely wet

1.50to 1.99 Very wet

1.00 to 1.49 Moderately wet
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—0.99 t0 0.99 Near normal
—1.00to—1.49 Moderately dry
—1.50 to — 1.99 Severely dry
—2.00 and less Extremely dry

In order to test the reliability of the SPI results and to detect the shifts in rainfall patterns, if any, the
Pettitt and the Buishandtests were applied. Following the SPI analysis the series were compared in
terms of rainfall probabilities using the gamma distribution. Finally, the series relative to the 8
states were subject to simple exponential smoothing and forecasting model (St) in order to make a
short time (10 years) mean rainfall prediction, in this case, the data are assumed to be relatively
constant with random errors causing fluctuations [7]. The simple exponential smoothing is
calculated according to equation.10 for any time period t.
St =axXy +(1-a)xS,_y O<a<lt>3 (10)

Depending on the value of parameter a ranging between O and 1, each smoothed value is the
weighted average of the previous observations and the best value of o is that resulting in the
smallest mean square errors (MSE). In this model all the subsequent values are highly dependent on
the initial value of St, calculated usually as the average of the first five or six observations.

2. Results and discussions

The spatial distribution of the annual rainfall showed that the rainfall variability was highly
dependent primarily on latitude and secondly on altitude. The amount of rainfall through the three
periods increased gradually from south to north, especially above 35° of latitude and from low to
high altitude, particularly beyond 700 meter of altitude, in this context, 51% of the annual rainfalls
in the Cheliff watershed was received above 36° of latitude, 36% between 35° and 36° of latitude
and only 13% of the annual rainfalls were received below 35° of latitude, the highest annual
rainfalls were observed respectively in the state of Meliana, Medea, Tiaret and Tissemsilt. Relizane
and Chlef despite their proximity to the Mediterranean Sea registered a low rainfall amount due to
their low altitude, whereas, Laghouat and Djelfa in spite of their high altitude, the rainfall limiting
factor was the low latitude (Figure 2).

Through the last hundred years the annual rainfalls in the Cheliff watershed witnessed very
significant variations, the highest variability occurred above 35° of latitude. Indeed, in comparison
to the first (1914/1946) and second period (1947/1979), the third period (1980/2011) was
significantly less rainy. The previously very wet states such as Meliana, Medea, Tiaret and
Tissemsilt lost an average rainfall ranging between 100 and 200 mm during the third period
(1980/2011) (Figure 2).

kkkkkkkk 5

Figure 2. Annual rainfall distribution in the Cheliff (a) 1914/1946, (b) 1947/1979, (c) 1980/2011.

As shown by high standard deviations ranging between a minimum of 35 and a maximum of 125
mm (Figure 3a), the precipitations were highly instable in the Cheliff watershed during the first
period (1914/46). During the second (1947/79) the annual rainfalls were more stable with relatively
low standards deviations ranging between 25 and 65 mm indicating a stable wet period (Figure 3b),
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and between 25 and 95 mm during the third period (1980/2011) suggesting a stable dry period in
comparison to the two precedent periods (Figure 3c).

According to ANOVA results (Table 4) the differences were highly significant (P < 0.001) between
the three periods in Chlef and Tiaret, whereas, the second period rainfalls were highly significantly
different (P < 0.001) only from the third period in Relizane, Medea and Meliana. However, no
significant differences (P > 0.05) between the precipitations averages were observed below 35° of
latitude i.e. Djelfa and Laghouat. Finally, in terms of total annual rainfall the three periods showed
highly significant differences (P < 0.001).

Table 4: Results of the analysis of variance between the three periods

Relizane | Chlef Tis;slims Tiaret Lag?oua Djelfa | Medea | Meliana | Total
P9 aag | sos | 463 | 572 | 184 | 320° | 700° | 907 | 383
P9 ] aar | aae | 5210 | 630° | 185° | 33 | 7410 | 9510 | 4148
19?&’ 201 302> | 3e4° | a42* | 509° | 189* | 314° | 606 | 744> | 3470°
P-value | <0.001 | <0.001 | <0.001 | <0.001 | 0.825 | 0119 | <0001 | <0.001 | o5

The long-term precipitation patterns in the Cheliff watershed were identified through the 12 month
SPI (Figure 4). The SPI showed different behaviors in close relationship with the rainfall
variability.In the normally known dry area located below 35° of latitude (Laghouat and Djelfa) the
SPI didn’t show any significant pattern, only a continuous alternation between very short dry and
wet periods (Figure 4a and 4b), which illustrate a climatic stability and confirms the dry nature of
the area. In contrary to the dry area, the SPI showed an alternation of clearly longer dry and wet
periods in the area located above 35° of latitude, above this latitude the longest and most severe dry
period occurred in the state of Relizane located at 74 meters of altitude (Figure 4c), indeed, after a
continuous wet period of 12 years (1947-1959) the whole area of the lower Cheliff witnessed a dry
period of almost 52 years from 1959 to 2011 excluding few scattered normal years. With the
increasing altitude from west to east, the dry period became relatively shorter, indeed according to
the SPI results, after an oscillatory period of 27 years between 1914 and 1940, the state of Chlef
located at 112 meters of altitude, was subject to two clearly distinct periods (Figure 4d); a wet
period of 37 years from 1942 to 1978 followed by a normal period of 8 years according to the SPI
scale and a severe dry period of 20 years (1987-2006). The same pattern was shown at higher
altitude (above 700 meters), indeed, the 4 states of the higher Cheliff, showed a very clear trend; an
oscillatory period followed by a wet period of 29 years (1947-1975) in the states of Tiaret and
Tissemsilt, 43 years in Medea (1933-1975) and 48 years in Meliana (1928-1975), then a normal
period of 5 years frpm 1975 to 1980, followed by a very long dry period of almost 26 years (1980-
2006) in the four states (Figure 4e, 4f, 4g, 4f).
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Figure 4. Standardized precipitation index (SPI), (a) Laghouat, (b) Djelfa, (c) Relizane, (d) Chlef,
(e) Tissemsilt, (f) Tiaret, (g) Medea and (h) Meliana.

Considering the SPI results, a trend analysis was performed; the results showed no trends below 35°
degree of latitude in Laghouat and Djelfa, indeed the Buishand (1984) and Pettitt (1979) tests did
not detect any significant shift, only an alternation between dry and wet years around a respective
means of 186 mm in Laghouat and 323 mm in Djelfa (Figure 5a, 5b). Whereas, the remaining states
above 35° of latitude, showed a highly significant (P < 0.001) decreasing trend in rainfall according
to Buishand (1984) and Pettitt (1979) tests. The early shift occurred in Relizane in 1959, thus, the
lower Cheliff lost a yearly average of almost 50 mm after this year (Figure 5c¢), in the state of Chlef
the shift occurred later, during the year 1979, after this year there was also a decrease of 50 mm in
the middle Cheliff (Figure 5d). In the four remaining states of the higher Cheliff, Tissemsilt, Tiaret,
Medea and Meliana the shift occurred according to both Buishand and Pettitt tests in the year 1980,
in this area the average yearly loss was around 50 mm in tissemsilt (Figure 5e) and 90 mm in Tiaret
(Figure 5f). at higher latitude above 36° of latitude the average yearly loss was more important
around 120 mm in Medea (Figure 5g) and almost 200 mm in Meliana (Figure 5h).
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Figure 5. Trend analysis and shift detection (a) Laghouat, (b) Djelfa, (c) Relizane, (d) Chlef, (e)
Tissemsilt, (f) Tiaret, (g) Medea and (h) Meliana.

In order to confirm the shift that occurred after the year 1980, the three periods (1914/1946,
1947/1979, 1980/2011) were compared in terms of probabilities. The results didn’t show any
significant change in terms of probabilities in Laghouat (Figure 6a), and a small decrease in Djelfa
(Figure 6b). In the six remaining states the observed probabilities of the third period (1980/2011)
were highly lower than the first and the second period. (Figure 6e, 6f, 6g, 6h).

00
1914 1920 193 1044 1956 194 974 1984 1994 2004
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Figure 6. Comparison between the rainfall probabilities during the 3 periods (a) Laghouat, (b)
Djelfa, (c) Relizane, (d) Chlef, (e) Tissemsilt, (f) Tiaret, (g) Medea and (h) Meliana.

The rainfalls series were forecasted using the simple exponential smoothing, since this model is
suitable for short-range forecasting of data with no trend, a 10 years forecasting period was chosen
(2011/2021) based on the whole period of 94 years for Laghouat and Djelfa, 50 years for Relizane
(1959/2011) and on the last 30 years period (1980/2011) for Chlef, Tissemsilt, Tiaret, Medea and
Meliana, the o parameter was chosen to be equal to 0.5. The results (Table 5) showed that the
expected average of the next 10 years (2011/2021) in Laghouat, Relizane and Djelfa were relatively
close to the observed actual average,indeed the highest R? between the observed and forecasted
rainfalls was recorded in this area, which indicate a relative rainfall stability, while the forecasted
averages in the wet area (Chlef, Tissemslit, Tiaret, Medea and Meliana) were at least 50 mm higher
than the observed means (Table 5) signifying an increasing rainfall tendency.

0

t 1
445 465 485 505 525 545 565 585 605 565 585 605 625 645 665 685 705 725
Annual Rainfall (mm) Tissemsilt Annual Rainfall (mm) Tiaret

Table 5: Exponential smoothing and prediction (o parameter = 0.5)

La%?ou Djelfa Rel(lezan Chlef T'Sﬁims Tiaret Medea Meliana
Forecasting period  1914/11 1914/11 1959/11 1980/11 19/2011 1980/11 1980/11 1980/11
R? 0.23 0.41 0.34 0.22 0.18 0.19 0.20 0.21
Forecasted 200 347 341 427 494 585 713 816
95% error of 69 83 46 86 63 103 153 179
estimation
Actual average 186 322 302 364 442 509 606 744
Difference 14 25 39 63 52 76 107 72
Conclusion

This study examined the evolution of rainfall through the SPI, trend analysis and probabilities, as
conclusion it was possible to detect the strength of the SPlin the detection of both dry and wet
periods, thus, the SPI indicated that throughout the last hundred years, the Cheliff watershed was
subject to three major periods, an unstable period of 30 years from 1914 to 1946, a very wet period
between 1947 and 1979 and a very long dry period from 1980 to 2011. The major rainfall decrease
occurred above 35° of latitude and the shift in the rainfall series occurred during the year1980,
indeed after this year the rainfall probabilities decreased strongly compared to the two previous
periods.
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Abstract

In Kuwait, rapid industrialisation, population growth and increasing water
desalination are resulting in high energy demand growth, increasing the concern of oil
diminishing as a main source of energy and the climate change caused by CO,
emissions from fossil fuel based energy. These demands and challenges compelled
governments to embark on a diversification strategy to meet growing energy demand
and support continued economic growth. Kuwait looked for alternative forms of
energy by assessing potential renewable energy resources, including wind and sun.
Kuwait is attempting to use and invest in renewable due to the fluctuating price of oil,
oil diminishing, the rapid increase in population, and the high consumption of
electricity and the protection of the environment.In this paper, wind energy will be
investigated as an attractive source of energy in Kuwait. This is because of its
availability, low cost, low CO, emissions, reducing the dependency on fossil fuels and
advanced technology compared to other forms of renewable energy. A three-
dimensional finite element (FE) analysis is performed to estimate the soil, pile-soil
interaction and steel wind turbine tower subjected to static lateral load. Soil-structure-
interaction was considered, facilitated through the use of the elasto-plastic Mohr-
Coulomb (MC) constitutive model. The results of the total displacement of the tip
tower was 2.35m and maximum Von-Mises stress on the base of the tower was 2.3e8
Pathat's confirmed that the structure stability of entire system (soil, pile, tower,
turbine loads and wind loads) in the plastic strain region indicate that there is no
failure points and the system structure is stable including the components of the
structure.

Keywords: wind turbine, wind energy, renewable energy, GCC countries, Kuwait,
CO, emission, Finite Element, Soil-Structure interaction.
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1. Introduction

There is an increase concern worldwide to find alternatives to fossil fuels for energy
production, due to the growth in demand for energy, the high consumption of natural
resources, and global warming. Many countries, particularly in Europe, shared the
global renewable energy by 6 to 10%, and are expected to double the percentage by
the year 2020 (lbrahim, 2011). The Kyoto protocol set a long-term goal of reducing
global greenhouse emissions by 50% before 2050. According to the International
Energy Agency (2013), global CO, emissions from fuel in 2011 amounted to 31.342
Gt (Giga tonnes) which increased to be 32.4 Gt in 2014 as stated by International
Energy Agency (IEA, 2016). The Middle East’s share of global CO, emissions was
5.1%, and is expected to increase to reach 7.7% in 2035.Figure 1 shows the growth
and presents the regional share of CO, emissions from fuel (oil, coal and natural gas).
It is clear that China has the highest regional share of CO, emissions and Asia
excluding China has the lowest, whereas the Middle East produces 5% of CO;
emissions. In Kuwait the carbon dioxide CO, emission mainly from the power sector
due to a high demand for electricity andwater which is about 42% of the total
emission of 98 MtCO,/year (Al-Mutairi et al., 2017).

CO, emissions from fuel by region (2014)
32.4 GtCO,

[v)
M china 59 4% 3%

5%

B North America
B Asia excluding China
M Europe
BEIT
B Middle East
Asia Oceania

Latin America

Figure 1(2014) Regional shares CO2 emissions (International Energy Agency
(IEA), 2016)

Utilisation of wind energy in generation of electricity is growing rapidly due to the
continued improvements in technology that make wind turbines cheaper and more
efficient resulting in reduction of the overall cost of generation per kWh. Wind energy
does not create pollution like fossil or nuclear fuels and is inexhaustible. There are
four main types of renewable energy have been investigated in this study, solar, wind,
wave and biomass energies. Enough natural potential in sun and wind to meet the
needs, especially in summer, when the demand is at the highest in GCC countries
(Alhajraf, 2013). Because of GCC countries following energy mix policy are trying to
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use any available energy to generate electricity for the benefit of generation on the
long run, implementation of solar and wind energies in Kuwait became essential
because both are producing electricity and friendly resources in environment(Alhajraf,
2013; Alnaser and Alnaser, 2011). By looking at literature, it has been shown that the
main factors affecting the use of solar energy in the Middle East are social, political,
economic and environmental. However, negative impact from atmospheric condition
on the performance of PV cells which reduce the efficient of producing the electricity
which lead also to quick degradation for the cell even with using self-cleaning which
is not determine the favourable efficient. Furthermore, it was also found that the
primary cost and maintenance of PV system were very high with long term payback.
Alnaser and Alnaser (2011) presented that the expenses to produce electricity of
287,342 GWh per year (the total production electricity for GCC at 2009) from solar
and wind energies. They found that cost (US$90 /£89.5) billionby using CSP
(Concentrated Solar Power) with efficiency of 50% and solar radiation of 500W/m?
and 9 daily average sunshine hours. For photovoltaic (PV) the expenses is about US$
150 (about £53.7 billion). On the other hand, installation of 11 wind turbine in GCC
countries; each wind turbine power rated 5 MW with assumed of operation 60% of
time per year, this would cost (US$ 50 billion/£30 billion). The cost of desalination of
sea-water in GCC countries ranges from (US$0.45/£0.27) (with subsidies) to
(US$1/£0.596) per m®, The State of Kuwait was ranked worldwide 53 in consumption
of electricity 39,540 GWhly, 41% of the total cost of desalination is for electricity and
26% for consumption. In Kuwait burning natural gas and light hydrocarbon fuel are
used to produce electricity which is mainly used for cooling (air-conditioning) and
water desalination(Alnaser and Alnaser, 2011). Khraiwish Dalabeeh (2017) studied
the techno-economic analysis of wind power generation for selected locations in
Jordan. He developed a simple model to evaluate the capacity factor and predicted
costs of wind energy in pre-selected five locations in Jordan. The results obtained of
final cost of electricity (COE) are acceptable between ($0.0259 and 0.0498 $/kWh/
£0.02 and £0.04/kWh) for the best site which is within the average range in the
Middle East and North Africa region. He concluded that such results could benefit on
policy makers, developers and investors planning to implement wind energy systems
within the Middle East region.

2. Wind energy

Only small efforts have been made on using renewable resources to produce energy in
the countries of the Gulf Cooperation Council (GCC) (Bahrain, Kuwait, Oman, Qatar,
Saudi Arabia and the United Arab Emirates), and this is due to the large oil and gas
resources. Recently GCC countries have started to take an interest in renewable
energy in response to environmental and climate change issues, since they are
involved in the United Nations Framework Convention on Climate Change
(UNFCCC) and accessed the Kyoto protocol. The limited supply and fluctuating price
of oil, the rapid increase in population, the high consumption of electricity and the
protection of the environment encourage these countries to use and invest in
renewable energy (Patlitzianas, Doukas and Psarras, 2006). Recently, ME countries
start to be aware of the important role of renewable energy (Eversheds, 2016; IRENA,
2016). New wind energy project development and investment locations shown in
Figure 2.
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Figure 2 wind energy projects in ME countries

Moreover, Alnaser and Alnaser (2011) reviewed renewable energy in the GCC. They
found that, in 2009, 0.5% of global electricity was consumed by GCC countries, 9.8%
by Europe, 8.8% by China and 7.4% by the USA, electricity consumption by GCC
countries increased by 6.67% from 2005 to 2009. They stated that the average
electricity consumption per person in 2009 was almost four times the world average,
more than four times the average in China, about double the average in the EU and
0.8 of the average in the USA. The average emission of CO, was presented as about
20 tonne per capita in GCC countries.Renewable energy sources such as wind energy
can help in reducing the dependency on fossil fuels. The technology of wind turbines
has an exclusive technical identity and unique demands in terms of the methods used
for design. Remarkable advances in wind power design have been achieved through
modern technological developments (Joselin Herbert et al., 2007).

Table 2 shows the different types of energy showing its advantage and disadvantages,
it is clear from the table that both solar and wind energy have low CO, emissions and
visual impact but wind energy has long life cycle and fast development technology.
Wind energy has low initial and maintenance costs whereas it is not the case for solar
energy which has high primary and maintenance costs.

Table 1 Comparison between different types of Renewable Energy (solar, wind,
wave and bio energy)

Type of
Energy

Advantages

Disadvantages

Solar Energy o

Low CO, emission.
No noise.

No chemical
pollution.

Visual Impact.

Large amount of land use.
Large equipment.

Long term repayments.
High primary cost.

High maintenance cost.
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Wind Energy e low CO, emission e Visual impact.
e Inexpensive initial e Noise.
cost. e Impact on wildlife.
e Low maintenance e Changes the character of
cost. the land.

e Long life cycle.

e Cost of output energy
Competitive.

e Fast developing
technology.

e Consumes less water
compared to other
energy production

plants.
Wave Energy e Large power density. o Difficult to harvest waves
e Limited influence on due to irregular scale.
the environment. e High establishment cost.
e Auvailability of waves e High maintenance cost.
meets the demand for e Experimental failure.
electricity in climate e Difficult to examine.
change. e Difficult to convert the
e Small energy loss. input to use in the
electricity grid.
e Impact on the system
proficiency.

Bio-Energy e Advancement of the e High cost due to labour
technology depends and vehicles required.
on policies and cost e Needs place to store.
effectiveness. e Large area use.

e Wood fuel cost more than
coal by 2 to 3 times.

e Barriers to the production
of electricity.

e (Gas emission.

e Impact on food and grain
prices.

It is also clear from Table 2 that biomass energy has a high cost due to the labour,
vehicles and large working and storage areas. On the other hand, wave energy is
difficult to examine and calibrate and has high establishment and maintenance costs.
In Kuwait, both wave and bio-energy face several issues and complications such as
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availability of the energy, developing technologies, land use and cost. Low wave
energy in Arabian Gulf and availability of oil and gas fields, oil tanker traffic reduces
the potential from harvesting of wave energy. Due to limited agricultural productions
and lack of landfills for the biomass energy, therefore they are not recommended to be
used in this research. The negative impact from atmospheric conditions on the
performance of PV cells reduces efficiency, which also leads to rapid degradation of
the cells, even when using self-cleaning, which is neither favourable nor efficient.
Moreover, it was also found that the primary and maintenance costs of PV systems
were very high, with long term payback. Wind energy is more competitive in terms of
the initial, maintenance, and output energy cost than other renewable energy which
makes it the first choice for this research.Therefore, this paper will only concentrate
on wind energy because it is estimated to be one of the most important of the various
renewable energy sources in the world in the future (Weng, Liu and Zou, 2012). In the
Middle East, the countries of the Gulf Cooperation Council are the main investors in
renewable energy.

3.Review of Wind Energy in GCC countries

Alnaser (1989) studied the characteristics of the available wind energy in Bahrain. He
used data from 1976 to 1986. The long-term average wind speed, the variation at a
height of 10 m, and the power density were estimated to be 4.90 m/s, 0.823 m/s, and
69.2 + 0.34 W/m? respectively. He found that the average wind speed was not more
than 7 m/sec; the windiest month was June and the least windy was September.

Alnaser and Almohanadi (1990) evaluated the accessibility of solar and wind energy
in Qatar. The average power density and the maximum attainable wind power density
were found to be 59 W/m and 35 W/m respectively. They presented mathematical
calculations to calculate solar radiation at any site in the state of Qatar. They found
that the annual wind potential was 306 kW/m?and the annual solar potential was 2.5
MWh/m. They concluded that the density of sun power was nine times larger than the
density of wind power.

AL-Ismaily and Probert (1997) used 10 years’ wind data for 12 different regions in
Oman. They stated that the maximum wind speed occurred in the summer season
from June to August. They found that the most suitable regions in Oman were
Thumrait, Sur, and Masirah, with an annual average wind velocity of 5.7 m/sec, 5.1
m/s, and 5.0 m/s respectively. Later, Sulaiman et al. (2002) used a Weibull
distribution and its parameters to calculate the average wind velocity and compared it
with a theoretical distribution by using the Kolmogorov—Smirnov (K-S) test. They
found that the wind speed was higher through the summer months, especially June,
July and August, and was lower through the winter months of October and November;
there was significant potential wind energy in both Sur and Masirah, with a wind
power density of 222.10 W/m? and 167.44 W/m? respectively, and the average
velocity of the wind was more than 5 m/s.

Al Malki et al. (1998) presented the first experimental study of the use of renewable
energy in rural areas of Oman. They used solar energy to produce fresh water from a
desalination station and used a wind turbine with a minimum annual average wind
speed of 3 m/s to pump water from a well 30 metres deep. They concluded that using
solar power was acceptable, although a back-up generator must be added. On the
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other hand, using a wind turbine with maximum average wind speed along 20 hr/day
was acceptable experience to produce fresh water for camp which lies about 70
kilometres north of Thumrait on the main tarred highway connecting Muscat with
Salalah.

Rehman and Ahmad (2004) looked at the assessment of the wind energy potential for
coastal locations of the Kingdom of Saudi Arabia. They used the wind data analysis
for five coastal locations, namely Dhahran, Yanbo, Al-Wajh, Jeddah, and Gizan. The
data analysis utilised hourly mean values of wind speed and wind direction covering a
period of almost 14 years between 1970 and 1983. They reported that the seasonal
analysis of monthly mean wind data showed the availability of higher winds during
the summer months at Dhahran, Yanbo and Gizan, while the effect of the season was
insignificant at Al-Wajh and Jeddah. The higher values of monthly mean wind speed
in summer showed a higher availability of wind energy, which matches the larger
electrical load requirements during the summer months in Saudi Arabia. The diurnal
variation of hourly mean wind speed at all the locations was quite visible, matching
the daily load requirements of the locations. It was found that Yanbo is the best
location among the sites analysed for harnessing the power of wind, while Dhahran is
the next best location. The other three locations were found to have more or less the
same results. In addition, (Rehman, 2004) analysed the data from 1970 to 1983 on
wind energy resources for Yanbo, Saudi Arabia. Ten Nordex wind turbines models of
different sizes were used to generate electricity. The researchers found that the
maximum wind speed occurred during the summer with a value of 5 m/sec and varied
during the afternoon from 5m/sec to 8 m/sec, which meets the summer consumption
of electricity. The study concluded that the maximum wind energy was produced
from the smaller wind turbines and the capacity factors were higher than for the large
machine. Rehman (2005) studied wind energy development in Saudi Arabia. He
presented the energy produced from five wind farms located in different places in
Saudi Arabia which used wind machines of three different capacities, of 600, 1000
and 1500 KW. He found that only Yanbo and Dhahran performed economically. Both
locations also reduced the emissions of greenhouse gases. At Yanbo, for 1500, 1000,
and 600 kW machines the reduction in greenhouse gases (GHGs) was 31369, 23601,
and 26087 tons/year respectively, while for Dhahran it was 26183, 19247, and 21533
tons/year respectively.

Al-Nassar et al. (2005) studied the potential for wind power generation in the state of
Kuwait. They assessed the wind features of six locations. By using a Weibull
distribution, the Weibull factors and power density have been found at the normal
height of 10 m, the yearly average wind velocity for the different six locations ranged
from 3.7 to 5.5 m/s and the mean wind power density (WPD) from 80 to 167 W/m?.
For different heights 15, 20, 25, 30m they considered Power of law by extrapolation
of the 10 m. 70% increment in (WPD) to 282 W/m? at 30m height located in the
southern desert part of the state of Kuwait was pointed out by them. Moreover, they
analysed monthly data of WPD and found that the maximum WPD was in the Al-
Wafra area in the south of the country with a value of 555 W/m? during the season of
greatest demand for electricity in Kuwait (summer). They recommended further
studies of the advantages of establishing wind farms in Kuwait for reducing the level
of SO, and NOy in the atmosphere and reducing the cost of fuel by reducing the
consumption level. Finally, they concluded that in open flat locations in the northern,
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north-western and southern parts of the country, the WPD was higher than in other
locations.

Al-Badi et al. (2009) evaluated the potential of renewable energy resources in Oman
and identified the barriers to their significant utilisation. They stated that solar and
wind energy would play a significant role in the future of renewable energy in Oman
and would have important economic and environmental benefits. They recommended
that the government should introduce policies for new energy in Oman. Moreover,
Albadi et al. (2009) analysed wind data from the meteorological station at Dugm in
Oman. By using a Weibull distribution the average monthly and annual wind speeds
were found to range from 2.93 m/s to 9.76 m/s and 5.33 m/s. respectively. They
estimated the cost of wind energy by using five turbines as a case study. They found
that the value of the cost of electricity (COE) was between( $0.05 /£0.029) and ($0.08
/£0.047) per kWh. However, wind power investment in Dugm can be advocated.

Studying the feasibility of offshore wind turbine installation in Iran compared with the
rest of the world, Mostafaeipour (2010) predicted that wind energy generation would
increase in future years. Data collected from a period of 57 years were used to analyse
the characteristics of wind speed and direction over the Arabian Gulf.

AL-Yahyai et al. (2010) assessed potential locations for wind energy generation in
Oman using data from existing meteorological stations. They used five years’ hourly
wind data from twenty-nine stations scattered from the north to the south of the
country to identify potential locations for wind energy applications in Oman. They
investigated different factors, such as theoretical wind power output, vertical profile,
turbulence and peak demand fitness, air density and roughness length. They
concluded that QayroonHyriti, Thumrait, Masirah and Rah Alhad have high wind
power potential, and that QayroonHyriti is the most suitable site for wind power
generation.Khraiwish Dalabeeh (2017) studied the techno-economic analysis of wind
power generation for selected locations in Jordan. He developed a simple model to
evaluate the capacity factor and predicted costs of wind energy in pre-selected five
locations in Jordan. The results obtained of final cost of electricity (COE) are
acceptable between ($0.0259 and 0.0498 $/kWh/ £0.02 and £0.04/kWh) for the best
site which is within the average range in the Middle East and North Africa region. He
concluded that such results could benefit on policy makers, developers and investors
planning to implement wind energy systems within the Middle East region.

4.Finite Element

In this study COMSOL software was used to perform the FE analyses. Wind turbine
tower with a pile foundation was installed in drained dense sand and then simulated.
The wind turbine tower is laterally loaded for different loads which are wind pressure
along the tower length and the aerodynamic loads from the rotor of the wind turbine
generator. Investigation by FE analyses to find the displacement and stress was
obtained. The soil was modelled as a 40mx40mx40m cube; this was considered to be
large enough to ensure that the boundary conditions imposed on the model had no
influence on behaviour of the wind turbine and the soil in close vicinity. The
foundation was cylindrical pile 22m depth and 4.15 diameter with wall thickness of
75mm and the tower; the thickness of the wall of the tower is 75mm; the tubular
tower is conical with an assumed base and top diameter of 4.15m and 2.3m
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respectively; and the standard specification of the wind turbine within the software
was provided by Gamesa for its G90-2.0 MW turbine model. The resultwas
comparable to the total displacement in literature. The total top tower displacement of
2.35m was comparable to the literatures. Similar studies have investigated different
solutions for the support of wind turbine in general locations. Literature were
identified and reviewed to compare the top tower total displacement and maximum
Von Mises stress values, as shown in Table 2.

Table 2 summary of wind turbine FE analysis literature

Maximum Maxim
Referen Description displacem um Von
ce ent Mises
(m) stress
(MPa)
(Lozano -5.5 MW Offshore wind turbine (90
- m length, 6 m base diameter, 3.87 m
Mingue top diameter and 0.02 m thickness).
z, - Submerged Dense Sand (75 MPa
Kolios Young’s modulus and Poisson’s 231 177.6
and coefficient 0.3).
Brennan -monopile (35m in water+40m in soil
, 2011) 7m diameter, and 0.04m thickness)
- Software :Abaqus
-Steel tubular tower of V47-660kW
(Chien onshore-wind turbine(50m height, 3m
and diameter,15mm thickness) 0.5059 i
Jang, -No information about dimension of '
2009) pile foundation or soil type.
Software:SAP2000

-5MW wind turbine tower subjected
to static loads (100 m height, 3. Top
diameter 3.87m, bottom diameter 6m,
top thickness 0.019and bottom

V\(/':Sa“n' 4| thickness 0.027) B
-Wind turbine (Modulus of Elasticity 2.401 300
Chang, . , .
2014) 210GPa, P_01sson s Ratio _
0.29,Density 7.7 g/cm3 and Tensile
Strength Steel 460MPa)
- No information about soil and
foundation
-5MW wind turbine tower subjected
(Xie, to static loads (100 m height, 3. Top
Tseng diameter 3.87m, bottom diameter 6m,
and top thickness 0.019and bottom 2.781 402.5
Chang, thickness 0.027)
2010) - No information about soil and
foundation
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- V90 — 3MW onshore-wind turbine
(90m height, bottom base diameter
4.15m and top base diameter 2.3m,
thickness 75mm)(Modulus of
Elasticity 250GPa, Poisson’s Ratio
0.33,Density 7.85 g/cm3 and Tensile

(SFt’:Spigr&a Strength Steel 200MPa) 203 200
2011)’ -pile foundation (4.15m diameter, :

22m length, 75mm thickness)
-Clay Soil (Young’s Modulus
300MPa, Cohesion 140 kPa,
Poisson’s Ratio 0.33, Bulk Density
2000 kg/m®)

-Software: COMSOL v3.5

4.2 Geometry

In this analysis a conical steel tower with base diameter 4.15m, 2.3m top diameter and
thickness wall of 0.075m was modelled as shown in Figure 3.

e ~Jo075m
23m il TR i o G s i i S 50 i e Y e i il i s L 4.15m

100 m

Figure 3Sectional dimensions of the tower

The soil was modelled as a 40m x40m x 40m cube; with different layer due to field
study by KISR proposed 5B metre distant from the face of the pile foundation on both
sides (where B is the diameter of the pile ) (EL-Hamalawi, 2011) as started with this
size of the soil which is examined for the stress and strain adjust to the boundary, it
was found that the tower-induced strain and stress around the boundaries are
neglectable. Accordingly, the proposed dimension of the model was considered as
suitable. As shown on Figure4 below, the soil displacement vanishes 8 metre off the
centre of the pile at the ground surface at maximum lateral deformation. Due to this
consideration, the soil size is large enough to ensure that the boundary conditions
imposed on the model had no influence on the behaviour of the turbine and the soil in
the close vicinity.
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Figure 4Vertical section on the (xz plane)left and top veiw (right) of the effect of the
displacement around the pile on the ground surface

4.3 Material Properties

As shows in Table 3 the material properties of the soil which have three different
layers The tower and tubular pile foundation have both been modelled as structural
steel in accordance with the material properties provided from the Gamesa 90-2MW
wind turbine(Pereg and Fernandez de la Hoz, 2013) and are detailed in Table 4 as
tower and pile have the same properties.

Table 3 Soil material properties for the three layers

Description Value
Young’s Modulus 1.00E+08 (Pa)
Poisson’s Ratio 0.33
Bulk density 2100 (Kg/m®)
Friction angle 40°
Young’s Modulus 4.00E+07 (Pa)
Bulk density 2000 (Kg/m°)
Friction angle 36°
Young’s Modulus 1.00E+07 (Pa)
Bulk density 1900 (Kg/m®)
Friction angle 32°

Table 4 Tower and steel pile material properties

Description Value
Young's Modulus 210000(N/mm?)
Poisson's Ratio 0.3
Density 7850(kg/m?)
Yield level 335(N/mm®)
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4.4 Material Models

In this research, various material models including linear elastic and elasto-plastic
constitutive models, within the structural mechanics model the Mohr-Coulomb yield
function and criterion, Drucker Prager and Von Mises yield criteria is within the
COMSOL package. Mohr-Coulomb model offer advantages which makes it a
favourable option for this study as a soil model(Ti et al., 2009). The pile is modelled
linear elastically using Von Mises yield criteria; the soil has been modelled using an
elastoplastic constitutive model adopting Mohr-Coulomb yield criterion.

4.5 Loading

Wind loads are the main loads in the design of parabolic collector structures. There
are also external loads which are taken into account during the design of the structure,
including dead load, resulting from the self-weight of the structure, and loads due to
exposed wind (Schweitzer, 2012)(see Figure 5).

Mzt :>
/-“\v Mxt

Typical wind prfile Fzt
chanonadbidnes ki

Fyt

Figure 5External loads acting on a wind turbine tower

The fundamental basic wind velocity was taken to be 8.5m/s (See Appendix G Wind
Force calculation).The remaining loads were applied at the top of the tower at the
nacelle level and are summarised below in Table 5 and Table 6 which show
specifications of wind turbine and loading from wind turbine and rotor respectively;
these represent the loads transferred from the turbine and rotor to the tower. Figure 6
demonstrates the loading arrangement at the tower top. The tower top has a diameter
of 2.3m, therefore both Mx and My have been simulated by two equal and opposite
point loads in the denoted directions of magnitude 7791.3kN. Simply, Fy has been
applied as a horizontal point of magnitude 2217kN.The values of load presented here
have been calculated via the simplified method (DNV, 2014) and are given below:

Table 5 Specification of wind turbine

Specification Value

Rotor diameter 97m
Swept area 7390m°
Nominal power 2000000W
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Rotor frequency 0.27
Rotor efficiency 0.8
Total mass of wind turbine 335 tonnes
Mass of blades & nacelle 72+47 = 119 tonnes = 119000kg

Table 6Loading from wind turbine and rotor

Loading Type Magnitude
Moment about horizontal axis on rotor plane (M) (KNm) 17920
Horizontal force along rotor axis (Fy) (kN) 2217
Moment about vertical axis (M) (KNm) 17920
Vertical force on the tower F, (kNm) 11674
Moment about rotor axis (My)(KNm) 1916

FigureéTurbine and rotor loading arrangement

4.6 Boundary Conditions

The boundary conditions have been applied to the present model such that they do not
influence the behaviour of the turbine, foundation and the soil in the close vicinity.
The soil was fully fixed at its base and in the horizontal direction only on all four
vertical sides of the cube as shown in Figure 7.
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Figure 6Vertical section of the boundary condition of the soil

4.7 Interactions

For the pile and the tower they were fully connected .The Soil/pile interaction was
setup such that the pile and the soil deform in-phase, that the amount of deformation
of both the soil/pile is equal at the interface.

4.8 Meshing

Owing to the different combined of the geometries on the model (cylindrical, cubical)
free tetrahedron stress/solid elements have been chosen to discretise the model. Due
to the high expected stresses and displacement in this model, a mesh refinement
analyses conducted through which the top layer and the area surrounding the pile
were meshed with smaller elements (finer mesh).Mesh density was 115560 elements.
The number of freedom solved was 31468, as shown below in Figure 8.

2

Figure 7The Mesh of the model

4.9 Results
Total displacement of the tower tip of wind turbine was 2.35m which is acceptable on
the loads direction X axis as shown in Figure.
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Figure 8The total displacement in meter of the wind turbine tip tower

The maximum Von Mises stress at the base of the tower is 2.3e8 Pa as shown in
Figure 10 which is comparable with the results in of literature.
Max/Min Surface: von Mises stress (MPa) o

Surface: von Mises stress (MPa) o

A 226

v 2.32x107

Figure 9 Von Mises stress on the base of the tower and the maximum stress point
(MPa)

As it is presented in Figure 11 and 12that the vertical displacement in the Z direction
under the pile was (8cm) while the lateral displacement in X direction on the pile head
is 3.5cm.
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Figure 10Vertical displacements at Z direction under the pile
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Figure 11Lateral displacement on the pile head

The vertical displacement of the soil at Z direction was 14cm as shown in Figure
13compared with the initial displacement of the soil was 11cm which is due to its
self-weight (see Figure 14), the soil actual vertical displacement is 3cm which is
reasonable.

Surface: Displacement field, Z component (m) [ |
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Figure 12Vertical displacement of the soil in Z direction
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Figure 13Initial vertical displacement of the soil in Z direction

Figure 15 shows that the displacement of the soil at X direction which is on the
ground surface is 3cm whereas the soil displacement at Y direction was 0.007 m
which is very small and reasonable due to the effect of the load on the X direction.

Figure 14lateral displacement of the soil in X direction
5. Conclusion

Four main types of renewable energy have been investigated in this study: solar,
wind, wave, and biomass energies. There is enough natural potential in sun and wind
to meet requirements, especially in the summer, when the demand is at the highest,
whereas biomass and wave energies are not very feasible in Kuwait.There are two
main types of wind turbines which are horizontal and vertical axis (HAWT and
VAWT), however, it has been concluded that horizontal axis wind turbines were more
efficient than vertical axis wind turbines. Most of the GCC countries used Nordex and
Gamesa wind turbines models with different sizes were used to generate electricity
due tothe ability to withstand the desert climate. Furthermore, the smaller turbine was
favourable in terms of efficiency and economy.Relatingto GCC countries, boundary
should be considered; the sites have to be chosen according to high wind speeds, land
availability and result of the wind map because it is important to take the spatial
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variations and geographical distribution while wind turbine selection in specific
regions when it is intended to develop wind farm; distance to the next grid connection
shall be short as well as accessibility to the site, and the selection of adequate wind
turbine generator (WTG) technology based on the intermediate technical, economic
and environmental impact. In this paper, combination of technical and environmental
impact has to be presented to reach the ideal design. From the above it is clear that the
literature identified four factors need to be considered for the suitable technical
selection of wind turbines for GCC countries which are as follows:

e Operation Temperature (OT)

e System Regulation (SR).

e |EC Wind Class.

e Size of the wind turbine depends on rated power.

Soil-structure-interaction was considered, facilitated through the use of the elasto-
plastic Mohr-Coulomb (MC) constitutive model. Modelling a wind turbine in the
environment and soil of Kuwait has followed a different stages based on 3D FEM
analysis by using COMSOL software including soil, pile-soil interaction and steel
wind turbine tower. The results of the total displacement of the tip tower was 2.85m
and maximum Von-Mises stress on the base of the tower was 2.3e8 Pa which is
engaged with the literature and confirmed that the structure stability of entire system
(soil, pile, tower, turbine loads and wind loads) in the plastic strain region indicate
that there is no failure points and the system structure is stable including the
components of the structure. With regard to the stress in Z direction under the pile; it
was -500Kpa which is comparable to the natural stress which means that there is no
risk of failure.
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ABSTRACT

In urban environment, the increase in population generates considerable quantities of
waste water which is treated in the purification plants to specialize or reject directly without
control in the courts of water case of Bechar River. Because of their various origins (domestic
rejections), this water is generally charged in organic, mineral elements and in micro-
organisms of which some could be harmful with health and strongly takes part in the

degradation of the tablecloths which could be irreversible.

The town of Bechar (Southern Algerian West) which is in an arid Saharan area knows like all
the Algerian cities of the problems of surface and underground pollution the waters, whose
main causes are: the discharge of waste water in nature without purification and the absence
of the systems of purification and depolution of waste water. The present study is undertaken
on the course of Bechar River, carried out in April 2017 revealing a polluting load: (Nitrate
7.94 mg/l, Nitrite 0.6 mg/l, Ammonium 26.60 mg/l, NTK 62.18 mg/l).
In April 2014, of samplings of waste water noted Wi were realized according to the

recommendations of WHO. The choice of the sites was fixed according to the direction of
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flow. The results obtained according to the study analyzes physic-chemical samples of the
rejections testify in their majority that a contamination of subterranean water of the
tablecloths by waste water of the river according to a process of infiltration which depends on
several environmental and climatic factors is extremely probable and which an urban
treatment of the rejections is paramount to protect the tablecloth and the ecosystem.

KEYWORDS: Algeria, Bechar River, environment, urban Rejection, contamination,

parameters physico-chemical

1. INTRODUCTION

The city produces an impact on ecological resources, global systems and modifies the
environment in all its components, physical and human. Today, the preservation of our
environment and our water resources depends on our ability to clean wastewater at low prices
before they return to nature.

The issue of sewage disposal has become increasingly important in the early seventies. Given
the general concern expressed worldwide face the problem of growing pollution of the human
environment as their name suggests. Wastewater is water that after domestic or industrial use,
convey waste treatment is a necessity to preserve the environment and direct human preserve
the rivers and especially groundwater.

The city of Bechar found in arid Saharan region, the total contribution of precipitation average
is 72 mm, the volume of wastewater discharged through the sewerage system of the city is
estimated to 25000m® /day (KENDOUCI 2012). It knows as all Algerian cities problems of
pollution of surface water and groundwater, whose main causes are:

-The discharge of wastewater in nature without treatment;

p: HYSICO-CHEMICAL QUALITY OF WASTE WATER AND THE RISK OF POLLUTION OF BECHAR RIVER
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-Absence of sewage systems and wastewater treatment;

-Presence of solid waste dumps near the river;

-Irrigation of agricultural land by the polluted wastewater.

The water supply of the city is provided by surface water and groundwater from aquifers and
other groundwater unrecognized in the vicinity of the river source water discharges (risk of

infiltration). (KENDOUCI 2012).

2. MATERIALS AND METHODS

In April 2014, samples of wastewater noted Wi were performed according to the
WHO recommendations. The choice of sites was determined according to the direction of

flow.

W3 w4
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Fig.1. wastewater into the river of Bechar

Samples of wastewater are collected in polyethylene bottles of 1.5 liters volume for
the physicochemical analysis, in the laboratory it was the mixture of samples Wi to give a
single sample called "wastewater ".

The measured physical parameters are: pH, salinity, conductivity and TDS. Chemical
parameters determined are: chloride, nitrate, nitrite and phosphate according to standard
analysis techniques. The assay methods used are as follows:

* pH, salinity, TDS and conductivity, potentiometric method (861 Consort)

* Nitrate is determined by the potentiometric method (HI 121) using a specific electrode;

« Ammonium AFNOR T90-015 on a filtered sample, blue methods indophenols;

 Nitrites, AFNOR, 1986; Phosphates, AFNOR NF T90-023 on a filtered sample by
colorimetric method.

«Sodium and potassium: flame spectrophotometer JENWA clinco LPFP7.

« COD: Eco thermo reactor VELP scientific. (RODIER J. 2005; DEGREMONT 1978;

FRANCK.R. 2002)

3. RESULTS AND DISCUSSION

The results of this study are explained in discussing the measured parameters, including
measurements made in the laboratory

3.1. Conductivity, salinity and pH

Wastewater shown in Figure 1, show a significant electrical conductivity equal to 4.05mS/cm
salinity of 2.02 g / I, which proves that wastewater is loaded. Wastewater from the river is

characterized by a pH equal to 8.32.

efo) HYSICO-CHEMICAL QUALITY OF WASTE WATER AND THE RISK OF POLLUTION OF BECHAR RIVER
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Figure 2. Values of Conductivity, Salinity and pH.

3.2. COD, BOD and suspended solids

The biochemical oxygen demand (BOD) of wastewater is 168 mg/l, by convention,
the BOD necessary conditions for the test was determined after incubation for 5 days at 20 °
C in the dark, the chemical oxygen demand oxygen demand (COD) is 220mg/l. The
determination of the content of suspended solids in the wastewater is filtered and gives a level

of 180 mg/l. (KENDOUCI 2012)
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Figure 3. Values of COD,BOD and SS.

3.3. Sulfate and chloride
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Sulfates and chlorides present in very high concentrations, 792 mg / | and 938mlg / |
respectively these levels may be due because of the discharges are likely urban use based

detergents sulfites (met stable state) that this transforms (oxidation) sulfate.

950 938
900 -
850 -
792
800 -
700 - T
Chloride (mg/l) Sulfate (mg/l)

Figure 4. Values of sulfates and chloride.

3.4. Kjeldahl nitrogen (TNK) ammonium, nitrate and nitrite

Urine is the main indicator of the presence of nitrogen in urban waste water and detergent is
ammonium, ammonification reactions may occur that transform organic nitrogen to
ammonium NH, * (reduced form of nitrogen), in fact the demand for oxygen by ammonia is
very high they are molecules (nitrogen compound) odor causing odors. The maximum value
of nitrate is 7.94 mg /I. The Kjeldahl nitrogen has concentrations alarming is the maximum
observed in the rejection (62.18 mg /I), the values of the ammonium and nitrite are

respectively 26.6 mg /I, 0.6mg /1.
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Figure 5. Values of ammonium, nitrate, nitrite and TNK.

4. CONCLUSION

The results of analysis of wastewater carried by the river of Bechar show the
existence of a nitrogenous organic pollution, clearly shows that the technical standards
required in sanitation was not respected at all levels. Regulation was not applied that indicates
a degraded situation wastewater of the city, this degradation reveals that the city is facing a
problem of pollution and nuisance mainly related to urban wastewater effluents without
treatment.

The results obtained from the study physic-chemical analysis of samples of discharges
(W) show that groundwater contamination by wastewater from the river by a process of
infiltration depends on several environmental and climatic factors is very probable that urban
waste treatment is essential to protect the water and the ecosystem.

There is much to do to stop the drift aquifers, groundwater and agricultural land,

which will probably be polluted and have a solution to this problem can be used in solutions
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that address "the same time" to different levels and in different sectors such as the installation
of pollution control systems (sewage, lagoon or settling basin) to reduce pollution and urban
wastewater reuse in irrigation.
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Abstract:

The combined geomatic model permits the development of the agricultural suitability
map. This study aims at mapping areas representing suitability for agriculture in semi-arid
regions of the Algerian steppe, particularly the region of Ain EI I1Bel. The modeling approach is
based on multi-criteria analysis and fuzzy logic technique by integrating a set of factors. The first
step to develop the map is identifying the determining factors: the anthropogenic factors are
limited to habitation, as for the natural factors, they include hydrology, hydrogeology,
topography, pedology, climate, and land use. The second step is creating the maps using Terrset
program. The third step is the standardization of data (with the interval 0-255) using the fuzzy
logic technique. The fourth step is achieving a consensus between the maps generated by the
models through multi-criteria analysis where we give the same weight to each factor. The
obtained results show that 3.18% of the area falls in the suitability range of 0-25%, while 45.4%
of it ranges between 26-50%, 44.89% falls in range 51-75% and the remaining 6.52% ranges
from 76 to 100%. The combined geomatic model based on multi-criteria analysis and fuzzy logic
technique allows us to elaborate the agricultural suitability map in raster mode where each pixel
indicates the suitability rate. The significance of this study is in quantifying the data (in
percentage terms) rather than generating maps with qualified data (as classes) as is typical in
some studies. It could also be possible to use several models such as the generalized linear
model, the generalized additive model or the random forest and then combining them to develop

the agricultural suitability map, thus getting more accurate results.

Keys words:

Modeling, agricultural suitability map, multi-criteria analysis, fuzzy logic, semi-arid.
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1. Introduction:

The vast domain of the Algerian steppe is characterized by natural conditions that provide
only limited potential. In fact, the climate is irregular, water resources, soil and vegetation are
poor and grazings are discontinuous. The region of Ain El Ibel belongs to this domain with
unfavorable natural conditions. Moreover, the populations are cut off from their relations with
the Tellian regions. They have learned to live in isolation by exploiting the weak potentialities of

their environment, thus jeopardizing their future.

The agricultural development requires good management of spacethat is to saythe
reinforcement of potentialitiesand thereduction or even elimination of constraintsin zones that

representpotential suitability for agriculture.

This study aims at quantifying agricultural suitability by developing a map that determines the
most suitable zones for agriculture in Ain El Ibel, and the least suitable ones. To attaint this aim,
it is crucial to adopt new methods and techniques for management of digital spatial data such as
geomatics,geographic information system, remote sensing and multi-criteria analysis.«Geomatics
is the science of acquiring, integrating, managing, analyzing, visualizing and disseminating
geospatially referenced information to support decision making across an increasing variety of
applications»[1].Geographic information system (GIS) and multi-criteria analysis (MCA) were
applied here with the purpose of numerical spatialization of various natural and anthropogenic

parameters needed for integrated territorial planning.
This study attempts to find answers to these questions:

e s it possible to quantify suitability for agriculture in semi-arid regions?

e What are the determining factors that enable agriculture production?

e Is the multi-criteria analysis method effective in developing the agricultural suitability
map?

e How are the suitability classes distributedthroughout the environment?

Spatial modeling of the agricultural suitability map in semi-arid areas
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2. Study area:

The study area is part of the province (wilaya) of Djelfa in the center of Algeria, 300
kilometers south of the capital, Algiers. With a total area of 604.81 km2this area is situated
between longitudes: X1= 495,48km X2= 529,09km and latitudes Y1= 3832,6776kmY2=
3787,1022km, according to Universal Transverse Mercator UTM zone 31 North. (Fig. 01)

The area of Ain El Ibel is located in themountainsof the Algerian Saharan Atlas, where the
altitude varies from 940m to 1500m. The climate of the region is semi-arid: dry in summer and
cold in winter, with isohyets varying between 300 and 350 mm.

LOCATION OF THE MUNICIPALITY OF AIN EL IBEL
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Fig. 01: Location of the study area
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3. Method:

This study uses multi-criteria analysis approach and fuzzy logic technique in mapping areas
representing suitability for agriculture by using geographic information system (GIS) based on a
set of factors. (Fig. 02) below illustrates the methodology stage by stage.

3.1. Selection of the determining factors:

This study took into consideration specific criteria to develop the agricultural suitability map,
which are: natural factors with hydrology, hydrogeology, topography, pedology, climate, land
use, and anthropogenic factors involving habitationwhich is divided on three where “hamlets”
are the group of constructions with a range of 10-99, while ‘localities’range from 02-09
constructions and isolated constructions are the dispersed constructions in the scattered area (far
fromhamlets and localities).

The selection of the factorswas limited to only determining factors which enables agriculture
production. For example,climate elements can be limiting or encouraging agriculture, such as
sun radiation (hours of sunlight), temperature, water (amount of precipitation),
availablemoisture[2]. Also other factors that can justify the variability inthe yields of a field like
topography, compactness and soil texture[3].

3.2. Data sources and processing:

TerrSet and ArcGIS software were used to achieve the work. This study requires the use of
the maps in Raster mode, for the purpose of superimposing them in a later step.Therefore, it’s
necessary to homogenize some important parameters:

e The spatial resolution: 30 m, referring to the numerical terrain model Aster G.DEM
(ASTER Global Digital Elevation Model).
e The projection system: metric projection UTM 31 northern hemisphere.

Natural factors:

Climate: three bioclimatic sub stages were determined relying on the bioclimatic sub stages map
produced by the National Water Resources Agency (Agence Nationale des Ressources
Hydraulique) (2013).

Topography:we have worked with slope. Slope is calculated using the Aster GDEM numerical
terrain model.

Spatial modeling of the agricultural suitability map in semi-arid areas
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Topographic index (T.1.): The topographic index, which expresses the relative humidity, was
calculated with the aid of Aster GDEM, using the formula developed by Beven and Kirkby in
1979[4]:

TI=1 ( . )
~ "tanp
TI: Topographic index, a: is the upslope contributing area per unit contour length and B: is
the topographic slope of the cell.

Hydrology: the map of distance to hydrographic network is extracted using the Aster GDEM
numerical terrain model with the aid of the TerrSet COST tool. The resulting map is
(Cost_hydro).

Hydrogeology: the preparation of the hydrogeologicalmap was carried out using data provided
by the National Water Resources Agency (ANRH).(Cost_hydrogeology) map was made using
COST tool to generate the distance hydrology map.

Pedology: there are four classes of soil in our study area selected from the pedology map at a
scale of 1/100,000 drawn up by Pouget. M.

Land use: the land use map was madethrough(ETM+) satellite image processing. The study area
contains several types of natural vegetation (forest, maquis, arboriculture, polyculture, grazings).

Anthropogenic factors:

Habitation: According to the RGPH classification prepared by the National Statistics Office
(RGPH 2008), the targeted area contains hamlets, localities and isolated constructions.

COST tool is used again to generate the distance of hamlets, localities and isolated constructions
maps. Three maps are generated (Cost_hamlets), (Cost_localities), (Cost_constructions).

3.3. Multi-criteria analysis:

In order to make data with different natures comparable and then to integrate them into a
multi-criteria analysis geomatic model, it is necessary to standardize them, which means to
attribute to them a continuous common scale of values[5].We call this the standardization step,
and it can be carried out, according to the characteristics and the behavior of each factor, either
manually by the modeler or by applying a preprogrammed fuzzy membership function in the
software.In fact, fuzzy logic can be introduced as an expansion of conventional Boolean or
binary logic to handle non-binary situations, or, more precisely, that of partial truth[6]. This
function suggests four sub-functions (sigmoid, J-shaped, linear, and user-defined).

m Spatial modeling of the agricultural suitability map in semi-arid areas
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The factors are therefore standardized on a continuous scale of suitability from 0 (the lowest
suitability value) to 255 (the highest suitability value) with 128 as the moderately suitable
value[7].

e Standardization of qualitative factors:climate, land use, and pedology are the factors
standardized by the application of user-defined function where the attribution of suitability
value was done manually.

e Standardization of quantitative factors by the J-shaped method: this method was used on

four natural factors which are: hydrology, hydrogeology,slope, topographic index (T.1I).
e Standardization of quantitative factors by the linear method: habitation with its three
factors (hamlets, localities, and isolated constructions) is the artificial quantitative factor we

applied the linear method on.

After the standardization step comes the multi-criteria analysis (MCA) for the purpose of
combining the standardized factors’maps. Factors have different influence on suitability rate,
where each one is multiplied by a weight indicating its relative importance. In this study, the
same weight was attributed to all factors. We obtained an overall suitability score by combining
the weights and the standardized suitability maps [8].

Suitability = Z w; * 1_[ C;

Where w; = weight attributed for the i factor, C; = constraint j

In our case, the same weight was attributed to all factors. The resulting map is a matrix with
pixels representing values from 0 to 255.This image was expanded into a graduation from 0 to
100 in order to get suitability values in the form of percentages. Where the 0 has the minimum
value and the 100 has the maximum value.

4. Results and discussion:

The suitability values are categorized into 4 classes: range 0-25% for a very low suitability
value, range 26-50% for a low suitability value, from 51-75% for a moderate suitability value
and 76 to 100% for a high suitability value. Fig. 03represents the agricultural suitability map
andFig. O4illustrates the distribution of agricultural suitability classes.

Spatial modeling of the agricultural suitability map in semi-arid areas
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Table N° 01:Distribution of areas according to suitability categories

Suitability ‘ Area
§ category
range o (Ha) (%)
De 0-25% Very low 192501  3.18
De 26-50% low 74578 4540
De 51-75% moderate 271527 4489
De 762 100% high 194533 6.52

Distribution of areas according to
suitability categories

6,5% 3,2%

‘ ’ H very low
N low

44,9% moderate
B high

Table N°Olrepresents the percentage and the corresponding area for each suitability
category. The part that represents 6.52% of the study area is classified as highly suitable for
agriculture. It is mostly located in the center. The moderate suitability class occupies 44,9% of
the study area. This class is basically situated in the center and in the North West of the zone.
While the low suitability class covers 48,6% of the total area, and is located in the North and

South of the study area on both sides of the moderate zone.

Topographic index and water resources are the most important factors. They have a great
influence on agricultural suitability. For example, in the high class area, we assigned for the
topographic index the values (12 and 13), and for cost-hydrographic network, the values between
(0 and 40). In the moderate class, values of cost for groundwater tables vary from 65 to 85. For
the law suitability class, we set an interval that starts from 250 or above concerning the hamlets
factor. As for the climate and land-use, they have a less important effect on agricultural
suitability. This can be explained by the fact that the region is in the same bioclimatic stage (the
semi-arid) and that the slopes are low. The results expressed in the agricultural suitability map
are confirmed when compared to reality.

Spatial modeling of the agricultural suitability map in semi-arid areas
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5. Conclusion:

The combined geomatic model and its various modules/algorithms provide a good methodfor
the planners, facilitating by that decision-making for a better management of space. This model
requires collecting data from different sources to create a complete unified database.

The method developed and applied in this study combined a GIS approach with a spatial
multi-criteria analysis toquantify suitability in Ain EI Ibel region. Seven determining factors
were applied in the analysis including: hydrology, topography, pedology, land use, climate,
hydrogeology, andhabitation.We found that these factors have a great influence on agricultural
suitability in semi-arid regions, especially water resources (superficial and underground water)
and topographic index.
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The results obtained in this study show GIS and MCA as valuable effective analysis tools
that can support planners and decision makers to get useful information about the most suitable
zones for agriculture in semi-arid regions. The strength of this work is in integrating both
qualitative and quantitative data. Its weakness lies in using only one model, however, it’s
possible to useseveral models such as the generalized linear model, the generalized additive
model or the random forest to create the agricultural suitability map preserving the same factors.
Moreover,combining the models to get more accurate results.
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Résumé

Dans cette étude, deux activités biologiques des huiles essentielles extraites des graines de
fenouil (Foeniculum vulgare), ont été évaluées a savoir 1’activité antibactérienne et la capacité
antioxydante. Le rendement d’extraction de I’huile essentielle obtenue par hydrodistillation
est de 1.53+£0.11%. Les résultats de I’activité antibactérienne réalisée par la méthode de
diffusion des disques et par la méthode de 1’antibiogramme ont montré que ’huile essentielle
des graines du fenouil posséde une capacité inhibitrice de la croissance des deux souches
testees Escherichia coli et Staphilococcus aureus. L’étude du pouvoir antioxydant de ces
huiles a été réalisée par la méthode de DPPH a révélé un pourcentage d’inhibition de
58+0.3%. Les résultats obtenus fournissent des informations utiles pour les industriels qui

seraient intéressés par l'extraction d’huile essentielle des graines de fenouil.

Mots clés : Huiles essentielles, Activité antibactérienne, activité antioxydante, Foeniculum
Vulgare.

Introduction :

La région méditerranéenne, avec son climat doux et ensoleillé, est riche en plantes
aromatiques médicinales qui sont des remedes naturels, ont été pendant longtemps le
principal, voir 1’'unique recours traditionnel pour soigner diverses pathologies, et comme
matiére premiere pour la médecine moderne (Ould El Hadj et al., 2003). Les propriétés
médicinales des plantes sont dues a des produits chimiques. Les plantes synthétisent de
nombreux composés appelés métabolites primaires qui sont indispensables a leur existence et
une gamme extraordinaire d’autres composés appelés métabolites secondaires. Ces derniers
ont pour fonction notamment la protection contre les microorganismes, les animaux et méme
d'autres plantes. (Cox et Balick, 1994). Ces métabolites secondaires sont appelées « Huiles
essentielles », qui se trouvent dans de nombreusesparties de la plante : le bois, les feuilles, les
fruits, les €corces, les graines et les racines. Obtenues lors de 1’extraction de divers types de
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matiéres végétalespar divers techniques d’extractions. (Faucon M, 2009). L’aromathérapie
est en quelque sorte désigne I’utilisation de ces huiles essentielles pour les soins.
Premiérement, en raison de ces multiples avantages. Ainsi, les effets secondaires induits par
les médicaments inquietent les utilisateurs qui se tournent vers des soins moins agressifs pour
I'organisme. Toutefois, l'efficacité des médicaments tels que les antibiotiques décroit a cause
de la résistance et l'adaptation des microorganismes aux medicaments (Iserin, 2001 ; Svetaz
et al., 2010).De plus la production des huiles essentielles a partir des plantes peut constituer
une source économique pour notre pays. Dans le but de contribuer a la sauvegarde du
patrimoine lié a l'utilisation des plantes spontanées, nous nous sommes fixés comme objectif
dans ce travail, de valoriser quelques-unes de ces plantes. Nos travaux visent a vérifier
I’activité antibactérienne des huiles essentielles extraits des graines de fenouil
(Foeniculumvulgare).

I. Matériels et méthodes
|.1. Le taux d’humidité

Les résultats de taux d’humidité et de la teneur en matiére séche des graines de F.
vulgare, sont représentés dans la figure ci-dessous :

H taux d'humidité
(%)

H matiére séche
(%)

Figure 14 : Teneur en humidité et en matiere séche de F. vulgare

Les résultats obtenus ont révélé un taux d’humidité de I’ordre de 9%, cela signifie que
les grains de fenouil séches présentent un rendement en matiére seche de 91% . La différence
dans les teneurs en eau pourrait étre expliquée par la saison et la région de récolte, les plantes
cultivées dans les régions tempérées comme le sud Algérien, ont un taux d’humidité plus
faible par rapport aux plantes cultivées dans le nord (Hamoudi, 2012).

|.2. Rendement de I’hydrodistillation

Les résultats de calcul de rendement obtenu lors de nos extractions par hydrodistillation,
pendant trois heures sont reportés dans le tableau suivant :

47 Evaluation des activités : antioxydante et antibactérienne des huiles essentielles des graines de
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Tableau I: Rendement des huiles essentielles obtenues par hydrodistillation.

H.E Graines de fenouil

Rdt% 1.53+ 0.11

Les résultats obtenus, montrent que les graines de fenouil étudiées sont riches en huiles
essentielles. En effet le rendement moyen est de 1.53+ 0.11.

En comparant nos résultats avec les travaux antérieurs, nous avons trouvé qu’une
extraction des huiles essentielles des graines de fenouil par hydrodistillation, réalisée en
Algérie, a permis d’obtenir un rendement de 1.00 %. (Ouis N. 2015), et une autre étude en
France effectuée dans les mémes conditions d’extraction a un rendement de 2.1% (Lazouni
etal., 2006). Cette différence pourrait étre expliquée par la période de récolte car elle est
primordiale en terme de rendement et qualit¢ de I’huile essentielle, le climat, la zone
géographique, ’origine de la plante, I’organe de la plante utilisé, la méthode d’extraction, etc.
Ce sont des facteurs qui peuvent avoir un impact direct sur les rendements d’extraction en
huiles essentielles (Kelen et Tepe, 2008).

1.3. Caractérisation des huiles essentielles
1.3.1. Caractéristiques organoleptiques

Les propriétés organoleptiques (I’aspect, la couleur et ’odeur) de I’essence de fenouil.
Sont regroupées dans le tableau suivant :

Tableau Il : Caractéristiques organoleptiques de I’huile essentielle étudiée

Caractéristiques organoleptiques

H.Es des graines de Aspect Odeur Couleur

fenouil
Liquide huileux Anisée Limpide

L’aspect physique, la couleur et I’odeur de I’huile essentielle des graines de fenouil,
sont en accord avec ceux rapportées par les travaux de (Ouis N, 2015). Chaque huile
essentielle est caractérisée par ces caractéres organoleptiques tels que: 1’odeur, 1’aspect
physique et la couleur. L’aspect d’une huile essentielle dépend des produits qui la constituent,
elle nous apparait sous forme liquide, solide ou semi-solide, tandis que I’odeur, appartient aux
sens chimiques les plus sensibles. (Hameurlaine, 2009).

1.3.2. Caractéristiques physico-chimiques :

Les résultats de la détermination des propriétés physiques des essences obtenues par
hydrodistillation sont consignés dans le tableau suivant.

Tableau 111 : Caractéristiques physico-chimiques des H.Es extraites
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a I’éthanol
Nos 6.30 135V 1.533 0.075 13.95 14.025
résultats
(Lazouni 6 1V : 3V 1.6896 0.90 77.95 78.85
etal.,
2007)

La valeur du pH obtenu indique que notre huile essentielle est légérement acide.
L’indice de réfraction (Igr) est une grandeur qui nous permet d’identifier 1’huile essentielle,
aussi de contrbler sa pureté, en effet un indice de réfraction varie essentiellement avec la
teneur en monoterpenes et en dérives oxygéenés. Une forte teneur en monoterpénes donnera un
indice élevé (Boukhatem et al., 2010). L’indice d’acide (I), donne une idée sur le taux
d’acide gras libre, ce paramétre peut nous aider a savoir la qualité de notre produit. L’I,de
I’huile essentielle des graines de F. vulgareest de 0.075, un produit avec un indice d’acidité
faible est un produit de bonne qualité. En effet, une huile fraiche ne contient que tres peu
d’acides libres. C’est pendant la période de stockage que 1’huile peut subir des dégradations
telle I’hydrolyse des esters. Ces valeurs dues au comportement des acides libres présents dans
notre huile, cela explique la valeur obtenue de I’indice d’ester.(Lazouni et al, 2007). Les
paramétres physico-chimiques différents suivant 1’origine de 1’huile essentielle, I’organe de la
plante (feuille, tige, fleurs ou graine), la pratique culturale, la méthode et les conditions
d’extraction, et sont influencés par les conditions édaphiques, climatique ainsi que les
conditions de cultures des plantes. Tous ces facteurs affectent la composition chimique et les
criteres physiques d’une huile essentielle, il est logique que leurs valeurs différent d’un
endroit a 1’autre du globe.(Rajeswara et al., 1993 ; Kulkarni et al., 1996 ; Juliani et al.,
2006)

1.4. L’activité antioxydante

Les résultats de ’activité antioxydante de I’huile essentielle des graines de F. vulgare,
obtenus par la méthode de DPPH, sont représentés dans la figure ci-dessous.

Evaluation des activités : antioxydante et antibactérienne des huiles essentielles des graines de
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Figure 15 : pourcentage d’inhibition d’huile essentielle des grains de F. vulgarea différentes

concentrations

Le pourcentage d’inhibition d’huile essentielle des grains de fenouil augmente avec
I’augmentation des concentrations de ce dernier. Le pourcentage d’inhibition est tres élevé
(80%) avec la concentration de 0.5mg/ml. Ceci confere aux huiles essentielles extraites a
partir des grains de fenouil un fort effet oxydant vis-a-vis le radical DPPH.

1.4.1 Détermination de I’ICs :

ICso ou concentration inhibitrice, est la concentration testée (H.E) nécessaire pour
réduire ’activit¢ du DPPH initiale de 50% aprés 30 minutes d’action. Le pourcentage
d’inhibition permet de calculer le parameétre ICso. La valeur de la ICs est calculée
graphiquement par régressions linéaires de graphe tracé (pourcentage d’inhibition en fonction
des différentes concentrations des huiles essentielles testées : Figure (02). Le tableau suivant
représente la valeur de cet indice pour I’huile essentielle des grains de fenouil.

Tableau 1V : Valeur d’ICsp de I’huile essentielle des grains de F. vulgare

Huile essentielle 1Cs
Nos résultats (mg/mL) 0.28
(Ouis N, 2015) (ug/mL) 872

D’apres les résultats de la détermination de la valeur d’1Csp, on peut déduire que 1’huile
essentielle des grains de fenouil détient une capacité anti-oxydante faible par apport a celui de
la littérateur. Cela est directement lié a sa teneur en agents piégeurs de radicaux libres agissant
comme antioxydant. La variabilité des résultats d’activité antiradicalaire est en fonction de
différentes périodes de récolte de la plante dans I’année et aussi due aux impacts des facteurs
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environnementaux sur la composition chimique des huiles essentielles ainsi que sur leurs
activités biologiques. (Ijaz Hussain et al., 2008)

L.5. L’activité antibactérienne des huiles essentielles
La sensibilité des deux bactéries (E. coli, S. aureus) a été mise en évidence par la technique de
diffusion des disques vis-a-vis de I’huile essentielle des graines de F.vulgare. (Figures 03et
04)

Figure 16 : Effet de I’huile essentielle des graines de F.vulgare sur la croissance de

Escherichia Coli

Figure 17 : Effet de I’huile essenticlle des graines de F. vulgare sur la croissance de
Staphylococcus aureus

Au vu des résultats obtenus, le classement de la sensibilité des bactéries est mentionné sur le
tableau I11.1

Tableau V : Diamétre d’inhibition en mm provoqués par 1’huile essentielle des graines de F.
vulgare.
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Bactéries E. coli S. aureus
Diameétre d’inhibition (mm) | 15.3 11.14
Sensibilité Trés sensible (++) Sensible (+)

Les résultats obtenus montrent que 1’activité antibactérienne est fonction de la bactérie
cible. Il s’est avéré que les deux bactéries testées ont été sensibles vis-a-vis de I’huile
essentielle des graines de fenouil. En revanche, S. aureus possede un potentielle de résistance
un peu élevée par rapport aux E. coli. Donc la sensibilité est plus marquée chez les Gram (-)
par rapport aux Gram (+) vis-a-vis de I’huile essentielle des graines de fenouil. Le degré de
sensibilité des bactéries testées vis-a-vis d’'une méme huile essentielle est supposé varié selon
le Gram. Une grande sensibilité est marquée chez des bactéries Gram (-) par rapport aux
bactéries Gram (+) (Chalestori et al., 2015). D’autres résultats sont confirmés par de
nombreuses études (Lopez etal.,2005 ; Bozin et al., 2006 ; Bouzouita et al., 2008) ayant
montré que les bactéries Gram (-) sont plus résistantes aux huiles essentielles que les bactéries
Gram (+).Ces affirmations n’ont cependant pas été confirmées par d’autres travaux, la
susceptibilité des bactéries est en effet indépendante du Gram (Inouye etal.,2001 ; Adeola et
al., 2012 ; Usman et al.,, 2013). Nos résultats corroborent bien avec cette derniére
affirmation.En effet, I’activité biologique d’une essence est a mettre en relation avec sa
composition chimique et les effets synergiques possibles entre ses composants. Sa valeur tient
a l’intégralité de ses constituants et non pas seulement a ses composés majoritaires (Lahlou
M, 2004). En plus, les propriétés antibactériennes de ces composeés sont en partie liées a leurs
caracteres lipophiles menant a I’accumulation au niveau des parois bactériennes, perturbant
ainsi le fonctionnement et la perméabilité des membranes cellulaires, la dégradation des
parois cellulaires, 1’altération de la membrane cytoplasmique, et 1’épuisement de la force
motrice des protons (Helander et al., 1998).

Conclusion

Dans le cadre d’une contribution a la valorisation des ressources naturelles de notre pays et de
trouver de nouvelles sources d’argents naturels antibactériens et antioxydant. Nous avons
essayé d’évaluer I’efficacité antibactérienne et antioxydante des huiles essentielles extraites
des graines de FoeniculumVulgare. L’extraction de I’huile essentielle des graines de fenouil a
¢été réalisée par hydrodistillation, le rendement d’extraction trouvé est de 1’ordre de 1.53%
qui trés faible. L’activité anti-oxydante des extraits évaluée par le test du radical DPPH, qui a
montré que I’huile essentielle des graines de fenouil a un effet antioxydant important, avec
une CEgpde (752,65% 32,5ug.ml'1). Pour [Dactivité antibactérienne, la méthode
d’antibiogramme nous a permis de mettre en évidence le pouvoir antibactérien de 1’huile
essentielle des graines de fenouil vis-a-vis de deux souches bactériennes (Escherichia Coli et
Staphylococus aureus). Ce pouvoir nous a révele une importante activité antibactérienne, dont
les zones d’inhibitions varient entre (11.4 - 15.3 mm). Les résultats obtenus fournissent des
informations utiles pour les industriels qui seraient intéressés par l'extraction d’huile
essentielle des graines de fenouil.
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Abstract

The comprehensive regional development is one of the essential goals that the
kingdom of Saudi Arabia's developmental plans seek. In the setting of the
national and regional strategy in the region, and in applying a more
comprehensive spatial dimension, the developmental plans in the kingdom have
started to care about small cities instead of focusing on specific cities to ensure
extending development.

The aim of this study is to focus on development centers and their role in the
spatial dimension for regional development in Jazan at its local levels and its
central and functional importance in respect to rural areas which are far from
those cultural centers. It also aims at the maximum benefit from development
opportunities in Jazan to achieve the balance between its environments and to
increase its economic activities in a manner that commensurate with its
possibilities through caring about developmental centers strategy in view of
making a future conception for these centers to reach a comprehensive regional
development.

The study has concluded that the current development centers with their limited
number which are concentrated in Tihamah Plain cannot provide their services
to the far rural areas which is hard for its population to reach these centers and
get the benefit from its centers especially for those who live in the mountainous
areas in the northern and northeastern parts .

The study also explained that the current development centers are insufficient in
performing their function in reaching the rural depth. That is due to its limited
number and because of its spatial distribution which is convergent in the plain
area ,and in the line with the regional planning style in the kingdom of Saudi
Arabia which has become dependent on administrative units in the regions. The
study has suggested new development centers which are the governorates
centers, so the number of development centers will be fourteen.

The study has reached to many results that diagnose the development situations
with its current components in the region, so the study has suggested some
recommendations. By applying them, the goals that have been made by the study
as a future conception by activating the expansion strategy in the development
centers in Jazan will be achieved .
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