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Evaporation from Water Surfaces of Dam Lakes in the Arid
and Semi-Arid Region of Northern Algeria

Assia Meziani
Boualam Remini

Djamel Boutoutaou

Abstract

In arid regions, water is a renewable energy and at the same time a rare source
and poorly distributed. The current situation of water resources and their uses
in arid and semi-arid areas of Algeria have socio-economic issues. The
phenomenon of evaporation in the dam lakes is considerable. A Loss of high
volume is annually recorded. The five dams located in the south of Algeria are:
Foum EI-Gherza (Biskra), Fantaine des Gazelles (Biskra), Foum EI-Guiess
(Khenchela), Djorf —Torba (Bechar) and Brezina (El-Bayadh). Our paper
presents an analysis of evaporation in these five dam lakes that present a
paramount importance in Algeria with reference to the water management
perspective.
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Introduction

According to the Water Resources Department, the potentially available
resources in Algeria are estimated at 18 Billion m®, from which 10 Billion are
superficial resources and 2.5 billion m*® of groundwater resources are in the
North and 5.5 billion m® (surface and groundwater) in the South. Today,
Algeria has 70 operating dams with a capacity of 8.4 Billion m® (Figure 1),
these mobilization and transfer structures will reach a total capacity of 9
Billion m® in 2025.

The arid region is characterized by high temperatures (up to 50°C), weak
precipitation (less than 200 mm), low rates of humidity, and high evaporation
from 2 to 3 or 4 m/year in arid zones (Saggai and Boutoutaou, 2012).

Figure 1. Bioclimatic Map of Algeria (ANAT, 2004)
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The potential quantity of water is lowered by the silting-up of reservoirs,
the evaporation from the lakes and water losses through dam foundations. The
evaporation measured at 39 dams causes a mean annual loss of 250 Mm?, 6.5%
of their maximum capacity (Remini et al., 2009). These significant losses by
evaporation of mobilized water resources by dam lakes encourage researchers
to the intensive studies for the current state of the evaporative losses and the
risk of aggravation in the future.

Materials and Methods

Characteristics of the Dam Lakes in Arid Regions

The Arid lands have always been important to the world's human
population, but their significance has increased over the past few decades
because of the augmentation of population demographics and the continuity of
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the use of natural resources (Hoekstra and Shachak, 1999). In Algeria, arid and
semi arid areas cover approximately 95% of the country (Halitim, 1984). In
2009, the number of dams, which reached fifty eight, were used to provide
hydropower for the total area of Algeria. Five dams are located in the arid and
semi-arid area (Figure 2), which are:

The Foum EI-Gherza dam is located at the outlet of the Wadi El-abiod
basin (put into operation in 1950), it spreads over an area of 1,300 square
kilometers bounded by a perimeter of 200 km and passes through two distinct
regions “Aures and Saharan plain” (Toumi and Remini, 2003). The average
temperature is 22.9°C. The average annual rainfall is 250 mm, but is
characterized by high irregularity. The dam regulates about 13 Mm?® of the
water conveyed by the Wadi El-Abiod ephemeral river and tributaries during a
whole hydrogical cycle for catchment of 1300 km? (Hocini and Moulla, 2005);
its capacity was 47 Mm?®/year (Remini et al., 2009).

Figure 2. Localization of Studied Dams (Remini et al., 2009)
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5. F. Dom gazelies

Fontaine des Gazelles Dam is located in the north-east of Biskra city (put
into operation in 2000). The dam is considered for irrigation and regulates the
contributions of Wadi El-Hai. The main characteristics of the reservoir are:
Catchment area: 1,665 km?; total capacity of the reservoir: 55,491 hm?; useful
capacity: 48,490 hm?®, flood project: 3000 m¥s.

The Foum EL-Gueiss Dam is located 19 km west of Khenchela. The Main
characteristics of the reservoir are: Catchment area: 156 km?, initial capacity of
the reservoir is 3.0 hm?®, current capacity in 2001 around 478 000 m®, siltation
rage is about 95%, average depth of reservoir: 2 m and the flood project: 600
m°/s.

The Djorf-Torba Dam has a theoretical capacity of 360 million m®, it is an
important hydraulic structure, located 70 km west of Bechar city, made in 1969
within the framework of the development program of the Abadla plain. In
2005, its actual capacity was 190 million m® with a regularized volume of 100
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hm?®/year, from which 16 million m* are for the drinking water supply of
Bechar city and about 50 million m*/year for irrigation of Abadla perimeter
(Kabour et al., 2011).

The construction of the Brezina dam was completed in 1998, with a total
capacity of 123 Million m®. The Liquid flows are exposed to considerable
losses. Indeed, a contribution of 60 Million m?, recorded during 2004-2005 of
the reservoir level, remains that 12 million m® either losses rate is estimated
80%. Added to this problem, the sediment yield intake (about 1.2 million
m?*/year), which contributes to the rapid siltation of the reservoir (siltation rate
is about 5%) (Benslimane et al., 2009).

The region of Brezina (El-Bayadh) is part of a desert area, characterized
by low rainfall, generally less than 200 mm/year, but with limited precipitation
duration and high intensity. The annual rainfall over a period of 40 years of
observation is characterized by irregularity: 329.4mm during 1971 (a wet year)
and 113.5mm in 2010 (a very dry year. The minimum temperature recorded
during the month of January is 0.7°C. The maximum temperature peaks in July
with an average of 35°C, characteristic of a continental climate (Belaroui et al.,
2013).

Methodology Used

Evaporation from water is most commonly computed indirectly by one or
more techniques. These include pan coefficients measured pan evaporation,
water balance, energy balance, mass transfer, and combination techniques
(Jensen, 2010). Two kinds of pans are widely used in the world, the class “A”
pan and the sunken pan. The class “A” pan is considered to be the standard
international pan and the one used in Algeria, almost totally buried in the
ground (Fekih and Saighi, 2012). Each dam is equipped by a pan installed
restraint of reservoir. A high volume loss is annually recognized. The
measurement period lasts from 2001 to 2012.

Results and Discussion

Evaporation is an important part of the hydrological balance, especially in
arid and semi-arid regions where most crops present incomplete covers
throughout a significant part of the growing season (Suleiman and Ritchie,
2003). The average annual evaporation calculated over ten years (1992-2002)
in algerian arid dam lakes is 250 hm?®, representing 6.5% of total capacity. The
case of the Djorf-Torba dam lake located in south-western Algeria is the most
significant; it's around 90 hm® was reached during the hydrological year 1994-
1995 (Manser, 2010).

According to ANAT, the evaporation was 1,860 mm in the dam lake of
Foum EI- Gueiss (measurements were made 8 hours daily throughout the year
from sunken Colorado pan) and about 2,400 mm in the dam lake of Foum El
Gherza, 15% in July (360 mm) and 3% in January (72 mm). Foum El Gherza
lake, when the water level is wide, there has been an annual volume of 4 to 4.5
hm? evaporated (8% of the initial capacity of the dam) (Touati, 2010). In 2008,
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the highest occupancy rate (over 75%) was recorded in the dam lake of
Fontaine des gazelles 85,20% and the evaporation was 0.471hm?*. According to
the data in Table 1, we realize there is a storage unbalance for each dam. The
Figure 3 shows that the evaporation from the surface of lakes changes each
year due to climate change of our studied region.

Table 1. Water Capacities of the 5 Dam Lakes (ANBT, 2012)

Year 2001/2002 Year 2002/2003 Year 2003/2004
Dams Initial Final Initial Final Initial Final
capacity | capacity capacity capacity capacity capacity
(hm?) (hm?) (hm?) (hm?) (hm?) (hm?)
DJORF 138.684 | 164.195 164.195 89.933 89.933 218.649
TORBA
F.GHEISS 0.74 0.184 0.184 0.344 0.344 0.044
F-GAZELLES 9.546 8.215 8.215 29.1 29.1 53.439
F.GHERZA 2.435 9.582 9.582 9.672 9.672 11.72
BREZINA - - 20.4 12.481 12.481 36.812
Year 2004/2005 Year 2005/2006 Year 2006/2007
Dams Volume | Volume Volume Volume Volume Volume
début fin début (hm®) | fin (hm®) | début (hm®) fin
(hm®) (hm®) (hm®)
DJORF 218.649 73.326 72.871 205.126 225.82 179.48
TORBA
F.GHEISS 0.044 0 - - 0.424 0.43
F-GAZELLES | 53.439 48.798 48.743 49.299 52.05 40.12
F.GHERZA 11.72 7.948 7.903 8.924 10.904 2.816
BREZINA 36.812 11.572 11.525 18.367 15.55 23.62
Year 2007/2008 Year 2008/2009 Year 2009/2010
Dams Initial Final Initial Final Initial Final
capacity | capacity capacity capacity capacity capacity
(hm?) (hm?) (hm?) (hm?) (hm?) (hm?)
DJORF 179.012 | 258.519 258.519 216.881 216.881 61.269
TORBA
F.GHEISS 0.43 0.024 0.424 0.344 0.344 0.349
F-GAZELLES 40.12 46.639 46.639 49.293 49.293 38.306
F.GHERZA 3.085 11.091 11.091 12.94 12.94 4871
BREZINA 23.58 76.08 75.87 70.495 70.495 69.274
Year 2010/2011 Year 2011/2012 (January-October)
Dams Initial capacity | Final capacity | Initial capacity Final capacity
(hm?) (hm?) (hm?) (hm?)
DJORF 61.269 122.122 122.122 168.976
TORBA
F.GHEISS 0.349 0.43 0.43 0.181
F-GAZELLES 38.306 49.736 49.736 35.811
F.GHERZA 4.871 11.3 11.39 1.952
BREZINA 69.139 99.369 99.113 103.977
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The evaporation reached a maximum value in different years for each dam
lake. In 2009/2010, the evaporation of Foum EIl-Gueiss lake is maximal (1.582
hm®) that means the temperature was highest than others years, the reservoir
has a capacity of almost 500,000 m? and the water level was 1 m.

Figure 3. Evolution of Evaporation in the 5 Dam Lakes
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In 2004/2005, the maximum evaporation of Foum El-Gherza lake is of the
order of 5.606 hm® due to the climate change. However, the Brezina lake has a
value of 18.217 hm® and the Fontaine des Gazelles lake has 12.681 hm®. The
highest evaporation is reached in the Djorf-Torba lake with the highest value of
603.895 hm®,

Conclusions

The evaporation is considered important in these five dam lakes due to
high temperature. A loss of high volume is annually recorded, especially in the
Djorf-Torba dam lake. So, to reduce the evaporated water from these dam
lakes, we propose to use an adequate to conserve the maximum water surface
using chemical substances (Hexadecanol (C16H340) and Octadeanol
(C18H380)) capable of forming thin layers on the water surface called
monomolecular films. This technique showed that both Hexadecanol and
Octadeanol reduced the evaporation rates in arid areas.
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