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LIBYAN ARAB JAHAHIRIYA 

Area: 1,775,600 km2 

Population: 3.36 million (United Nations estimate, 1983) 

I. BACKGROUND 

Topography 

Libya is a country of vast plains. 
coastline. The main mountains are the 
in the north along the coast, the Jabal 
(1,200 m) in the center, and the Toammo 
and Archenu (1,460 m) in the south. 

It has 1,900 km of Mediterranean 
Jabal Nafusah and the Jabal Akhdar 

Sauda (803 m) and the Jabal Haruj 
(1,022 m), Tibesti (2,300 m at Kamet) 

The Jabal Nafusah (600 to 800 m) dominates the triangular coastal plain of 
Gefara, which has much better climatic conditions and soil and water resources 
than the rest of the country. It is therefore densely populated and has the 
capital, Tripoli, and several major urban centres. This plain supplies most 
of the country's farm production. 

A similar situation, although on a lesser scale, is found in the north of 
the country, where Jabal Akhdar (500 to 800 m) dominates the coastal plain of 
Benghazi where the town of that name is located. 

South of the Jabal Nafusah lies the vast desert plateau of Hamadah al
Hamra (500 to 600 m). 

The Murzuq basin ("Edeyin"), which is covered with sand dunes, is found in 
the south-west of the country. Its northern part is known as Edeyin Awbari. 
In the south-east of the country lies the immense Kufrah basin which reaches 
the Egyptian frontier and rises to an altitude of 100 m in the north and 800 m in 
the south. In the north are found expanses of gravel and sand dunes and in the 
south expanses of gravel, stones and rocks with many small areas of sand dunes. 
There are other flat and desert areas: the Syrt desert north of the Jabal Haruj 
and the Sarir Tibesti to the south, The first area is a westward extension of 
the Kufrah-Sarir and rises from the coast to an altitude of 250 m at the foot of 
the Haruj. The second area is linked to the Kufrah basin by a fairly narrow 
strip of land between the Haruj and Nuquay mountains; it is bounded in the 
south and west respectively by the Tibesti and Bin Ghunaymah mountains. The 
Sarir Tibesti desert lies at an altitude of about 500 m. 

Climate 

The climate is influenced by the Mediterranean in the north and the Sahara 
in the south. The lack of continuous and high relief in the north of Libya 
- in contrast to the countries of north-west Africa (Tunisia, Algeria and 
Morocco) - renders the coastal area vulnerable to the flows of hot dry air from 
the south. There are five climatic zones: 

Subtropical Hediterranean zone, which is small in extent and bounded by the 
Jabal Akhdar. 
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Semi-Mediterranean zone, with a narrow coastal strip in the west which 
widens in the east to include the whole of the Gefara plain and the eastern 
part of the Jabal Nafusah and terminates at the Town Of Misratah; it then 
reappears along a narrow strip between Benghazi and Darnah. 

Steppe zone, which lies along the southern slopes of the Jabal Nafusah 
and Jabal Akhdar and also includes the area between Ajdabiya and the eastern 
frontier with Egypt. 

Desert zone, which extends over the rest of the country with the ex
ception of the mountainous areas in the south and south-west, 

Mountain zone, in the south-west (Ghat) and south (Tibesti), 

The temperature at the coast is 10oc to 14°C on average in winter, with 
a minimum of 0°C; in summer the hot dry winds from the Sahara can raise the 
temp~rature as high as 400C, 

Further from the sea is the steppe zone the temperature ranges are wider, 
At Al Aziziyah, for example, the world's highest temperature was recorded: 
58°C in September 1922, However, the average for July is 240C to 2soc, as 
against 10oc to 14°C in January. Temperatures of -3°C have been recorded in 
winter. It can snow on the upper slopes of the Jabal Nafusah and Jabal Akhdar. 

The daily variations are even more marked in the desert zone, The averages 
range from 260C to 41°C for July and from 8°C to 16°C for January. At Ghadamis 
the absolute minimum is -2°C in November, -5°Cin December, -6°C in January 
and -80C in February; the absolute maximum is 45,70C in April, 46,8°C in May, 
50.60C in June, 49°C in July, 49,80C in August, 45,2°C in September and 45,8°C 
in October. 

The relative humidity falls from north to south, The highest levels occur 
in winter. They decline considerably in summer, The humidity ranges from 
70 to 80 per cent on the coast from December to February and falls to only 
50 per cent in June-July. The figures for Sabha range from 40 to 50 per cent 
in winter and decline to 20 per cent in summer, 

The force and direction of the winds often vary from day to day through
out the seasons, The winds blow from the north and east from May to October 
and from the north and south-west from November to April, They blow at 
around 5 to 15 knots, 

The evaporation rates are high, with a maximum in June-July and a m1n1mum 
in December-January. The average annual values measured in the Piche eva
porometer increase steadily from north to south, with 1,700 to 2,500 mm on 
the coast and 4,000 to 5,000 mm towards the interior (6,100 mm at Kufrah), 

The rain falls in winter, mainly from October to March, and the amount 
declines towards the south. The maximum annual amounts are found along the 
Jabal Akhdar (400 to 600 mm); they decline to 200-400 mm towards Misurata in 
the west and Ajdabiya-Darnah in the east. The 100 mm isoyhet is parallel 
(150 km) to the coast which it follows for almost the whole length of the 
Gulf of Syrt. The rainfall is vestigial at best south of the 30th parallel N. 
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The opposing effects of the Mediterranean and the Sahara cause great 
irregularity in the rainfall pattern. Brief and violent storms are the rule, 
with as much as 100 to 140 mm of rain falling in a single day, 

Hydrographic system 

Libya has little surface water and this source provides only a small part 
of supplies, 

The country has no permanent watercourse. The coastal wadis flow for 
short periods during the winter months: these flows use beds gouged in the 
Gefara and Benghazi plains to reach the sea, Some wadis flow from the same 
mountains (Jabal Nafusah, Jabal Akhdar) but towards the south, 

Some wadis are larger in terms of the 
of their courses; they rise at the eastern 
reach the coast between Misratah and Sirt, 
Bay al Kabir and Zamzam, 

size of their basins and length 
end of the Mamada plateau and 

They include Wadis Sawajjin, 

The Jabal Nafusah has 30 hydrographic basins with a total area of 7,500 km2 
and an annual flow of 77 million cubic metres. These basins receive 1,700 
million cubic metres of rainfall a year. The wadis have a maximum flow of 
between 10 and 250 m3/s for short periods (a few hours), The flow coefficients 
are in the order of 2 to 20 per cent. 

Towards the east there are three wadis with basins larger than 1,000 km2, 
Several others have basins smaller than lOO km2, The sediment discharge can 
be as high as 132 t/km2/year with a mean annual flow coefficient of three per 
cent, Several earth dams have been built to store the flood waters. 

There is a large number of small springs, but many of them have dried up 
in recent years on the Jabal Nafusah and Jabal Akhdar. The country's two 
main springs are the Ain Tawurgha east of Misurata and the Ain Zagyanah 
east of Banghazi, The Ain Zagyanah is a karstic spring which yields 90 million 
cubic metres a year; the Ain Tawurgha yields about 60 million cubic metres a 
year. Studies are being carried out to determine the origin of the water of 
these two springs and their vulnerability to sea-water intrusion, 

II, GEOLOGY 

Libya has geological formations ranging in age from Precambrian to 
Quaternary, 

Precambrian. The Precambrian metamorphic basement rock includes quart
zites, phyllites, marbles, schists, gneiss and intrusive rocks which outcrop 
in the south and centre of the country (Tibesti) and in the south-east. There 
are also small outcrops along the Algerian-Libyan frontier, and in the Bergaf 
area (Jabal Hasawinah) where the Murzuq (south) and Ghadamis (north) basins 
meet. Everywhere else in the country the basement rock lies at depths of 
between 500 and 5,000. 

Cambrian-Ordovician, This formation is represented by sandstones of mainly 
continental origin resting in discontinuity on the basement rock with thick
nesses of 500 to 1,500 m, These sandstones are average to coars~ grained; 
they are conglomeratic at the base, usually quartzitic and with intersecting 
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stratification. They outcrop in the south-west and centre of the country 
in the vicinity of the contact between the Murzuq and Sarir-Tibesti basins 
and they attain their maximum thickness in the middle of the Ghadamis
Hamadah basin. They are not found north of the Jabal Nafusah, In the east 
·of the country, north of the 28th parallel N, these formations are either 
absent or found at very great depths. 

Silurian. The Silm:i:an formations occupy a vast area of the Jabal 
Tadrart on the western edge of the Murzuq basin and a narrow strip of land 
east of the Jabal Bin Ghunaymah on the eastern edge of the Murzuq basin. 
They also outcrop on the eastern slopes of the Tibesti and north of Kufrah. 
The Lower Silurian formations are 200 to 300 m thick, They include green 
schist-sandstones and finely bedded sandstones known as "Tanezzuft schists"; 
the Upper Silurian formations consist of solid sandstones with intersecting 
stratification. The series disappears south of the Jabal Nafusah and north 
of Kufrah. 

Devonian. Devonian sandstones and schists overlie the Silurian formation 
in the western basins of the Murzuq and the Ghadamis. The Upper Devonian 
formation contains more schist but in the Kufrah basin the Devonian for
mations are more sandy and less thick. The Devonian formation is not found 
in the Sarir and Sirt basins. 

Carboniferous, This formation is very thick and overlies the Devonian 
in continuity in the Murzuq and Ghadamis basins, It includes schists and fine 
sandstones interbedded with sandstone and limestone and it is 1,200 m thick 
in the middle of the Ghadamis basin. It is more sandy in the Kufrah basin 
and is not found in the other basins. 

In the Murzuq and Ghadamis basins there is a sequence of continental 
sediments of Paleozoic-Mesozoic age covering in discontinuity the Paleozoic 
marine sediments. This is the "Post-Tassili" group of fine-grained sandstone; 
it is of variable thickness up to 600 m, The coarse continental sandstone 
known in the region as ''Nubian sandstone" overlies these formations in 
discontinuity in the Murzuq and Kufrah basins: it outcrops extensively in the 
south of the country. It is more than 1,000 m thick in the middle of the 
two Mesozoic-Cenozoic basins. In the north-west, in the Ghadamis and Gefafa 
basins, are found sedimentary formations deposited in shallow water ranging 
in age from Middle Triassic to Paleocene. The Triassic formations consist 
of Kurrush sandstone, Aziziyah limestone and Abu Shayeah sandstone. These 
formations increase in size towards the north and can provide important 
aquifers. They are overlain by Jurassic rocks (Abu Ghaylan gypsum and Tokbal 
limestone) and Lower Cretaceous rocks (Kiklah sandstone), These formations 
form the Gefara group. The Nafusah group includes the Upper Cretaceous for
mations of Sidi al Sid Nalut, Tigrinna and Mizdah, which consist of lime
stones, dolomites, marls and a little gypsum, The Paleocene deposits outcrop 
in the Ghadamis basin; th~yinclude marls, limestones, sedimentary schists, 
with gypsum in places, chalk, dolomites and clays, In the Sirt and Sarir 
basins thick layers (3, 000 m) of Tertiary rock (Paleocene-Miocene) overlie 
the Cretaceous formation. The Lower Middle Eocene formation alone can be up 
to 1,700 m thick in the Sirt basin and it includes dolomites, anhydrite, 
argillaceous limestone and, in places, chalky limestone and sandstone. 
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Basalts. Volcanic rocks are found extensivel2 south of Ghargan and 
Jabals Sawda and Haruj (over an area of 30,000 km ) and Jabal Nugayy 
(Tibesti). They are mostly olivine basalts and phonolites of Oligocene 
and Early Quarternary age. 

Quaternary. The Quaternary deposits include immense expanses of sand 
dunes in the Murzuq, Kufrah and Sarir basins, as well as loess and alluviums 
in other regions, and coastal mountains consisting of eolian calcarinites 
and sebkha formations. 

III. GROUND WATER 

Administrative organization and research 

The Department of Water and Soil (DHS) is the sole government body 
responsible for research, development and management of ground-water re
sources, It reports to the Secretariat of Agricultural Reclamation and Land 
Development (SARLD) and has four technical sections: 

i) Water resources: supervision and technical support of drilling 
operations, hydrogeology, hydrology and geophysics; 

ii) Dams: study of sites, construction, management and maintenance; 

iii) Soils: soil studies, including tests and cartography; 

iv) Irrigation and drainage: this section was set up only recently. 

Water supplies for urban areas are the responsibility of the Secretariat 
of Utilities. The Secretariat of State for Electricity is responsible for 
the desalination plants which supply several coastal towns. 

Before 1972 the Ministry of Agriculture was responsible for water
resources research and exploitation for both domestic and agricultural supplies. 
The General Water Authority (GWA) was set up in 1972 in response to the 
population growth and increased demand for water; it has become the sole body 
responsible for lvater for the whole country, with regional offices at 
Benghazi, Sabha and elsewhere. The country has been divided into five water 
regions, each serviced by a team of geologists and hydrogeologists. A 
drilling section and a geophysical section have also been established. The 
drilling section is responsible for the preparation of the technical specifi
cations for purchases of drilling equipment and the supervision of the works. 
The geophysical section is responsible for geophysical prospecting and the 
diagraphic testing of wells. The hydrogeological section carries out studies 
and prospecting operations either with its own resources or by subcontracting 
to study companies or international bodies. It has a specialist group res
ponsible for the collection and interpretation of data, particularly with 
respect to fluctuations in static water levels and water quality, as well as 
a hydrogeochemical laboratory. 

In co-operation with the United Nations Development Programme, a large 
group of water-resources and hydraulics experts was invited to initiate and 
run study and works programmes for their Libyan counterparts, most of whom 
are young graduates without field experience. These experts also act as 
technical advisers. 
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Several institutional changes have since been made, For example, the 
GWA acquired the status of ministry in 1977 and became the Ministry of Dams 
and Water Resources; the Department of Water and Soil was established later. 
Dams and soil have thus been brought under the authority of a service which 
previously was concerned only with water, 

Many hydrogeological studies were made before 1977 by the Agricultural 
Development Council (ADC), a body established to develop the land and launch 
agricultural projects, for example the study on the western part of the 
country carried out by the French Study Group in Libya (GEFLI). Petroleum 
research has also provided abundant data on ground water. 

With a view to exercising effective control over the drawoff of ground 
water, the Department has prepared and is obtaining approval for strict 
legislation on water use and issue of drilling licenses, This legislation is 
also designed to limit the risks of ground-water pollution and it prohibits 
any increase in the extraction of water in certain sectors, along the coast 
in particular, in order to prevent contamination by sea water, 

Modern techniques are employed in the study and evaluation of ground
water resources, Advanced technologies must be used, for water boreholes in 
Libya penetrate to 1,000 m and even deeper. Boreholes have had to be 
drilled to 2,000 m and deeper in order to study certain aquifers. Complete 
diagraphic studies are made of the majority of the deep boreholes, together 
with test pumping, chemical analyses and paleontological dating, in order to 
determine the properties of the aquifers and make the necessary correlations 
with the wells in the vicinity. Isotopic analyses are also made of the re
charge, flow and age of the ground water and of losses through evaporation, 
Good results have been achieved recently by studies on the intrusion of sea 
water in the coastal zones and on evaporation from sebkhas, Mathematical 
models have also been used to estimate the water resources and simulate the 
future drawoff and its quantitative and qualitative impact. 

The DWS has organized several kinds of training programme in close co
operation with FAO; training in universities abroad (United States, United 
Kingdom and elsewhere); training on the site or in study offices in Libya 
itself; and short courses in Libya or abroad, A water resources institute 
has also been set up in Tripoli to train senior technicians. 

Hydraulic regions 

Jones (1971) divided the country into 19 hydrogeological regions, 
mainly on the basis of geological criteria; each region has several aquifer 
systems which have various and complex interrelationships. Pallas (1978) 
introduced a more detailed classification based on hydrogeological factors 
and for practical reasons he reduced the number of regions to five: 

- Murzuq basin; 

- Jabal Nafusah, Sawfajjin basin, western Sirt and Hamdah; 

- Gefara plain; 
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- Sarir and Kufrah basins; 

- Jabal Akhdar system. 

Murzuq basin- area: 300,000 hn2 

1, Lower Paleozoic aquifer: Cambrian-Ordovician, Silurian and Devonian 
(the Lower Silurian formation known at "Tanezzuft schist" is not water
bearing), This aquifer extends towards Algeria, Niger and Chad, The Cambrian
Ordovician sediments outcrop extensively in the Jabal Fezzan, The aquifer 
is recharging in the whole of the centre of the basin, It consists mainly 
of sandstone of varied texture and composition interbedded with schists, 
particularly in the upper part, 

The water-bearing strata in this system consist of the following 
formations: 

- Hazawinah, Hauaz, Melezz and Memouniat (Cambrian-Ordovician, thick
ness 200-1,400 m); 

- Tadrart, Ouan Kasa, Uwaynat, Wannin (Devonian, thickness 40-600 m). 

The piezometry declines from south-west (700 m) to north-east (250 m), 

Owing to the lack of rainfall (7 to 21 wm/year), the recharge is 
practically nil; this has been demonstrated by isotopic analysis, which 
has shown that no tritium is present, Carbon-14 dating indicates an age 
of 6,000 to 14,000 years, 

The natural depletion of the aquifer is probably in the order of 0,1 mm/ 
year; this occurs through evaporation in the sebkhas and the exploitation of 
wells along Wadi Ash Shati where the slo~of the aquifer is 1,3 per cent as 
against 0,2 to 0,3 per cent in the rest of the basin, The transmissivity 
values are around 1o-5 for the artesian aquifer, 

The quality of the water in the Paleozoic aquifer is generally good to 
very good, The dry residue is usually below 1 g/1 and sometimes below 
150 mg/1, However, the water quality deteriorates towards the north-west, 

The Cambrian-Ordovician and Devonian aquifers have similar properties; 
this seems to indicate that they are interconnected (the similarity even 
extends to the isotopic composition), The water is mostly of the sodium 
chloride type, very corrosive and fairly warm (35°C to 40°C, 

2. Carboniferous aquifer: this consists of a thick impermeable stratum of 
argillaceous schist between the previous aquifer and the aquifer lying above 
it, which is described below. 

3, Upper "Nubian" aquifer: this aquifer is situated in the basin's centre 
and is covered with Quaternary eolian deposits in the form of sand dunes 
and a "sand sea". 
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It consists of coarse and thick sandy conglomerates intersected with clay 
strata. The thickness declines from 1,000 m in the middle to 200-300 m at 
the edges, 

The aquifer is apparently not recharging, owing to the lack of rainfall 
and the heavy evaporation, Carbon-14 dating indicates that the water is about 
21,000 years old, The ground water flows towards the north-east, The trans
missivity values ranges from 1,3x1o-2 to 2,8x10-3 m2/s. The storage co
efficient is in the order of 2 x 1o-4, The porosity of the Nubian sand-
stone is 20 to 40 per cent. The <>ater is more saline in the shallow wells 
owing to evaporation and the recycling of irrigation water, The facies is of 
the sodium chloride type with a dry residue of 160 to 180 mg/1 for the deep 
wells and 1 to 4 g/1 for the shallow wells, 

Jabal Nafusah, basins of Sawfajjin, <>estern Sirt and Hamadah 

This is a group of hydraulically interconnected sub-basins located in a 
zone which is very arid, except for a strip in the north where the .rainfall is 
200 to 300 mm/year, The following are the main aquifers: 

1. The Cambrian-Ordovician aquifer is an extension of the lo<>er aquifer of 
the Murzuq basin; it is located in the central part of Hamadah at great depths 
and cannot therefore be exploited; it is exploited in the south, where it is 
not recharging. It plays an important role in the recharge of the Lower 
Cretaceous sandstone aquifer and the Upper Cretaceous limestone aquifer, The 
transmissivity ranges from 10-2 to 10-3 m2/s. The storage coefficient is 
10-1 in the unconfined zone and 10-3 to 10-5 in the recharge zone, The water 
quality is exceptionally good in the south but it deteriorates towards the 
north in step with the decline in the hydraulic gradient, 

2. The Lower Cretaceous aquifer or Kiklah aquifer is by far the most im
portant reservoir in the north-west of the country, It consists of fine to 
coarse sandstones interbedded with silt, schist and clay, and it is recharged 
from the belt of Lower Cretaceous outcrops which runs along the western edge of 
the Jabal Nafusah and by the Cambrian-Ordovician aquifer, It is also thought 
that part of the recharge may come from the Algerian Atlas, 

The aquifer is exploited by boreholes at 
are either artesian of sub-artesian springs, 
aquifer is generally good and its dry residue 
g/1. 

depths of 700 to 1,000 m which 
The water quality of the Kiklah 
does not usually exceed 1 to 2 

3, The Upper Cretaceous aquifer or Mizdah aquifer is well developed south 
of the Jaba1 Nafusah, central and eastern Hamadah and the Misratah area, It 
consists of limestone interbedded with marl and is 100 to 300 m thick. In the 
Al Jufrah area it is exploited for the irrigation of two farming areas by 
means of artesian boreholes, In this area the Mizdah aquifer is in contact 
with the Paleozoic aquifer. The ground water flows towards the north-east, The 
transmissivity is 3,6 to lo-3 m2/s and the storage coefficient is around 
lo-3: the aquifer's capacity declines towards the west, It is recharged by 
direct infiltration of rainwater and surface runoff on the southern slopes of 
Jabal Nafusah, the northern slopes of Jabal Gargaf, Jabal Sawda and Jabal 
Haraj, and by underground contact with the Paleozoic and Lower Cretaceous 
aquifers, The water quality of the Mizdah aquifer varies greatly throughout the 
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area. At Jufrah the dry residue is fairly low at 1.3 g/1, but it increases 
towards the west, reaching 4,4 g/1 in the Hamadah. The water has a low pH 
value; it is corrosive and warm, The upper Cenomanian Nalut aquifer in the 
north-east also deserves mention, However, this aquifer has poor properties 
and it is very saline in the north and north-west. 

4. The Cenozoic aquifers (Eocene, Oligocene, Miocene) include thick deposits 
of limestone and dolomites separated by thick layers of clay, marl and 
argillaceous schist in the western Sirt basin in the north, and by layers of 
argillaceous marl and schist in the western Sirt basin north and east of the 
Hun graben, The dry residue is usually greater than 5 g/1, except in a few 
places where perched aquifers are found, 

In the coastal zone between !1isratah and Khums there is a !1iocene
Pliocene Quaternary aquifer of somewhat better quality which is used for small
scale irrigation and drinking vmter, It is recharged by rainfall and by 
lateral contact with the Nalut aquifer, Excessive pumping has caused a 
deterioration in the water quality through sea-water intrusion, 

This multi-layered aquifer discharges through the Tawargha and Ka'am 
springs, which have yields of 63 and 11 million cubic metres a year respec
tively, through evaporation from the big coastal sebkhas of Tawargha and 
Mishah, and through a large number of boreholes, 

The Gefara plain - area: 15,000 bn2 

This triangular plain occupies the north-west of the country between 
the Jabal Nafusah in the south and the Mediterranean in the north. It is of 
great economic importance, for it contains 40 per cent of the country's 
population and many of the urban areas, including the capital Tripoli. Much 
of the plain is irrigated and it supplies more than half of the country's 
farm production, The main aquifers are: 

1. The Quaternary aquifer which constitutes the "phreatic" aquifer and 
also includes formations of Upper Miocene, Pliocene and Quaternary age in 
central and northern Gefara; these formations are 30 to 150 m thick; they 
are hydraulically interconnected and behave as a single unit. The aquifer's 
saturated layer is 10 to 90 m thick, Close to the coast the aquifer's trans
missivity is in the order of 2 x lo-3 to 10-2 m2/s and in the interior 
2 x 10-2 to lo-1 m2/s; the storage coefficient is 6 x lo-2 to 10-1, The 
wells penetrating the Quaternary aquifer yield 20 to 60 m3jh, 

The static water level is declining steadily at 5 m/year in the areas of 
intensive irrigation. Sea water is therefore intruding along a coastal strip 
two to five kilometres deep between Sabratah and Tajura, 20 kilometres east 
of Tripoli. 

In the central part the water has a dry residue of 1-2 g/1; this 
concentration increases towards the west owing to the influence of the gypsum 
and limestone intercalations at the base of the aquifer which yield heavily 
sulphated water, Concentrations of nitrates in excess of 45 mg/1 are common, 
and vertifical drainage from the underlying Middle Miocene aquifer and the 
presence of sebkhas have the effect of increasing the salinity to over 5 g/1 
between Sabratah and the Tunisian frontier. 
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The Quaternary aquifer in the western Gefara plain is fairly small, with 
a saturated layer 10 to 30 m thick. It is also confined to a narrow strip 
running towards the west and it has good-quality water with a dry residue 
below 1 g/1. 

The aquifer is directly recharged by rainwater and surface runoff from 
the wadis, The lateral contact in the south and the vertical drainage from 
the Middle and Lower Miocene formations are also thought to contribute to the 
recharge. 

2. The Miocene aquifer includes the Middle and Lower Miocene formations 
of central and northern Gefara, 

- Middle Miocene: the aquifer lies between two clay strata, Its top 
is at a depth of 10 to 120 m and it is 125 to 200 m thick, The average trans
missivity is 5 x 10-2 m2/s and the storage coefficient is 1 x 1o-3, The 
aquifer is recharged by lateral contact to the south, The water quality is 
poor, with dry residues of 3 to 4 g/1, 

- Lower Miocene: the aquifer is formed by sandy or dolomitic limesc.one 
in western and central Gefara. It lies at a depth of 250 to 390 m. 
to 485 m west of Sabratah, where it is 80 m thick and has a transmissivity of 
5 x l0-4 m2/s. The dry residue is 2 to 4 g/1. Towards the west the salinity 
exceeds 6 g/1 and the aquifer is not exploited despite its artesian properties, 
The aquifer is recharged laterally from the Triassic limestones to the south. 

In eastern and central Gefara, where it seems to be in hydraulic contact 
with the underlying Upper Triassic aquifer of Abu Shayba, the aquifer consists 
of sandy limestone and conglomeratic sandstone, It lies at a depth of 150 
to 200 m. The transmissivity is around 5 x 1o-3 m2(s and the dry residue 
ranges from 2.5 to 4.5 g/1, with a high sulphate content, Further east the 
aquifer declines considerably in thickness and the water quality improves. 

3. The Triassic aquifers, of which there are two: 

- the sandstone aquifer of Abu Shayba of Upper Triassic age has a maximum 
thickness of 350 m and underlies the eastern and central Gefara plain. It has 
a transmissivity of 5 x 10-3 m2/s and a storage coefficient of 10-2, The 
water quality is generally good, with a dry residue of less than 2 g/1, a high 
iron content and increased concentrations of salt and sulphates close to the 
coast. T~e aquifer becomes unconfined in the south close to the piedmont of 
Jabal Nafusah. 

- The Aziziyah aquifer (Middle and Upper Triassic) is formed of dolomitic 
limestone and is exploited in the southern part of central Gefara where it is 
unconfined and has a transmis$ivity of 2 x 10-2 to 5 x 10-2 m2fs and a 
storage coefficient of 5 x 10-2. The secondary porosity is lower towards the 
south and the clay intercalations larger; the transmissivity is therefore 
lower here, The average yield of the wells is 70-110 m3/h for the unconfined 
part and 30-50 m3fh for the artesian part. The dry residue ranges from 2 g/1 
in the south to 4 g/1 in the north. North of the Aziziyah fault the aquifer 
slopes down towards the north through a series of ladder faults and reaches a 
depth of 900 m near Tripoli. In eastern Gefara, it lies at a depth of 200 to 
500 m and has a transmissivity of 1 to 5 x 1o-3 m2fs and a dry residue of 
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1.7 to 2,5 g/1. Other Lower and Middle Triassic sandstone aquifers are found 
in the Gefara plain, However, they are of no economic value owing to their 
great depth and heavy salinity, 

Kufrah and Sarir basins 

These basins cover a large part of eastern Libya and extend towards Chad 
and Egypt. They are limited in the north by the 30th parallel N and in the 
east by the 18th meridian E, This region is divided into two sub-basins 
running along the 25th parallel N: 

- Hydrogeology of the Kufrah basin, The basin's hydrogeology was first 
studied in detail in a small zone around Kufrah. Lithological data collected 
during scattered oil-drilling operations are available for the rest of the 
basin. 

A Cambrian-Lower Cretaceous aquifer with a maximum thickness of 3,000 m 
at its centre occupies the whole of the basin. It consists of continental 
sandstones interbedded with clay and silt, At present only the continental 
Mesozoic aquifer of Nubian sandstone (Triassic-Lower Cretaceous) is ex
ploited, supplying water to two irrigated areas and to the inhabitants of 
Kufrah. The aquifer is probably saturated for a depth of 1,000 m, but the 
wells rarely exceed 300 to 400 m. The static water level in the Nubian sand
stone is only a few metres below ground level, 

The ground water flows north and north-east and the static water level 
falls by 400 m for an unknown reason. The boreholes have fairly high discharges 
(135 to 300m3/h) and high specific yields (10 to 50 m3/i/m). The trans
missivity ranges from 300 to 350 m2/day and the storage coefficient from 
1.1 x 10-4 to 1.5 x 10~2. The regional drawdown due to pumping is closely 
monitored by means of a network of observation wells located close to or 
within the pumping zones. A maximum drop of 25 m was observed in the central 
part of these zones up to April 1985; the drop declines rapidly away from the 
centre and is only 20 to 25 cm at a distance of 30 km. It is due mainly to 
the drawoff of ground water: 90 to 120 million cubic metres a year, Pumping 
began in 1968 but the drawoff did not reach the above amounts until 1975. The 
phreatic aquifer, which is up to 60 m in depth, is sometimes considered as 
a separate unit mi'ing to its hydrochemical properties, It has long been ex
ploited by local farmers. In fact, it behaves in the same manner as the under
lying aquifers and its water level has declined by nine metres (up to April 1985), 
The water is of excellent quality. For 137 deep wells the mineral content 
does not exceed 180 to 300 mg/1, It is usually higher in the phreatic aquifer, 
with a maximum of 8 g/1 depending on the location and depth of the well. 
Wells located close to sebkhas or lagoons are obviously more likely to be 
saline, The water of the deep aquifer has a low pH value and a high C02 con
tent; it is therefore corrosive; the free C02 content is 34 to 57 mg/1 near 
Kufrah, thus threatening the wells and their superstructures and increasing the 
construction and maintenance costs, 
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- Hydrogeologz_yf the Sarir (or Si]Ct) _basin. This basin is situated 
north and west of the Kufrah basin. No research has yet been carried out 
in the Sarir Tibesti basin. The following remarks apply only to the northern 
part (Sarir Calancio) which has been studied since the end of the 1960s with 
a view to establishing two tapping fields for irrigation purposes. At 
present (1985) additional tapping fields are being developed to supply water 
to the coastal zone. This basin is younger than the Kufrah basin (Paleocene
Miocene), but the aquifers are limited to the post-Eocene formations; two 
of them contain fresh water: 

i) The Post-Middle Miocene aquifer (PMM), which can be up to 200 m 
thick, consists of medium to coarse grained sands merging into calcareous 
sandstone with fine intercalations of clay. 

ii) The Lower and Middle Miocene aquifer (LMM) in the Maradah formation, 
which can be 150-880 m thick. In the north it consists of marine limestones 
and clays with evaporites, and in the centre of alternate formations of clay, 
limestone, sand and coastal sandstone. 

Fluvial sands and thin strata of sandstone and clay predominate in the 
south and south-east. 

The Oligocene aquifer is 240-730 m thick and consists of coarse sands 
and sandstone interbedded with clay (non-marine facies) in the south and 
south-west. 

Further north, calcareous sandstone, limestone, dolomitic rocks and 
clays with some evaporites (marine facies) make up the bulk of the series. This 
aquifer is normally in hydraulic continuity with the LMM in the exploitation 
zone in the south and south-west. 

The Post-Eocene reservoir is therefore a multi-layered system. The 
vertical gradient between the P}lli and the LMM is less marked in the south 
but it increases towards the north owing to the larger amounts of schists and 
carbonates. In both the aquifers the ground water flows towards the north 
or north-east. The piezometric maps indicate a drop of 200 m from south to 
north over a distance of 500 km. The hydraulic gradient is therefore in the 
order of 4 x lo-4. The discharge of the Post-Eocene reservoir is effected 
through sebkhas and pumping. The recharge comes from underground migration 
from the Kufrah basin (Nubian sandstone and Cambrian-Ordovician aquifer). 
The hydrogeological properties have been determined from the results of several 
test pumpings. There are large variations in the transmissivity coefficients 
although most of the wells are located within a relatively narrow strip of 
territory running north to south. In the south, wells dug to a depth of 
300 m and lined between 150 and 300 m draw water from the LMM; they indicate 
current transmissivity values of about 1,300 1n3/ day, but higher and lower 
values are also found. The storage coefficient (artesian aquifer) is 5 x 10-4, 
In the north, the wells drilled in the LMM give transmissivity values of 
750 to 1,000 m2/day with a maximum of 10,000 m2/ day for wells located in a 
band one to five kilometres wide and running south to north for a distance of 
50 km, which in some places is considered to be a buried fossil bed. 

All the boreholes in this part of the Sarir basin penetrate only part of 
the way into the aquifer. The test holes designed to reach relatively greater 
depths for the big Sarir water development project penetrate the Oligocene 
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aquifer, crossing the saturation zone over a depth of 400 to 500 m. These 
holes indicate transmissivity values of 1,100 to 6,300 m2/day, Table 1 
lists the hydrogeological properties of the fresh-water aquifers in the 
Sarir and Tazirbu regions. 

The PMM aquifer in the centre and north of the basin is unconfined in 
the south but becomes artesian in the north as the silt and clay intercalations 
grow thicker, Artesian conditions are found in the extreme north, with 
water levels of two to five metres above ground level at Maradah (25°N and 20°E). 
Elsewhere the depth to water in the Post-Eocene formations ranges from a few 
metres to more than 80 metres depending on the altitude of the ground level. 
Pumping in the southern part of the centre of the basin causes gravity drain
age from the PMM to the LHM aquifer, but except in the buried fossil bed this 
phenomenon is less marked towards the north owing to the changes of facies, 
Vertical drainage may occur from one aquifer to the other, in particular in 
the central area where the LMM/Oligocene aquifer has a head of water 15 m 
higher than in the shallow LMM and PMM aquifers; the well Jwdrograms in-
dicate hydraulic continuity. 

The water quality in the Post-Eocene aquifer varies greatly both verti
cally and horizontally, depending on the lithological and topographical 
changes and the mixing of water and on the drainage between the main aquifers, 
As a rule the salinity increases from south to north in the direction of the 
underground flows. North of the 28th parallel N there is a sharp change in 
the water quality, with a high concentration of gypsum and anhydrite in the 
formations which increases the dry residue to 5 g/1. The topographical de
pressions and sebkhas in the north produce high concentrations of salts, 
particularly in the shallow aquifers, South of the 28th parallel N the 1,rater 
is usually sweet with a salinity value of less than 2 g/1 in the productive 
zone, i.e. the zone lying between 150 and 300 m deep, But "pockets" of 
very saline water exist in the more southerly areas, and dry residues of 
5 to 8 g/1 have been found in the phreatic aquifer (at 3C to 50 m below 
ground level), 

The Jabal Akhdar system 

The Jabal Akhdar is located in the north-east of the country, north of 
the Sarir basin, It is an east-west anticline and its formations date from 
the Upper Cretaceous and Tertiary eras. The main aquifers are found in the 
fractured limestone rocks of the Eocene and Miocene eras which are hetero
geneous, anisotropic, karstified and hydraulically interconnected at the 
regional level. The water level falls by more than 400 m over a fairly short 
distance north and south of the Jabal's axis. The crest of the range is a 
watershed for both surface and ground water, The flow is north and south in 
the central part and becomes radial with an easier gradient in the east and 
west. The aquifers are recharged exclusively by direct infiltration of rain
water and surface runoff. 

The Hiocene aquifer is unconfined. It consists of limestones and dolo
mites covered by Oolithic limestones and calcarenites, East of Benghazi the 
transmissivity ranges from J.o-2 to J.o-4 m2/s with higher values in the 
karstified areas, 

- 227 -



N 
N 

"' 

Region or 
project 

SARIR 

Sarir projects 
1. Sarir-South 

2. Sarir-North 

3. Sarir water 
project 

4. Jazlu/ 
Awjilah 

5. Maradah 

(farm 
project) 

TAZIRBU 
1. Tazirbu 

project 

Table 1 

Hydrological properties of fresh-water aquifers in the Sarir and Tazirbu region 
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The dry residue is in the order of 1,3 to 2,5 g/1 and it is tending to 
increase as a result of the more intensive pumping in the Benghazi plain 
which has led to sea~water intrusion along the coast, 

Elsewhere the Eocene aquifer consists of chalky and marly limestone. 
It is unconfined in the area of the Jabal and partly artesian or semi~ 
artesian elsewhere. Generally speaking, the aquifer has low transmissivity 
values (10~3 to lo-5 m2/s), except in the heavily fractured zones, 

The water of the Eocene aquifer is of good quality with a dry residue 
of between 0,6 and 1,2 g/1. Higher concentrations are found in the Benghazi 
plain, South of the Jabal Akhdar the water quality deteriorates quickly 
and the dry residue increases to 5-10 g/1. Salt contents in excess of 
10 g/1 are not uncommon in the vicinity of the coastal and interior sebkhas 
which act as natural outlets for the ground water, 

IV. EXPLOITATION OF GROUND WATER 

Although the intensive research into new water resources for the ambitious 
development plans is continuing, the authorities are launching new projects 
for exploitation of ground water, New tapping areas are being brought into 
service close to the main towns and land recently brought under cultivation. 
The water is either drawn off close to the utilization points or channelled 
to the areas where it is needed, Vast projects are being implemented to bring 
ground water from the interior of the country to the coastal areas, This 
is the result of several years of study on the part of the Department of 
Water and Soil working in co-operation with several bilateral and inter
national co-operation bodies, 

Drilling activities 

A water-drilling section was set up in 1972 in the General Water 
Authority to prepare water-drilling programmes and supervise the works, Its 
staff includes experienced drilling engineers and drilling supervisors. 
The main unit is based at Tripoli with local offices at Benghazi and Sabha. 
An FAO team of drilling experts consisting of an engineer and three super
visors has been giving technical support to the section for about 10 years. 

A three-year degree course for technicians covering several subjects 
in the area of water-resources exploitation, including drilling techniques, 
was started towards the end of the 1970s, The graduates are taken on by the 
DWS, drilling companies, municipalities, regional farm services and other 
State bodies responsible for water exploitation. 

In addition to their training in the field and in study offices, six of 
the drilling supervisors have received intensive training in Bulgaria, 
Other technicians are assigned to the tasks of monitoring the aquifers, 
supervising test pumping, collecting water samples for chemical analysis, and 
to other activities concerned with dams and surface water, Several national 
and foreign drilling companies have set up in Libya; most of them have deep 
drilling equipment, Table 6 gives an idea of the scope of the drilling ac
tivities in the basins of Gefara, Jabal Nafusah, Sawfajjin and Sirt under the 
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direct control of the Tripoli office, Drilling operations in other areas 
are supervised by the Benghazi and Sabha offices, The table gives details 
of the drilling works carried out from 1980 to 1984 by three companies; 
the other 20 companies are grouped together, Several thousand wells have 
been drilled by small private enterprises for domestic and irrigation purposes, 
No data is available for the majority of them, 

However, the central and branch offices of the drilling section of the 
DWS do have data on the drilling operations which they have supervised, 
Subcontractors must furnish final reports containing all the necessary 
information, 

The rotary rigs used in Libya have a lifting capacity of 20 to 180 tons, 
so that they are able to drill to depths of up to 2,000 m, The deepest hole 
so far is 2,200 m, All drilling methods are used: mud, clean water, air
lift with normal or inverse circulation, and foam, 

Some public bodies and small firms still use small cable-tool rigs, 
mainly in the karstic formations in the east, in shallow wells close to 
Tripoli and in Wadi Ash Shati. 

Deep drilling techniques similar to those used in oil wells are em
ployed in the drilling and furnishing of the wells, Wells over 800 m deep 
are equipped with telescopic tubing. Artesian wells are fitted with a 
specially designed cap to control the wellhead discharge and combat corrosion. 
As a rule diagraphy is used to determine the calibre, the spontaneous po
tential, the resistivity, and the neutron-ray and gamma-ray logs. On com
pletion the borehole is fitted out and undergoes test pumping to determine 
the hydrogeological properties of the aquifer, The final test lasts 72 
hours and includes pumping to increasing depths and measurement of the re
covery, Water samples are taken for analysis and a final report, including 
all the hydrogeological, lithological and drilling data, is drafted and sub
mitted to the inventories section, 

A network of observation wells has been established in all areas of 
ground-water exploitation in order to monitor the fluctuations in the static 
water level either annually or by means of automatic recorders. The data are 
collected periodically and used in the preparation of hydrograms and pie
zometric maps. 

Use 

Almost all Libya's water resources come from ground-water aquifers, 
Agriculture consumes most water (80 per cent); next come the urban and rural 
populations, followed by industry, Several attempts have been made over 
recent decades to quantify the consumption of ground water by all users by 
means of direct and indirect techniques employed either separately or in 
combination: field surveys to establish well inventories, water meters, 
calculation of the water drawn off on the basis of the energy consumed (for 
pumping), extent and nature of irrigated areas, field surveys or inter
pretation of aerial photographs and satellite images, etc. 
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The per capita domestic consumption of water is around 250 to 300 
litres a day in the towns and 100 to 150 litres a day in rural areas. The 
present drawoff is in the order of 278 million cubic metres. 

The per hectar consumption of irrigation water is 5,000 to 15,000 
cubic metres a year and it can be as high as 20,000 cubic metres a year in 
the southern regions. In the Murzuq basin, for example, the new agricultural 
projects launched in 1974-1976 entailed water consumption which reached 
230 million cubic metres in 1983-1984 (see table 2 below). The figures 
given below do not include the water dra<<n off for small private farms and 
for the requirements of towns and industries, 

Table 2 

Drawoff of ground water for irrigation projects in the Murzuq basin 

(hm3) 

Zone 

Murzuq 
Awbari 
Sabha 
Birak 

Total 

Initial estimate 

115.55 
132.42 

17.40 
145.81 

451.18 

1979/80 

76.40 
36.10 
14.20 
41.20 

167.90 

(P. Illy, 1984) 

1983/84 Forecast 

83.50 222.30 
63.17 135.40 
19.20 20.00 
68.30 151.20 

234.17 528.90 

Almost everywhere the biggest consumption is by private farmers and 
it is continuing to grow at a very strong rate, as can be seen from the 
following table. 

Table 3 

Drawoff of ground water in the Sabha zone 

(hm3) 

Use 

Agriculture (private) 
Sabha farm project 
Livestock project 
Urban and industrial 
supply 

Total 

1972 

25 

5 

30 

1977 1985 

55 115 

3 8 

12 27 

70 150 
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According to Idrotecnico, in 1978 the use of water (hm3) in the Wadi 
Ash Sha ti and Jufrah zones wa.s as follows: 

Wadi Ash Shati Jufrah Total 

Domestic 2,5 1.8 4.3 
Private agriculture 90.0 2.9 92.9 
Farm projects 40,5 26.1 66.6 

Total 133.0 30.8 163.8 

In a recent study which it made for the DWS on the various possibilities 
of supplying water to the Gefara plain FAO cited the data used in estimates 
of the amounts of water consumed in the plain during several periods from 
1948 to 1978, 

Table 4 

Use of water in the Gefara plain from 1948 to 1978 

(hm3/year) 

Year Pumping for Pumping for Total 
agriculture urban consumption pumping 

1948 12 12 24 
1953 16 23 39 
1958 80 25 105 
1973 343 75 418 
1978 463 95 558 

Table 5 gives an estimate of the drawoff of ground water based on 
earlier studies, on an extrapolation of population growth, on farm and in
dustry forecasts, and on plans for new tapping areas to supply water to the 
coastal zone from the Kufrah-Sarir and Murzuq basins. 
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Hydraulic 
region 

Murzuq 465 

.Jabal Nafusah, 210 
llmnadah, Saw
rajjin, W, Sirt 

C<~fara 

l(ufrah & 
~:ar:lr 

.Jnbal Akhdar 

Total 

600 

370 

100 

1,745 

Table 5 

Ground-water drawoff in Libya. */ 

1985 drawoff 
(hm3/year) 

45 

60 

120 

40 

105 

370 

Forecast drawoff 
(hm3/year) 

1,150 

270 

700 

1,280 

190 

3,590 

in 2000 

95 

130 

220 

75 

210 

730 

2,115 4,320 

Comments 

Including water 
delivery project 

Including water 
injected for oil 
extraction 

Including water 
delivery project 

*/ Modified, according to WSD, FAO, Idrotecnico, Pa.lla.s, Illy and others, 
with extrapolations based on the projects planned, the water delivery 
plans, and the population growth. 
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Table 6 

Drilling operations in North Libya (western & central) 1980-1984 ":.._/ 

Enterprise No. of 1980 1981 1982 1983 1984 
rigs wells metrage wells metrage wells metrage wells metrage wells metrage 

Local firms 
(Libya) 20 4 1,439 13 2,672 10 2,325 4 1,827 5 2,640 

Bulgarocomin 
(Bulgaria) 14 2 943 14 2,672 18 8,916 16 11,045 21 15,987 

Stojexport 
(Czechoslo.) 5 9 4,994 20 10,222 20 9,805 13 5, 771 13 5,305 

Others 15 4,290 105 17,616 38 14,378 28 6,533 7 1,854 

Total **/ 30 11,668 152 33,182 86 15,444 61 25,176 46 25,786 

Average well depth 389 218.3 412 412.7 560.6 

":_/ Only sites supervised by DWS 

**/ These figures represent about 50 per cent of the operations in the whole country. 



V, PROBLEMS 

It is clear from the foregoing that the de.mand for ground water will 
double between now and 2000, The existing problems will therefore grow 
more acute, especially in the coastal areas and the areas in which the 
fresh-water aquifers are small and rest on salt water, The Gefara plain 
now has a huge deficit in its water balance, which was already in excess of 
350 million cubic metres in 1980 and has caused a considerable decline in 
the water table and sea-water intrusion in the coastal aquifers, The 
penetration is already in the order of 3 to 5 km inland from the coast. 

At Bin Ghashir, 30 km south of Tripoli, the old '"ells tapping the 
first aquifer have dried up and have been abandoned. It has been necessary 
to drill to depths of 250 to 300 m to exploit the second aquifer. 

Else.,here, when the upper aquifer is in hydraulic contact with an 
underlying saline aquifer, as is the case on the coast from Misurata to 
Ajdabiya, the intensive pumping from shallow wells dug along the 1<adis to 
tap the lenses of ground water recharged by rainfall have caused the level 
of the salt water to rise. In many oases close to sebkhas the excessive 
pumping has caused the intrusion of saline continental water into fresh-
1<ater aquifers. 

The implementation of new agricultural projects, especially when it 
involves the dra1<off of irrigation water from deep fresh-water aquifers, has 
also caused problems: as the deep aquifers provide the recharge for the 
phreatic aquifers, these latter aquifers have been directly affected by 
the decline in the water level. This i.s the case in particular at Ghadamis 
and Jufrah and in many other locations. At Jufrah, a place known for the 
quality of its palm trees, farmers are compelled to drill to considerable 
depths to find the water to save their already endangered trees, which used 
to grow naturally by drawing the water they needed from close to the surface. 

Several natural springs in the Jabal Nafusah andJabal Akhdar have 
recently dried up. Until very recently they played an important role in 
supplying water for small settlements and livestock. 

Subsidence has already taken place as a result of the extraction of 
ground water in the Sarir area, The over-exploitation of ground water has 
imposed heavy economic burdens on both private and public sectors. The 
drilling of very deep wells which give water of average or poor quality and 
at high temperature entails the installation of corrosion-resistant 
materials and powerful submersible pumps, and the use of large amounts of 
energy and advanced technologies, particularly where drilling is concerned. 
It also entails high operating and maintenance costs, not to mention the 
cost of cooling and/or treating the t;ater 1<hen necessary. Moreover, the 
ground-water resources have proved insufficient to meet the requirements 
of the densely populated coastal areas; this has meant recourse to the 
desalination of sea water, treatment of waste water, construction of dams 
to store the waters of the wadis before they are lost to the sea, and the 
implementation of the largest project ever conceived for the delivery of 
ground water, in an amount of one billion cubic metres a year, through 
hundreds of kilometres of large-diameter channels from the south to the north. 
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At present a ser;ies of dams stores surface r-unoff \'later; the total 
capacity is 3?8 mHlion cubic metres which will rise to 686 million cubic 
n1etres when the construction programme ;is completed, These dams are de
signed to permit the r-echarge of the aquifers, but so far it has not been 
possible to determine their degree of success in this, Jones (1984) re
ported that a small project consisting of 12 wells situated behind the dams 
on Wadi Tilal West and Wadi Haniyah in the Sirt area could give good re
results in only ten years, maintaining a lens of fresh water above the 
Oligocene-'Miocene saline aquifer, This experimental project, although on 
only a small scale, is of considerable importance for this region which has 
little fresh water, 

A barrier formed of artificially recharged wells is planned as a means 
of halting the intrusion of sea water, The idea is to use treated waste 
water to recharge the wells, for the potential production of the treatment 
plants is about 60 million cubic metres a year and should exceed 140 
million by about 2000, At present waste water is used directly for irrigation 
purposes close to Tripoli and at Az Zawiyah and in other places after three 
phases of treatment: primary and secondary phases with layers of biological 
filters and a tertiary phase with rapid gravity filtration through layers 
of sand, followed by chlorination, 

VI, CONCLUSION 

Ground water is Libya's main water resource, There are aquifers for 
all geological periods from the Cambrian to the Quaternary. In the north 
the resources are partially renewable by direct infiltration of rainwater 
or by surface runoff, However, it has not yet been possible to determine 
whether the aquifers are recharging in the south, As a rule the ground 
water flows from south to north and the aquifers are hydraulically inter
connected at the regional level, The water quality varies greatly from place 
to place and is a major obstacle to the exploitation of ground water, 

The excessive exploitation of ground water in the coastal area has led 
to a rapid decline in the water level and a very large deficit in the water 
balance, not to mention the intrusion of sea water and the deterioration 
in the water quality. Several solutions to this situation are envisaged: 
in the short term, strict control of drilling operations, limitation of 
irrigated areas, prohibition of crops which consume large amounts of water, 
prohibition of irrigation in summer except in the early morning and late 
evening in order to reduce losses through evaporation, high tariffs to 
reduce water consumption, and promulgation of a new law on the use of ground 
water and quality control; in the long term, channelling of ground water 
from deep in the interior, construction of desalination plants to meet the 
needs of the coastal towns, use of waste water after treatment for agricul
tural purposes or to recharge the aquifers, and introduction of irrigation 
methods which use less water and measures to encourage the population of 
the large centres in the north to resettle in the small towns in the south, 

The cost of ground water varies greatly, depending on location, depth 
of the aquifer, discharge, water quality, uses and construction methods. 
As a rule the wells are equipped with submersible electric pumps capable 
of lifting the water several tens of metres, The unit cost per cubic 
metre is in the order to 20 to 50 United States cents, The present state 
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of knowledge, although satisfactory for the aquifers as a whole, must be 
improved, especially with respect to sea-water intrusion, training of technical 
staff, recharge of the aquifers, problems of corrosion of the installations 
and their design, collection and processing of data, pollution of the 
aquifers, karstic aquifers and springs, evaporation from sebkhas, hydro
geological cartography, control of the drawoff of ground water, level of the 
"ater and variations in its composition and quality, 

Some of these topics are already under study; for example, evaporation 
in the Tawargha sebkha, sea-water intrusion along the Gefara coast, hydro
geological cartography and karstic springs at Ayn Zayyanah, where an attempt 
is being made to tap the water before it mixes with sea water in the coastal 
area. 
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