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ABSTRACT 
The Kufra and Sarir basins of Libya have huge 

ground-water resources. Three well fields-Sarir, Kufra, and 
J alo-have been constructed for irrigation purposes. The 
Tazerbo and West Sarir well fields are under construction. 
Wells in these well fields have tapped only a small portion 
of the total ground water available. The hydrological 
behavior of the Sarir well field (determined by using 
analytical and numerical models) indicated a leaky artesian 
aquifer and a significant partial penetration effect. Long
and short-term pump tests did not provide true estimates of 
the values of transmissivity and the coefficient of storage. 

A steady-state mode! of the Kufra and Sarir basins 
indicated a minimum of 80 m3/s of underflow entering 
from Tibesti, Chad and Sudan. A transient mode! was 
constructed to pump a total of 120 m3/s from 14 well 
fields. The simulation indicated that sufficient drawdown 
was available to Iast at least 50 years. 

INTRODUCTION 
Since September 1969, about 50 agricultural 

projects have been completed throughout Libya. 
Two major desert projects, the Kufra Production 
Project (KPP) and the Sarir Production Project 
(SPP), have been in operation since 1971 and 
197 5, respectively. Recently, the J alo Settlement 
Project (JSP) was constructed. A total of 2 million 
m3 of water per day will eventually be transported 
to the coast by pipeline. 
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GEOLOGY 
Conant and Goudarzi (1967) described the 

stratigraphie and tectonic framework of Libya. The 
Kufra basin (Figure 1) in southeastern Libya and 
adjoining parts of Chad, Sudan, and Egypt is the 
least geologically mapped of the Libyan basins. 
A succession of cuestas on the uplifted northern, 
western and southern flanks exposes strata ranging 
in age from Cambrian to Carboniferous. Fisk 
(1970) described the subsurface geology of the 
Kufra well field. The large central part of the Kufra 
basin is occupied by the Upper Cretaceous Nubian 
sandstone. Information from wells drilled in the 
study areas indicates that the Nubian sandstone 
consists mainly of unconsolidated sand inter
bedded with varying amounts of silt, clay and silty 
shale. Underlying the basin is a thick series of 
undifferentiated continental rocks of Carbonifer
ous to Cretaceous age, which were deposited in a 
synclinal fold in the underlying Paleozoic and older 
sandstones and shales. In a 3 049-m deep oil well 
(Figure 2), the entire saturated thickness contained 
fresh water with less than 1,000 ppm TDS. 

The Sirte embayment, commonly termed as 
the Sarir basin, is the youngest of the Libyan 
basins and the only one currently producing oil 
(Conant and Goudarzi, 1967) (Figure 1). The base
ment was formed by large-scale subsidence and 
block faulting that started in Late Cretaceous time 
and continued, at least intermittently, into the 
Miocene and perhaps into the Holocene. Parts of 
the basin floor ultimately sank to depths greater 
than 5 ,000 m below present sea level. Sanford 
(1970) described the stratigraphie sequence pene-
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Fig. 1. Geographic map showing the location of the Kufra 
and Sarir basins, proposed and existing well fields. 

trated by oil wells in the Sarir oil field shown in 
Figure 4. In the Sarir basin, Nubian sandstone 
consists principally of an upper marine shale unit 
lying unconformably on a lower sandstone unit, 
the Sarir sandstone, which forms the oil reservoir 
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Fig. 2. Stratigraphie column of Kufra basin showing the 
Nubian aquifer. 

of the field and which lies directly on basement 
rock. The Paleocene and Eocene formations are 
predominantly composed of marine carbonates, 
whereas the post-Eocene units are mainly 
arenaceous sediments interbedded with clays and 
subordinate amounts of calcareous sandstone which 
locally grade into sandy carbonates. The main 
stratigraphie unit of the post-Eocene formations in 
the area is subdivided into post-Middle Miocene 
(PMM), Lower Middle Miocene (LMM), and 
Oligocene by Wright (1975) (Figure 3). 
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KUFRA PRODUCTION PROJECT 
The Kufra basin is part of a major ground

water province in southeastern Libya which 
extends into Chad, Sudan, and Egypt. Ground 
water is contained in 3,000 m of porous sandstones 
and has excellent quality (< 1,000 ppm TDS). 

In 1968 the Occidental Oil Company drilled 
experimental wells in the Kufra oasis. Tipton and 
Kalambach (1972) designed a well field (KPP) 
consisting of 102 wells spaced 1 km apart. These 
wells are 300 m deep and designed to pump 761/s. 
The Kufra Settlement Project (KSP) has a similar 
well field consisting of 5 5 wells and was con
structed in 1978 southwest of KPP. Ahmad and 
Edibb (1975) suggested that the depth of each KSP 
well should be increased from 300 m to 457 m to 
take advantage of the high transmissivity of the 
aquifer. The KSP wells which have specific 
capacity values ranging from 29 to 52 m 31hrlm 
doubled and tripled the specific capacity values of 
KPP wells. 

Fisk (1970), Eddib (1973), and German 
Water Group (GWG, 1977) analyzed all existing 
pumping test data. The transmissivity data showed 
a distinct distribution. The lowest transmissivities 
were found in the eastern part of the KPP well 
field where values were approximately 200 m2/d. 
The deep wells in the KSP have a transmissivity 
ranging from 1,700 to 3,800 m 2ld. Storage coeffi
cient values ranged from .02 to .0004, and did not 
vary in a systematic manner. Vertical leakage from 
confining beds was observed during the pumping 
tests. 

The KPP was designed to produce 7 6 lis from 
each well, but this has not been achieved because 
of various technical reasons. There are no continu
ous pumping records since 1968 due to malfunc
tioning flow meters. It is estimated that 230 
million m3 of water were pumped prior to 
December 1974, 442 million m3 prior to December 
1975, and 559 million m3 prior to June 1978. The 
majority of the shallow piezometers are screened 
15 to 60 m below static water levels, and the 
majority of the deep piezometers are screened 
from 145 to 240 m below static water levels. Until 
1977, drawdowns in the deep piezometers and in 
the shallow piezometers were 11 and 4 m, respec
tively. GWG (1977) simulated drawdowns in the 
shallow and deep piezometers using K' = 
2.5 5 X 10-s mis, a confining layer thickness of 
30 m, and a specific yield value of 0.2 for the 
upper aquifer. The boundary of the upper and 
lower aquifer was arbitrary. Regionally, the aquifer 
behaves as a water-table aquif er. However, due to 
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man y clay la y ers, the aquif er initially behaves as a 
confined aquifer; after intense pumping, it behaves 
as a leaky aquif er. 

SARIR PRODUCTION PROJECT 
Wright ( 197 5) conducted the initial geological 

and hydrogeological investigations. In August 197 4 
the construction of wells 300 m deep in double 
rows running east to west was proposed. The 
distance between the wells was designed to be 
2.5 km and the distance between the rows was 
designed to be 10 km. The southern well field has 
159 production wells (Figure 4 ). These wells are 
300 m deep and are screened at a depth between 
150 and 300 m. A network of shallow and deep 
piezometers was constructed which are screened 
between 60 to 90 m, respectively. Water levels and 
pumping rates have been continuously monitored 
since 1975. 

During the period of investigation and well 
construction, pumping tests were conducted to 
determine the transmissivity, storage coefficient, 
and leakage factor. The tests indicated that most of 
the wells have a transmissivity of about 1,240 m 2ld, 
a storage coefficient of .0005, and a leakage factor 

(B =V Tb' IK'), varying between 2,700 and 5,000 m 
(Gaod and Ahmad, 1977). 

JALO WELL FIELD 
At the J alo well field, 3 3 wells were 

constructed in three rows in the PMM and LMM 
aquifer. The wells were designed to pump 50 lis 
for an irrigation project. The distance between the 
wells is 2 km and the distance between the two 
rows is 9 km. Pumping test data were analyzed by 
GEFLI (197 8), and indicated an average trans
missivity of 1,100 m 2ld, a specific yield of .03, 
a storage coefficient of .005, a vertical hydraulic 
conductivity of 2.9 X 10-s mis, and a confining 
thickness of 1 OO m. 

TAZERBO WELL FIELD 
In 1979 exploration drilling was conducted in 

the Tazerbo area. Eight exploration and production 
wells were constructed. These wells were screened 
from a depth of 190 to 500 m, and are 500 m deep. 
Each well has one shallow and one deep piezometer. 
These wells encountered about 200 m of Tertiary 
sediments overlying the Nubian sandstone. The 
water level is 15 m below the surface. These wells 
were pumped for 10 to 20 days. The pumping test 
data indicated transmissivity values ranging between 
865 to 4,320 m 2ld, and storage coefficient values 
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Fig. 4. North and South Sarir well fields. Water quality and transmissivity distribution. 
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ranging between 3.5 X 10-3 to 2.0 X 10-4
. No draw

down was observed in the shallow piezometers 
during the pump tests. A shallow production well 
indicated a specific yield of .05. 

Ahmad (1979) simulated a well field consisting 
of 120 wells in two double lines 11 km apart. The 
60 wells in each row would be located 1 km apart. 
These wells would produce 1 million m 3ld and the 
water would be transported to the coast by a 
pipeline. A leaky model was used with K' ranging 
from 2.7 to 0.1 X 10-s mis, and b' = 100 m. 

WEST SARIR FIELD 
A detailed hydrogeological study of the Sarir 

area was conducted by Engineering Consulting 
Group (ECG, 1978), and a generalized study was 
conducted byWright (1975). Ahmad (1979) 
designed a well field using T = 1,240 m 2ld, 
K' = 2.7 X 10-s mis, and b' = 100 m. The well 
field consisted of 150 wells in three double rows. 
The wells in double rows were 2.6 km apart. The 
distance between double lines was 10 km. Each 
well was designed to pump 80 lis. 

NUMERICAL MODEL OF THE 
SOUTH SARIR WELL FIELD 

The Trescott-Pinder-Larson model (1976) was 
used to simulate the drawdown of the South Sarir 
well field using the variable pumping rates from 
March 1975 until October 1979. A flat head and 
no recharge was used. During this period, 264 Mm3 

were pumped and the maximum drawdown in the 
deep piezometer was 5 m, while in March 1982 the 
drawdown was 5.63 m for 467 Mm3 of pumpage. 
A good match was obtained using the following 
values (Ahmad, 1979): vertical permeability of the 
confining bed = 2. 7 X 10-s mis; thickness of 
confining layer= 30 m; storage coefficient= .0005; 
and transmissivity = 1,240 m2/d. 

Figure 5 shows the comparison between 
actual and computed drawdowns in the deep 
piezometers for April 1978. Beljin (1981) matched 
the drawdown in shallow and deep piezometers 
using the Trescott 3-D model (1976), and con
firmed that K' = 2. 7 X 10-8 mis was a reasonable 
estima te. He determined the specific yield of the 
upper aquifer to be 0.1. 

STEADY-STATE MODEL OF THE 
KUFRA AND SARIR BASINS 

A steady-state model of the Kufra and Sarir 
basins was first applied in order to determine the 
transmissivity distribution of the Nubian aquifer 
and the Lower and Middle Miocene aquifers, and 

62 

to determine discharge or recharge for the two 
basins. The head difference between LLM and 
PMM is less than 0.3. The two basins are connected 
hydrogeologically. 

A prepumping potentiometric surface map 
(Figure 6) for Libya and Egypt was prepared using 
the water-level maps of Schoute (1976), Wright 
(197 5), and Jones (1964 ). The water levels in the 
southern part are for the Nubian aquifer and the 
water levels in the northern part are for the LMM 
and PMM aquifers. The Nubian aquifer in the Sarir 
basin is several thousand meters deep and confined. 
These water-level maps were constructed using few 
data points in the southern part of the area. Recent 
drilling south of Kufra, Tibesti, near Uzu and Wan 
Namus confirmed the accuracy of the water-level 
maps. 

The Trescott-Pinder-Larson model (1976) was 
used to simulate the undisturbed water levels. Dis
charge from the Kufra, Tazerbo, and other oases 
was represented by evaporation nodes; the evapora
tion rate was 1.5 X 10-9 mis. A uniform grid of 
85 X 80 nodes was constructed, and nodes were 
located 12.875 km apart. Constant-head bound
aries were used in the south and north. Five 
constant-head nodes were applied to the eastern 
boundary to allow underflow to Egypt. The 
simulated and actual water levels, and the trans
missivity values are shown in Figure 7. The best
matched simulation indicated a total discharge of 
80 m3ls and evaporation of 29 m3/s from oases. 
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Discharge from the Tazerbo, Kufra, Bezima, 
Rabiana, Bir Al Harsish, and Namus oases and from 
Libyan Sabkhat was estimated to be 2,900,000 
m 3ld by the author. Ezzat (1974) reported the rate 
of flow from Libya to be about 3,782,000 m 3ld. 
Therefore, the total discharge of 6,682,000 m 3ld 
compared well with the discharge calculated with 
the model of 80 m3ls or 6,912,000 m 3ld. 

SAFE YIELD FOR EXISTING AND 
PROPOSED WELL FIELDS 

The purpose of this aspect of the study was to 
determine the regional effect of the existing and 
proposed well fields. The steady-state hydraulic 
head transmissivity matrices previously generated 
were used to make two transient simulations. 

A leaky aquifer simulation was carried out 
using constant-head boundaries in the south, north, 
and east. A uniform storage coefficient was given 
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as 0.0005 for the entire aquifer. The confining 
layer thickness was set at 30 m, and the vertical 
permeability at 2.7 X 10-s mis. It was assumed that 
the nine proposed well fields would behave like the 
Kufra, Sarir, and J alo well fields. Each well field 
was assumed to be equivalent to one well having a 
radius of 200 m compared to a grid spacing of 
12.875 km. The option to calculate drawdown at 
the real well radius was used. This leaky aquif er 
simulation was justified because the Kufra, Sarir, 
and J alo are as behave as leaky aquif ers on a long
term basis, and the vertical permeabilities of the 
three areas were found to be 2.55 X 10-s mis, 
2.7 X 10-s mis, 2.9 X 10-9 mis, respectively. The 
ratio of the drawdowns in the shallow versus the 
deep piezometers in the widely separated well 
fields was found to be 1: 2. Table 1 shows the 
simulated drawdown after 50 years of pumping. 

This simulation indicated that a small per-
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centage of water came from storage, and that its 
effect was almost insignificant. By relying on the 
leakage of 114 m3/s and an intercepted underflow 
of 29 m3/s, the aquifer is assured of being produc
tive. The well design plays an important role in 
obtaining the leakage from zones above the 
screened interval. 

A water-table simulation was made using a 
storage coefficient of .05. This simulation pre
dicted greater drawdown in ail well fields. 

RECHARGE 
Ball (1927) made the first attempt to 

construct a ground-water map of the Kufra basin. 
He concluded that the Nubian aquifer is continu
ously recharged by rainfall in the high regions 
situated to the southwest in the Erdi-Ennedi
Tibesti mountains where rainfall ranges from 328 
to 920 mm/yr. These conclusions are supported by 
Ezzat (1959), Sandford (1935), and Gabert 
(1961). Sandford (1935) concluded that the 
Nubian sandstone aquifer gains a substantial 
amount of ground water at the present time from 
Wadi Hawa south of the Erdi area. He estimated a 
recharge rate of 4.6 million m3/d. Alternatively, 
Hellstrome (1940) and Murray (1952) believe that 
this aquifer is not recharged at the present time. 
Pallas (1980) attributed the underflow to the slow 
emptying of this huge area filled up by rainfall 
during the Quaternary pluvial periods. 

Figure 7 indicates a gradient similar to those 
found in temperate countries. However, it is 

Table 1. Simulated Drawdown after 50 Years of Pumping 

Location in Quantity Drawdown 
Figure 6 pumped (m 3!s) (m) 

South Sarra (5) -10 63 
S. Bisharah (3) -10 38 
N.W. Uwaynat (4) -10 61 
S.E. Kufra (2) -10 38 
S.W. Kufra (1) -10 38 
KSP - 5 19 
KPP - 8 88 
S.W. Namus (7) -10 63 
W. Namus (6) -10 63 
Tazerbo (8) -12 75 
S. Sarir - 7 24 
W. Sarir (9) -12 41 
N. Sarir - 5 17 
Jalo - 2 6 

Note: Drawdowns are without well losses. 
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difficult to account for the large volumes of water 
moving through the Sarir and Kufra basins if there 
had not been recharge for the past 5,000 years. 
Burdon (1977) postulated a variety of mechanisms, 
including residual heads, tilting of basin, compac
tion, and evaporation in the discharge zones. He 
concluded that combinations of these mechanisms 
can produce heads inducing flow of fossil ground 
water, but appear to be insufficient to account for 
present hydraulic regimes without some current 
surface recharge. Williams and Hall (1965) indi
cated periods of heavy rain at J abal al Uwayant in 
1921, 1927, 1939, and 1960. UNESCO/UNDP 
(1972) reported that "in Hoggar and Tibesti 
mountains, which rise to heights, respectively, of 
2,158 and 3,265 m, orographie rains occur 
occasionally, but the rainfall rarely exceeds 1 OO 
mm. The storms give rise to considerable surface 
runoff that sweeps down suddenly from mountain 
valleys to soak into the caver of unconsolidated 
sediments surrounding the mountain ranges. There
fore, a major portion of the water infiltrates 
directly, and apparent lasses may well be the main 
source of replenishment of the aquifers in the 
north of drainage basin." 

Pachur (verbal communication) reported 
100 mm annual rainfall at Trou an Natron (2,000 
m elevation) based on two years observation. 
Pallas' (1980) map showed 25-50 mm/year rainfall 
over an area of 30,000 km2 in the Tibesti area. The 
volume of precipitation would be 1,000 million 
m3/yr. Depending on the timing and intensity of 
rainfall, 50 percent may be infiltrated. There are 
no permanent rain gauge stations in Tibesti, Ennedi 
and northwest Sudan. 

In order to test the existence of recharge in 
the past 5,000 years, the steady-state calibrated 
head and transmissivity were used as shown in 
Figure 7. All constant heads were removed, and 
49 m3/s were discharged at nodes spread in the 
north and near the Libyan-Egyptian border. The 
evaporation rate from the Libyan oases was 
29.8 m3/s. A uniform storage coefficient value 
of .05 was assigned to the entire aquifer. A draw
down of about 600 m occurred near the southern 
border. This simulation indicated that the present 
hydraulic heads could not be maintained without a 
source of recharge. Recently, deep wells drilled at 
Wadi Tanawa near Uzu had water levels of 55 m 
below the surface. The water levels in shallow wells 
near Uzu are a few feet below the ground surface. 
Because these wells are close to the drainage 
boundary, it indicates that there is current 
recharge. 
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SUMMARY AND CONCLUSIONS 
Using the available water-level data of the 

Kufra and Sarir basins, a steady-state model was 
constructed, and regional transmissivities were 
determined for the two basins. The best match 
with the actual water-level data indicated a 
discharge of about 80 m3/s. This appears to be a 
reasonable discharge on the basis of estimated 
underflow by Ezzat (1974) of 40 m3/s from Libya, 
and about 29 m3/s is discharged from Libyan 
oases. 

In addition to the existing KSP, KPP, South 
and North Sarir, and Jalo well fields, nine more 
well fields are proposed in the Kufra and Sarir 
basins. These well fields are planned to pump a 
total quantity of 120 m3/s. 
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