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Ground-Water Resources of the fllI'lIlWl Area] Tripolitania, 
Uni ted Kingdom of Libya 

by 

William Ogllbee, R. C. Vorhis 

and 

Aurelio RuSso 

Abstract 

A study of the ground-water resources of the )JUl"1Jl8.n area, Tripolitania, 

Bho~ that water levels are declining in the area and that contamination 

of aquifers by salt-water encroachment is a current (1962) threat. 

The area studied comprises about 200 sq. km. along the southern coast 

of the Mediterranean Sea. The land surface of the area slopes generally 

northward to the sea, which is bordered by consolidated coastal Band dunes. 

Between the coastal dunes.and a belt of semi-active dunes along the southern 

border of the area, is a zone of flatter land about 5 km wide interspersed 

with stabilized dunes. Because of the widespread presence of dune features 

and low runoff, no coherent stream pattern exists in the area. Water from 

rain collects in depreSSions between the dune ridges and percolates into 

the ground and some of that which escapes the dunes and does not evaporate 

collects in So large sebkha ( salt flat and dry lake) northwest of ~urmB.n. 

The climate is semiarid and is characterized by lov precipitation (215 mm 

per year at yurmB.n), high evaporation, and vide temperature range. 
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Rcc}~rBC to the Quaternary aquifers 1s both by infiltration from 

local precipitation and by underflow from the south. The deeper Miocene 

aqui~ers, however, are probab~y recharged by underflow alone. Withdrawals 

by pumps of about 12 million cubic meters annually together with the 

natural discharge exceed the recharge, at least in the developed areaj 

consequently, the water level in the developed area is declining currently 

(1962) at about 0.2 meters per year. Salt-water encroachment is imminent 

near the sea and in the vicinity of the sebkha. 

The southern part of the area ia suggested as most suitable for new 

development of the shallow ground water in the Quaternary deposits. Ex-

ploration for deeper aquifere J especially in the middle and 10wer Miocene . . 
rocks, is also recommended. The trend toward.overdevelopment of the shallow 

ground water near the coast needs to be monitored by observation wells for 

water levels and chemical qua.lity. Also pumping teste to evalUate hydraulic 

characteristics of the aquifers are needed. 
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Introduction 

Purpose and scope 

This report swnma.rizes the results of' an investigation of the ground 

water resourcee of the Surman 1/ area, Tripolitania. It is one of' a 
!J 

1/ Transliteration of most of the geographic names used in this report 

conforms to the system adopted by the U.S. Board on Geographic Names, 

EGN/PCGN system. (U.S. Dept. of Interior, 1958). Some familiar names 

are left in their conventional forms. 

number of reports on areal investigations made as examples of methode 

and techniques of hydrologic studies; also the areas have been seJect-

ed so as to provide data for development planning. 

The United Kingdom of Libya is currently undergoing a period of 

rapid economic development following the discovery of fairly l~ge 

petroleum reserves. Much of the anticipated revenue from the exploitation 

of this important resource is to be UBed for fUrther development of agri-

cultural lands and water resources. However, 1ni'ormed individuals in 

Libya realiz.e that water is among the chief l1mi ting factors in the 

economic growth of the country. 

The demand for additional water for agrieultura.l use, industry and 

public supplies has resulted in an alarming decline of water levels in 

many of the developed areas. Much of the additional demand for water has 

arisen from the increasingly efficient pumps, increased availability of 

electric power, and improved markets for agricultural products. Also 

concern over the decline of water levels in a number of developed areas 

is now becoming widespread. 
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public supplies has resulted in an alarming decline of water levels in 

many of the developed areas. Much of the additional demand for water has 

arisen from the increasingly efficient pumps, increased availability of 

electric power, and improved markets for agricultural products. Also 

concern over the decline of water levels in a number of developed areas 

is now becoming widespread. 
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The present report is based on field work carried on intermittently 

by the vri ters and technical personnel of the Government of Libya during 

1959-62. The report illustrates the application of established methods 

of field inventory of weUs and of other hydrolog1c :features and the 

compilation and interpretation of the resulting data. Information is 

given on depth to water, changes in water levels, depths of wells, chemical 

quality of water, and other peltinent hydrologic phenomena. Test drilling, 

geophysical studies, and pumping test~ to determine hydraulic character-

istics of aquifers, however, were not a part of the work. 

Location of the area 

The area discussed in detail in this report comprises about 200 sq km 

(square kilometers) in the vic ini ty of the town of Su:rmB:'n, in the Province 
/I 

of Tripolitania (Wilayat Jarao.ulUS), Libya. Reference is made,··however, 

to geologic and hydrolog1c conditions in the adjoining region that pertain 

also to the Surman area. The area lies between 12°30 1 and 12°40 1 east 
~ 

longitude and is bounded on the north by the Mediterranean Sea and on the 

south by 32°40 1 north latitude. The toym of SUl."ID8.n, which is centrally 
.J 

located in the area, is about 58 km (kilometers) west of Tripoli (~u1uB) 
:J 

along the coastal highway to Tunisia. (fig. 1). 

Figure l.--Map of Mediterranean region showing location of area of' study. 
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7 

Description of well-numbering system 

The ~ells described in this report are assigned identification numbers 

based on the latitude and lo~!tud~ of the well site. All of Libya is 

situated in north latitude and east longitude. Each well number describes 

the location of the vell v1thin rectangles of I minute or 5 minutes of 

latitude and longitude. The first unit of four numbers describes north 

latitude, and the second unit, separated by a hyphen, describes east 

longitude. This number is the latitude and longitude of' the s~UthweBt 

corner of' a rectangle that contains the well. This rectangle bas dimensions 

of either 1 minute by 1 minute or 5 minutes by 5 minutes. The 5-minute 

rectangle is designated by the addition of the numeral 5 separated from 

the other units by a hyphen. The last number, also separated by a hyphen" 

represents the serial number of the well ~th1n the rectangle. For example, 

well 3244-1232-1 is the first well described in a rectangl~ I minute on a 

side and bounded by 32°44 1 and 32°45 1 north latitude and 12°)21 and 12°33 1 

east longitude (fig. 2). 

Figure 2. - -Map of ~Ul:'IIlBJ1. area showing location of water wells • 
.:J 

Other well-numbering systems have been used in the past by the' 

Italians and others. Ms.ny of' these previously assigned numbers have been 

cross-indexed and are on fUe in the ground--water investigations offices 

of the Government of Libya. 
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Previous invest1gations 

Infonnation on the ground-wter hydrology of Libya. is not extensiye J 

however, many significant contributions bearing on ground-water conditions 

were made by Italian geologists prior to 1940. The description of the 

geology of Tripolitania by Bernet (1912) was probably the first of these 

contributions. Parona (1915) discussed the formations exposed along the 

TriJlQ1itanian coast in I'GeoIOOrphic Notes on the Gefara.. l1 Ze.c~ (1915) 

published a general report on geohydro19gic studies 1n western Tripolitania. 

and in 1919 published Bome measured sect10JlB along the Jabal escarpment. 

Desio (1939) compiled a geologic map of Libya. Florid1a(1939) pUblished 

measured sections and geologic map of the Home (Al KhtlIIlS) area. 

In a. more recent study, Borgognoni (1946) gave a generalized discussion 

of the ground water of Tripolitania. In 1955 Christ1e published on the 

geology of the Garien area. Hill (1960) published a paper on the ground

"W8.ter resources of the Gef'ara. Cederetrom (1960) prepared a ground-water 

report on the Tripoli area. that contains much information appli-

cable to the ~urman area. Stuart (1960) presented the results of pumping 

teata conducted 1n various parts of t.he Gei'are.. Verbis (written communication) 

provided a good compilation and review of the geologic history of northern 

Tripolitania. 
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Geography 

The Surman area lies within the pOysiographic unit known aB the Gefara, 
J 

which is a coastal plain sloping gently northward from the escarpment of 

Jabal , NafUsah to the Mediterranean Sea. -The Gefara, which is relatively 

flat land interspersed with sand dunes, extends along the coast from 

southern Tunisia east-ward to Al Khums (Roms) where it pinches out betweeD 

the sea and the Jabal NafUSah. A chain of oa6es'exte~ds along the coast 

from Zuwarah to Al Khums in a narrow b"elt about 5 to 10 km wide. These 

oases lie between fosBil dunes along the present coast and an active Band 

dune belt, several kilometers wide, that beginB about 5 to 10 km south 

of the coaBt~ine. The Jaba'l Na.:rUaah forms the southern bO\mdary of the 

Gefara. The Jabal,an erosional 6Ccrp which rises some 400 m (meters) 

above the Gefara, consists principally of interbedded limestone, sandstone, 

and gyJ>sum. 

In the northern part of the SurmB.n area a long chain of fossil dune~, 
JJ 

which rises about 15 to 25 m above sea level, parallels the coast. South 

of these dunes is a sebkha about 2 kID wide and 4 km long that lies oorth~ 

vest of 'the town of Jurman. The sebkha. is low-lying tract with little 

or no vegetation that holds a shallow ephemeral lake during the rainy 

season but becomes a salt flat during the dry season. A belt of irrigated 

land about 5, km wide lies inland and para.1J.el to the coastal dunes. Sout.h 

of this belt is a zone of semi-active Band dunes about 4 kID wide which 16 

gradually being put into cultivation by dune-sta.bilization methodB. 
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C1:1lDate 

The climate of the JurIIIful area 1s characterized by low perc1pitat1an, 

high evaporation, and a wide range in .dally and annual temp~ratur~. The 

average annual rainfall for ~urmB.n for the period of record, ~m 1929 to 

1939 and 1950 to 1961, i8 215.5 mm (m1ll:1.meters) (table 1). During these 

years the measured annual rainfall ranged trQm 58 mm in 1935 to 350 JIm 

in 1957. The period of record, however, is too ehort to ewJ.uate any 

long-term- trends _ or cyclic effects that may be present. . 
. , 

Rainfall in th~ Jurman area, as in most of coastal ~ripol1tan1B., 18 

seasoDBJ. with the maximum prec1:p1tation in ~he ,winter months and uttle 

or n~ rs.1n during, the summer.. Monthly ayeragee, wb,1ob range from 51 ~ 

in-I>ecember to O.~ mm in July, tend to give & fBJ..se 1D;Iresaion ot the 
, . . 

temporal distribution, 'as the actual ra:1nfBJ.l 11 quit. erratic. J'or 

example, recorded rainfall tor December has ranged from 0.0 l1li in 1935 

to 147.8 mm in 1956. 

The ~ area lies wi thin the l1m1 ted tarm1rla: &ODe described ~1' 

J. H, Stewart (1960, p. 30) (tig. 3). Only orope w1tb low maut\lft 1'8q,\&1JIf 

Figure 3. ---Map of' ~rtbern Tr1poii tania sboW1llS aV81"&Ie ND'M' "%"'1111.]1, 

in m1l.l.iJIletera. 

mente, such as barley and olives J aan be suoceas1\ll.l)t Il'OW 1A the, ana 

without au,pplemental irrigation. Dur1rla the per104 of zoeGord, the azmual 

ra~a.U WI below 200 DB :tor II at 23 :feIlZ"S 1D41c&tbl that the area 18 

DlU'S1DaJ. or unreliable tor extensive dzy-land ta:m1J2a. 

~-,' 



Table 1. --Railrl'all. at ~~, 1929-39 and 1950-61, in millillleters 

-~ -- - -b 

Jan Feb' Mar Apr May June July Aug Sept Oct Nov Dec 

1929 100.9 22.8 13.9 0.1 0.0 0.0 0.0 0.0 20.0 0.7 14.1 2.5' 175. 0 
1930 20.0 35.6 9.7 0.0 2.4 0.0 0.0 0.0 0.0 14.2 44.2 22.4 148. 5 
1931 31.8 36.6 0.0 0.0 14.3 0.0 0.0 0.0 57.3 6.3 10.0 32.9 189.7 
1932 115.0 14.0 9.0 0.0 0.0 0.0 0.0 0.0 2.7 26.2 26.0 26.0 218.9 
1933 37.7 43.0 115.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 58.1 259.3 
1934 75.0 28.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 31.0 (51.0) 187.1 
1935 12.2 0.0 0.0 0.3 0.0 0.0 0.0 0.0 12.5 1.0 32.0 0.0 58.0 
1936 9.0 0.0 0.0 19.0 0.0 0.0 0.0 0.0 0.0 43.6 73.0 185.6 330.2 
1937 43.0 20.7 3'.2 0.0 0.0 0.0 0.0 0.0 9.4 14.8 1.2 33.6 125.9 
1938 75.0 58.0 12.5 53.8 0.0 0.0 0.0 0.0 0.0 0.0 24.8 69.8 239.9 .... 1939 63.0 70.5 13.3 35.8 0.0 0.0 0.0 0.0 0.0 0.0 50.6 20.5 253.7 UJ 

1950 57.0 35.1 73.1 4.5 12.0 0.0 0.0 0.0 0.0 5.1 62.6 31.3 286.1 
1951 44.7 1.5 2.0 0.0 8.7 0.0 0.4 0.0 7.7 13.6 28.2 96.0 202.8 
1952 52.1 103.6 0.0 12.8 0.4 0.0 0.0 0.0 11.2 3.2 24.5 30.3 238 .1 
1953 80.5 4.3 16.4 1.3 12.1 0.2 0.0 1.9 0.0 20.5 96.1 93.2 326. 
1954 2.5 7.4 9.9, 3.8 0.8 .11.0 0.0 0.0 0.0 49.8 29.7 21.6 136.5 
1955 1.1 16.0 0.0 53.9 0.0 0.5 0.0 0.0 0.0 41.4 10.4 29.0 158 • .3 
1956 3.2 9.2 27.8 0.0 0.0 0.0 0.0 0.0 6.1 24.5 4.0 147.8 223.2 
1957 112 • .3 0.2 5.2 47.7 24.0 1.8 0.0 0.0 0.0 72.5 35.5 51.0 350.2 
1958 9.2 11.3 24.2 0.0 0.0 0.0 0.0 0.0 1.0 22.0 75.7 34.1 177 .5 
1959 10.6 49.2 8.4 5.8 1.2 0.0 0.0 0.0 0.0 17.6 8.4 13.2 llL.4 
1960 6.1 6.5 0.0 38.6 0.0 0.0 0.0 0.0 73.0 0.0 108.3 103.9 336.4 
1961 45.h 6.0 42.0 15.9 16.0 0.0 0.0 1.0 13.0 14.4 0.0 13.0 166.7 

Average 43.8 25.2 16.6 12.8 4.0 0.6 0.0 0.1 9.3 '17.4 34.7 51.0 215.5 

Tab~e L --Ra1D:falJ.. a-t sm:miin, ~929-39 and ~950-6~, in m1ll1lneters 
, , 

- . . 

Jan Feb" Mar Apr May June July Aug Sept Oct Nov Dec 

-, 
1929 100.9 22.8 13.9 0.1 0.0 0.0 0.0 0.0 20.0 0.7 :ili.l 2.5- 115.0 
1930 20.0 35.6 9.7 0.0 2.4 0.0 0.0 0.0 0.0 :ili.2 44.2 22.4 :ili8.5 
1931 31.8 36.6 0.0 0.0 :ili.3 0.0 0.0 0.0 57.3 6.3 10.0 32.9 189.7 
1932 il5.0 :ili.o 9.0 0.0 0.0 0.0 0.0 0.0 2.7 26.2 26.0 26.0 218.9 
1933 37.7 43.0 il5.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 58.1 259.3 
1934 75.0 28.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 31.0 (51.0) 187.1 
1935 12.2 0.0 0.0 0.3 0.0 0.0 0.0 0.0 12.5 1.0 32.0 0.0 58.0 
1936 9.0 0.0 0.0 19.0 0.0 0.0 0.0 0.0 0.0 43.6 7).0 185.6 330.2 
1937 43.0 20.7 3·.2 0.0 0.0 0.0 0.0 0.0 9.4 14.8 1.2 33.6 125.9 
1938 75.0 58.0 12.5 53.8 0.0 0.0 0.0 0.0 0.0 0.0 24.8 69.8 239.9 

t-' 1939 63.0 70.5 13.3 35.8 0.0 0.0 0.0 0.0 0.0 0.0 50.6 20.5 253.7 w 

1950 57.0 35.1 73.1 4.5 l2.0 0.0 0.0 0.0 0.0 5.1 62.6 37.3 286.7 
1951 44.7 1.5 2.0 0.0 8.7 0.0 0.4 0.0 7.7 13.6 28.2 96.0 202.8 
1952 52.1 103.6 0.0 12.8 0.4 0.0 0.0 0.0 il.2 3.2 24.5 30.3 238.1 
1953 80.5 4.3 16.4 1.3 12.1 0.2 0.0 1.9 0.0 20.5 96.1 93.2 326.5 
1954 2.5 7.4 9.9 , 3.8 0.8 .li.a 0.0 0.0 0.0 49.8 29.7 21.6 136.5 
1955 1.1 16.0 0.0 53.9 0.0 0.5 0.0 0.0 0.0 47.4 10.4 29.0 158.3 
1956 3.2 9.2 27.8 0.0 0.0 0.0 0.0 0.0 6.7 24.5 4.0 :ili7.8 223.2 
1957 il2.) 0.2 5.2 U7 .7 24.0 1.8 0.0 0.0 0.0 72.5 35.5 51.0 350.2 
1958 9.2 il.3 24.2 0.0 0.0 0.0 0.0 0.0 1.0 22.0 75.7 34.1 177.5 
1959 10.6 49.2 8.4 5.8 1.2 0.0 0.0 0.0 0.0 17.6 8.4 13.2 ill.!.:. 
1960 6.1 6.5 0.0 38.6 0.0 0,0 0.0 0.0 73.0 0.0 100.3 103.9 336.4 
1961 45.4 6.0 42.0 15.9 16.0 0.0 0.0 1.0 13.0 :ili.4 0.0 13.0 166.7 

Average 43.8 25.2 16.6 12.8 4.0 0.6 0.0 0.1 9.3 '17.4 34.7 51.0 215.5 
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The frequency as ~ell as the amount and distribution of rains is a 

very important factor in the pattern of cultivation in tbis area. Optimum 

conditions for growth of barley and other cereals require 8. sequence of 

moderate ra.ins beginning in late October and extending through March ..nth , 

few extended dry periods. Variations from these conditions greatly affect 

the yield of the winter cereals and the grazing conditions that are es-

pecially important to the semi-nomadic inhabitants of the southern part 

of the surman area. 
. ~ 
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Agricultural development 

Farmirig in Tripolitania and the §u:rni8.n area was or1.g1na.l.l.y centered 

near the oases that lie near the coast. In these oases where the water 

table is generally shallow, extensive groves of date palms have been 

cultivated for many' centuries. Probably !DaIlY of the ancient groves were 

origi.nB.11y Bubirrigated from a high water table and the palms were 

essentially phreatophytes. More recently in the oa.ses, date culture has 

been supplemented by ~ubBistence-type gardens irrigated from water lifted 

by a.n1lI1al pbwer and mechanical pumps from dug and bored wells. As has 
, 

been the case since time :flmnemor1al the southern })art of the Ju:rmi.n area. 

is inhabited by semi-nomads who follow their herds most of the year but 

ca.rry on Borne dry-land. cultivation of cereals dependent on the winter 

raine. 

16 
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The economy of the 1urman area, as of much of Libya, is based largely 

on agriculture. Most agricultural. production in the area comes from 

the narrow belt about 5 kilometers wide near the sea. The principal 

crope are peanuts, alfalfa and other fodder crops, barley, wheat, maize, 

dates, olives, potatoes, tomatoes, and other vegetables. South of the 

coastal belt the principal crop is barley and grazing of livestock is 

important. The 1960 census of agricultural statistics lists· 271 hectares 

of peanuts planted with a yield of 2,150 quintals (qtls.); l8~ hectares 

of alfalfa and other fodder crops yielding 14,690 qtlsJ 10,938 hectares 

of cereals with a yield of 4,124 qtls. Production figures are not avail-

able for dates, olives and citrus fruits, however, these crops contribute 

eubstantially to the commercial exports of. the area. In addition to 

crops listed above, some 26,800 head of liveetock and poultry were grazed, 

which yielded for human consumption and use 790 gallons of milk, 350 qtls. 

of wool, and ~3,600 eggs. Agricultural. development in the 8\U'JI1Rn a.rea 

" 
is largely based upon ground-water irrigation, but dry-land cultivation 

of barley, grapes 1 and olives also iB practiced. 

17 
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Stratigraphy 

Rocks exposed in northern Tripo11tania range in age from Triassic 

to Recent (table 2). Ex1sting (1962) drilled wells in the 1urm8n area 

have not actually penetrated formations older than Quaternary, however, 

drilling in neigbboring areas has given considerable information on the 

pre-Quaternary rocks. The older formations are described herein be

cause they may be explored and developed for water in the future. 

The rocks of the region consiat o~ a sequence of sedimentary for

mations that dip gently and thicken gradually toward the sea from near 

the foot of the Jabal NafUsahj thus they are not only thicker toward 

the sea but also lie at greater depth than inland. The process of 

deposit10n did not occur evenly, as some formations at places were either 

eroded away prior to burial by younger beds or were not deposited. Post

depositional faulting and folding also affects aome of the beds. 

Mesozoic rocks 

The oldest formation exposed in northern Tripolitania is the Ras 

Hamia Formation of ~ddle Triassic age (Burollet, 1960, p. 44). The type 

section exposed near Al Azlzfyah consists of some 74 m of dark-red, fine

grained, micaceous sandstone, red and green silty clay an~ Claystone, and 

vari-colored siltstone. Only the uppermost part of the formation is 

exposed at the type locality and the total thickness may be several hundred 

meters. 

l8 
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1J.'h~ Azizia L.:!.me6wne overlies the Rae Hamia Formation (Christi, 

1955, p. 4-1..>," In the t ': . ' .:.~ction at Al Az!Zlyah 6~ ;7. . ~ f' ~,I-, 

dark-grey C0Ji(98-c't fossiliferous limestone ',ii" , b,lnr:S >incl. Y].<J<.! uleij of chert 

is exposed. The Azizia is used as road metEU. a.r.d. u " ~n orn~ellta.l buUd-

ing stone. 

The Bu S(!(:oa Fulli .. .atio~l (Christie, 1955, p. 15-16; Burol1et, 1960, 

p. 10) has been described as Late Triassic t · E.01"ly Ju . -.'-"ir i .:.gPo The 

formation co~rises about 165 m of red to brown Bandston~1 p~bQle cnn-
. , 

glomerate, white sanc..stone, r ,-'d and I~P ,'n , I ;\nd minor BJrounts .... of 

gypsum. 

The :Si'r el Ghnem Gl'Oup of Jur~ulLJ ic uge connil1 tfl of about 100 meters 

of gypsum and limestone with thin bedu at clay and sandstone. 

Five stratigraphic units of Cretaceous age have been 1dent1f1~d 

(Christie, 1955, p. J.7-20) from their eXJXlsurea in the Jabal. Naf[!Bu.h 

PoB carpment. They cons 1at of l:lmeatofie , dolomite, marl, cl ay, sflJldotone 

ana conglolllt~J~utt;:. 

Rocks of MeS020iC' age hav~ not. b een l'clJ.ched by lW:r.:ij)gl\ 1 rl tho l>Q~l ij 

o.rl~ a ) althoush they probably W1derlie it :\\. 

mete:ra. Sed1lnenta.ry rocks older t han Miocene Wtl'l''1l p"n\Jt,l,'.b.t~(1.. fl'OWl 412 'liC 

750 m in fl test hole at Umm Rl HaebBh!'n, nlwut 30 'km eaot C)f E.hl.l·m~J.\. 
. .' .' - '.' . J 

Although the age of these rocka '-186 not daf'1n1t~1;Y oitl,lbHfl"~d., tb~;y 
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Tertiary rocks 

Miocene rocks consisting chiefly of limestone, clay, marl, quartz 

sand and 6andstone overlie the: rle-SG~Oic rocks. The Miocene attains a 

thickness of approximately 560 m~ter6 in the coastal Gefara according 

to Desio (1940) and 500 meters or more near the surman area. The 
~ 

Miocene strata dip northwesterly at about 15 m ~er kilometer. 

Quaternary deposits 

Quaternary deposits most of wbich are unconsolidated form the 

surface rocks of the Jurman area and adjacent parts of the Gefara. These 

deposits are of eolian and marine origin and range in thickness from 40 

meters near Tripoli to 130 meters at Jabratah. In the viCini~Y of ~u.rtnful 

the deposits are probably about 110 meters thick. 

The lower ~art of the deposits consists of loosely cemented silty 

sand, some limestone, and cla.y, whose overall permeability appears to 

be much greater than that of overlying beds. The upper part of the de-

posits consist of unconsolidated eolian sand, loess, calcrete and some 

loosely cemented sand. 

The Gargaresc calcarenite, a coquinod fragmental calcareous sandstone, 

is exposed in a series of loess-covered cemented dunes extending from 

Tripoli westward along the coast at lea.st as far as the Tunisian frontier. 

The calcarenite deposits are limited to the coast and have not been found 

inland. They are used extensively for building stone. 
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Ground 'W8.ter 

Source and occurrence 

The source of most fresh vater on the earth 1s precipitation. The 

process of evaporation, condensation, and precipitation known as the 

hydrologiC cycle, (Fig. 4) 1s continuous and has no beginning or end. 

Figure 4. --The hydrologiC cycle. 

Water evaporated from the land and water surfaces, is borne as VB:por 

into the atmosphere where it condenses and falls back to the earth as 

rain. Same of the precipitation sinks into the ground, some runs oft 

into streams, and some is evaporated back into the atmosphere. The 

water that sinks into the ground flows underground and. rea.ppears 'at the 

surface as springs or enters the ocean directly. The water in the 

streams flows to the ocean where it i6 again evaporated into the atmos

phere thus completing the hydrologic cycle. 

Water, which occurs naturally as rain, falls on the surface of the 

ground and. percolates downward through the pore spaces Of the 0011 and 

forms the zone of saturation. The upper surface of the zone of BfJ.turat1on 

is known as the water table. The water in the ZQnft of DfJ.turat1cn, Dams· 

times referred to as "pbreatic water" I moves by src.vity flow tewrdo fl.reo.a 

of discharge. 
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Ground water. also occurs as confined or artesian water. A grOBS 

over-simplification of the origin of an artesian aquifer is described 
-

below. As wter moves through a formation by gravity flo\( the water-

bearing strata commonly pass beneath overlying impermeable beds which 

restrict vertical flow. If the bed beneath the vater-bearing formation 

is also impermeable, the water-bearing formation 1s said to be confined 

or artesian. As the water continues to flow through this confined 

formation it acquires a hydrostatic pressure proportional to the vertical . , 

distance between the'elevation of the point of confinement and the top 

of the confined bed at any point. 

Ground water is stared in the earth in the pore spaces of the 

different types of rocks in which it is found. AU granular mat~rial 

in the earth contains openings between the grains or particles, but the 

openings differ in number, size, and shape. In materials such as clay 

and silt, the open spaces are very small, and therefore, do not readily 

yield \JB.ter to wells. Sand, gravel, and fractured massive rocks may 

have large interconnected spaces through which water can flow f'reely. ThE 

size and amount of the voidl; or open spaces of the water-bearing formatiOJ 

affect the ability of the formation to transmit and store water. 
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Water-bearing formations 

Mesozoic rocks 

The oldest water-bearing formations known in TI0r+.hern Tripolitania 

are the Ras Hamia, Azizia and Bu Sceba of Triassic to Jurassic age. 

Usable water in these aquifers is tapped at de~hs ranging from 100 to 

325 m near Bi Ir al Gbanam and Al Azlzlyah. For example, a test hole drill

ed 2 km south of Al AzIzlyah encountered a very permeable aq~1ter in the 

Ras Ramia at a depth of 324 m. A few :reUs of low yield also ,tap water

bearing zones in the'Azizia near the type locality. Per.meable beds in 

the Bu Sceba yield water rather freely to welle at Bi'r al Ghanam. 

Potable water is also obtained from springe issuing from the Cretaceous 

rocks, notably the Ain Tobi Limestone, of the Jabal. Naf'iisa.h to the south or 

the rellOrt area. Presumably, aU these formations underlie the Jurman 
area but probably at considerable depth. The water contained in these 

formations, however, probably would be salty or brackish beneath the 

rellOrt area. 
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Tertiary rocks 

Rocks of Miocene age attain a thickness of 500 meters or more in 

tbe coastal zone adjacent to the S\l.l:'IIl&l area. Exp~oratory wells put 
~ 

down at points adjacent to the Surman area have penetrated to the basal 
.IJ 

Miocene and each has encountered several water-bearing zones in the 

Miocene. Also each well has encountered three fresh-water aquifers in 

the ITd.dd1.e Miocene section. For examp~e, in vell 3247-1248-4 (OPDL well 

no. 21) at Jud Da'im, aquifers in the Miocene were penetrated at depths 

of 14-0, 239, -254, 280,' 344, 426, 437, and 496 m. Unfortunately, the 

water from the wel~s was not checked systematically for quality or qUL\ntity, 

for interest at the time the wel~B were put down was sole~y in flowuJ( 

artesian water. In well 3247-~56-2 (OPDL well no. 16) at Al Mayah., the 

first aquifer was encountered at 141 meters, the second at 191 meters, 

and the third at 223 meters. The reported chemic~ quality of water from 

the aquifer at 223 meters suggests that the water, though slightly brackish, 

could be used for irrigation. Water of silnilar quality was also obtained 

from an aquifer at 254 metere in well 3247-1248 .. 4. These aquifere. were alae. 

encountered in a test hole, well 3243-1255-2, at Umm al HashshAh drilled 

by the predecessor US AID in 1956. The Miocene aquifere thus may contain 

a potential source of -water :for future utUization in the SurmB.n area 
j, 

that could be used to supplement the dec~1ning supply from Quaternary 

aquifers in the present agriculturally developed trac~e. Test boles, hov-

ever, need be drilled to determine the extent and thickness of these aqlufere 

in the SurII!Ein area. The teet boles should be properl.y logged and the quality 
~ 

and quantity of water should be dete~tned by analyses and pumping teats. 
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Sandstone aquifers in the basal Miocene yield flowing water to wells 

along the coast from Jabratah to near Al Kbums. The water, however, is 

both hot and highly mineralized and contains hydrogen sulphide (~S) gas. 

The -water f'rom these wells genera.J.J..y has proved unsatisfactory for 1rri-

gation. Analyses of' water from welle penetrating the basal Miocene 

strata suggest that the qua.lity of the water improves inland" or up dip. 

If this conclu.e~on i~ correct, it may be possible to obtain wa'ter o:f 

quality suitable for irrigation in the southern part of the Surman area 
~ 

from aquifers in the basal Miocene and at depths which become progressively 

less to the south. 

Quaternary deposits 

Quaternary deposita overlying the Miocene contain the principal aquifer 

in the Gefara of Tripolitania. The deposits range from unconsolidated aand 

to loosely cemented sandstone and limeBtone. The thickness ranges from 40 

meters near Tripoli to 130 meters at Sabratah and is probably about llO 
~ 

meters near Surman. 
oJ 
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The lower beds in the Quaternary deposits, locally re~erred to aa 

the second aquifer, furnish most of the water for irrigation and public 

supply in coastal Tripolitania as well as in the JurmB.n area. The \later .. 

bea.ri.ng materials are loosely cemented permeable sandstone and limestone 

intercalated with impermeable layers of clay. The aquifer is considered 

to be semi-artesian, that is, it is hydraulically continuous over a 

large region but locaJJ.y, vertical movement of water may be impeded by 

less permeab.le beds • . Consequently, -when the lover beds are penet~ated 

by a well, the water will rise in the well to the level of the vater 

table. The permeable beds 1n the second aquifer are h1&hly lenticular 

and any particular bed may lens out in a relatively short distance. The 

overall permeability, of the lower beds appears to be considerably greater 

than that of the upper beds which constitute the first or water-table 

aquifer. The average depth of the wells penetrating the second aquifer 

in the lower beds of the Quaternary is about 60 meters, increasing some

what to the west. 

In the ~urmB.n area, the first and second aquifers in the Quaternary 

deposits appear to be directly interconnected in many :places. Consequent1~ 

the shallow dug welle tapping the first aquifer may go dry shortly after 

nearby deeper drilled welis- begin pumping. Since 1959 a large number of 

dug welle have been deepened or replaced with dr1.ll~ welle. 

The caJ.carenlte deposits are extremely permeable and locally yield 

stnall supplies of potable -water. Owing to their prox1m1ty to the sea, 

however, they are subject to salt-water contamination. 



HYdraul1c characteristics 

Under natural condi tiona and over a long period 01' time, the hydraulic 

system in a water-bearing rormation is essentially in balance, that is, 

the natural discharge is equal to the recharge. Water in transit between· 

the area 0;1' recharge and the discharge area is said to be in storage. 

When this natural balance is upset by a withdrawal of water, as from an 

irrigation well, an adjustment takes place Which results in a decline in 

the water level. When water is withdrawn from a well thB.t penetrates 

an aquifer, the direction of rlow of the -water in the v1cinity Or the well 

1s changed. The vithdrawal causes a lowering or the water level around 

the well in the fonn of an inverted cone, the well being at the center. 

As the cone expands and deepens, water flova to the well from all directions. 

(Fig. 5). The rate of decline of the water level and the outward spread 

Figure 5. --Diagl"a.m showing lDOvem.ent of ground water around a cone of' 

depression of a pumped well near sea level. 

'01' the cone depend on the hydraulic characteristics of the formation aa 

well as the rate of pumping. The :magnitude of the decline in -water level 

varies directly as the rate of withdrawal of water, and increases with the 

logarithm of time that has elapsed since withdrawJ.e began. 
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'r\.JO ,-,~' Lh~ hyllraulic characteristics of \IE. ter-bcaring f'ormntione: 

which affect the rate of decline of water levels in wells are the a.bility 

of the formation to transmit water, and the capacity of the formation to 

yield water from storage. These are known as the coefficient of trans-

misBibility and the coefficient of storage. The coefficient of trans-

mi6sibility is defined as the rate of flow of water, in gallons per day, 

through a vertical strip of the aquifer one foot wide, extending the 

full saturated thickness of the aquifer under a hydraulic grad1.ent of one 

foot drop in head in one foot of flow diGtance. The coefficient of storage 

i6 defined as the volume of water an aquifer releases or takes into otorage 

per unit eurface area of the aquifer per unit change in the component of 

head normal to that surface. 

The hydraulic coefficients of storage a.nd tranSmissibility 01' the 

aquifer6 in the SurmEi'n area are not available owing to the lack of ptIl'llp, 
ing teste. Testa were conducted however, in the Azzahra (ex-Bianchi) 

area by W. T. Stuart (1960). The aquifers at Azzahra are believed to be 

sufficiently like those at Jurman that tfieir hydraulic characteri4tic6 
. 

are co~rable. In the Azzahra tests the coefficient of transmissibility 

was determined to be 37 cubic meters per hour per meter (68,OOOU,S. gallops 

per day per foot) and the coefficient of storage vae found' to be 0.0016. 

The figures obtained in the Azzahra. testa indicated a moderate ability 
. 

of the water-bearing formations to transmit -water to welle. The figure!.". 

may have been low Owing to lack of complete penEtration by the pumped 

wells of the water-bearing formations. 
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Recharge and discharee 

Recharge to the aquifers in the surman area is either from direct 
.J 

infiltration of water from precipitation or from the runoff in ephemeral 

stream.a of the region. Much of the recharge comes from local rainfa11 

that percolates down into the ground-water reservoir, nowever, it is 

difficult to predict how much recharge will occur in ~ one year. 

During drought years the recharge may be small or nllJ but during periods 

of heavy rainfall a high per cent of the precipitation may enter the 

ground-water reservoir as recharge. Information 1s not available to 

evaluate the rate of recharge that occurs in relation to the amount of 

rainfall. Correlation of rainfall and recharge would be difficul.t to 

determine because -water is being wi thdre.wn continuously for irrigation 

ca~ing an overall decline in the water level th.a.t maSks the effects 'of 

ground-water fluctuations due 'to natural causes. Detailed recharge 

studies therefore, were beyond the scope of thiB report. 
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Recharge also moves into the Surman area from the south as shown 
.J 

in figure 6. The contour lines in figure 6 are draw through points 

Figure 6. --Map showiDg configuration of the -water table in a part of 

the central Gefara, 1959-60. (After Vorhis). 

of equ.aJ. al t1tude on the water table and were constructed :from wter 

levels in yells measured during 1959-60. The map shows that the water 

table slopes _northerlr towrd the sea. A ground-vater lIDund marked by 

the 95-meter contour in the Bi 'r al Gbanem area and another south of 

An Nasiriyah marked by the closed 9O-meter contour suggest that these 
.J 

tw areas may be primary recharge zones. This tends to substantiate the 

conclusion that much Q:f the recharge for the aquifers of the Gefare. come&' 

from the runoff of ephemeral streams draining seaward from the Jaba.l 

Na.flieah. During :periods of heavy rainfall on the Jabal, the runoff 1e 

high. The water flows northward from the steep wadis of the Jabal front 

and disappears into the ground along the wa.di cha.nnele in the southern 

Gefara. Generally, very little runoff originating in the Jabal rea.ches 

the sea. Recharge from local direct 1n.flltration of rainfall on the 

southern part of the Gafara also occurs but diminishes southward with de-

creasing rainfall. 

There also may be interformational recharge in the Su.rman area. and 
'. ~ 

other areas along the coast, but this bas not been evaluated. 
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Grouml-wuter discharge in the SIll'lDlin area occure both by natural 
~ 

and artificial means. Water ie discharged naturally from ground-water 

reservoir by submarine outflow, spring flow, and eva:potranspiration. 

Submarine outf'low below sea level may form an important part of the natural 

discharge in the surman area. Discharge by evapotranspiration is sub
oJ 

stantial near the sea and the sebkha where the water table is near the 

surface. 

Most of the growd-w.ter discharge. in the 1l.1I'm§n area is through wella 

used for irrigation and domestic supply. The total annual withdrawal from 

wells in the Surman area was computed by estimation methods. The data 
-' 

were supplied in part by the owners and the rest was acquired from other 

sources. Table 3, lists the reported yield, crops, and number of hectares 

irrigated. Irrigation requirements given by Caeadio (Lewis, p. 55, 1954) 

and by Fred M. Tileston (1961, In''itten communication) were used to est:1ma.te 

the annual withdra~ from those wells for which the crope and hectares 

irrigated were available. 

In order to obtain a more preCise base for estimates of withdrawals 

from wells, an inventory in the JurmB.n area was made in 1958-59. The 

inventory of wells, listed in table 3, was not complete, however, but moat 

of the deeper wells of substantial discharge were visited and described. 

Information received in 1961 from the Mudir of the Jurman District ~isted 

1,150 dug wella and 375 drilled welle. Most of the newer drilled wells 

were bored to deepen or replace old dalu-type dug wells and are equipped 

with small centrifugal pumps used to irrigate "Arab gardens" west and 

north of Sl.U'1Din. 
~ 
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Uoing the computed consumption from the inventoried wella plus an 

estimate for the newer reported wells, a total consumption of 12 million 

cubiC meters per year was derived. Cor.sumptive figures for domestic and 

stock use were not computed per se, however, the estimated figure for 

the reported dug wells includes water used for these purposes. 

The total discharge figure is believed to be of the proper magnitude. 

Approx:1Jna.tely 2,000 hectares were under irrigated cul ti vatiQn in the 

)3unnii.n area in 1962, but a large percE;ntage of the farme, which still 

grow palms, olives, figs and a few vegetables not requiring much water, 

are not intensively irrigated. The total discharge ftgure may be a little 

conservative for if only 6,000 cubic meters of water per year per hectare 

were used on 2,000 hectares of land, the total wuld be 12 million cubic 

meters. 

Well yields 

The yields of individual wells in the JUl."Dl8.n area range troll!. about 

1 cubic meter per hour (m3 /hr) from an average da.lu well to about 60 

m3/boID' (250 gpm) in a drilled well. About 125 wells yield from 15 to 

60 m
3/bour (67 to 250 gpin). AD. additional 250 wells may have a :pumJling 

capacity of 5 to 10 m3/hour, however, they are pumped only for abort periods 

of time to irrigate small Arab gardens. There are also about 1,150 dalu-

type .... ells reported in the j\..l.l"IDSD area that 1ndivid~y yield about 

1 m3/hoUI. 
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Most 01' the drilled wells ..J in this area use centrifugal pumps set 

in an " ava..mpozzo" , which is a dry well dug to a point just above the 

water table. A minimum distance must be maintained between the pump and 

the dynamic vater level, for the maximum ,e~ective lift of a centrifugal 

:pump is a.bout 8 meters (28 feet). The amcnmt of water that a well can 

p~ is controlled 130meYhat by the speci1'1c capacity at the ,well (the 

yield of the vell per unit of drawdo~). If the specific cape.clty of the 

vell decreases or 1s' low, the rate of discharge cannot neceasariiy be 

augmented by ,increasing the pumping rate or size of the p~. 

The yields of many of the \rells in this area couJ.d be incre:ased 11' 

they ver~ developed properly by modern vater-vell construction methods. 

Moat of the, drilled wells are not properly cased and aC1'eened 8Ild rarely 

are developed properly. Few of the wells completely penetrate the water

bearine; formation. It is common practice to case only the upper part of 

the well and to leave the lower part of the well open. This practice 

Bubjects the vell to failure by sanding. 

J A drillcd \rell in this area is one that has been put down m~chnn1cally 

including rotnry and motor or hand-pow'~red percussion lIl.cthoda. 
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Present and potential development 

In the past, agricultural development in the report area has been 

concentra.ted to the east and West of the lal'ge sebkha just northwest of 

Jurman. To the east and to the west cif this concentration of smali farms 

are several large farms, largely of olive groves. The shallow \lS.ter

table aquifer has long been drawn upon by dug \lells to irrigate fa'rms 

in Arab-type gardens of 1 hectare or leB~, customarily by dal~ --1. The 

use of motor-driven pum:ps in deeper vells on-some of the larger farms has 

caused water levelB to decline -below the bOttoms of many of the nearby 

dug \lella. Therefore, owers of the dug wells have had 'to deepen their 

wells and install small centrifUgal pumps. This trend has been accelerat

ed since 1959. A further increase in BrOund-vater withdrawals in this 

area will accelerate the rate of decline of the water table and the 

consequent encroaclunent of salt water from the aea and the sebkha. For 

this reason further development of irrigated agriculture in this area 

should be discouraged. 

Some new farms have been developed south of ~urman and the sebkha 

in recent yeRrs. The water table in this part of the area is 5 meters or 

more above sea level and rises gradually to the south (fig. 6). The 

position of the water table is thus sufficiently high to minimize the irn-

mediate hazard of salt-water intrusion from th~ sea." Therefore, even 

thouGh the pumping lift increases to the south, new ground-water develop

ment preferably should be in this direction. 

~ A dalu 10 a skin, or commonly today rubber, bag which is raised from 

Ilnd ] o"~r~tl to wnter by rope, ~ley with a camel or yoke of bull.ockfl 
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Addi tional problems in the southern part of the area are shifting Band 

that has to be controlled by dune-stablli~ation methods and the neceBsity 

for land leveling or sprinkler irrigation. These problems, moreover, apply 

to most of the Gefara. 

Water levels in the Quaternary aquifer of the JurmB:n area as well as 

in other parts of the Gef'ara have been declining steadily for the past 

10 years or more. Eventually, if these declines continue the quality of 

the sha.ll.o\l ground water will be affected in the Su:nn8ll area. SerioUfl . ~ 

consideration needs to be given, therefore, to the posBi~ility of utiliz-

ing water from deeper artesian water-bearing formations. Water-bearing 

middle Miocene strata were encountered at depths between 140 and 275 

meters in test holes . drilled by the OPDL and USAID at points adjacent to 

the report area. Water samples :from wells at Az zawiyah and Al Mayab. l3uggest 

that this water has quality suitable for irrigation. 1£ these inter.mediate 

aquifers yield vater of quality and quantity suitable for irrigation in 

the Jurman area, they could be tapped to supplement the diminishing ahallow

wter suppl1es. Water from the basal Miocene sandstones may also be usable, 

as the chemical quality of the water may improve southward with proxLlJli ty 

to the recharge area. 
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A. govcrnmc:ut project for land develo):llIlent and resettlement in o.n 

area comprising about 55,000 hectares south of' A:L ZS:wiyah and southeast 

of Jurman is under consideration (1962). The project loIOuld be based on 

irrigation. Large vithdrawa1s from the shaJJ.ow ftqUl1'~r6 of this an·A tll"I ~ 

certain to intercept a large part of the underflow that recharges the 

shallow aquifers of the developed agricultural belt nearer the coast. Too 

little is knO'W'D, ho~ever, of the deeper aquifers to predict the magnitude 

of effects of pmnping from them. Although the fu.rm.B.n area is· not adjacent 

to the proposed project, it vould probably in time be involyed 'in a regionu.l 

dra~wn of water levels that would result from ~arge-BCale pumping. 

Water levels 

Water levels in wells are one of the IOOBt lmporlant indices uBed in 

evaluating the water supply of an area. Changes in water levels re~ul t-

ing fi'om diacharge of vater are a measure of the overall effect of diBcclIlrge 

upon the aquif'er. If the static -water level fa11s to return to its originu]. 

level after cessation of extended pumping, then this fact suggests that 

the water 1s being w1thdra-wn faster than it is being repleniBh~d. During 

the period of minimum withdrawal, in the winter months, the WJlter levelB 

are generally at their highest level. It is during this time that static 

water levels for year to year compariaon and evaluation are usually 

measured. 
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':I.'he gI1IH':l:'l.ll I..!oni'iguration of the water table in the Surman area and 
..; 

ndJo Lning ureo..r, to the south and east is sho'Jll in figure 6. Al3 indicllteu, 

the water table slopes toward the north at an average of about 4 meters 

per kilometer. The water levels are only slightly above sea level near 

the shore line. Near JurmB.n the wter levels are generally !'rom about 

1 to 3 meters above sea level for a distance of about 4 kilometers inl&ld 

from the sea. These areas are subject to salt-water encroachment from 

the s"ea if the ground-water reservoir is overpumped. The sebkha near 

~UrmRn also presents another source of "possible salt-water contamination 

of the ground-water reservoir. South of Surmin, the al tl tude of the 
4 

water table rises vell above sea level, but the slope of the land surface 

1s greater than that of the water table and consequently the depth to 

water increases southward as shown in figure 7. 

FIgure 7.--Map shoving depth to water in the Ju.rnuin area, 1961-G2. 

The depth to water i~ of great 1J:nportWlce to fanners using groUIld 

water for irrigation, for as the depth to water becomes greater the cost 

of li!'ting vtiter to the surface increases. If the farmer USflS a dJllu, he 

must ]JUlTlP water for a. longer period or purcbase a. pump, clr if a pumy 1 fl 

already in.etalled, he must use more power which will 1 ncr~f\IW tt.€' (:()sl of 

operation. However, the increase in pumping cost may be partly offflE-!t j r 

expansion of 'the new power sys1.em 1n Tripoli makea el~ctric power aV&. HalJI '!. 
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Figure 7.--Map showing the depth to water :In the surman area, 1961-62. 
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Very few water-level measurements are available for the ju:r:man area 

prior to 1957. Only three measurements are available for 1938 with which 

to compare the present water levels. In vells 3244-1232-2 and 3, BOUth . 
of the town of .rurman, the water level declined 2.3 meters f'rom 1938-60 

(:fig. 8). North of Jurman -where the vater table is but slightly above 

Figure 8. --Map shaving -water level declines in jUl."llllin area. 

ijea level and danger of salt-water infiltration is consequently great, 

w.ter levels in two weils declined markedly. The decline in well 3246-

1235-4 between 1938 and 1960 was 1.3 meters, and that in weil 3245-1236-1 

was 3.2 meters in the briefer period, 1952 to 1960. 

Most of the comparative water level measurements in the JUl"lIIIin area 

were lD8.de between 1957 and. 1959 (fig. 8). Durill8 thill period the average 

decline ya.s about 0.5 meters, equivalent to a rate of decline of about 

0.2 meters per year. If the water levels continue to decline at this 

rate, ·wells near the sea and the sebkha may become salty within 10 years. 

The large number of pumps . being installed in this area can only accelerate 

the rate of decline of the water level, and consequently, the rate of' 

encroachment and contam1 nation by sea water ~uld also i.nCrease. 
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In the vicinity of the sea and the sebkha, the fresh water of the 

ground-water reservoir is in contj:l.ct "With salt "Water along an interface 

or zone of diffusion. It is important that the hazard of salt-1ffl.ter con

tamination from the sea and from the sebkha be recognized and that the 

relationship between salt "Water and fresh "Water in the coastal zone be 

understood. This relationship, known as the Ghyben-Herzberg principle, 

results from the fact· that the specific gravity of water increases vi th 

the amount of dissolved minerals in the water. Fresh water, containing 

less dissolved minerals, is lighter and will float on salt water. In the 

coastal zone, the depth to Which fresh water occurs below sea level is 

determined by the head of the fresh ground water above sea level and the 

difference in speCifiC gravities of the two waters. Under conditions of 

equilibrium, 1 meter of fresh-water head above sea level vill balance 

approximately 40 meters of fresh water below sea level. This means that 

if 1 meter at freah-water head is lovered by pumping or other means J the 

f'reah water-salt "Water inter.tace will rise approx.imately 40 meters. To 

avoid salt-water contamination, substantial withdrawals .trom wells should 

not be made adJacent to the coast and vater l~vels in pumptDg wells should 

not be depressed below sea level for prolonged periods. 

The water table in the Jurm.B.h area, as in other ];'arts of" the Gefara, 

declines during the summer months and recovers during the winter When 

irrigation is at a minimum. As the -water table approaches sea l.evel the 

danger of salt water encroachment :1Dcreases. If, during the summer, the 

water tabl.e, beca~e of heavy pumping for irrigation, declines below sea 

level, the ground-vater gradient or slope w11l be reversed and salty vater 

can then move into the wells (fig. 5) and thus contaminate the vater, making 

it UBelesa for most purposes. 



Qual1ty of water 

General features 

All ground water contains dissolved minerals but the content varies 

througb 8. wide range. Water from some wells may contain as little as 

200 parts :per million (ppm) of dissolved solids" -whereas water from other 

wells may contain oore than 20, 000 ppn. Ueef'uJ. limits of water are d.1f':f1-

cult to detennine, for although waters containillg large amounts of 

dissolved solids are not considered to be potable, they may be useful. for 

other purposes such ae livestock or industry. As the mineral content 

increases, however, the usefulness of the water decreasee markedly. 

Quality of vater determinations are generally expressed in concentra-

tiona of individu.a.l ions for those substances know to be dissociated in 

solution. DeterminB.tions commonJ.y made in water ana.lyaes include cations, 

anions, and certain more general chemical. 8.Dd physical propertiea such 

as acidity (pH)" hardness, spec1fic conductance" and dissolved solids. 

The number of chemicaJ. determinations o:f an analysis is usua.lly governed 

by the nature of the investigation. 

Dieeol ved solids is a measure or the tats.l qUB.Ilti ty of matter carried 
, 

in solution by the ~ter. Dissolved solids have a direct relationship to 

the specific conductance (conductivity) of the ~ter and can be ea.sUy 

ea1;1.mated tram the conductivity. Specific conductance., an electrical 

property, vhich iEl uaed as an index of the total sal11lity of the water l can 

be zneaaured easlly and accurately in the laboratory and in the field. 
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The cations ordinarily present in signit'icant concentrations in ground

water are calcium, magnesium, . sodium, and potassium. Calcium, magnesium 

and potassium are e,;;aential :plant foodsj however, although sodium is used 

by many plants it is not as essential as the other nutrients and may be 

toxic to some plants. 

The DlDre important aiUons in irrigation water include carbonate, bi

carbonate, sulf'ate, chloride and nitrate. Sulfate and nitrate are essential 

nutrients in optimum concentrations. Chloride in high concentrations is 

toxic to many plants. 

The precipitation of sodium carbonate, resulting from eya.poration of 

irrigation waters containing high bicarbonate ion concentrations, forms 

a IIblack aJ..ka.li" deposit which bas a deleterious effect upon soil atructures. 

This condition i6 not prevalent in the report area because the bicarbonate 

ion conCentrations of the waters are relatively low and the soil bas good 

drainage. 

Ground water in the area of study is used prinCipally for domestic 

supply, irriga.tion, and livestock. The qU!Uity of wter f'or these l>\U"POses 

can vary through a wide range. The preferred upper limits, in parte per 

million, for total dissolved so~ids and other common chemical constituents 

in drinking water as prescribed by the United States Public Health Service 

(l96l) is show in the table below. Water "Which contains much higher con

centrations, however, is used in many parts of the United States as well 

as other parts of the world. 

Chloride 250 

Sulfate 250 

Magnesium 125 

47 

Diseolved solids 

Nitrate 

Flour1de 

1,000 
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Most of the COnmlOn constituents in drinking water are objectionable 

only 'When the concentrations are high enough to be noticeable to the taste. 

Because of differences between individuals, objectionable concentrations 

are difficult to state. Water containing 400-600 PJIIIl chloride is salty 

to the taste of the average person. People can become accustomed to an 

objectionable taste if no other source of water is available. 

The nitrate content of wat~r from vell 3245-1238-1 of llO ppm and of 

li5 ppm from well 3244-1233-5 are far above the limits suggested by the 

U.S. Public Health Standards. Because both of these wells are shallo,," 

it is possible that the excess nitrate may be the result of surface pollu

tion from fertilizer on irrigated farms or from local cesspools. Detri

mental effects from drinking water with high nitrate content have been 

reported in the United States. High concentrationa of nitrates in drink

ing water are believed to cau,ee methemeglobfnemia. or cyanosis in infants 

(Comly, 1945). 

The quality limitations in water for livestock are not a.s stringent 

as for human consumption. The upper limits of dissolved solid conce~tra

tions in stock -waters are rellOrted to range from 5,000 to 15,000 ppm. If 

the an:1Jnala are a.ccustomed to highly mineralized water, upper limits of 

10,000 to l2 , OOO ppm dissolved solids can be used as shovn in the table 

below. For the best growth and development of the aptmale, however, water 

of quality better than the upper limits indicated is desirable. 

Poultry 

Pigs 

Horses 

2,860 

4,290 

6,430 

118 

Cattle (Dairy) 

Cattle (Beef) 

Mill. t Sheep 

7,150 

10,000 

12,900 



It is common belief that camels have higher tolerance for salta than 

do most animals. 

The concentration and composition of dissolved constituents in a water 

determine its quality for irrigation use. Quality of vater is an important 

consideration in any appraisal of salinity or alkaline cond1tions of the 

-soil in an irrigated area. 

The characteristics ' of an irrigation water that sPJlear to be most 

important in determining its quality ar~: (1) total concentration of solu

ble salts} (2) relati~e proportion of sodium to other cationaJ (3) con

centration of boron or other elements that may be toxicj and (4) under 

some conditions, the bicarbonate concentration as related to the concentra

tion of calcium :plus magnesium. 

The total concentration of soluble euts in irrigation waters can be 

adequately expressed for purposes of' evaluation and classification ,in terms 

of electrical conductivity (specific conductance). The conductivity is 

useful because it can be readily and precisely determined. In the classi

fication of irrigation vater, conductivity is the measure of the salinity 

hazard. 
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In determining the salinity hazard, the vaters are divided into four 

groups with respect to conductivity. The limits or dividing points of 

the classes were determined to be at 250, 750, and 2,250 micromhos/cm 

(fig. 9). These class limits were selected in accordance with the 

Figure 9.--Diagram for the classification of irrigation vaters. (U. S. 

Salinity Laboratory, 195") • 
• 

relationship between the conductivity of irrigation waters and the saturated 

extract of the sol1. Most waters used for successfUl irrigation have con

ductivity values of less than 2, 250 mdcromhos/cm, however, water of higher 

conductivity can be used in some instances where the soil is well drained 

and a large percentage of gypsum is present in the soil. 

It has been shown that the water-transmission and drainage prope~ies 

of the soil and the salt tolerance of the crop to be grown are important 

factors in appraising irrigation waters with respect to total salt con-

centration. 
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The eolubl.e inorganic constituents of' irrigation waters react with 

solls as lons. The alkali hazard 1nvolved in the use o-r a vater tor 

irrigation is determined by the absolute and relative concentrations ot 

the catlone,. The eod1um-adsorption-ratl0 (BAR) o-r a soll solution 1& 

related to the adsorption of the sodium by the soU. This ratio is used 

as an index at' the eodium or alkali hazard at the vater. Tbe. ratio is 

det'ined by the empirical equationt 

sAR = lIa++ 

-y~-----

Ca++ + 1Ig++ 

2 

were sodium (1Ia++), cs.l.c1um (Ca++), and magnesium (Mg++) represent the 

concentrations in m1lliequivalents per llter of the respectlye ions. 

The significance and 1n~erpretatlon of the quallty-c1ase ratings on 

the diagram for the classlfication of irrigation 'Waters (fig. 9) are SUIL-

marlzed below: 



Conductivity 

Low-salinity water 

Medium-salinity water 

High-salinity water 

Very-high salinity water 

- can be used fur irrigation wi tb most crolls 
on most soils, with little likelihood that 
a salinity problem. will develop. Some leach
ing is required, but this occurs under normal 
irrigation practices except in so Us of ex .. 
tremely loy permeability. 

- can be used if' a moderate amount of leaching 
occurs. Plante with moderate salt tolerance 
can be grown in most instances without special 
practices £or sa.linity control. 

- cannot be used on soils with restricted drain
age. Even with adequate drainage, special 
:ma.na.gement for salinity control lDElY be re
qUired, and plants with gOOd sa.lt tolerance 
should be selected. 

- ia not suitable for irrigation under ordinary 
conditions but may be used occasionally under 
veu specie.l circumstances. The 80ils must 
be permeable, drainage must be adequate, ir
rigation ~ter must be applied in excess to 
provide considerable leaching, and very eaJ:ti
tolerant crops should be selected. 

The c1s.ssificatic;m of irrigation waters with respect to BAR is based 

prtm&rily on the effect of exchangeable sodium on the physical condition 

of the BOU. Sodium-sensitive plante rmy, however, suffer injury as a 

result of sodium accumu.ls.tion in plant tissue wen exchangeable sodium 

values are lower than those effective in causing deterioration of the phy-

s1cal condition of the soil. 
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Lov-sOdium water 

MBdium-eodium water 

High-sodium wate~ 

Very-high sodium water 

- can be used for irrigation on almost all soils 
wi th little danger of the development of harm
:f'uJ. levels of exchangeable sodium. However .. 
sodium-sensitive crops, such a~ stone-fruit 
trees and avocados, may accumulate injurious 
concentrations of sodium. 

- will present an appreciable sodium hazard in 
fine textured soils at high cation-exehange
capacity, especially under low-leaching con
ditions, unless gypsum is present in the sol1. 
This water J1JB.y be used on coarse-"tiextured or 
organic solla that have good permeability. 

- may produce ha:rm:f'ul levels Of exchangeable sodium 
in most eoils and will require speci&l soU 
managemant--good draiD,age, high leaching, and 
additions or organic matter. Gypsi:ferous Boils 
me.y not develop harmful. levels of exchangeable 
sodium from Buch waters. Chemical amendments 
may be required for replacement of exchangeable 
sodium, except that amendments may not be feasible 
With ~ters of very high salinity. 

- is generally unsat1sfB.ctory for irrigation pur
;poses except a.t low and ~erhapB medium salinity 
Yhere the solution of caJ.c1um from the s011 or 
use of gypsum or other amendments .. y make the 
use of these waters feasible. 

So11s may become Baline from· use of irrigation waten if the d:ra1.na8e 

is inadequate or wter is applied too spar illgl y. Pla.nt roots take 111 water 

but ab80rb very little salt e.nd eva;porat10n removes the BOU water an4 

.leaves the salt, consequently an excess amount of salt IIIr1 aaa\D\ll.ate Dear 

the base of the root zone and the growth of oropa may be curtaUed. • 
• 

~18 may be controlled by leacbing of the BOU by tM WJO ot eXQo .,1..,. 

ir.risation yater if the soil dra1n&se 18 Bood. 
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The control of increased exchangeable sodium, or alkAli, resulting 

:from irriga.tion with waters high in sodimn content may require special 

management practices. AiJ the :proportion of exchal::lgeable sodium increases, 

the :physical. a.nd chemical. conditions of the soil become detrill1ente.l. to the 

growth of plants. This can be -,prevented in some instances by the addition 

of gypSUlll (CaS04-2B20) to the ~ter or to the soil. I:f the eolla are 

highly calcareous or gypsiferous the ttrtgation vater may dissolve sufficient 

calcium from the soil to decrease and control the sodium hazard. 

Evaluation of water analyses 

Chemical analyses of water :from typical wells in the JUI"IIl.!i"n area. a.re 

given in table 4. As indicated the water i~ generally hard and elightly 

alkaline with 30 per cent of the samples containing lDOre than 1,000 ppm 

of total dissolved solids. Chemical data from the water analyses when 

plotted on the SAR diagram (fig. 9) indicate that the salinity hazard of 

most of' the water i~ high but that the sodimn. hazard i6 low. Six 'of the 

anaJ.yses when plotted indicated a medium sodium he.2.srd and high to very 

high salinity hazard. Tbe poorest quality lISter in this area was obtained 

from the very shallow dug vells near the sebkha. 

Most o.f the water used in the ~urmB.b. area has a relatively low sodium. 

content 1 therefore J the danger of toxic effects on ple.hts and permanent 

dalnage to the soU structure is sma.ll. The higher sodium-hazard waters 

found in the shallow welle may be offset by the gypsum content that 1s re-

ported in the solli of Tripolitania. If the amount of gypsum in the Boil 

1s nat su:f'ficient then additional a.mounts may be added to the water or the 

soil. 
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The solls in the jllrIIl.lin areaJ as in most of the Gefara, are pre

dominately sandy and thus provide good drainage of the soU. Under these 

conditions control of salinity can be readily attained by leaching of the 

Boll with additional irrigation water. Some of the crops grown in this 

area are seIlB1tive to both sodium and salinity. Stone-fruit trees" such 

as peaches, are reported to be . sodium-sensitive a Citrus :f':ruit, a.l..monds 

and lXlt.atoes have a low salinity tolerance, "Whereas :figs, grapes" olives, 

alfalfa, barley, pearruts, and tomatoes have a rroderate to high salinity 

tolerance. Date pal.mB and tobacco have a high salinity tolerapce. Most 

of the crops grown in this area appear to have a moderate to high tolerance 

to salinity. The irr:1gat1oD waters, except in the very shallow welis, dO 

not present p~oblems that cannot be ameliorated by judiCious irrigation 

management and leaching procedures. 

Few, if any, veIls in this area tap deeper artesiao formations that 

might contribute highly mineralized water to the sba.l.low aquifers. Such 

contamination, however, takes place in many other parts of the Gefara. 

Near the coast and along the edges of the sebkha, west of ~Ul"IlI!iDJ many of 

the shallow wells penetrating the first aquifer in the upper beds ot.' the 

Quaternary are reportedly becoming salty. This suggests the possibUity 

of salt-water encroachment from the sea and the sebkha. The increased 

salinity, however, may be due in some cases to contamination of the sh.al.low 

ground water by irrigation return from the land surface. 
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Conclusions and recommendations 

Ground wter has been used for irrigation in the ~urman. area, probably 

:for mallY centuries. During DD.lch of' this stretch of tillle the ground-wter 

reservoir was probably in an approx1llla.te state of equilibrium, that Is, 

the recharge was equal to discharge. Date culture vas su!Jlllemented by 

cultivation of figs, olives, peppers, and other crops vith low water re

quirements. With t~ introduction of crops of large 'WB.ter requirement, 

such aa :peanuta, a1.fa1fa, :potatoes and. tomatoes during the pe.st 25 years 

the d.ra.t't on the ground-water reservoir has increased. substantially, In

stallation of' power pumps and cultiVation of additional la.nd also have 

materiaJ.J.y increased, wi thdrawaJ.s • Consequently, water levels have de .. 

cl.1ned and salinity of water has increased at some places. 

The chemical qua.l.ity of' the ground water in the area is general.ly 

satisfactory for domestic use and irrigation. A few shallow wells show 

re1ativel.y high mineral content, but this is believed due to contamination 

from irrigation return or possibly from the sea or the sebkM. 

Water-level meaJurements in the ~u.rmAh area allow that the w.ter level 

at Bome places has declined more than 3 meters between 1938 and 1960. 

Measurements available for 1938 are so few that the areal extent of this 

decline 1a not known. Water-level measurements :from 1957 to 1959, hoyever, 

show & deoline of mere than 0.5 meters. This decline ot the wu.tor tablo 

is general in most of the developed area (tig_ 8). 



Nortb BJld west of ~unn8..n, near tbe sebkha and the sea, the altitude 

of the water table 1s genera.lly from 1 to 3 meters above sea level (fig. 6). 

These areas are subject to salt-water contamination from the sea if the 

ground-vater reservoir is overpumped. I~ the water levels continue to de-

cline at 0.2 meters :per year, wells near the sebkha. and the ~ea my be-

come salty within 10 years. 

Artesian -water Vas encountered in middle Miocene strata. at depths of 

150 to 300 meters in many a.p.D.L. test holes drilled in the Gefars.. Mode-

rate to large yields of water of acceptable chemical quauty also may be 

obtained in ",ells ta:pping these aquifere in the ~urmBn area. 

With- these conclusions in view the folloving recommendations are made. 

New large withdrawals of water" Buch a.s for irriga.tion or industrial 

use from the Quaternary aquifers should be restricted to the area south of 

the town o~ rl.1XUlB.n and the sebkha. lihere the altitude of the water tab~e is 

5 meters or more above sea leve~. 

Ground-wster -withdraw.l.s should be kept at a lIlin:imum, and f'urther agri

cultural. expansion should be discouraged in the northern part of the jUl'1ll8.n 

area to lessen the danger of contam1nation from the sea and sebkha. 

Representative wells should be selected and periodic observations made 

of changes in water levels and chemical quality of the water. It may be 

necessary to dxill wells for the specific purpose of observing f'luctuations 

in vater levels if suitable unpumped wells ca.nnot be found. Fluctuations 

of wter levels are used to evaJ.uate the effects of :pumping 8Ild to Bp'pre.lBe 

the long-term availability of wter. Data from the observation wells vill 

also show whether the danger of sal t-wter contamination iB increasing and 

the location of the BUBceptible areas. 
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The Miocene aquifers sbo'Uld be dr1J.J.ed and tested to determine it 

they can produce water of suitable quality and qUantity to supplement or 

reJllace the d1m.1n1shing supply 1n the Quaternary aquifere of the coastal. 

belt .. 

Several puDII)1Dg tests should be ma.d.e to measure the hydraulic char

a.cteristics of the various aquifers. Such information .. together with 

data o:q pumpage and water levels .. is necessary for quantitative evaluations 

and ot the ground-water BUpply of the area. With such data valid est1lDatee 

of the amount ot water taken from storage and of recharge can be made. 

60 

jharold
Rectangle



Selected referenceG 

Be1trandi, Mauro D., ann BtU"vliet, Pierre F., 1960, Geological outline of 

Libya (abstract): AiJI. Assoc. Petroleum Geologist Bull." , v. 44, No.7, 

,/ 
Bernet, Edmond, 1912, Contribution a lletude geologique de la Tripolitania: 

Soc. Geol. France Bull., v. 12, sere 4, no. 7, p. 385-413. 

Bertaiola, Mario, 1961, Ground-"W8.ter in the Azzahl-a.-Anns.sira-Al :~miria area, 

Tripolitania I U.S. Geol. Survey, U.S.O.M./L Open File Rept., 37 p. 

Borgognoni, C., 1946, L'acqua sotterranea nella Libia OCCidentale: 

Manuscript Report, 81 p. 
, 

Brichant, A. L., 1952, Sur la decouverte du Trias au pied du Djebel Garienl 

Acad. Sci. (Paris) Comptes Rendua, v. 234, p. 1456-58. 

Burollet, P. F., and others, 1960, Lexicon of stratigraphiCal. names in 

Libya I Internat. Geo!. Congress 20th Strat1e;raphic Comm., v. 4 A:fricB., 

no I 4a I!ibya, 62 Pi 

Cederstrom, D. J IJ and Bertaiola, Mario, 1960, Ground-water resource." 01.' 

the Tripoli area, Libya: U.S. Geo1. Survey Open File Rept., 215 p., 

21 figs. 

Christie, A. M., 1955, Geology of the Garian area: United Nations Technical 

Assistance Program Report no. TAA/Lib/2, 60 p., 3 figs., geologiC map 

at scale 1:100,000. 

Cogg!, Leonida, 1940, Fossili triassici della ge:fara Tripolina.: Muse. 

L1bico Stori8 Nat. Ann., v. 2, p. 139-156, 1 fig. 

Comly, R. H., 1945, CyanoSiS in :1J1i'ants caused by nitrates in well water: 

Am. Med. Assoc. Jour., v. 129, no. 2, p. 944. 

61 



Selected references cont'd 

DesiO, Ardito, 1939, Le nostre conoscenze geo1og1che eulla Libia sino al 

1938: Museo Libico Storie Naturale Annali, v. 1. 

, 1940, Bulla posiz1one geologica e eull ' or1gine delle falde ------' 
acqu1fere artesiane della Gefara Tri:polina. e del Miauratino: La 

Ricerca Scientifica, v. 11, p. 332-335. 

Fantoll, Amilcare, 1952, te Pioggie Della Libia, with particolare r1guardo 

a.1le zone de avvaloramento: A ClU"B. Dell'Ufficio Studi de1 Ministero 

A. 1., 529 p. 

Florida, G. B., 1939, Osservaz10ni sul Miocene dei d1ntorni di Homst Soc. 

Geolog1ca. Italians. Bull., v. 58, no. 2, p. 245-260, geologic map 

(Bcale 1:100,000). 

Hem, J. D., 1959, Study and interpretation of the chemical charaoteristics 

of natural water: U.8. Geol. Survey Water-Su:wly Paper 1473, 269 p.' 

Hill, R. W., 1960, Underground water resources of the Jefara plain I Unlv. 

of Durham (England) Dept. Geog. Ree. Paper no. 4 .. p. 10-25A fialS. 1 .. 8. 
, 

L1ppar1nl, Tine, 1940, Tettonic& e geomorfologia della Tripolitanial Boa. 

Geologica Italians. Bull., v. 59, no. 2, p. 221-301. 

Lev1s, R. H., 1954., Irr18ated land. uae and 1n'isat1on report I Libyan .. 

American ~echn1cal Assistance Servtoo, mimeQsraphod r~port. 

Parona, C. F., 1914, Not1zie paleontologiche Bui torren1 &ttraV6r8~tl col 

PODSO trivella,to della Bcuole. d1 A6rioulturo. preuac ~r1pal:l1 Real 

Comitato Oeol. d'Italia Bull., v. 44, no. 2, 'P. 115-UO. 

____ ...;1915, Im;prelJB10ni 6.1 Tr1~l1.tnn1, notfl looooMrfglos1cho dulla 

se fara I Revistn di Sc:ien8ll NatW'oJ.1 I Nntura.," v. S, ». 2l7-24S.· 

jharold
Rectangle



Selected re~erences cont'd 

Stewarl, J. H., 1960, Land and wter resources of' TriPJlitania: International 

Cooperation Adminietration Report, 248 p. 

Stuart, Wilbur T., 1960, Significance of decline in 'W8.ter levels in Trl'poli

tania, Libya as determined by pumping tests; U.6. Geol. Survey Open 

File Rept., 29 :po 

United Kingdom of Libya, Ministry of Agriculture, 1962, 1960 Census of 

Agriculture: Rheindruck Boppord, Germany, 596 p. 

u. S. Dept. of Interior, Office o~ Geography, 1958, Libya: Gazetteer no. 

41, U.S. Govt. Printing Office, Washington, D.C., 161 p. 

U. S. Public Health Sl7rvice, 1961, Drink1ng water standards: Am. Water 

Work.e Aseoc. Journal, v. 53, no. 8, p. 935-945. 

u. S. Salinity Laboratory, Dept. o"f Agriculture, 1954, Diagnosis and 

improvement of saline and alkali BOUS% .Agriculture handbook no. 60, 

160 p. 

Zaccagna, D., 1915, Sulla m1ssione geo1drologica nelia sona. occidentale 

della Tripolitania: Informazione Ministero Colonie Bull. 

______ 1.919, Itinerari geologici nella TrillOlitania occidentale: Mem. 

Deecrittive Carta Geol. d'Italia, v. 18. 

63 



Notes to accompany Table 3. 

Y The spellings of the cabilae and o-wnere' names follow those of the field 
notes. 

gj Dr, drilled. All drilled. wells in this report are put down in dug wellB 
that extend to a short distance above the water table. 

:J Chemical analyses are given in'table 4. Conductivity = specii'ic con
ductance in micromhos at 25'"c. 

Y See bottom. o:f" page. 

2./ Aquifer, upper (1) or lower (2) Qus.terne.ry deposits tapped by well. 

§! Irr, 1rrigationj Dom, Domestic or ~lic supplYJ B, stock. 
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S.A.l.S. 
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S.~ .l.: 12.«8 1 June ".J9 

l3.30 23 reb 6L I 
I , 

32045-l236-2 Sunr'n~Lot 39 Well ~ ~.c7 Dr. 2 12.~ 30 lie' "-' 
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3246-1231-26 Surm8n-Cabil. Ulad E1 J .. 10.2 ~ 1 8.3 18 Aug ~ 1 01, Pp, in. 3,COJ 
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3246-l.23l-21 Suman-Cab11a Ulad El by 7.2 Ioug 1 6.1 21 July 58 t To, Co in. 2.COJ 
M~ Ben IIchamed 

3246-1231-211 SU{ei.~blla U1ed El Jay 8.2 Dug 1 1.0 18 Aug 58 t Me,Pp In. 3.0c0 
Mohamed IleA A 11 Ilumre fig 
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MeheMd Ben A 11 
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o~~j !il~ e .. DAn ~ AIIt1tJ"l .. iii Of .. Ir.E UMnKS t:: ~Scii "'9 
4(0( ",e( DISCliAMGt 

8 MUoSUM iJ.U>Il' u~ "u 
( 111

3
) 

<c z - g:! 0-
c;c:j 

.... "':z '" .. ,.. :r;~ u_ _. --
1 5.0 19 Aug ~ .3 To,Pp,80, hr. ",crt:) 

Ca, A1 

I , irr. 1,500 1 5.9 19 Aug .J8 

I • fT, To 

1 3.5 ,21 .1"ly :J I ... c.;o,To,Pp iTr. 2,')00 

I 

I 

I 
& 

I 1 3.7 :!l Ju)t ',:) 1 Co,To,J>p 1 T. :"! .CX'XJ 
~.9 

I 
J7 '.· .. r 6.t 

1 5.4 HAU'J ~ * Pp,To,Be In. I 51,000 
I Da,l\l,OI 

1 b.O ~9 AU9 ':18 t M .. l't'c. l,SCO 

1 7.7 19 AUf) 56 t PI, 01 i "'r. 1,SOO 

1 ':>.,,5 5 Dec ~.l lLr. 2 OCO 

I 
1 lJ.~ 24No1r 57 3 Po.Pp,To ilr, I9,ceo 

l4.1 14 OGt 59 Al,OI, c.i 

2 &,1 1? M:Iv 57 JO "3 Pe,Oz- in. 39,OCO 
6.8 14 Oc:t 59 
to.a .t4 .... ., 62 

'" e.:<o 121kN 57 .) Pe,co,aa in. 40,000 .. 
8.74 l4 art 59 

2 1&.90 1" NGr .39 1~~ ....sed 

:2 19.78 3D OI:t 39 17 um»ed 

9.2 30 Nov 38 18 ..-used 
9..5 1.J\DI 59 

2 8.3 28 Nov 3!1 !O ~ed 

9.6 1. Jm. 59 

y * p~ - Punu's; P .. - Potato;os; Pp - Peppen; Be - Beam; AI • A1ratta. 01 -Olive$; Ds - Dale Palmi Or - OranglUl On Onions, Ba· Barllrn to - Taeatoaj Co - Cam, lie _ Melons 
; ...... $ 



Table 3 Coat 'd. 

y' y 8 2i ~o (m3/hr) 1Jj §j ¥ z:s "& 

51 
g:-

9~ a WELL 9", :::0 o ",. DAn e ANNUAL LOCATION AND OWNll 
!;(~i:l1 0 ~ ::! .... :~! Of t- un UMAIlKS 

NUMB£! 
!iii 9 .... ~ .. DISCHARGI 

~ ... .... 
8 %"01 MWUUMENT ~~ ~i - :5a S!(~- 01> 

:l .. ~ ~J g~ ~~ ( m3) co ... (,/ '" o~ ... .... :z:~ 

3246-1235-5 Surma~abUa Ulac:1 ADIAn 41.3 Dr. 1956 2 6 Pe lrr. 18,(00 
Abdul lall El A.slleg 

32«>-1235-6 SUnl>&D-LDt 3'J Well 12 'IS. 6 Or. 1938 2 11.10 JO Ht;tv 38 24 unused 
S.A.L.S. 

3246-12~-7 s..11IIo1~bila Alliin Dr. 1956 2 6.3 12 Na1i ~1 2i Pe, 01 In. 33,0::0 
8elgasem Ben .... heaoed 6,7 14 Oct 59 

3246-l235-a Svnoan-Cabll;l Ulad AIliA 46.9 Dr. 1952 2 11.1 11 NOY 57 26 6 Pe, Po, 1n-. 92,000 
AtJdulleh E1 AlIlIeg 11.6 14 Oct 59 Pp,Al,01 

11.6 n Mar 62 

~-1235-9 S"'l'IIIiIn-Lot 39 Well 11 7.' Dug 1 7.3 1 .lune 59 unused 
S.A.L.S. 

3246-1235-10 SunDlln-Cabiu Ulad .... N 54.5 Dr. 1954 2 9.9 12 Nov 57 60 e Pe, Po, in. 105,0::0 
All ~sb89 AI, Pp 

~ :n46-1237-1 Suraan~bll. H81'ac:ta 6.4 IXIg 1 5.9 18 ., 61 In, 3,(00 Chca1cal analysis. 
Hllaoi 1.11 Nue 4.2 7 Apr 62 

3247-1231-1 S",man-Cebila Za.agha 4.6 Dug 1 3.2 2!1 Aug 58 t To, Co In. 1,500 Water nlty, 
.lluatftfe Munbet 2.5 t7 .liar 62 Conductivity - 480J 

3247-1231-2 ~ ... " e.l Dug 1 6.0 11 Jl.lne ~ 1 To, Co In, 4 ,<X() 
Mohamed Tebib 

3241-1231-3 SwmaD-CabU, Sharfeldin 9.8 P.lg 1 7.4 17 June ~ t Co in. 2,(00 
a..8gela ~rfeldln 

3247-1231-4 Suman.c.t>:lla Shnfeldin Dr. l~ 2 12.3 11 Jure !6 20 !I Al, Co In. 44 ,()(X) Chead.cel 8<>;11 ~ill 
Shabenl Ben Hag Condu~tiri.ty - 2925 

3247 ~1234-1 s..rman~.blla c:J¢II 10.1 Oug 1 9.4 24 Mov '3>1 2t 01, Pe, In. 4,500 
All Bftl Salah 9.5 24 liar 62 PotU 

3241-1234-2 Suraan-CebllD Ogba 49.4 Dr. 1!n2 2 14,3 12 N.,. 57 38 14 Pa,BII,Ol in. 11,400 Chom>1c;el analysis. 
Hag Kall1a Abdu19ibU 14.9 14 Oct !l9 

3247-1~1 Sunoan-C.bUa Ogba 11.9 Dug 1947 1 10.6 24 No.- 57 * Plt,Po,O! in. 1,500 Chemical ana1ysh. 
AU Ben Sal.h 

3247-1.235-2 S\.Irn>an 17 Or. 14.6 1 JUI'II 59 uruled 
S.A .L.S. 15.3 21 IoIMU' 62 

~- - - --
y 9 Pe· Peanutsl Po . Polaloes; Pp - PepperJ; Be - Beans; At - Allaire, 01 - Oli~"sl DI - Oalll Petmi Or - Orangesr On Onion', Sa - B;arleyl TOIIatoes - TOI Co - Corn, lie - lIel0Q5 

.or .... 


