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Figure l.--Map of Mediterranean region showing loca.tion of e.rea. of study. 
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The economy of A:J. Ziiwiyah area, as of IIIllch of Libya, is based largely 

on agricul.ture. Most agricultural. production in the area comes from 

the narrow belt about 5 kilometers wide near the sea. The prmclpal crops 

are peanuts, alfalfa and other f'odder crops, barley, whea.t, 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 955 hectares of peanuts 

planted with a yield of 15,821 quintals (~tls.); 754 hectares of alfalfa 

and other fodder crops yielding 35,235 qtlBJ 21,031 hectares of cereals 

with a yield of 15,569 qtls. Production figures are not available for 

dates, olives and citrus fruits, however, these crops contribute sub­

stantially to the commerc ial exports of the area.. In add! tiOD to crops 

listed above, some 26,364 head of livestock, 4,891 poultry and 1,145 rabbits 

were raised wh1ch yielded fur huma.n consumption and use 651 Ii tere of milk, 

417 qtls. of wool, and 360,600 eggs. Agricultural development in Az zawiyah 

area is lB.rgely based upon ground-water irrigation, but dry-land cult1vation 

of barley, grapes, and olives also 1s practiced. 
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Terti&..~ rocks 

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

sand and sa.nd.atone overlie the Mesozoic. rocks. The Mioc~ne attains a 

thickness of approximately 560 meters in the coastal Getara according 

to Desio (1940) and 500 me~rs or more in Az Ziv1yah area. The Miocene 

strata dip northwesterly at about 15 m per kilometer. 

Quaternary deposits 

Quaternary deposits most of which are unconsolidated form the 

surface rocks of A:z. Z6w1.yah area and adjacent parts of the Gef"e.ra. These 

deposits are of eolian and ma.r:1ne origin and range in thickness from 40 

meters near Tripoli to 130 meters at Jabratah. In the vicinity of Jud 

D8,11m the deposits are probably about 100 meters th1ck. 

The lower part of the deposits consists of loosely cemented silty 

sand, some limestone, and cla.y, whose overall pe:nneabllity appears to 

be much greater than that of overly1.ng beds. The upper part of the de­

posits consist of unconsolidated eo~i&l'l sand; loess, cal.crete and some 

loosely cemented sand. 

The Ge.rgaresc cs.1.earenite, a coquinoid fragmental calcareous sandstone, 

is exposed 10 a series of loess-covered cemented dunes extending from 

Tripo~i westward along the coast at least as far as the Tunisian frontier. 

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

inland. Tbey are used extenSively for butlding stone. 
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Water-bearing formations 

Mesozoic rocks 

The oldest vater-bearing formations known in northern Trlp:>11tania 

are the RaB Bamis, Azlz1a and Bu Sceba or Triassic to Jura-eic &ge. 

UBenble vater in these s.quiters is tapped at depths ranging f rom 100 to 

325 m near Bi'r al Gh8.nam and AI. AzIzfyah. For example, a teet bole d..r1l.l­

ed 2 Ion south of Al Azhfyah encountered a very permeable aquU'er in the 

Ras Hamia a t a depth of 324 m. A fev 'Jells of lov y1.eld also tap 'VB.ter-

bear ing zones in the AziZia near the type locs.l.1ty. Pe rmee.ble beds in 

the Bu Scebs. yiel d water rather freely to vells at Bi'r al GhAnam. 

Potable w.te r is also obtained from 5,PriDgs is.suing from the Cretaceous 

rocks I nota bly the MIl Tobi Limestone, of the Jabal lfa:fUaah to the south 

of the report a r ea. Presumably, all these formations underlie A2, zB.viy8.b 

area but probably at cons i derable depth. The vater cont&1ned in these 

formatloos, hovever, probabl.y 'WOuld be salty o r brackish beneath the 

report ares. 



~J~.'ii'li 
lild

i 
1

. 
'
i
 

1
~
'
1
,

1 
'·J

,l!
,,··"

!
, 

,
.
1

!,,1
 
l
'
l
'
~
l
~
 

I
,
 

'J
i
j
.
!
 

,"
j
,,"

<
 

-
·
i
~
 

"
I
 

'"
 

~
1
~
.
!
'
i
B
 ... 

;
:
!
l:

;
'.

l:
!
 

!
l
:
!
 

::'0
·

1 
•
.
•
 

! 
.
,
 
... 

1
1

.;
;
1

 
:
:
.
~
 

.. 
C

l:'
s

; 
I 

.. 
f

8 
..

.... 
:
;
f
!
~
 

'"
5

,"
 

I I 
! 

3 I ; ! J i i 1 ! ! I ! ~ l 
! l r I 1 , i 

q
!
j
l
l
'
L
,
g
!
L
~
P
:
I
P
 

jp
 

>
.1

"
 

!
'
l
'
-
i
l
l
.
"
~
a
!
l
l
"
.
I
;
 

., 
'I

'"
 

.. , 
"
r

" 
"
1

· 
I 

'
l
~
t

' 
,2 

·
·

::I
~
.
1
3

°
:
:
l

' 
I
:
.
!
:
)
I
 

~ 
J 

~
.
t
J
 

~
~
.
1
 

.. 
$

.'lr
 

.. 
~
.
;
 

2
!
 

(
·
:
!
t

~::I¥
r 

! 
I 

'
8

1 
A

'
 

1 
,

'"
,
1

'
:

;,;
.
"
, 

a
t
,
.
,
,
' 

I" 
I
I

I 
'1

···· 
I
"
~
 

, 
•
•
.
 ,"

 
i 

,
. 

:i
s 

1
!
'i'I'1

 
~ 

•
•
 

.:r 
.... 

0 
i .. 

r 
'I"

! 
l·~l:l' .

i
l
"
;
;
'l
·
'!

'·
;
}
 

I
S

 
a:: 

iii 
:
:
'
i
!
i
e
~
l
·
 

l
i
~
~
:
:
~
 

I ' 
• i ~ ~ " ~ 

! I ' 
, • -

• , , 
I 

3 , 
" 

3 
i' ! , 

1
1

"
 

-
,
 
'
l
"
"
"
"
l
 

,
'
,
 

, 
;
1
;
l
i
~
I

'
I
'
~
"
!
i

! 
~
l
"
l
;
 

'
''

1
:1

5 
0 

~ 
i
~
 

..
.
.
.
 

&
1

,5
 

.!le--
I ! ; 

! I ! 1 ! I $ f j 
! j i I J ~ i I ! 1 ! 1 j; 

1
1
1
1
1
~
'
I
!
!
l
l
!
i
l
l
'
l
l
l
i
i
l
 



o.l.ong tb .,...< """,.b,,,1;o.'. to <lMr.a~. lbe "~" .,'''' •• 4r, 10 

l>oU< ho~ ... b!4hlJ' """.oli.04 _,." ,.,..-.... ,,.. ~D .uJ.I!hlA. (~B~ . 

'fbo _ tor fr'ooo u.. •• _llO , ........ \4 too.o ~"' __ ,10,""-,,,"7 !'or 'n-<_ 

pUc .. , ~ •• of _ ter f= _ llO _",t1:, tho -.. 111<>0 .... . t .. ... 

''"III .. t tbat tho ~"'lIt;r DC ..... _~r ~ ... '~or '-'1) 41" . It .... 1. 

<_lool"., !..o ... ~t, it _ be ]00 .. 1\>1. I.; '*' __ $1> .. t.r of quoUq oult_ 

ol>l. Cor i rr...,"'"," '. tho .. ~"'o .... port or /u Zi~. &ro. t...,. "'lulton 

I.n tbo boool 11.10<_ ODS .t dqtho wbiob bo· _ PI"OC .... hd¥ 1 ••• to 

t"- oou ..... 

1Ouat.Rn&:l"7 depool'" 

<I ...... rno-""j' 401'0.1 ... o ... rlTinll tho 1Uo< .... ..,. ........ tho F"""J'&l. 

&quit .... !II tbo c;ol'uw. o f tripoli_to , Tbo okpo.l ... .....,.. t_ \lfIOCD_ 

ool""'t.ed _ to looHlT ~tod _tone and l_0t00., _ til.l<kllu a 

.-..ns<' :rc. 100 _ ... _r trl l'O li to no ....-ten n J-b""t.o.I> 0:01 10 .... obob11 

about lOCI ....... ... ..r J(;,j ""1:01. 



on.. 10 ..... _ ... u.o ~""n>&J'7 __ no. "_"">7 I"Of.","", '" .. 

,_ .O._M· ... ~11' ... fIInWIb _~ o f _ .... r tv _.""" _ !U>lJ.. 

""I'Pl.:r ... cooatal ,.,..,p:>l1 .... u .. -u ......... ta:on"u _. !bot _to .... 

~ ....... Lo.l. &>'<I ::-OolJo e_UooI po_to __ .. 11 .. ,,-

1J!t.<""'-l._ nth ~, M. Loo,p'" o f ol.oII'. !bot ""olfn b __ _ 

to boo ............ 1&<1. ......, U . " ,. ~I<'Illt ..,.,,1a\mwI ....... 
J.ort; ..... _ ..... ~ ... file ... ""_, of ...... ., be ' S "."OJ 
_..... M. _ . c'rd".....u.J. __ hnoor -. &>'<I __ _ 

.., 0 ... u. _ .. _ ¥1ll ruo '" _ ... U to _ 10'Wl or _ .. \'or 

tabla. !bot po_lot -.- ta u.c .. - ... "uliu &n b~ h"UcuJ.a, 

..... ""J' J&rt,<Ul.r _ ., lOS& _. '" " .... l.& .... lJo olIon dta.....,._ !'IIo 

..... ....u ",,"-":'1<, of _ lo-.. __ 41 .. to boo """.!.4orol>l7 ....... 

t..IIo<o _, of __ , -. .... Iob «><>nltu .. tho flnt or .. tor-t.oIIlo 

"'Iuller. 1'bo"_ okpt.II of u.o ....no ,,,,, •• ,,,..,t.q tho ....,1111 Oqu11' •• 

ta _ 1<0~. -. of __ .. n.ozy 10 .-. 60 ."", ... o ..... t.q __ 
_ , '" tIM _t, 

to .... Uv1Jal> .... , _ n ... t .... _0"",,, "'Iul1' ..... In tI, .. ihIo. .. ......,. 

depoo'" .. _ to b. dlrwoU7 111"~~"'" IJ! -.,. pJ,OC... e-" .. ntlJo, 

tAo ... 0 ..... ", .. Ill "pp1IIf; tho n,..t Oq\l11'or ., .., an .t., .... lJo &nor 

-n>1 lIo, po' drlll-.l _11' bolI10 _...... 511101 1m 0 lOr&< _r or 

4111 ... 110 Il00 ... _ ~ .. pftl04 '" r.pJ,&o",,- y ,th dr'll04 vtiU. 

TIl< Ct."", ••• otol ...... , .. do_'"" &nO • ..u.-l:r p"_&IIlot L .... 1 .. 0 ", 

110ld ._U ,\ljlpll .. 0' 1'<>"1>1. ..... . o..u..e: '" \be". ~1al.q: to _ 

ON. _"". ''''y 0 ... ~,loc ' t;o ... H· ...... _to·tn,,1.oo>. 



Hydraulic characteristics 

Under natural conditions and over a long :period of time, the hydraulic 

system in a vater-bearing formation is essentially in balance, that is, 

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

the area of 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 wter level. When water is withdrawn from a well that penetrates 

an B.CJ.uifer, the direction of nov of the vater in the vicinity of the vell 

is changed. The withdrawal causes a lowering of the vater level around 

the well in the form 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 vater level and the outward spread 

Figure 5.--Diagram showing movement of ground _ter around a cone of 

depression of a pumped wp.ll near sea level. 

of the cone depend on the hydraulic characteristi cs of the formation as 

well a.s 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 tillle that has elapsed since withdra.wals began. 
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Two of the hydraulic characteristics of water-bearing formations 

whicb affect the rate of decl ine of water l evels in wells are the abil ity 

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

missibility and the coefficient of storage. The coefficient of trans­

missibility 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 gradient of one 

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

is defined as the volume of water an aquifer releases or takes into storage 

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

head normal to that surface. 

The hydraulic coefficients of storage and transmissibility of the 

aquifers in A2 zewiyab area are not available owing to the lack of pump­

ing tests. Tests were conducted however, in the Bianchi (Az Zahra) area 

by W. T. Stuart (1960). The aquifers at Az Zabra are believed to be suf­

ficiently like those at Az zaw1yah that their hydraulic characteristics 

are comparabl e. In Az Zahra tests the coefficient of transmissibility 

was determined to be 37 cubic meters p~r hour per meter (68,000 U.S. gal lons 

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

The figures obtained in Az Zahra tests indicated a moderate ability 

of the water-bearing formations to transmit water to well s. The figures 

may have been low owing to lack of complete penetration by the pumped 

wells of the water-bearing formations. 
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Recharge also !lX)ves i nto Az Zill1ya.h area from the south as shown 

in figure 6 . The contoux l ines in figure 6 are drawn through :points 

Figure 6 .--Me.p s'r.o\o'1ng configurat 10n o f the water table in a part of 

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

of equal altitude on t he water table and were constructed from vater 

leveH in .... ells measured during. 1959-60 . The map shows that t he water 

ts.ble slopes nor therl.y to'WBrd the sea. A ground-water JJnund marked by 

the 95-meter contour in the Bi'r al Ghenam area aod another south of 

An NaJiriyah marked by t he closed 9O-meter contour suggest that these 

t wo a reas may b e primary recharge zones. This tends to substantiate the 

conc+us ion that much o f the recharge fo r the aquifers of the Gefara comes 

from the runoff of ephemeral streams draining seaward from the Jebal 

Nafiise.h. During :periods of beavy rainfall. on the Jabal, the runoff i8 

higb . The \o-at er novs northw.rd f'rorn the steep wadis of the Jabal front 

a.nd. disappears into the ground along the wdi channels in the southern 

Gefara. Generally, very little runoff originating i n the Jabal reaches 

the sea . Recharge tram. local. direct infil t rat ion o f rainfall on the 

southern :part of the Gef&ra al so occurs but diminishes southward vith de­

creasing rainfall. 

There also may be interformatione.l recharge in Az zav.iyah are a and 

other areas along t he coast, but this has not been evaluated. 
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Ground-Yater discharge in A:z. Ziv1yah area occurs both by natural 

and artificial means. Water is discbarged natura.l..ly from ground-water 

reservoir by submarine outnow, spring nov, and evapotranspiration. 

Submarine outflo .... belov sea level may form an 1:atporte.nt part of the natural 

discharge ill Az ZAwiyah area. Discharge by evapotranspiration is sub­

stantial near the sea where the vater table is near the surYace. 

M::lst of the ground-water discharge in Az Z8.wiyah area is through 

.... ells used for irrigation and domestic supply. The total annus.l. wtthdra:wl 

from .... ells in Az Ziv1yah area was computed by estimation methods. The data 

were supplied in part b y the owners and the rest was acquired trom other 

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

irrigated. Irrigation requirements given by Casadio (Lewis, p. 55, 195~) 

and by Fred M. TUeston (1961, written communication) were used to estlmBte 

the annual withdrawal from those .... ells tor whicb the crops and hectares 

irri gated were avai lable. 

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

from .... ells, an inventory in A:J. Z8viyah area \18.8 made 1n 1958- 59 with 

additional information collected in 1960-61 . The inventory of vells, l isted 

in table 3, vas not complete, however, but most of the deeper wells of 

substantial discharge ~re visitEd and described. Information received in 

1961 from the Mudir of Az Z8viyab District listed 2,550 additional vells 

most of which are shallow dug 'Well s . 
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Most of the drilled wells J in this area use centrifugal PUDlPs set 

in an "avampozzo II J 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 water level, for the maximum effective lift of a centrifugal 

pump is about 8 meters (28 feet). The amount of water that a vell can 

pump 1s controlled somewhat by the specific capacity of the well (the 

yield of the well per unit of drawdown). If the specific capacity of the 

well decreases or is low, the rate of discharge cannot necessarily be 

augmented by increasing the pumping rate or size of tbe pump. 

The yields of many of the wella in this area could be increased if 

they were developed properly by modern water-well construction methods. 

Most of the drilled wells are not properly cased and screened and rarely 

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

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

the well a.nd to leave the lower part of the well open. This practice 

subjects the well to failure by sanding. 

J A drilled well in this area is one that has been put dmm mechanically 

including rotary and motor or band-powered percussion methods. 

36 



to \bop _l, _leu.llonJ. 4o"'~~l Lo tho ..pori ..... "*" 110"" 

............. _ Lo _ <>un or .... Zi'-.!.1"011 .... .u a ... , ~ ____ 

or .... Zi'-.!.1"oII . I'ho lbAllov ... t..o .... _1.o. "'I.lfihr "*" 1.0lIl: _ 4ft ... """'" 

lIT 4ue ...u. to in ....... ,..,.. 1.0 -.qp. ..- of l _ ......... :.0.1, 

.... -..u, lIT 4al .. .1. _ ..... or .,.."..4rt __ Lo ~~ ... l.a 

01 _ o f _ l&rI'~ ,..,.. bo4 ... " .. 4 _ .. ~ loftla to " '11 M Mloto u.. 

1101._ "I _ of _ ~, 4u& ...ul. !bonl'bn, _ro o f ... _ 

... u. ..... _ .. __ tbolJ' ~ .... 1Mtooll.-ll ........ ~_. 

!IUa ....- _ ",,«a.-ted 1.1 1m. • "" bu __ 1.0 p<O\BI_ ..... r 

-.!.~ 1.0 U.U ...... VUl .... 1O .. " ........ or ... llAo o f 1.1>0 .tor 

_U .... _ ...... _. ____ • of ••• U ..... , r-. u.. ..... ... • 

... 1.1 "0''' ~ ...... ~. or l rrl4&ta4 ~<\Il."""" 1.0 \lIla._ 

.1DIl,4 110 41",,,"-04 • 

.1 .. oIo.h ........ Lo, or ' 

.... ~n4 to .... r lIT ...... , ,..u., -.!. ..... .-1 or 1"" of 'oull.o<k. 

tDr po-oou. 

" 



the Italians 
East of A:L z&Viy&h, near Jiid Di'iln, / eatabl1shed a large farming 

community about 1938 where tbe land surface is generally more than 25 

meters Boon sea level. Most of tbe wells penetrate and draw from the 

lower or second aquifer in the Quaternary depoSits s.nd are equipped witb 

centrifuga.l pumps set in "Svamp::lzzos". Some new farms have been developed 

south of A% Z8.wtyah and Jiid Ii\. 11m in recent years. The water table in 

this part of the area is 5 meters or more above sea level and rises 

gradU8.lly to the south (fig. 6). The position of the water table 1e thus 

sufficiently bigh to minimdze tbe immediate hazard of salt-vater intrusion 

from the sea. Therefore, even though the pumping lift increases to the 

south, new ground-water development preferably should be in this d1.rection. 

Add1 tion&l. problems in the southern part of the area are sh1ft1ng 

ee.nd thB.t bas to be controlled by dune-stabll1z.ation methods and the 

neces sity tor laDd leveling or epr1nkl.er it:rigation . These problems, more-

over, apply to most of' the Gefe..ra. 
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Water levels 

Water levels in wells are one of the most important indices used 

in evaluating the water supply of an area. Changes in water levels re­

sulting from discharge of water are a tneasure of the overall effect of 

discharge upon the aquifer. If the static water level falls to return to 

its original level after cessation of extended pumping, then this fact 

suggests that the water is being withdrawn faster than it is being re­

plenished. ·During the period of m1n:llllum withdrawal, in the winter months, 

the water levels are generally at their highest level. It is during this 

time toot static water levels for year to year com:pa.r1son and evaluation 

are usually measured. 

The general configuration of the water table in A.z zawiyah area and 

adjoining areas i8 shmm in figure 6. As indicated, the wter 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. North of 

the highway between JUd Da'im and Az Ziwiyah the water levels are less than 

5 meters above sea level~being from 1 to 3 meters above sea level in much 

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

sea if the ground-water reservoir is overpumped. South of Az zawiyah, the 

altitude of the water table rises well 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 showing depth to water in A:z. zawiyah area, 1961. 
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The depth to water is of great importance to 1"8.rmers UlIing ground 

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

of li:t'ting vater to the surface increases. If the farmer uses a dalu, he 

mUllt p~ vater for a longer period or purchase a pump, or if a pump is 

already installed, he must use more pover vhich will increase the cost of 

operation. However, the increase in pumping cost may be :partly offset i f 

expanaion of the new power system in Tripoli makes electric power available. 

North of Az Zawiysh very few com;parative vater-level measurements 

are available. West of Az ZS-wiyah measurements made about 1938 and again 

in 1960-62 show a decline in static water level of about 2.5 to 4.0 meters 

(fig. 8). Recent measurements made in 1960-62, as in wells 3245-1241-4 

Figure 8. Map showing water level declines in A2. ZSwiyah area. 

and 5, suggest that the present rate of decl ine of the water level i s about 

0.25 to 0.3 meters per year. 

If the vater levels in the aquifer north of A2. Ziiw1ya.h continue to 

decl i ne at the rate of 0.2 5 to 3.0 meters per year, wells near the sea 

may yield salty water wi thin 10 years. A large number of pumps installed 

in this area can only accelerate the rate of decline of the water level, 

and consequently, the rate of contamination by sea water ~uld also 

i ncrease. 
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lIell 
110. 

32lO-12l1-1 

3243-12102-1 

32- 3-1242-2 

3244-: 240-1. 

32L'··12~2-!. 

324~-l242-3 

3244-1243-1 

3~W.-12<5-1 

32~5-1241-; 

32<5-1242-1 

3241)- 1244-1 

3;> '(-12~5-2 

3246-12~5-3 

324F.-~-1 

324{_:.2~-2 

3"4~ -:2~( I, 

3. 4f-121.6-1 

.,. 321:/,_121.t_~ ... 
324~-12~~-2 

32i1t-1249-2 

324(-1249- 3 
32l.6-1.2~9· ~ 
324( -1249-" 

3247-1242-1 

~ 

>I! Data ;l, ~ 
~Il Dr .. Co~tl.ol1 

~i 
5~ 

" .!I I 

33.8 May 26, 1959 

33·~ Alii!. 27, 1960 

2?9 3"" .. 4, 1.959 

3,>.4 J ..... 9, 1.959 

June 2~, 1961 

JW1C 9, ~959 

.T",,~ 9, 1959 

JUDe 9, 1959 

June 20, 1959 

1Kl I4q 2~, 1961 

31· 9 '"",:;:. :.)'5~ 

l~ . 3 J.- 20, 1961 

1603 J"". 20, 1961 

;72 

~·a 'Oct. ~~. 19:' 

13.7 June 20, 1961. 

A\I8. 3. 1.959 

51. ~ Juno I;, 1961. 

J~.; JulY 30, 1959 

33.3 JUE:e I;, 19£1 

JUDe 15, 19/'1 

12 ,9 Jur.. 21, 1961 

13.5 JUDe 21. 1961 

35.7 June 19. 19~1 

36.3 June 20, 1961. 

35·3 Doc. 3, 19~ 
35.3 .TUDe !l9, 1961 
65.' June 19, 19£1 

J6 1957 

)247-1211G-4 39.3 Jun. 15, 1961 

~ 
}' 1 
I! e 

i ~ 
3 ., 

f< 

12 

55 

32a..7-1.247-6 ~ Oct. 'I, 19"-0 i<4 25 

324 7-J.2Io7-10 ~~ July 15. 1959 17 

321.7-12I0Il-2 l4 JuJ.y 21, 1959 1] 

3247-12'11\-3 

3247-121).'1-" 

3241-l2WI-~ 

32~1-124'l-4 

321>1-12411-4 

3247-12V!-4 

3247-124'l-b 

3241-124g. 4 

3247-12411-4 

3247-~-4 

3247-12109-2 

57 

254 

270 

Sept.. 29, 1931 

~~. 24, 1937 

2~'l lloe. 21, 1939 

J44 Dae. 21, 1939 

374 JAll. 3, 1940 

42~ Jar.. 27, 1940 

500 Ii'eb. 10, 1940 

~96 ",b. 23, 19110 J,o 

1096 Apr. 19. 191>0 ~ 

36 Jun. ~, 1959 

7 

6 

I 

'8. 

7.~ 

1.6 

I 

~ 
! 
u 

~ 

59 

7·a.. 43 

7·5 59 

7·9 55 

7·6 60 

7.8 57 

7.4 511 

7.6 45 

1.6 60 

7.~ 106 

7.7 67 
1.7 60 
7.6 62 

132.6 

7.7 ;6 

7.l 650 

(i8 

8.J 72 

7·6 n 
7. 4 106 

7.~ 1116 

7.6 626 

~ 
! 

i 
1.6 

19 

1k 

211 

41 

36 

33 

31 

21 

18 

71. 

23 
23 
23 

72 

I 

I 

! 
I~ 
:;I 
011 

86 

loll 

70 

116 

75 

91 

193 

79 
86 
90 

27 1010 

178 mo 

29 

160 

70 

112 

I 

~ 

~ 

! . 
i 

5 

6 

3 

8 

3 

5 

3l 

£ 

6 

7 

6 

5 

8 

6 

5 

ll. 

~ 
·4 
5 

6 

8 

i f 
u 

J' 
III 

135 

157 

151 

1910 

220 

I 
~ 

t 
:t 

I ~ , .. 
I 

37 

61 

67 

, 
';4 

I ~ 
~ 

~ 

64 

66 

76 

57 

9l! 

275 

120 

2911 

160 

I 

i j~ I 
~ 
;:l :t 

, 
Ii S I 1.: iii lp 

51 i~ 
i~ Ii .. ~ 

643 4lI3 

76 705 426 

33 585 371 

)0 680 1404 

llll 630 

23 7CJi! 472 

40 5115 )86 

( 
t) 

:z . . 
! 
212 

215 

1911 

203 

238 35 72 16 630 382 194 

26~ l222 l!l32 115 5610 ~o)ll 1735 

1920 

165 

217 

~ 

199 

19'2 

169 
260 

201 

17~ 

195 

174 
17:7 
1.81 

~93 

71 

93 

57 

54 

52 

J.:!1 

l.O:! 
99' 

100 

691 

~9 

15~ 

196 

135 

115 

J.66 

11.6 

126 

110 
113 
124 

316 

517 

14 ~~ 521 

30 1050 63-1 

IITI ;Ii; 

36 910 519 

912 49l! 

)8 1070 610 

36 790 4:;8 

9lOo 5l.6 

79; 1181 

9110 41!9 

n lf350 125~ 

116 6n 566 
8120 519 
880 543 

2~ 1765 

227 

221 

216 

267 

557 

263 
2~ 
2~9 

629 

c 
0 

~ 
0-.'! ~ 

~-; 
Ii 

1 .93 

2.'9 

2.39 

2.02 

3.39 

2.20 

~96 91 1108 36 lOJO 593 254 2. '13 

353 2030 1670 7663 6420 2415 11.112 

18~ 91 1]5 ~4 877 565 27f 2.011 

181 ll1 lB1 ]9 lCJi!9 6118 )22 2 . 5" 

5· ~ 191 190 

479 

4~ 

723 

1110 666 297 

690 

S30 

9'70 

1Il00 

2.85 

6.71 

121 III 

12 217 

711 

965 

1353 

1518 

155(1 

1;60 

21.50 

2100 



The cations ordinadly present in significant concentrations in ground-

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

and potassium are essential plant foods) 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 more important anions in irrigation water include carbonate, bi-

carbonate, sulfate, chloride and nitrate. Sulfate and nitrate are es sential 

nutrients in optimum concentrations. Chloride in high concentrations is 

toxic to many plants. 

The preCipitation of sodium carbonate, resulting from evaporation of 

irrigation waters containing high bicarbonate ion concentrations, forme 

a "black alkali" deposit which bas a deleterious effect upon soil structures. 

This condition is 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, irrigation, and livestock. The quality of water for these purposes 

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

million, for total dissolved solids and other common chemical constituents 

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

(1961) is shown in the table below. Water which contains much higher can· 

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

as other parts of the world. 
ppm 

Chloride 250 

Sulfate 250 

Magnesium 125 

48 

Dissolved solids 

Nitrate 

Flouride 

ppm 
1,000 

44 

1.5 
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Figure 9. -·Diagram for the classification of irrigation ~ter8. 

(u.s. Sa.11n1.ty Laboratory, 1954 ). 
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The control of increased exchs.ngeable sodium, or aJiali, resulting 

from irrigation _ters high in sodiUll1 content may require special lIl&IlB8e-

!Dent p!'!I.Ctices. As the proportion of exchangeable sodium increases, the 

physical and chemical conditione of the soil become detrimental to the 

growth of plante. This can be prevented at times by the addition of gypsum 

to the vater or to the soil. If the soils are highly 

calcareous or gypeiferous the irrigation vater may dissolve sufficient 

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

Evaluation of vater analyses 

Most of the chemical analyses of vater from Az zawiyah area, 

when plotted on the SAR diagram for classification of irrigation vaters 

(fig. 9), exhibit a very low sodium hazard with a medium to high salinity 

hazard. This type of vater has proved to be satisfactory for irrigation 

of JOOst crops in this 

penetrating the lower 

region. All of the analyses of vater from wells 
,Qua te I'IlB.ry 

or second/aquifer plot within this classification. 

Water from wells 32~7-12~2-l and 3247-1249-2 when plotted on the 

classification diagram fell into the medium sodium hazard and high to very 

high salinity hazard classification. These wells, which penetrate the 

upper Quaternary aquifer , are located very close to the sea and may be 

subject to salt-w.ter contam1nation . They should be checked in the future 

for increased salinity. 



, 
1 

. 
i
'
 

I 
I
,
,
·
 
_

"
l1

 !',' 
jl;

 
S 

~.!I 
.
;
;
"
',

 
~
.
 

, 
'q

;
i
.

j 'l·i1
i 
!
l
'
l
l
l
 

l
d
~
j
'
i
l
-ll!.J

l 
!l.ll~' 

I
" 

'
"
.
 

',1
!,1

, 
1

1
,
1

 
l
!
i
 

J'O
'
i
;
i
1
~
1
:
j
i
i
l
~
;
!
S
"
l
l
 

I 
, 

§
. 
'!

 i " l 1 I j 
1 

,
"
 

~ 
t
}
 

• 
1

1
::lif 

n
r
j
"
l
j
i
i
l
'
~
l
~
!
 

l!
!
i;

]
'l:

i 
=

,1
;1

 
~!!" 

1
'·

 
l
l
1

i
,
J
'J

§
I
' 

I."
 

S 
i
"
~
l
~
~
~
 

.
!ii3";i!l!=

i
~
j
 

~ ! : Ii 
j 

• I j ~ 
,I l <

 : , i s I
i
i
 ; 

: I 
, 

• 
j
"
l
' 

l
"
'
l
"
'
!
'
"
 

/l' 
.. 

,
!
 

~
I
 

e
'
t
 

:
i
t
 

.I
i
i
' 

'
j
 
"
"
,
I
"
',

'I
·!; 

I , • , 
, I 

J I 
• , • ; , l 1

3
1

 , j • • , 
'1

t
"
!
 
"
'I

!
',

j
1

,
l
 

1 
: 

i
'
!
"
'
]
l
l
1

l
1

1
.
l
t
!
'
I
,
l
!
"
 

I
-

'J
o .. 

~
"
5
'
'
'
·
'
l
l
.
1
 

~S."'ll 
J
~
.
'
I
 
(
:
I
.
 

... 
,
t
'
;
l
 

,
.
1

;
.
!
,
 
~
~
J
j
 

! 
1

.
"
.
1

 



The so11s in A:z. Ziw1yah area, as 1D most of tbe Oeta.re., are pre­

dom1nantly sandy and thus provide good drainage of the soil. Under these 

conditions control of salinity can be readily attained by 1eacb.1.ng ot the 

soU vith. additional irrigation vater. Some of the crops grown in this 

area 8re sensitive to both sodium and salinity. Stone-fruit trees, such 

8S peacbes, are reported to be sodium-sensitive. Citrus fruit, alJIDnds 

and potatoes have a lov &alinity tolerance, whereas figs, grapes, olives, 

alfalfa," barley, peanuts, and" tomatoes "bave a moderate to high sB.linity 

tolera.nce. Date pe.l.mB and tobacco have a high sal1nity tolerance. Most 

of the crops grovn in this area appear to bave a moderate to high tolerance 

to sB.linity. The irrigation waters, except in the very shallow vells, do 

not present problems that cannot be ameliorated by Judicious irrigation 

management and leaching procedures. 

Fev, if any, wells in this area tap deeper artesian aqui.:fers that 

might contrioute highly mineralized vater to the shallow aqui~ers. Such 

cont8m1natloD, however, takes place in IIImy other parts of the Getara. 

Near tbe coast many of the shallow velle penetrating the :first aqu1~er in 

the upper bed.a of the Quaternary are reportedly becoming salty. This 

suggests the possibility of salt-water encroachment " ~rom the sea. The 

increased sal1nity, however, may be due in some cases to contamination of 

the shallow ground water by irrigation return from the land surface. 
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elsewhere in Az Ziviyah area. 

With these conclusions in view the following recommendations are made. 

New, la.rge withdrawale of water, such as for irrigation or industrial 

use from the Quaterna.ry e.qu.i:fera abould be r estricted to the ares. south 

of the tovna ot kz. Ziv1yah and J\lii na'im where the altitude of the w.ter 

table is 5 metere or n:lre above see. level. 

Ground-w.ter wi thdrawal8 should be kept at 8. minimum, and further 

agricultural expansion should be discouraged in the northern part of the 

area. to le6sen the danger of contamination from the sea. and sebkha. 

Representative wells should be selected and periodic observations 

made of changes in water levels and chem.1c.a..l quality of the vater. It may 

be necessary to drill vella for the specific purpose of observing fluctu­

ations in vater levels if Bu1table unpumped wells cannot be found. lluetu ... 

atioDs of ~ter levels are used to evaluate the effects of pumping and to 

appraise the long-te:rm. availability of water. Data from the observation 

wells rlll also show whether the danger of salt-wter cante..mi.n.a.tian is 

increasing and the location of the susceptible areas. 

The Miocene aquU'ers shoul.d be drilled and. tested to determine if 

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

replace the d1min~shing supply in the Quaternary aquifers of the coastal 

belt. 

Several :pumping tests should be made to measure the hydraulic char­

acteristics of the varioU8 aquifers. Such information, together with 

data on :pumpage and water levels, is necessary for quantitative evaluations 

and of the ground-water supply o~ the area. With euch data. Y8.lid est1.ma.tes 

of the amount of water taken from storage and of recharge can be made. 
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Notes to accompany Table 3. 

Y The spellings of th .. cabi1.as and owners' names follow those of tbe field 
notes. 

y Dr, dr111ed. All dr111 .. d w..lls in tbis report are put down in dll8 wells 
that extend to a sbort distance above the _ter table. 

Chemical e.nalyaes are 8~ven in ta.ble 5. 
ductance in micromhos at 25"C. 

':J Bee bottom of page. 

Conductivity = specific COD-

2/ Aquifer, upper (1) or lower (2) Quaternary deposits tapped by well. 

§! Irr, irrigation; Dom, Domestic or public supply; B, stock. 
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Table ~. --Logs of deep drilled wells in A2. zawiyah area cont'd. 

(Translated from records of the Italian Administration) 

(Well 32~7-12~7-6) Near Jiid De. '1Jn 
Lithologic description 

Sand------------- ----------~---------------------

Thickness 
(meters) 

1 

Sandstone with beds of 1il11estone. Water at 28 mj 

temperature 26.5"C.---------------------------- 23 

Clay with clayey sand----------------- - ---------- 32 

L1Jnestone, fractured. Water at 56 m------------- 33 

Conglomerate, fossiliferous---------------------- 51 

LUnestone, gray with flaky clay beds------------- 52 

Sand, fine , quartz--~---------------------------- ~ 

Limestone, gray with beds of clay---------------- ~4 

Clay, plastic---------------------------------- - - 235 

Conglomerate, white and gray, fossiliferous. 

Water from 475 to 496 m; flowing) temp. 3loC.-- 7 

Clay, sandy, green----------------- -------------- 4 

Conglomerate with quartz sand----------- --------- 36 

Pebbles-------------------------------------_____ 1 

Conglomerate with quartz sand------- - ------------ 28 

Conglomerate, as above with beds of sand--------- 6 

Conglomerste, as above with Clay beds------------ 6 

Conglomerate with pebbles. Water from 563 to 

584 m; static water level 42 m above land 

surface; flow 270 m3Jhr; temp. 44°c.___________ 7 

Conglomerate with bard and soft beds------------- l4.6 

Depth 
(meters) 

1 

2~ 

56 

89 

1~0 

192 

196 

2~0 

~75 

~2 

1186 

522 

523 

551 

557 

563 

570 

584.6 
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