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COASTAL PLAIN AQUIFER, ISRAEL* 

The background information for the coastal plain aquifer is as follows: 

(a) Region: eastern shore of the Mediterranean Sea; 

(b) Geography: the coastal plain is a gently inclined, undulating area which 
rises from the shores of the Mediterranean to maximum elevations of about 80 m 
above s ea level at a distance of 1 5-20 km from the coast, and is bounded on the 
ea st by the foot-hill s of the mountains of Judea and Samaria. The northern 
boundary of the coa stal plain is formed by a promontory of the Carmel Mountain in 
the south. The Shiqma River may be taken as the southern boundary because from 
here southward climatic and hydrological conditions become semi- desertic. A number 
of rivers with very erratic, short periods of flow cross the plain from east to 
west. The only perennial river, the Yarkon near Tel Aviv, divides the coastal 
pl a in into northern and southern parts ; ' 

(c) Climate: s emi-arid, Mediterranean type. Rainfall occurs only during the 
wi nter (October-April) and averages about 550 mrn/year in the northern part and from 
400 to 500 mm/year in the southern part; 

(d) Reservoir t ype : sedimentary ; calcareous sand and sandstone and 
i ntercalated m~rly strata d eposited in a littoral environment; 

(e) Methods of investigation: the geology is known in great detail from 
hundreds of exploita tion and observation bore-holes. Water levels and the salt
fresh- l·rater contact are monitared by means of an extensive network of observation 
bore- holes . Quantitative i nvestigations were carried out with t he aid of 
mathema t ical t echni que s and analogue models. 

Ground..:vat e r r e s er vo ir s 

The aquifer i s composed of litt or al-marine calcareous sands , ca lcareous 
sandstone s and inter cala ted layers and lenses of marly loams, all of Pleistocene 
age . I t has a maxi mum t hickness of 130 m at t he s ea shore a nd vredges out at t he 
foot-hills i n the eas t . 

. 
The aquifer is underla in by a l ayer of blue-black shales s everal hundred 

metres thick , probabl y of Neogene age . Near the east ern part of t he a quifer 
boundary , the shale s are replaced by ohaH:y-marly f or:r:Jatjons of Senoni an- Eocene age . 
'The aqui fer a nd t he underl ying shal e s pr e sent no recogni zable tect on ic features. 

The thickness of the a quifer near t he coa st is abou·:: 130 D. At a d i stanc e of 
about 10 km f rom the shor e it is 80- 100 m t h:i.ck and fu:r·ther east it rapidly 1redges 
out. The eff ective t hi c kness of the aquifers is about 25 per c ent l ess t han t he 
above geometric t hic kness, owi ng t o t he interc alated serui -p(~rvious to i mpervious 
marly strata ~ 

Case study No . 6 prepar ed by S. Mandel (I s r ael).* 
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Transmissivity of the aquifer is 1,000-4,000 m2/day n e ar the coast and only 
100-500 m2/day at the eastern edge. Its specific yield i s 15~20 per c ent . The 
aquifer stores 20 x 10 m3/sq km near the coast; 10 x 106 m3/sq km at 10 k~ inland. 
Hat er quality is mainly in the ranc;e betvreen 120 and 300 ppm . Total dissolved 
solids (TDS) is 50-130 ppm Chlor-Ion.l 

6

I 
The aquifer is replenished by rainfall over the coastal plain and, to a small 

extent, by seepa~e from the seasonal rivers traversing the plain. 

! The aquifer discharges into the Mediterranean Sea in the west: only a f ew 
very minor spring s and swamps near the coast indicate ~round-water draina~e to the 
surface. In the natural state, ground--1-mter level contour lines ran parall e l to 
the coast ; i.e., natural flow-lines 1-rere perpendicular to the sea coast. l'Tatural 
replenishment has been determined to be about 230 x 106 m3/year, on the average. 
In the natural state, about 2 x 106 m3/yea r of water discharge into the sea through 
each kilometre of coastline. 

The aquifer underlies one of the most fertile and most densely settled 
regions of Israel. Its exploitation amounted to only about 60 x 106m3/year in 
1948, but increased by l eaps and bounds in the succeeding years, and r eached 
480 x 106 m3/year in 1962 . This represents about 45 per cent 6f the total amount 
of water used throughout the country in that year, and exceeds the estimated safe 
yield, about 190 x 106 m3/year, by a factor of 2. 5. Over-exploitation caused a 
very marked lowering of the water levels, which were depressed below sea l evel in 
some areas. From 1963 on•rards, vrater from the Jordan River 1-las imported into the 

t region and the hydrological situation has nm-r stabilized at a safe level. 

t 

' The aquifer is exploit ed by several hundred bore-holes with average yields of 
250-350 m3/h . The bore-holes operate from 2,500 to 3 ,500 h/year, mainly duringI 

I 
I the summer months (June- September). 

The i mpervious bottom of the aquifer, •rhich ascends towards the east , is 
relied upon to control sea- water intrusion. It is intended to keep the g r ound -"· 

, ·":ater levels suffi ·::iently high at a distance of' 2- 3 kin from the coast , so that 

I 
' 

sea 1vater cannot intrude above the i mpervious bottom further inland . Bet1·.'e en this 
line and the c oast , withdrmvals by means of shallm.r bore-holes are rig i dl y 
controlled. A scheme to this effect, the :'coastal collector 11 

, is in the p ilot
i plant stage. 
i 

Apart from its function as a source of 1-1ater, the aquifer is also used as af stor age re s ervoir for flood water from rivers, and as a storage reservoir for 

t 
t 

1-rater from the Jordan River conduit. i'viana{Sement of t he aquifer is greatly aided 
,{ by the network of observation bore-holes . FurtherrwTe, pumpage is gauged e.n d t strictly supervised by l a w. 

/ I ~1ost of the bore-holes are owned and o:::: '-">: '<e6 1~·Y ; :cLo::--c·:~; :, t':::i,r:-:r Co. Ltd. , 
'·'hich supplies 1-mter f or f arm irrigatior" P..t c. ;:;..:t .. \':Ii JY: ~ r ,,3 ( c ~:: _ culated at thei 

t~ 1971 rat e of exchange). The pr i ce of Ui"b2n ··:::.T.ET EUV!1y i s c:e':.e:::~:cined by the 
f munic ipalit i es and varies c onsiderably f ror:; p~L_;~c 2 · ~ o p1u:::c. s 
t I n to-vms, >·ra ter rates follou a slidin1_;; scc-:le. Tl':e quantit:'/ "'·hie}-; i s • · cons idered bas ic is supplied to each household at a lov rate, 1:hile c onsmrrpt i o n lnl 
i excess of this quantity obliges t he u ser to pay much more. 

~ f 
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The high cost of water, the sliding r ate scale in to~ms and a vigorous 
campaign of educating the public has led to a remarkable r eduction of water-demand 
per unit of irrigated area and per capita, withou~ adverse effects of productivity 
or the standard of living. 

Artificial recharge schemes 

The purposes of the replenishment of the aquifer by water from the Jordan 
River are as follovs: 

(~) Restoration of safe ground-water levels in the coastal aquifer; 

(~) Long years of storage of water from the Jordan River, the yield of which 
changes very erratically from year to year. The storage capacity of Lake Tiberias 
is insufficient to regulate these fluctuations and, therefore, underground storage 
must be utilized; 

(~) Seasonal storage. During winter, in addition to the natural 
replenishment, the aquifer is artificially replenished with wa~er from Lake 
Tiberias so that it can be more heavily exploited during summer. 

The operation of the system is described below. 

Water fro.m Lake Tiberias is conveyed to the central and southern parts of the 
country by the National Water Carrier. This pipeline is connected with most of 
the bore-holes by means of a network of subsidiary lines. All the water in the 
National Carrier is pre-treated and is of potable quality. 

The extraction wells are also used during ~Tinter for recharging. The wells 
are 80-120 m deep; their specific discharge is about 50 m3/h/m of drawdown . For 
extraction purposes, they are opera+ed vith yields of 200-300 m3/h. The lo,.rer 
parts of the wells consist only of slotted pipes, which are put opposite the more 
consolidated parts of the aquifer. No gravel packs or other special filter 
elements .are installed. A small part of artificial replenishment is carried out 
through improvi•Jed spreading-grounds. During wii1ter and spring, 1968/69 , 
31 bore-holes an.d tbree spreadi ng-grounds ~1ere usc::d for artificial replenisbm.ent 
of water from the Jordan; 62 x 106 ::13 were rec targed thrcur;h bore-ho.les, 8-nd 
5 x 106 ! !3 thrcu gh spreading-grcunds. 

A bacterial slime forms on the well face and greatly impairs the effic iency 
of operations after about one month of uninterrupted injection; It was found that 
a few hours of pumping cleans the well-face and restores the capacity of the 
bore-hole. The water which is pumped during these short cleaning periods is dark 
and s melly , and must be discarded. · 

The est imated cost of injecting Jordan River water i nto bore-holes i s 
$O.Ol5/m3 (a t the 1971 r ate of exchange). This estimate mainly reflects t he cost 
of energy and manpm..,er for supervision, since only small i t ems of installation. Here 
constructed spec ificalJ_y for injection purposes. 

G±v:::ra:tions are c al.'1tied out by Mekoroth VJater Co. Ltd., within the frame,mr:r 
of the vat.er laws of .Jt;sr;ael. 
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l Because this is one of the major tools for the management of the water 
resources of Israel, operations will be continued and expanded. Additional 

I chlorination may be required to combat clogging. 

j 
l 
I 

~ficial replenishment in the area of &neq Hefer 
~ 
! Emeq Hefer (Hefer Valley) is situated about 40 ~~ north of Tel Aviv and coversI. 
I an area of about 110 sq km. The permissible annual yield of ground water from the 
I aquifer of the coastal plain in this region is about 15 x 106 m3/year. The area 
;· is intensively cultivated and its water requirements greatly exceed this quantity. 

During the late 1950s about 40 x 106 m3 of ground 1-rater were pumped annually from1 the aquifer. As a consequence~ the vrater levels declined sharply and sea--water 
intrusion became critical. A pipeline was constructed conveying additional water\ supplies from an aquifer of Cretaceous limestone situated 15 km to the east ofI Emeq Hefer. This vrater is used partly for irrigation and~ during the ~-rinter , 
partly for artificial replenishment. 

The purpose of artificial replenishment was: 

(~) To restore acceptable hydrological conditions in the aquifer ; (b) to 
utilize the coastal aquifer as a seasonal storage reservoir, so that larger 
quantities can be pumped from it dur1ng smnmer; (~) to optimize operation of the 
regional water-supply system. 

At first, existing exploitation bore-holes were used for injection. Later on, 
ovling to legal difficulties 1-rith the private well-owners, several special 
injection bore-holes were added. Currently, recharge is carried out in nine 
bore-holes operating at an approximate recharge rate of 220 m3 /h/bore-hole. In 

61965/66, recharge operations reached a peak of almost 10 x 10 m3, and they have 
been continued on a reduced scale since then. 

The scheme vmrks satisfactorily, as long as clean ground water from the 
Cretaceous aquifer is used for injection. Trial runs with water from the Jordan 
River produced clogging effects by bacterial growths on tbe face of the vlell. The 
cost of injecting •·rater a>nounts to about $US 0. 02/m3 . Oper ations are c2.~·ried out. 
by l·lekorot.h ld2.ter Co. Ltd. Private l·iell·-o-vmers, i·lho benefit from the oper2.tions, 
are billed for injected water. The scheme will be continued . 

Elimination of sea-vater intrusion J.n the Tel Aviv area 

Greater Tel Aviv is a densely populated area extending over! about 100 sq km. 
Until 1958, its water supply depended solely on local vells exploiting the 
Pleistocene aquifer. The permissible yield , about l 7 x 106 m3/year, 'I·TaS exceeded 
in the early 1950s and withdrawals reached more "Gl:2Xi. C:u x 106 r~ ) in 1957/58. A 
deep cone of depression formed and sea vrater intruc:C:d to a distc.:.nce of 2. 4 l\.l"ll from 
the sea coast, putting many vrells out of action. :Fro::: 1959 to 196!~, ex:tlloitation 
1-ras reduced and vrater \·laS imported to sati sfy the requirer:,ents of the area. Hhile 
the cone of depression created by the excessive pw~"~a;c~ slo~dy fill ed up, 
sea water continued to move inland . 

The purpose of the project was to build a temporary fresb-w&ter barrier to 
check the advance of sea >tater until the •:rat er levels further inland recove r 
sufficiently. \!Jater from the line of the Jordan River was injected into 22 city 
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\Tells parallel to the shore line and at distrmces of 1. 5-3 t;-. east of it. Lat er 
on, additional wells were drilled, especially for recharge to the bottom of the 
aquifer. About 140 x 106 m3 -vrere recharged in this vay during the year s 1964 -1966. 
Observat ions shmred that the advance of the zone of diffusion -vras checked during 
the winter, \vhile during the summer a slo<r east1vard movEment vas still 
recognizable. The scale of operations 1-ras then reduc ed and they vTill be 
discontinued in the near futur e , because, in the former cones of depres sion , water 
levels have now approached the calculat ed safe conditions . 

Hark in a densely built-up area presented the usual engineering problems. It 
1-ras difficult to maintain the required rates of injection in each bore-hol e and, 
simultaneously, to maintain the regular urban water supply from the same network. 
The water of the Jordan River used for injection caused clogging by bacterial 
growths and the capacity of the vrells had to be reconstituted by short pumping 
periods. 

Artificial replenishment by surface Hater from the Shiqma River 

The Shiqma River f'orms the southern boundary of the coastal plain. It drains 
an area of 734 sq km with an average annual rainfall of about 350 mm/year. The 
river is in flood only during a few days each winter and dr y the rest of the time. 
Several complet ely dry years are on record. An average flmr ~of 7 x 106 m3/year 
may be taken as an indicat i ve value of the river flmv. 

Good sites for surface storage cannot be found on the river and evaporation 
losse s from an open \-later-surface \Vould, in any case , greatly impair their 
efficiency. Ground-water storage is t he only -vray to utilize the flash floods.· A 
storage reservoir with a capacity of 2.8 x 106 m3 holds the flood and also serves 
as settling pond. 

A pumping station with a capacity of 10,000 m3/h conveys the -vrater through 
a 48-inch p ipeline and conveyance channel over a distance of 3,000 m to spreading
grounds covering an area of about 40 ha, situated on sand dunes at an elevation 
of about 10 m above the reservoir. The spreading-gr ounds have a capacity of about 
8co ,COO 2't3 of water. I n filtration rates are about 1,000 mm/day at the start of 
each season, decline to about 250 mm/day after 20 days of operation and remain at 
that l evel un Gil the end of the short season . The VTater is recovered by bore - hol es , 
\vh ich had been in operation pr i or to the const ruction of the dam. Hovever, 
art ificial repleni shment makes it possible to maint ai n a high rate of ground-•rater 
abstraction. 

The turbidity of raVT wate r is around 10,000 ppm suspended solids, but it 
varies widely f'r om f lood to flood; :i,n one exc eptional flood-1vave of 1 2.5 x 106 m3 
volume, turbidities of 50,000 ppm were reached. As a rule, ·-vrater with a turbidity 
of only 500 ppm or less is spread on the grounds. For this purpose, detention 
per iods of 5-7 days in the reservoir are necessary . 

The f'ol lowing figures, which are expressed in millions of cu.bi c metres, 
summarize operational records. In vi e-vr of the v e''Y l 2c"ge var:i.c:i::- il ity of clii!latic 
conditions in this area, it i s misleading to calc~lc.:,~.:,e averages :f r c n the short 
record. 



Diverted into Accumula ted
Totals for Total flovr Lost over Losses from -----

spreading- silt lfl
period in river spillway reservoir

grounds reservoir 

1960/61-1967/68 67.3 28.6 35.2 3.5 1.1 

Settling of silt in the hold-over reservoir is too slow. If. in a wet y ear, 
floods occur at intervals of less than 10 days, they meet a full reservoir and 
are lost over the spillway. The addition of coagulants and/or heightening of the 
dam are under study. Infiltration rates in the sand dunes declined from their 
initial peak, but remained at a satisfactory level during the last few years. 

3 

I 
Amortization for investment amounts to about $US 0. 5'7 /m /year, calcu:Lateu wi t h 

an interest rate of 8 per cent for a 25-year period of total amortization at the 
.1971 rate of exchange. Operating expenses are about $US 0. 05/n3. The ent ire pl ant 
is operated by lVoi.ekoroth vJater Co. Ltd., under the ;.mter lavlS of Israel. It is 
desirable to solve the above-mentioned problems, but operations will, in any case, 

I 
continue. 

Artificial replenishment by surface water from the Menashe Streams 

I The four seasonal streams, Snunit, Ada, Barkan and Mishmaroth, drain an area 
of 110 sq km in the region of the Menashe Hills t01-1ard the Mediterranean Sea. The 
watersheds of the rivers are underlain by chalky limestone which forms a shallm·T 

I 
aquifer. The seasonal river-flow lasts from December to April and averages 
15 x 106 L~ 3jyear , within a significant range of 3-40 x 106 

1:1
3 /year. The river-flow 

is composed of a base flow fed from numerous springs, and superimposed short 
periods of floods. The base flo;.r accounts for about 70 per cent of the total. 
The project diverts the four streams by gravity, recharges the water into the 
aquifer of the coastal plain and recovers it by pumpage in bore-holes. The 
project 1-ras undertaken for the purpose of seasonal storage and exploitation of 
surface water. 

A diversion canal, mainly earth, about 10 km long with a carrying capacity 
of about lO_m3/sec, ~rosse~ the ~our ~tr~ams with a.diversion strgct3re on :~ch, 
and enters 1nt o the aetent 1on ana de s1lt1ng r e s ervo1r of 2.4 x 10 ~ capac1~y . 
From here, anot her earth ca nal about 2 km long carries the water into t he spr eading
basins, permitting intermittent operation aimed at the prevention of clog8ing by 
suspended matter and the restoration of infiltration capacity by drying after 
partial clogging.l 

The maximum piezometric level in the aquifer is about 25 m pelovr the bottomJ 
{ of the spreading-basins. Due to low-lying areas in the vicinity, the aquifer 
I storage is somewhat limited. The aquifer is 30-50 m thick and its 

t ransmissivity is from 800 to 1,000 n2/day; the coefficient of s tcro..(Te is ab Oc!t1 

l 
t 0 .20. The underground reservoir is exploited by 10 pQmping wells surrounding the 
f spreading-basins and discharging into a local neh1ork that is connected to the 

llational Water Carrier. 
·I 

The major part of the project 'l-ias constructed in the s ummer of 1966, was put 
i nto operation in the vint er of 1 966/67 and Has finally c ompleted prior t o t he 
vinter <of 1967/68. 
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The followin g operational records are available . All fi gures are in millions 
o f cubic metres. 

Infiltration 

Hydrological Diverted In In In
Spills year flm.,r spreading _r-;rounds re servoir canals 

1966/67 12.0 0.15 7.5 2.8 1.7 

1967/68 3.8 0.2 2.9 0 .7 

1968/69 20.5 not 10.2 4.5 5.8 
measured 

The silt -load is small, from 160 to 300 ppm for river--discharges of 
1 - 3 m3Jsec and from 50 to 100 ppm for smaller river di s charges. 

The underground storage capacity i s small and the distance from the sea is 
only about 3 lm1 : therefore, the site is not suitable for many years of storage. 
Eventually, additional bore-boles may have to be drille d to enable quicker 
extraction of ground water before it escapes into the sea . The watershed area of 
the rivers is now heavily settled and partly industrialized. Pollution of the 
raH vater may become a problem. 
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