
I . . . NA~ ~~4 %~;r.tl l Votr \; ) Oer n~ 
PROBLEMS OF AN OVER-DEVELOPED WATER SYSTEM • 
THE ISRAELI CASE 
by R Nattv. The Seagram Center for Soil and Water Sciences . The Faculty of Agnculture. The Hebrew Untverstty of Jer .. sa · 
lem . P 0 . Box 12 . Rehovot 76100 . Israel and A. Issar. The Jacob Blaustetn lnstttute for Desert Research . Sde Boker Carr.pws. 
Beer Sheva 84990, Israel 

~O£.lJ) ~.;.fl{ ~~~v~no~ 

INTRODUCTION 
lsraelts located on the northern edge 

of the Inter-Troptcal Convergence 
Zon e (I TCA ) where air masse s whtch 
ascend tn the more humid regtons 
converge to the south and north. and 
desce nd ThtS downward moveLient of 
atr masses warms and dries them up. 
resulting m the format ion of the largest 
desert tn the world. which extends from 
the Sa~ara m northern Afnca to Ruba AI 
Khali in Saudt Arabia (Ftgure 1 ). 
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part of the country ranges from200 to 
over 1000 mm. 

Betng on the edge of a desert zone 
mea ns not on ly low prectpttat ton but 
also large vanattons m the annual pre­
Ctptta!IOn from year to year . Droughts 
whtch may exte nd ove r a pe nod of 
years. affect the country from ttme to 
ttme . Archeological . hydrological and 
palynologtcal ftndings such as water 
level of the Dead Sea (Kle in. 1982) as 
well as m the settlement and desertton 
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Ftgure 1. Desert zones of the world (modd ted from Dnscoll. 1986) 

The southern part of Israel . wedged 
m between north Afnca and Arabta :s 
the Negev desert Annual prec tp,tat ,on 
dtmtntshes from 200 mm tn tiS northern 
part to 50 mm tn the south. whi le annual 
potent1a 1 evaporat ton tS about ten ttmes 
h1gher (Ftgure 2) The cltmate 1n the 
northern part of the country tS of tne 
Medtterranean type . nam9"1y . short. 
humtd and co ld wmters (December to 
February). and hot. dry summers . 
Annual prectp ttatton in the northern 

of the Negev (Issar and Issar . 1987) 
show that dunng htstonca l t1mes Ci t· 
matte changes extended over decades 
and centuries 

At the end of the 19th century . the 
country was sparsely popu lated be ­

. ca..;se of dif fi cult c ltmattc cond 1ttons 
and the degeneracy of the· Ottoman 
government system The hosttle envi ­
ronment challenged the young Jewish 
se tt lers who came from eastern Eu­
rope They soon learned tha t tn order to 

Ftgure 2 Dtstnbutton map of a n ~~a : 

prectp ttatton 1n Israel Grinwald 198::. 

ensure a decent and stable ,ncc~e 
they can not rely on ra:n water to trr ga:e 
the1r lands . the only way to becor-e 
tndependent of the capnc tous cltr.a:e 
was to dn ll wells ana use ground~t.a : e r 

for 1mgat,on Groundwater ..... as rc,-. 
ever . costly an.d in order to make !.... : 

use of 1t. tntenstve techntques ot a;· ­
culture and advanced systems of "' ·;a ­
lton were tntroduced . Durmg the ~J 
years smce Israel gamed tiS tndepe~c -
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er-~ce in 1948. the poputat1on of Israel 
has increased from 0.5 to 4 5 m1lhon .. 
Most of thtS popula tton lives tn urba n 
centers spread ma tnly along the Med t· 
terranean coastal pla•n: the and part of 
the country IS st ill sparsely populated 

WATER DEFICIENCY 
Efforts to bridge the gap be twee n 

water demand and short supply has 
charactenzed the country throughOut 
history . Rutns of aouaducts and trnga­
tto n pro w cts as wel l as abandoned 
water well s are spread all over the 
country . Modern technology . as al ­
rea dy 1nd •ca ted . tS b ased on the 
pumpage of groundwater. whtch tn­
creases the available water resources 
and provtdes storage capac•ty for 
drought pe rt ods . Cur rent annua l wa ter 
consumptton 1n Israel (mean values for 
the period 1980-1 985) is 1926 mtll ton 
cubic metres (MCM) ( 1.56 millton acre­
11) : only 1 808 of that amount can be 
gatned bac k by ann ual prec tpi tat •on 
(Hydro log,cal Serv •ce of Israel. 1986) 
The rematntng water supplied IS de · 
rived p rimarily by gro und w ater mtntn g 
in aQutfers whtch causes thetr water­
table to dec ltne . Several dry years tn a 
row. resulttng 1n low recharge rate . can 
threaten water qualtty in the mtned 
aqu ifers . owtng to sea -water encroach­
ment or increastng leakage of underly · 
ing bnnes . D•strtbut•on of water con ­
sumptton mdtcates tha t about two· 
thirds of water 1s allocated to agncul­
tural act1vities . The tncreastng demand 
for water has brought the water-plan­
ning authonties to develop marginal 
water resources such as bracktsh 
groundwater . recycled waste water . 
and storage of runoff water that would 
otherwise be lost to the sea. Conse­
quently. the use of lower-quality water 
has increased. resulting in some 
places in soli salinization. and ground­
water pollut1on . 

WATER SOURCES OF ISRAEL 
Three ma1or sources supply most of 

the water in Israel. The Sea of Galilee . 
fed by the Jordan R1ver that emerges 
from the mountains of Lebanon. and by . 
runoff water from the Galilee and the 
Golan Hetghts . prov•des 25% of the 
total consumption The Coastai-Piam 
aquifer . butlt of sandstone . suppltes 

2~% and the Mountain aqu ifer. built of 
limestone and dolomtte. another 22% 
of the total consumption . In addtl ton to 
the above-menttoned regional aqut· 
fers . much smaller quant1!1eS of water 
are supplied from local aqutfers butlt. 
matnly of basalts . chalks. and young 
alluvtal depos•ts Small storage dams 
for flood water and reclatmed waste 
water were also constructed to help 
local demand Table 1 presents the 
current productton from each ma1or 
water so urce a nd co mpares tl to tiS 
water potentta l Data tn Table 1 tnd•cate 
that the two ma1or aqutfers were heavily 
ov erpumped d urtn g til e las t year s Fol· 
lowing IS a more detailed descriptton of 
the lsrael1 water -supply system . 

The Sea of Ga lil ee occupytng 1 70 sq . 
km (42 000 acres) IS the only fresh­
water lake tn Israel Dunng the years 
1 980 · 1985 . the mean annua l contnbu· 
tton of the Jordan Rtver to the lake was 
494 MCM Surface runoff and waste 
wa ter contnbu ted an add lltona l 21 6 
MCM . The rest came from the dtrect 
prectpttatton. sa lme springs at the lake 
bo:to m . and the Yarmouk Rt ver (65 . 19 
and 18 MCM . respect 1ve ly ) Of the 812 
MCM that annua ;i y flowed mto the lake 
durtng th ts penod . 294 was lost to 

evaporation . about 500 was pumpec 
for water supply and 42 was allowed to 
flow out 1nto the southern part of the 
Jordan Rtver on 1ts way to the Dead 
Sea . The lake 1s also a ma,or recrea tion 
asset as wel l as a commerc•al ftsr.1rg 
center 

The d•str 1button of ma jOr aqu ders :r. 
IsraeliS shown •n F1gure 3 The Coas1a1 
aquifer wh tch ltes parallel to the Mec . 
terranean coast is butlt of Pilo -Pie ,s:o· 
cene sand and sa nds tone tn terf tnge· 
tng w tt h shales (Ftgure 4) The aq u - ~ er 

tS separated from the underlytng torr. a 
!tons by Neogene shal es and ma· s 
Ge nera ll y. groundwater tS unconftnec 
tn the sandstone : but. wherever t~e 
tnterflngenng shales form a local sepa· 
ratton . groundwater may t;e confined 
Natura l mean annual recha~ge tnto t;-e 
aqutfer amounts to about 219 MCM 
Ma,or flow dtrectton is generally towara 
the Medtterranean Sea 

The Mounta 1n aquifer •s built of U:J · 
per Cretaceous limestone and do o­
mtte of Cenomantan and Touron1a~ 
age . Large karsttc cavtltes and cha'"~ · 

ne ls control the aqutfers htgh transrr s 
stvtttes Groundwater m tne aqu•fer •s 
confmed tn the foothill reg 1on (Ftgure 5 ; 
where the aqutler IS covered by ma : s 

TABLE 1. PRODUCTION, INJECTION AND OVERPUMPAGE 
FROM WATER RESOURCES IN ISRAEL 

(Mean values for 1 980 ·1985 water quanttt 1es are m mtlllon cub 1c metres ) 
/ 

Source Potential Pumpage Injection Net Discharge Over 
Pumpage Pumpage 

Sea of 
Galilee 455 497 18 497 24 

Coastal 
aqu1fer 283 433 83 350 6 7 

Mountain 
aqutfer 330 363 23 340 47 57 

Lower Cret . 
to Pal 30 30 
aquifer 

"Data rega rd tng the Sea of Galilee. Coas:a l and Mounta 1n aqu 1fers are taken tr :-~ 

: ~ e Hyd rolog tcal Serv tce of Israe l Report r ~ 986 ) Data abo:.. t the Lower Cretacecs 
to Pa leozo,c aqu tf er are from unpubltShea report of Issar and Lev1n (1986) 
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Figure 3. D1stnbut1on of maJOr aquifers 
in Israel (modified from Hydrolog ,cal 
Service of Israel. 1 986) . 

and chalks of Senon1an age and by 
younger format1ons . groundwater 1s 
unconfined along the ma1or topo­
graphiC h1gh of the Judea and Samana 
mountains . where the limestone and 
dolom1te outcrop . The aquifer is re­
charged by d1rect prec1p1tat1on (about 
350 MCM!yr) . In the past . the aqu,fer 
discharged to the west. north. and east 
through freshwater. brackish. and sa­
line springs . The increase in water 
pumpage from the aquifer reduced the 
western natural d:scharge to less tt··an 
50 MCM ot sa11re water aoow! · -: c 
MCM st il l flow eas: ,. ,a sp r, ngs :: .. E­

Dead Sea . tne va E' f S of Ysra e1 a""~c 
Jordan. southwes: oe low the Va iley of 
Beer Sheva. and north toward Leba· 
non . 

A fourth aqu,fer underlies the Negev 
Desert and extends to Sinai . The aqui­
fer IS composed ma1nly of Paleozo,c 

_..,: .• 

and Lower Cretaceous sands!one and 
of Jurass:::: limestone. dolomite and 
sandstone The aqu 1ter contams brack· 
ish to sa11ne groundwater. Its upper part 
(in the Lower Cretaceous rocks) is 
pumped along the Arava R1f1 Valley for 
1rrigat1on and near the Dead-Sea area 
for the m1ning and chem,cal 1ndus:r1es 
The present annual pumpage IS about 
30 MCM . which 1S only a small fract1on 
of the aqu ifer water potential. Water in 
the aquifer IS confined. except for small 
areas . and is not curren tly recha rged . 
Consequently . pumpage of water from 
the aqu1fer IS actually m1n1ng of water . 

MANAGEMENT OF MAJOR 
WATER RESOURCES 

Since the 1 950s the Sea of Ga111ee 
together with the Coastal and Mounli!in 
aqu1fers have been operated as one 
system m order to ( 1) transfer wa ter 
from areas of surplus to the dner parts 

of the country. and (2) to reduce the 
water losses to the Dead Sea and 
Mediterranean Water from the Sea of 
Galilee is be1ng pumped mto the Na­
tiOnal Water Carner (NWC) (Figure 6) 
and 1s being transferred to central and 
southern Israel Water from the Moun­
tain aqu1fer 1s pumped and added mto 
the NWC sys tem. Dunng and prior to 
the w1nter season. as much water as 
poss1ble is pumped from the Sea of 
Galilee into the NWC system. 1n order 
to increase the stora ge ca p ac1ty of tne 
lake and to reduce the amount of lake 
water that overflows to the southern 
pan of th e Jordan Riv er and to the Dead 
Sea . Because at winter time less water 
from the north is needed 1n the south. 
water from the NWC IS recharged 1nto 
the Coastal and Mounta 1n aqu1fers to 
compensate fo r the summer overwlth­
drawals Alternat1on between 
pumpage and overflow operations m 
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Figure 6 Water supply system of Israel 
(mod1f1ed from Yaakobov,ch and 
PrushensKy. 1975). 

the lake is controlled by the minimum 
lake level of-212m. requ1red by recrea· 
ttonal act'v't'es as well as by the loca­
tton of the pump1ng stat,ons along the 
lake shoreline. and the maxtmum lake 
level of ·209 m. requtred to prevent 
floodmg of various factltttes and culti­
vated lands adJacent to the shoreline 
Thus the resulting operational water 
storage in this surface natural reservoir 
ts about three metres . which amounts 
to about 500 MCM (405 500 acre-ft) 
Because of the uncertatnty involved tn 
the forecast of future prectpitatton and 
resulttng runoff events. more lake wa ­
ter than necessary 1s often r~leased 
into the Jordan and the Dead Sea . and 
by the end of the w1nter only a fract1on 
of the operattonal capacity is full. Con· 

sequently . only part of the water that the aquifer is open to the sea along its 
could have been recharged into the ~ntire western boundary . Based on the 
aquifers IS available. resulting in long-ter.n water balance prepared by 
overpumpage from the aquifers. fol- th1s aquifer. mean natural recharge 
lowed by water-table declines. amounts to about 220 MCM. and 

Supplying water from the NWC and backflow from irrigat1on and leakage 
rechargmg the Coastal and Mountam from supply system is about 120 MCM 
aquifer by the Sea of Galilee water On .the other hand. the reqwed water 
involves problems of water quality. flow to the sea to prevent sea-water 
Chlorinity m the Sea of Galilee water encroachment is about 60 MCM. thus . 
had reached in the past 340 mg/l. The leaving only about 280 MCM for poten­
malor source of salt to the lake are ttat pumpage Cons,aering saltntty 
upwellmg brines of up to 18 000 mg 'L constra,nts. the available water for 
chlonde Saline spr tng s are tSSu1ng pumpage IS only about 240 MCM 
from the lake bottom ana from along the (Bachmat. 1980) . However. during the 
lake coast. Some of the springs along penod of 1980· 1985 over 430 MCM of 
the coast were captured and chan- water was pumped annually, only 83 
neled mto a conduit wh1ch takes thetr MCM was artif1cially recharged. result· 
water south of the lake to the Jordan mg tn excess1ve mean an~ual 
Rtver However. sprtngs that emerge at pump8ge of 67 MCM of water . Dunng 
the lake bottom could not be captured cert· ·~ars annual overpumpage 
and continue to contribute salts to the elf ·"' MCM. resulting in water-
lake water . The construction of the sa - 1 "' 1 to 0 15 m.'yr and 
line-water conduit resulted in s1gntf1- ~ ., of sea water by 
cant decline of lake salintty to current ' water-tat)!e 
chlor,de concentrat1on of about 21" /1 .., alc"1g 
mg ·L Yet. recharg1ng the Mount· ~,... ' ~nd 

and Coastal aquifers wtth lake v- Jc; ~ 
means. in places . addtng salts 1' ~ ;lj_ 
fresher groundwater. lrrigatir ~ U.q,l\ r...... ~ "'­
lake water on the coastal pi· ~ ...., ~ 1 -'1(' a 
so il s. also results in sim &v ~ . /' o,")~r-
quence .( """- '~ 

Management of pu• ~ ~ _ I.Vr, 
Coastal and Mountatr ~S "-(,.'-'&:~ 
trolled by a waterbalan~.. ~ '(} IS 
each zone 1n these aquifers. «. .tes 

is restricted . as much as poss,.. ..JUtferY,'
the annual natural and art1ficial ,... _, .:irea of 
charge Nevertheless . dunng the pe- .ural and 
r1od of 1980-1985. mean annual 1 n~o. . jd above 11 
pumpage and natural discharge 1n the Becau. only a few 
Mountam aqUifer exceeded annual metres dee, .er contam,r.a· 
natural and artlftCtal recharge by 57 !ton ev,dence~-. .;reasmg n1tra:e 
MCM (Table 1). The excessive concentrat1ons IS . ommon. Arttf:c•al 
pumpage resulted in water-table de· recharge of recycled wastewater a1so 
cline of 0 .2 to 0.25 cmi yr. These adds to the contaminants load . Water 
drawdowns were followed by a Stgn1f1- salintty and contaminatton will probaOiy 
cant decrease of discharge tn places. mcrease tn these isolated depressions . 
ma1nly south of the Carmel Mountam. caused by overpumpage. becaL;se 
and by salinity tncrease m the central flushtng of salts and contammants :Jy 
foothills area Salinity changes may be groundwater flow tnto the sea does ~ot 
attr,buted to leakage of bnne from ad1a- occ;.;r . 
cent formattons. and sea-water mtr;,;- The management of the three maor 
s1on tnto-the aquifer's karsttc channels wa:er resOLJrces of Israel as one hyd•o-

Overpumpage of the coastal aquifer log·cal system. as tndtcated above . 
may result 1n sea-water tntrus,on. as guaranteed a steady water supply and 

a 0 -·· ~· { a ........ owac: e ... 
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Figure ?Water level m,ap of the Coastal aquifer. ·Israel . 1985 (mod lf1 ed 
from Hydro1og1cal Serv1ce of Israel. 1986 ). 

the development of the more arid parts 
of Israel Yet. a few years of drought . as 
well as the mcreasing urban demand 
for water . 1nd1cated that this system IS 

not capable to expand much further to 
supply expected water needs toward 
the end of the century . not to speak 
beyond the year 2000 . The ma1n rea­
son is that the system lacks ample long ­
term storage capac ity to bridge the gap 
between years of abundance and pen· · 
ods of want . In other words . while the 
tong -term storage need to guarantee 

the basic supply is in the order of mag· 
n1tude of 4000 MCM. the available stor· 
age 1n all surface and subsurface reser ­
VO irs IS abo ut 2500 MCM The pres ­
ence of th ts gap means tha t 1n dry 
years. groundwater will have to be 
m1ned . whereas durmg affluent years 
water will flow to the Mediterranean and 
Dead Sea ra ther than be stored 

DEVELOPMENT OF MARGINAL 
WATER 

Because no more readily -used water 
resources were available for develop ­
ment. efforts to 1ncrease water poten­
tial has led to study and exploitat ion of 
marginal water resources . These in­
clude treat 1ng wastewater. stonng run­
off water and the use of brackiSh water 

Recyclmg of wastewater can add up 
to 250 MCM of water for irrigat1on . thus 
releasing fresh water for domestic use . 
Major drawbacks of th1s water source 
are the high expenses involved in treat· 
ing wastewater and the dual p1ping 
system required to distribute it sepa · 
rately from potable water . The treat · 
ment of sewage of Tel-Aviv areas is a 
major effort to develop this water re· 
source . Currently about 60 MCM are 
treated annually . It is planned that by 
the end of the century about 120 MCM 
of wastewater will be t reated. The 
treated water is recharged into the 
Coastal aquifer : 1t is then pumped and 
transferred by a special p1pe line to the 
northern Negev . Chlorinity of the water 
ranges from 200 to 250 mg/L and is 
similar to the Sea of Galilee water pro­
vided by the NWC. Based on its chem1· 
ca l quality. this water can be graded as 
potable water . however. it will be solely 
used for irrigation . In addition to this 
regional prOJeCt. there exist other loca i 
plants such as in Ysra'el Valley. where 
treated wastewater is mixed with runoff 
and brackish groundwater and is used 
for irrigation . 

More than 260 surface reservoirs 
were constructed alongside of or on 
ephemeral streams to harvest flash· 
flood water that could otherw1se get lost 
\Figure 8) Usually. these reservoirs 
contain also treated wastewater . The~r 
typical volume ranges from 100 000 to 
500 000 cub1c metres . and the1r tota . 
capaCity amourtrs to about 100 MCM 
Wa:er losses o;.; t of these reservo1rs 
:!l rough leakage and evaporat1on are a 
maJor h1ndrance to the effect1ve use c· 
:he water One of the attract1ve fea ­
tures . however 's the~r dilutiOn capac 1ty 
wh1ch allows fo r the add1t1on of lo w 
q ual1ty water . thus 1ricreas,ng the .ava ll ­
able water quant1ty for use . 

Saline and brackiSh water (dissolved 
solids content of 1000 mg /L separates 
fresh from brackish water . whe reas 
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F1gure 8. Reservoirs fof storage of 
runoff-water and treated wastewater 
(modtf,ed from Gnnwald. 1980) 

4000 mg 1L of dissolved sol1ds sepa ­
rates brack,sh from sal1ne water) oc­
curs throughout Israel in vanous loca­
tiOns and aqu1fers . In northern Israel. 
saline and brack1sh water occurs pn­
marily tn deep aquifers and as springs 
The saltn,zatton mechan1sm of some of 
these spnngs such as the Sea of Gali­
lee saline springs. or the Tann1nn1m 
Spnngs (whtCh form the western natu­
ra: outlet of the Mountain aqutfer). 1s not 
yet clear In both instances. a better 
understand,ng of the saltn,zation 
mechanism IS essential tor 1ts manage­
ment. The most effective salintly man­
agement can be ach1eved by ground­
water pumpage upstream the spnngs. 
as we!l as by man1pulations ot the Sea 
of Galilee lake levels In southern Is­
rael. most groundwater tS brack1sh to 
sahne. mcluding water in shallow aqu1· 
fers . BraCkiSh groundwater 1s used d1· 
rectly by the Dead Sea tndustr1es 118 
MCM) and for irrigatton tn the Arava . 
Valley (12 MCM). and is part iy desali­
nated :by reverse osmos1s) for domes­
tiC use for the C1ty of Eilat Water poten­

. t1a1 of brack1sh groundwater 1n northern 
Israel amounts to about 230 MCM . 
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F1gure 9 Est1mated populat10n growth and water demand 1n Israel tn the year 

2000 (Shuval. 1981 ). 

however . in southern Israel. its poten­
tial tS much greater and amounts to 
billtons of cub1c metres located 1n the 
Lower Cretaceous toPaleozotc rocks 
sequence . Th1s ma1or water resource 
1s used only to a small extent relat,ve to 
tiS potent1al as ind1cated above 

POTENTIAL SOLUTIONS FOR 
WATER DEMAND 

As shown 1n F1gure 9. the gap be ­
tween demand and availability of re ­
sources will mcrease in the future 
Thus current trends of overpumpage of 
fresh water in aquifers will become 
more cruc1al. especially dur1ng long 
spells of dry years . Th1s problem can 
be solved tn several direct,ons 
(a) Bycut\lng water allocat,on for trn­
gatron Because over two-th1rds of the 
nat1onal water consumption IS used in 
agrrculture. a reduction in water alloca· 
t1on to thrs sector will reduce the water 
snonage 
(b l By 1ncreasmg the eff1crency ot rm­
gatron systems Though farmers ;n Is ­
rael use water eff1C1ently. and dunng 
the last twenty years product,(>n has 
rncreased by a factor of 4 with the same 
amount of water. there IS yet still room 
for ,nnovat,ons 

(c) By developong all potent1a1 brack· 
1sh water m nonhern Israel (230 MCM . 
This will1nvolve the problem of comb:n­
mg brackrsh w~ter mto the fresh -water 
system Th1s can be accompl;shed by 
e1ther chang1ng water quality sta:-1­
dards throughout the entire system. or 
by the allocat,on of tow-quality water :o 
a spec1f1C sector such as agnculture It 
seems that the second alterna t, ve s 
more feas1ble 
(d) By develop,ng brackiSh water mt~e 

Nub1an Sandstone aqu1fer 1n Lowe• 
Cretaceous to Paleoz,c rocks 1n tne 
northern Negev This will reduce tr-e 
amount o! NWC water used 1n tre 
Negev . and alternatively will enable tr·e 
use of th1s water for aqu1fers recharge 
1n the central part of the country . BracK 
1Sh water 1n the Negev can be used c · 
rectly . or after dtlut1on w 1th recyciec 
wastewater from central Israel. that w ;. 
be earned 1nto the area v1a the waste­
water earner wh1Ch is presently unde• 
construct,on . thus increas1ng 1!S quan ­

'''Y and quality As stated prev,ous'r 
the Nub1an Sandstone aqurfer is rc: 
currently recharged. but the vast 
amounts of water stored tn rt will s;;fl ·:e 
for many years 1f properly managec 
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Preference of one alternative over 
the others is not a technical hydrologic 
issue , but an economic and political 
decision. as long as water prices are 
controlled by the water authorities of 
Israel. Both alternatives (c) and (d) 
offer not only a substantial increase of 
water amounts for use, but also include 

. the long-term storage reservoir which 
is currently absent in the water-supply 
system . 
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