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1. Executtve Summary

Cyprus ts a waEer-scarce ls1and where economtc developmenE andgrowth Eay ultimately be ltntted by the amounE of erater available forrnunlctpal, tndusErial, and agrlcultural use and Ehe efftctency urlth whlch tci's used. Annual average prectptEatlon ranges frou 2gO mm 1n ihe urest Eo1,190 IDm on the Troodos mounEatns for a total of about 41500 mi,Ilton cubtcneEers per annuE (MCM/a) of water on the enEtre tsland. Surface evaporat,lon
and. evapotranspiraElon from foresEs and pastures accounE for about 2r520
MCM/a and from cultlvated and irrtgated crops about r,030 MCr{/a. rt isesEtmated that about 175 MCM/a of surface waEer are ut1lt zed fot agrtculturaland domestlc uses, and Ehe remalntng 425 l4Clt/a are losc Eo th" "". durtngfloods. An esEimated 350 MCM/a inftltraLe inEo E,he groundwater straEa.

Most of Ehe groundwaEer resources have already been developed, andthe prospeeE of furEher developmenE of secondary aqutfeis 1s lintted becauseof quanticy as well as water qualiEy. Serious overdrafE.s of groundwater forlrrlgatton are already causlng lowering of waEertablesr lncreastng weIIconstrucEion and pumping cosEs, seawaEer inEruslon, and losses of crops,wells and cropland due Eo salinlty in coastal areas.

Expedtent responses by farmers include drttllng addtttonal wellsand purchasing water from neighborlng farmers, each of rnf"n eonttnues EoexhausE the rematnlng supplies. The most serlous seawaEer irltruston problemsare in I'Iest,ern llesaorta, Southeast.ern llesaorta and Larnaca areas. A stablethough vulnerable balance of wtEhdrawal and natural replenlshnent 1smainEained in Akrotiri area.

Stnce the even!s of 1974, trrigatlon cechi^-logles on the GreekCyprtoE side have been lmplemented ln uany areas by high effietency drlp andsprtnkler systens. Meanwhtle, Ehe need for a dynamtc loliey on Ehe reuse ofwastewaEer effluents has been recognized by all parties. The hlghestprtortty ts belng gtven Eo addltlonal fresh rvaEer supplies for dornestle,commercial, and indusErlal use. This may requlre reallocatton of wa6errights presenEly assigned Eo farmers. The iupacts of thls reallocat.ion canbe mlnimized by appropriate EreaEmenE of muntclpal and industrial wastewaEerand their reutilizatlon by agriculture. Financlal viabllity of wastewaterreuse can be assured by: (l) uslng Ehe local seeondary supplies raEher thanby expensively import,tng addtttonal primary waEer, (2) 
-inEroductlon, 

posslbly
T1!h substdtes, of effi.ctenE lrrlgaclon Eechnlques for reuslng wasrewater,
( 3) assurance of an essenEtarly constanE supply of wast.ewater, and (4)savtngs ln ferttltzer costs by uslng Ehe nuErtent,s tn tji) effruents.

It ts expecEed thaE by 1990 Ehere wtll be slgniftcanr amounEs ofsewage effluent for dlreet irrigation and/or aquaculture or for hydrologtccontrol of seawaEer tnE.ruston by ratslng of ground-r.rater levels Eo or abovesea level 1n depleted aquir-ers. A comprehensive feasibtlicy study Eo befollowed by flrst sEage demonsEracton project,s for irrigatlon and posslbleaquaeulture from effluents aE Kamares and Ntcosla are proposed. preliminary
estlmates of Ehe demonsEraEton projeccs indicate costs oi-approxlmately $1.3mtllion for borh siEes. Decatled destgns and budgets would be developed bythe feaslbtlity srudy.
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Cyprus ts a potenttally tmportant dernonstratlon proJect area forthe entlre Mtddle East and Afrtca tn lntegrated resource recovery concepEs.Progress toward oeettng goals of aehlevlng economlc and other beneittsthrough $raste recycllng {n developtng countrles could be enhanced bydemonstraEtng cooperattve acttvtt,les tn modern eraste\rater uttllzatton onCyprus. ongoing project actlvlttes 1n evaluaEtng health effecEs and economlcbeneftts of wascewat,er utllizaElon in lrrlgation and aquaeulture can support
Ehe lead agency role for UNDP/CLO/80/004.

2. InEroductton

2.L Goals and 0bieetlves of the Resource Recove Pro'i ect

The goals of the research and developmenE in InEegrated Resource
Recovery Projecr (UNDP/GLOlg0l004) are (i) Eo achieve healrh, envtronmental,
employmenE, energy, economic, soc1al, and flnanclal beneftts through resourcerecovery and utiltzation projects in developtng eount.ries; r.ra (ti1 toassemble, assess, and dtssemtnaEe cechnologtcal, economtc, and ftnanctal
tnformaElon Eo developlng countrtes embarklng on resource recovery.

Speclftc objectives stated in the ortginal project document. were:(i) t,o conducE and document sEaEe-of-t,he-arc revtews of resource recoverycechnologtes; (ti) Eo conduct and documenE case sEudies of Ehe technologtcal,
envtronmenEal, instltucional, emproymenE, soci.al, flnanctal, and economlcaspects of entrePreneurial and communlty systetrs for waste collectlon, andrefuse and resource recovery projecEs adapted to speciftc eondlttons of urbanand rural areas of lower- as well- as hlgher-tncome developing countrtesl(tii) Eo design, lnsEall, moniEor, and evaluaE,e rhe lnttlal operattons of
demonstrat,ton( )rojects and to prepare terms of reference for full-scale
lnvestment proJects tn lntegraEed resource recovery and uttltzatlon whtchwill result ln reduced costs of communtty sanltatton and waste managemenE;and (1v) to ldentify pollcy optlons consisEent wtrh lnlrtaging or lnprovlngprodueEtvtty in susEainable resource recoyery systeos.

The principal categortes of research and developmenE undertakenunder GL0/80/004 include (r) inorganlc naterials recovery; (tl) organlcmaterials uciltzaEton; (iiil wasEewater reclamarton; (lv; 
";".gy savtngi anclproducttonl and (v) land reclamat,ton.

2.2 Wastewater Reclaoatton

_ A P-"{ortcy research and deveJ.opment project of the ResourceRecovery Profeic is waste\raEer reclamatton and uE11lzatton. Auong E,hetechnologtcal- and econom{c factors Eo be constdered ln planntng andinplementlng of wast,ewater reclanaEton syst,ens, parcteular attenEton shouldbe given Eo extstlng land and water use, clinate, and health proftles ofrural, urban frlnge, and urban areas; exlst,tng and alternattve schemes forsanltatton, dralnage, and waste EreaEment; alternatlve agronomlc, trrtgatton,aquaculture, and insEtt,utional tnterventlonsl and requlremenEs for seasonalst,orage or dtsposal of surplus r.rast.ewacer ( I I ).
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2.2.1 Wast,ewater Reclanatlon for Irrigaclon

Anclent and current syscems for uslng human excreta tn Eheproductton of food have evolved ln response to econonlc and envlronmentalirnperaEtves. other systems have evolved in areas of permanent or seasonaldrought where the developmenE of comunlty water supply and sewer systems hasintroduced an addttlonal resource, water. It ts esttmated that at least g0
percent of the $rasEewater from developtng counE.ry ctttes ts used forperEanenE or seasonal trrtgaEton. 0ffictal concern over health effectsranges from orinlmal in Ehe countrles of south and southeast Asta toconsiderable in the polictes of Caltfornta whtch appltes dr{nking eratersEandards to sevrage treatment plant effluent Eo be used for trrlgatlngvegetables, or 1n prtvate decistons that go further and reject even thtsvrat,er for i.rrtgatlon.

In order Eo provlde po1lcy gutdance for developtng countrlesconcerned with wastewater trrigation, the Resource Recovery project
commlsstoned a study on health ef.fects (actual tncreased lnetdence ofi'nfectlon) from wast.ewaEer trrigatlon and Eo evaluate remedtal measureso
DaLa from stt,es in chi1e, china, Egypt, rnd1a, Jordan, Mextco, Morocco, peru,
the Phtllppines, Sudan, and Tunlsia were compared wlth lnformation fromAusEralla, cyprus, Denmark, France, Germany, rsraer, rtaly, Japan, stngapore,and Ehe Untted States.

The study revealed chat although bacterta, protozoans, andhelminths endeuic in the communiEy occur in iastewater and perslsE on sotland on croPs, only a few cause a degree of measurable tnfeetton and dlsease.Four faccors tnEervene: ( i ) maxtnun perstsLence of pathogens ln theenvlronment, (ti) rhe nlnimum infecttve doses, (iti) hosc tmurrity, and (tv;
Ehe tnportance of concurrenE routes of lnfectton. Ava{lable tnforuatton onthe f trst two facEors indtcat.es chat helulnchs consEttute the greatestprobable source of lnfectton from wastewater lrrlgatton of vegeEebles becausethetr infecElve dose 1s low and they perslsE tn the envlronnent forrelattvely long pertods of tirne. Thts conclusion ts supported by hlghlycredi'ble epldentological studies that clearly reIaEe exeess helulnthtnfeetion in exposed farmers ln Indla and ln consumers in Israel Eo rawsewage irrlgaEion. The Jerusalem observaEton coinctded wtth an outbreak ofcholera, the causes of whlch lncluded an exogenous source and perslstenee ofEhe cholera v tbrlo in che envtronmenE., and sufflcteng tnoculatlon ofvegeEables to provide an tnfective dose tn a populatlon wtth zero tmuntty.These and other data obEatned durtng the sEudy are summartzed ln Ehefollowtng ltsc of healch effects of waste$rater lrrtgatton tn developtngeountrles:

I. Low rlsk (low excess lnctdence) - viruses

Medturu persistence (raaxlmum of weeks), low infecttve dose,ltfe-long lmuntEy acquired by the very young, matn rouEe of tnfectton tn the
home or by personal contacEs.

i)

C)'
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rr. Medium risk (nedturo excess tnctdence) - bacterta and protozoa

Medtum. perstsEence (maximum of weeks to monEhs), medlum lnfecElve
dose (tOZ to 106 organtsms), inmuntEy ts variable and transtent, and matnroutes of tnfectton are personal conEact, food, water, and only occaslonally
wascewaEer lrrlgatton (cholera, Eyphotd, Shigella).

III. High rtsk (high excess ineidence) - helmlnths (hookworm, Eapeworm,Ascarls, Trlchurla)

Hlgh persisEence (months), very low infectlve dose (one egg), nolmunity, and maln rout.es of infection outside Ehe home (occupatlonal and
consuner health effecEs of sewage-irrigated vegetables eaten r.rj.
some remedial measures for the conErol of health effects lnclude:

(1) Crop regulaEion and monlEoring. These are effect{ve whereland tenure and/or water righEs are effectively admtntstered, as 1n Khartoum
and parts of Mexteo C1ty.

(2) Selection and scheduling of irrlgatlon technolog:y. Driptrrtgatton systelDs ensure che leasE contacE beEween people and pathogens tnche water, followed by sprtnkler, bastn, and rldge and furrow sysremsoEffects can be reduced by suspendlng trrlgarion during the last mont,h before
harve st tng.

(3) Dlstnfectton of produce aE the household leveI. Thtsis probably effecttve only aE low 1evels of concamin.aiton.

(4) ImprovemenE of occupaEional hygtene. Thls option rnay provlde
Eemporary conErol.

(5) Prophylaxls or cheraoEherapy. For carefully targeted and
rnoEtvaEed groups of people, Ehls nay be effectlve.

(6) WastewaE.er treaEment.. Properly planned and operaEed. waste
EreatmenE, sysEems chat are deslgned priurartly for pathogen removal ratherthan B0D removal provide cost-effective optlons.

(7) Cooblnactons of Ehe above.

Fron the lnctdence of lnfectton actrtbutable to waad-iat.er trrtgatlon, lt canbe concluded Ehat, ( i ) waste\rat.er E.reaEuenE provtdes stmultaneous procect.ion
to sewage faru workers and Eo che general pubtic wtEhouE the need. forprograms to change the personal behavtor of trasses of people, and (tt1
conblnattons of EreatmenE. rechnologles and/or oEher remedlal opttons may beequally effective 1n speciflc cases. Table I lists removal efiecttveness ofwastewater Ereatnent processes tn logt0 untEs or successtve 90 percent
removals (for example, one unlt equals 9b percen! removal, two unlts equals99 percent renoval, etc. ).

neasure

,).
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Table l: Generallzed EstlmaEed Entertc pathogen Removal
Effectiveness of WasEewater Treatment processes

(ln 1og19 untrs)

Treatment Vt ruse s Bacteria ProEozoans Helmtnths

Pr inary
sed tmen Eat lon

Trlckltng filrers

Septtc tanks or
anaerobic ponds
(t ro 2 days)

AcrtvaEed sludge

Stabi Lizatton ponds
(20days-4celts)

0-i

0-1

0-r

l-3

2-4

0-r

0-2

L-2

l-3

4-6

0-1

a-2

?.-3

i-3

4-6

0-2

0-1

3-t+

i-3

4-6

Chlorlnatlon has been exeluded from Table I because it is {nappllcable .tnmost developtng countrles. In industrtal count,ries chlortnaEion is effectlveagatnst tnfectton from bacEerta and protozoa in seeondary efflueng when thereare few, if any, other routes of tnfection. It ts noE parttcularly effecttveagalnsE vtruses or helmlnths.

For deveroping eountrles, stabilrzacton ponds are clearry apreferred neans of dealtng wlth rhe health effect.s of uastewater lrrigatlon,parttculary where vegetables are eaten raw. AssoelaEed land cosEs in urbanfrtnge areas where servi.ies are lacktng and where selrage Ereatment andfarmlng take prace typtcally range from about 5,000 Eo 20,000 usD perhectare. The tradeoff between land cosEs and the cost of Eransmisston touore distant siEes 1s lnfluenced by alcernatlve land uses, soil fert111ty,cltuate, and numbers of crops per year, and may favor higher yteldlngaquaculture systems over irrlgated agriculture.

Destgn crtterta for erasEelraEer EreaEmenc. factlittes can beclasslfted as follows:

0peratlonal

Pr{ortty
Pr tort ty

Pr tor I ty

l.
2.

3.

Removal of hlgh-risk helnlnths.
SlgntftcanE reducEton of medtuoq-rtsk bacEeria and
ProEozoa, and of Low-rlsk vtruses.
Nuisance-f ree ef f luenE.
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Teehnlcal

Prlortty r. close matchlng of capactty to demand. rnterimtechntcal solutlons (these should be robust, eastlyupgradable, and capable of extenston).

F{nanclal and economtc

Prtortty l. Comparable economtc costtng, maxlm{zlng of benefttsfrom eaeh alEernatlve through p.op"i deslgn andoperaElon, and lnvolvement of the users tn making chetntertm and ftnal cost-benefit determtnatlons.
conslderatton of alternatlve technologtes and servleestandards during the early phases of project
ldent i.f icat ton and preparaton.

The costs and beneftts of meeting the above prlorlties arepresented 1n Ftgure 1. cosE raEtos of convlntional 
".r"g" treatment Eostablltzation pond factllttes depend upon land and 
""ru!" transmtsstoncosts. Total cosE tnclude Ehose for "Co..g", dlsposal, and other systemcomponents' Ponds are demonstrably more "o"t effecttve Ehan convenEionaltreaEment ' and 20--day pond systems are recommended for Medtterranean clluateswtth due regard for closely matchtng capaclty to demand.

2.',3

This report summartzes Ehe findings of eonsulEants commtssloned bythe Resource Recovery ProjecE to tnvesttgate exlstlng and potentlaLuttlization of rrastewater on the rsland oi cyp..r.. rt concrudes wlthreconmendatlons for feaslbtltty and related studies demonstratton projeets,and cost esttmates for lmplementtng Ehem. Thts report consElEutes aEechntcal basls for a poienttal pro3eeE for wastewater reeovery andutillzatton on the Island of Cyprus.

{'. 
-

3. Background

3. I Physlcal Settlng

Cyprus, an tsland wtth 9250 km2 in area and a Eotal coast line of780 km, ts sttuated ln the northeastern end of the MedlEerranean sea,centered on ratttude 35o 00, N and longltude 35o l5' E. (prate r) rt tsdonlnated tn 1ts topography by the Mountalns of the Kyrenta Range ln the *"-:
norEh wlth tes htghest point aE 1000 rn above sea 1evel and the TroodosMountalns tn the southwest and Mesaorla Pla1n lylng between Ehese tlromountatns' The htghest teak of the tsland attatnlng .., .ltttude of 1950 m isthe top of the Troodos Mountalns.

Cyprus has a semi-arid cllmate of hot dry sururer from mld-May Eomtd-September and cool, r.rec, rather changeable winters fron November Eomid-March' separated by shorL sprlng and ,,rt,r.rr. The rnountaln Eemperaturesfall below zero tn the wtnEer whtle lhe mean a1r temperature of Ehe central
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Iowlands rematns l0o Llo C and coast areas Lzo l3o C in January and int,he sumner the tenperatures rlse occastonally Eo above 4Oo C. Wtth an
average of 340 days of bright sunshtne annually, the ra1nfall, confined tothe monEhs from Oct.ober Eo Aprtl, averages 500 mm per year tn Ehe ruountains
and 250 nrn 1n Ehe central lowlands which represenEs about 4600 mcm of watertn an average year over the whole area of Ehe tsland. The tocal surface flowln an average year ts about 600 mcm wlth a loss to Ehe sea of abouc 450 mcm.
Many lnEermtEtent streaus draln Cyprus Island, whlch are acttve durtng wet.periods, excePt tn thelr upper reaches. There are two major lakes tn chetsland whtch are salt lakes at. Larnaca and Ltmaseol and about 20 percent ofEhe mountalnous reglons are covered by foresEs. The potenElal meanevaporaElon tn Nicosla varles from 1.2 mm per day 1n January up Eo 10.3 oDper day tn July rirlth a mean evapo-EranspttaEton of 1,500 mm/year.

3.2 Geology

Groundwat.er resources ln the Island of Cyprus derive from ralnfall(Plate II) and ltthology (P1ate III) of Ehe sedlmenEary formattons and Ehegeologlc structure of Ehe 1sland. Cyprus can be divtJed geologtcally intofour maln categor{es each buildtng rectonically one Uelt Uut trlndlng
approxtmately east-west. These four (Flg. 2) belts are:

The Troodos uountaln ts an lgneous masslf wlth a core of
harzburgtte wlth pertpheral gabbro, dtabase and ptllow lavas
and the highest peak reaching I950 meEers.

The l'{esaor{a Plain separaEes t.he Ewo Bountatn rangeso

The Kyrenta Range in the norEh and Troodos in Ehe south.

The coastal Plaln varles i.n wtdth, and is found alnost
everywhere between Ehe mounEatns and rhe sea. These coastalplatns have wave-cut cerraces resulting from changtng sea
levels in the Quaternary, as do over-deepened beds of many of
E,he rivers.



Flgure 2:
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Four Tectonlc Unlts of Cyprus: (T) Troodos, (f; Kyrenta,(M) Mesaorla, (C) Coasral plaln

')

The Troodos Mountains, a pre-carnbrian masslf with a core of plutonib(ophlollttc) rocks formtng the crest of the range, is bullt of basle igneousrocks (Harzburgites, duntt,es, cltnopyroxnlEes and gabbro). The water"ro,rrri1n shear zones, fracture zones and faults rnalnly.ln che gaebbros ls of loca1importance and of very good quallty. The ophtol'ltte 
"o." ts surrounded bysheeted dlkes and an outer peri.pheral belt of exErus{ves. The extruslves areualnly ptllow lavas of basalt and ollvine basalt. The Troodos ptlrow lavasare overlaln by . a thtck sequence of sed{mentary rocks of radlolarlanmudstones, bentonttlc clays, "i1t"ton"" and *i"r"""o,rs sandstones of upperCre Eaceous .

The Jurasstc Htlarton limesEone is found only in the Kyrenla Range,where 1E outcroPs as upEhrust sltces forrning a slgnlficant dramaEtc skyline.Thls karstlc llmestone ts the most lmpo.t"niaqulfer of the consorldated rockunlts ln cyprus. The Hllarlan formaEton st.retches from cape Kormaktti ln thenorthwest of the tsland Eo Komi Kebir aE the rooE of the Karpas penlnsurawtth a thlckness of r00 feet in an area of up to 2.5 miles wtde.

The upper Cretaceous (Maestrtchttan) ts the beg{nnlng of calcareousdeposltton all over Cyprus. It beglns wlth Lefkara formatton whleh conststsof marls, marly chalks, chalks, and limestone. The ptllow lavas occur as afrtnge Eo Ehe Troodos complex, as separate outcrop tn the Troullt area, and athrust sllces ln the Kyrenia Range. Ttrey are subnarlne andesltlc lavas,conEatnlng zeolltes.



-10-

The LapiEhos Group range in age from upper cretaceous E.o upper
oltgoeene. The rocks are nainly marls and chalks ofEen wlEh fltngs.
Numoulittc llmest.one occur 1n Ehe Eocene on Ehe east. stde of Ehe lsland,
whtle ln Ehe Kyrenta Range t,here are thtn bedded fltnty llmestone. In the
Kyrenta Range, the laplEhos was exposed co che full force of the Alp{ne
folding and ls much sheared. South of the Troodos Mountains iE was shtelded
and ts gently folded. The Miocene sedlments in Cyprus embraces Ewo major
facles. South of the Troodos l"lountaln, Ehe Pakhna Foroat,ton conslsts of
chalks, marls and some sandstones and gypsum lenttls, not very dlsstntlar
from Ehe underlylng laptEhos beds, except for t.he absence of flint tn the
Pakhna locally based conglomerate and aE Terra reef - llmestone separace
Ehe Ewo groups.

North of the Troodos Mount.ains and especlally along Ehe whole ltne
of E,he Kyrenta Range, Ehe cont,emporaneous Kyrenia f ormaE,ton conslsts of
flysch type sedlnents couposed of maEerlal eroded from the raptdly rtstng
Kyrenta Ranges. 0n the south, there exlsted a stnking fore deep, whose raLe
of sinklng balanced Ehe raEe of deposttlon. As a result sedlnent,atton took
place in shallow lagoons, often cut. off from t,he open sea by sandlanks, tn
whtch evaPoraEton and salc concent.rat,ton was htgh. There are rnany gypsuu
beds and E.he rocks contain rnuch cagmate NaCl. Blue-black clays, rlch tn tron
sulphides and carbonaceous mat.E.er are common. In clearer waE,er to the south,
the Koronla reef - ltmestones were formed. The Kythrea Formatton was folded
almosE as soon as deposited on the south of the Kyrenla Range

The l{esaorla Group consisEs enElrely of post-t,ectontc formaElons.
The Pltocene marls were bu11t down tn bastns and Ehey we.re follosed by the
Ntcosta Formatlon, a ltEtoral and shallow waEer sandstone. The lnterface
beEween the pliocene and the mtocene has been revealed by drtlltng 1n many
areas and suggesEs sudden encroachment,s of the E.ransgresslve pllocene sea
over t.he Post mtocene landscape. In Eurn, t,here was a Middle Pllocene
emercenge, followed by the deposltton of the Kyrenla ForoaEton, siotlar ln
factes to the Nlcosta.

The Qraternary deposlEs are very varled and cover large areas of
eroded lltocene and Pl1ocene. They consis! mainly of sands and gravels laid
doun under deltaic, fluvtal, ltrtoral and flood plaln condlt,ions, as well as
sand dans and relaEed aeollan deposlts.

3.3 Sol1s

Most of the coastal and coastal tnEertor lowlands are overlaln by avarlety of so1ls to Boderately or strongly developed sotls whtch, because of
generally satlsfactory depths up to abouc l0 treEers and favorable phystcal
and chemtcal propert.tes, are suttable for all crops. (20).

In the Central Mesaorla platn tn che tnnedtate vtctnlty of Ehe Ntcosla
sewage treatment plant, a sol1 survey carrled out by Flortn (10) revealed
sl1ght development Eo abouc 2 meters ln depth, and generally stmtlar surface
and subsoll textures. No hardpan or caltche layers, which would restrlctvertlcal water f0ovemenE, were found.
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3.4 tlydrogeology

3.4. 1

An outltne of Ehe hydrogeology of Cyprus ls presented tn Table 2 and thetslandts rock untts nay be dtvided accordlngly {nto three matn categortes offlrst class aquifers, second class aqutfers and aqutcludeg.

Table 2: tr{ater-beartng charactertsEtcs of major georogtcal formattons of

Geologlcal
perlod Water-bearing Charaetert st 1cs

Recent Porous aqutfer
where depos{ts

, abundant water
are th1ck.

C

E

N

E

z
0
I
C

Ple 1 stocene

Pl tocene

Mlocene

01 igocene
Eocene
Paleocene
Mastrlcht {an
& lower
Cre Eaceou s

Jurastc

Trtasslc

Pre-Canbrlan
Troodos
complex

Laplthos
Lefkara

Pt1low Lavas

lJnconf lned water in mar{ne and
terresLerlal fanglomerate and
terrace formatlons.

Porous aqulfer, uneonflned and
conflned water where deposiEs
are thtck and topography ls
favorable. Aqulclude tn marls,
marly llmesEones and sandy narl.

Aqulclude
Groundwater tn Sandy parts
Malnly impermeable, rare
sprtngs where jointed aqu{fers;
1{mited extent.

Aqutfers of secondary importance
tmportance, occastonally
mtneral ized

Aqulclude

The most lmportant Jotntedfissured aqulfer of the island

Aqu{c1ude

Jotnted-flssured aqulfer; low
lnf11tratlon

M

E

S

o

0
I
C

Cyprus

Fo rma t 1on

Deltaic, fluvial
1lttora1 and flood
pla1n alluvlum

Terrace gravel

Anthalassa Formatton
Kyrenla FormaEton
Ntcosla Formatton

Kythrea Fornatton
Pakhna Formatton
Koronta Formatton
Terra ForuaEton

Hllarton ltmestong

Sykhart Eormatlou
Marnonla Pormation

Harzburgl tes,
gabbros and
serpen t {ne s
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The most tmportant (Class I) aqulfers of Cyprus are defined as
E,hose extendtng over at, leasE 40 square ktloneters wtth depths over l0 rpegers
and are Ehe extenslve four coastal Pl1o-pletstoeene aqulfers of Western
Mesaorla, Southeastern l{esaorta, Akrotlrt and Kttl (plate I).

Secondary aqutfers constst matnly of those rock unlt,s whlch store
and Eransmtt water chrough thelr jotnts, fracEures and solutlon channels.
The harzburgites and gabbros of the Troodox complex are the most extenslve ofjotnted aquifers. InftltraEton, movenenE and sEorage of groundwater isdtrectly related Eo t,he degree of rocks fracturtng ln rhe Troodos Masstf andin general, more groundwater ivtl-L be found in hi,gher elevat,tons whereratnfall ts hlgher.

The Htlarlon Karsti.c llmestone whlch covers L.75 percen! of thetsland ts the most, lmportant Class II aqulfer. Thts ltmestone ts frlngedwith sprlngs moscly with small yi.e1ds, bur, also some uajor sprtngs (F{g. 3)
wiEh very slgntficant discharge.

Ftgure 3. Kythera Sprlng, Seprember 1983

fl=,l'

{:b
-.f ,

To the sout,h, Ehe Koronla reef llmestone of Mtocene age outcrops
along the northern flank of the Troodos masslf and to Ehe south of Fanagusta
ts also one of second class but less stgnlflcant aqutfer of Cyprus. In the
area of Kyrenta, Ehere ls an aquifer tn a number of QuaEernary terraces,
whtch are second class aqu{fers of locaI lmporEance. Thlckness of these
t,erraces vary from 3 co 30 n wlth 2 saBurated zones of up Eo 5 m.

I ".i 'l);'r
.ratc{.
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3.4.2 tlestern Mesaorta Aqulfer

The wesEern }lesaoria, whlch extends about 400 km2 and includes. vasElowland sloptng Eo Ehe west, t,owards the shoreltne bounded by the KyrenlaRanges on lhe north and Ehe Troodos mountatns on the south; is the mostlmPortant aqulfer tn Cyprus w{th a maxlmun depth of 100 raeters. rE conststsmostly of sands and gravels with dtsconEtnuous tncercalated beds of marly(calcareous) sands. The average annual wiEhdrawal of Ehis aqutfer ts about85 mem against an annual replenlshment of 60 mcn so Ehat the water cable tssloplng 1nland from Ehe coastllne (Fig.4), and seawaEer 1s movlng inland.Salinlzation of coasEal groundwaEer during the last 20 years shown in Ftg. 5has resulted tn the presenE locat,ton of isochlors.

3.4.3 SouEheastern Mesaorla Aqulfer

The soulheastern Mesaorla aqulfer covers an area of about 500 kn2.Thls Aquifer differs from west,ern Mesaoria tn Ewo lmportanE aspects; tt tsmore exposed to sealraEer lntrusion and 1s more dlverstfted-tn ttsllthologtc and st.rucEural naEure. The average annual replentshment of thtsaqutfer 1s 25 mcm roughly. There are "or. 31500 boreholes aE the presentoperaLtng in Ehls area, 47 percent from whlch are illegal. The mean annuallowerlng of Ehe water cable (Ftg. 6) ls about 1.5 m. Because of about,50 mcmyearly exEracllon from che aqulfer total reduction of 200 rnctr of groundreserve has been tncurred stnce 1963. The seq. _.trater tnEruston saltntzed(Fig" 7) some areas of this aqulfer and orerp,rrnping tras depleted some oEherareas' In Ehe areas of Athna and Avgorou che aqutfei is practtcally
exhausEed.

Belorr i.s addltlonal tnforrnat,ion on che fourCyprus. OEher deEalls of the hydrogeology
Appendlx 3.

3.4.4 Akrortrt Aqutfer

The Akrottrt aqulfer ts Ehe thtrd largest
form west, of Kourls rtver Eo phassourt and easE ofof abouc 42 kmZ (plare I).

most lmporEant aqulfers of
of the lsland are gtven tn

aquifer tn Cyprus exEends
Zakaka and cover an area

- The aquifer is made of gravels, sands and boulders. ReplenlshmenEof the aqutfer comes matnly fron seasonal lnftlEratton, the greacesE partchrough tnflow of Kourts rtver, from ralnfa;l 1, and return flow frontrrtgatlon- The annual replenlshnent ls about 3l mcn and the Eotal outflowfor an average year ts sElll siollar to replentshment generally. Therefore,
Ehe water Eable slope and Ehe general flow ln Akrorirl aqutfer ls sttll fromthe north to the souEh.
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3.4.5 Larnaca (Kttt) Aqutfer

The P1la-Plelstocene
30 km2 represenEed by gravels,
conglonerate. The water table
water ts found mostly ln the
along the rtverbed.
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aqulfer of Kiti whteh covers an area of about
sands, st1ts, thtn yellow marls and Lenses of
ls mostly 2-3 deep along the rtverbed and the

basal conglomerate and ln the rlver alluvtum

The total recharge of
relattvely dry year Eo 7 mcm/yr 1n
1s abouE 3 mcm/yr. It appears
constltute a preferenElal course
tnftltrated water flows to the sea.

3.5 Land Use

the aqulfer 1s from 2-16 rncm/yr in a
a very wet year and the estlmated pumplng
Ehat the sedtments of the rtver channel

of groundwater flow and much of the

0f the toEal land area in cyprus of 3,570 square m11es (925,000ha), only 424'0OO ha are arable (10). Dryland fteld crops (matnly barley)
occupy some 380'000 ha, and only 441000 ha (about 10.47,) are under controlledlrrlgatlon (excludlng spate irrtgated areas) located along sEreans. Oltve
and carob orchards, cereals, and grapes have been culttvated tlmes. Recent
changes tn crop paEterns are ln response Eo technologlcal and marketing
Erends.

trrtgatio'n began near rivers and sprtngs and has expanded other
areas where groundwater ls found. At the begtnlng of the 20th century, thegroundwater reserves started to be explotted by the tntroductton of wtnd
m111s. In the 2O-year period, 1904-1924, only 7 boreholes were sunk; in thenext 20-year perlod, L925-1945, 915 boreholes were sunk, but tn the flve-yea(pertod, 1946-1950, stnktng rras at the htstorlcal rate of 1,000 p"r y"".'"!.j
Ehese wells were all for trrlgaEion.

Spate lrrtgatton is the flooding of flelds durlng the lri,nter andearly spring months wlth water diverted from the river. It ls esttmated thaEup to 181000 ha of cereals, ollves, earroEs, and almonds can be irrlgated ln
Ehis way {n wet years.

Potatoes, Eable grapes, tobacco and citrus frults and table grapes,are the prtnctpal crops grown on irrigaced lands. Table 3 (from FAo 1983Stattstlcs) gives surrnartzed tnforrnaElon about crops and other agrtcultural
and land use sEattsttcs of Cyprus.

Citrus orchards account for 382 of che Eotal lrrtgated area and a'4-i\found prluarily ln areas where groundwater exist,s. Such areas are the
western Mesaorla, Southeastern Mesaorla and Ltmassol. Irrlgated cable grapesls anoEher major agrlcultural produet of Ehe island. The total area of sone
3r000 ha ts produclng grape varleEtes malnly for export.

PoEatoes earn more foreign currency for Ehe counEry than any otheragrlcultural export. Most of Ehe vegetable crops such as potatoes, tomaEoesr.
beans, ontonsr peasr corr-peas, and cabbages are grown on both the coastal

lz
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and mount,alnous areas
ln the Kokktnokhorta and
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4. Water Resources and Uttlizatton

4.L Surface Water

Cyprus has a typical MedtEerranean cltmate wtth llght wlnEerralnfall and hoE, dry summers. The average annual preclpttaElon tn Cyprus
ranges f rou 290 urm in t.he west Eo 1i9O mm ln Ehe Troodos mounEalns, f or atotal of about 4,500 rntlllon cubic meEers per annum of water oo the entlre1sland. Surface evaporat.ton and EransplraElon from forests and past,ures
account for about 2,520 mcm/yr and frou cultivaced and irrlgaEed crops about1,030 mcm/yr. An estinaEed 350 mcm/yr infiltrate Ehe g.ound, resulElng tn
abouE 600 mcm/yr net surface runoff.

Cyprus is divlded int.o 39 watersheds but Ehere are no perennialrtvers. The largest run-off ts Ehac of the Kourls waEershed ae 50 mcm 1n an
average year. In the Lower reaches the larger rtvers flow unttl June only.

Storage stEes for developmenE, of surface uraEer are relatively fewand expenstve to develop. Public water supply for domesttc and tndust,rtaluse 1s the second largesE (next Eo agrtculture) user of the hrater resources.

The Eotal storage capaclty of reservotrs in cyprus, mosEry forlrrlga!ton, lncludtng the recently eompleced Asprokrenmos dam near paphos, 1s
116 mcn. These provide an average water yield of 86.7 mcm/yr of which about5 mcm/yr 1s betng used for domesttc war,er supply. The Vasiltkos-pendasklnosProject, which 1s presenEly under consEruction, will add about 32 mcn ofst,orage capactty and provide 7 racm/yr f or domeselc use and 1.4 mcn/yr f orirrtgatton of about I,600 ha. The Ktrrysokhou Irrlgarion projecE wtll provtde23 mcm st,orage capaelty aE the EvreEou dam to serve 2,000 ha of {rrigattonarea. Full lmplemenLacion of Ehe US$254 ml11ion Sourhern Conveyor project
wtl1 add anoEher lI5 nrcrn of surface sEorage for surplus water fron Ehe
sout,hern catchments of lhe Troodos mountalns, and provide conveyance of thlsv'ater to areas of denand tn the east for boEh trrlgatton and domest.ic waEer
supp ly.

4.2 Groundwater

GroundwaEer 1s of extrene imporEance in Cyprus. Major aqutfers(see Plate I) are Ehe I{esEern Messaorla, southeastern Messaorla, Akrotlrl andEhe Kyreota ltmesEone range. The water from these aqulfers 1s exgracted
Ehrough abouE 10'000 boreholes and several Ehousand shallow we11s. The totalannual extractton 1s about 400 ol11lon cubic meters for i,rrlgatton, domesttcand tndustrtal purposes.
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Sma1l local groundwater bodtes occur in the Htlarton reeflluestones. The borehole yteld tn the ltnestone aqulfers ts dependent on thesevertty of flssuratlon and karsttficaElon. They usually range froru 5 to l5Ocublc meters per hour (0.04 to 1.3 mcn/yr). A recenE eonprehenstve drllltngprogranlme has revealed a number of locally i.mportanE groundwater sources infaulted or jolnted tgneous rocks of the Tiooao!. rnftltraEtonl oovs6gnt andstorage of groundwater ls dtreccly related Eo the degree of fractur{ng End,tn general, more groundwaler wtll be found in htgher elevatton where ralnfallis higher. Most of groundwaEer resources have already been deveroped, andthe prospecE of further development, ts llrnlted because of quanttty, as r,rel1as quality.

A11 the major acqu{fers excepE Ehe Akroctrt and Kyrenla (Hilarton)limestone are overpumped, result.tng tn a constant decllne of the watertable' This problern has arisen because of numerous lrlegal boreholes andunconErolled exEractlon. The wacer balance of several oi tt" aquifers tscurrently raEher precarious, wtEh sea-waEer tntruston gradually lncreasing,parttcularly in the Kokkinokhorta area of t,he southeastern Megaorta aqutferand the I.Iestern Messaoria aquifer.

4.2.L Groundwater Overdraft

The expansion of agrleulture and che unsustatnable extractlon ofgroundwaEer from che aqulfers by farmers due tn parc to inadequatelegtslacton but more co tneffective enforcement of extsttng water raws,resulEed in over-explottat.ton of che major aquifers ",r"h as Morphou,souEheastern [lesaorta, Akrottrt and KiEt. Purnping more erater fron theseaqutfers Ehan their annual replentshment, ts resuiuing tn Ehe conttnuouslowertng of the water cable wlth the consequenE lntruston by seawater anddetertoracton of waEer qualtty.

The average annual replentshmenE. of the I{estern Hessaor{a (Morphou)aqulfer, whtch i.s che most ttrportanE aqulfer ln cyprus in terrns of annualreplenlshment and extracEtons, is 60 mcm. current infornaEton reveals Ehatannual pumpage of the aquifer ts about 85 rncm. The overdrafE and conLtnuousdecllne of che waEer Eable stnce 1962 near tlorphou conE{nues even durlng wetyears' By I965, Ehe landward gradient of Lit" wa!er Eable began "i rheshorellne, and has increased slnce Ehen.

The SoutheasEern Mesaorla aqutfer l.s only replenished from ratnfallat an annual rate of approxlmatery 25 mcm. rrrtgatton has been pracLtced formany years ai an.ever-lncreaslng rate (Flgure 8). Although thts aqutfer hagdeEertoraEed badly since 1960, the abstraction and the number of sellscont'1nue to tncrease ln an uncont,rolled tranner (Ftgure 9). The aqutfer seeosEherefore to be explotted everywhere in excess oi replenlshoenE. The nosEsevere problems are in Kokktnokhorla area, whlch covers the maln part of thesouEheastern Mesaorla aqulfer and accounts for about gSZ of Ehe presentgroundwaEer wlthdrawal. The mean annual lowertng of Ehe water table ts 1.5 mand a total reducEton of 200 mcm of the groundwater reserve has been lncugedstnce 1963' Pumping concenEraElons 
"." ,"ry heavy tn areas of phrenaros,

Liopetri-sottra and xylophagou-ormldh1a, wheie wells can still provtde 10-20
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Figure 8. W{ndrnlll-driven pumps at Kokkinokhorta

Figure 9. Numerous Plpellne Crosstngs
Kokktnokhorta Aqutfer

Ind{cate lincoordtnated Development of

_'-e
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*3/h. rn large areas of Ehe aqutfer depletlon ts already weIl advanced.Ytelds of some of the we11s are very low, and even tnclude unacceptable
concentraEtons of sand and si1t.

In Akrottrt, replenl.shment of the aqutfer comes malnly fromseasonal tnf lltraE1on. The annual replenlshroent is about 32 ,o", Lna 
-.c

presenE Lhe total outflow for an average year ts generally nearly equal toreplentshment. The aqulfer ts, however, senstttve in the easEern part. rnunusually weE years, recharge exceeds withdrawal but most of rhe ttnewtthdrawals exceed recharge and the aqutfer conttnues to detertorate. Thetncreaslng rate of groundwater extract,ton in the perlod I960-66 led tosigniftcant tncreases ln saltntty tn, among oEhers, Ehe Zakakl vtllage area(personar comnunlcatton, water Developme.ri D"p".toent,, l9g3). During theexcepEionally weE year of 1968-69 Ehe waEer taure level was above mean sealeve1 Ehroughout the area. Thls E/as followed ln t,he early lg70s by adecrease tn t,he level of Ehe waEer cable to as much as 6 meEers below mslnear Zakhakt. Thus, while Ehe e/ater balance of the Akrottrt aqutfer 1spresently generally noE negaEive, there are local seasonal problens.

The recharge of the Kttl aqutfer was 2.2 rucm/year tn a dry year andup to 7 mcm/year tn a very wet, year. The Southern portlon of the aqutfer hasbeen heavtly explotted and saltwater has been tnduced from Ehe sea and theneighbortng salt lake and as a result pumptng from many of wells ln thts areais now dlscont,tnued.

4.2.2 acts of Seawater Intrusion Present and FuEure

Sinc-l L962, seawater has advanced progresstvely tnland ln najoraquifers of Cyprus, owrttng co a lowertng of Ehe fresh water head ingo almosEall Pl1o-Pleistocene aquifers. IE. has reached a distance qf about, 2.5 kuinland near l,l,orphou, caus{ng many wells E,o be abandoned.

In che Kokklnokhorla area, seawater intruston 1s proceeding tnlandaE an increastng Pace. Near Xylophahous, boreholes withi.g- 2.5 kn of the costhave been abandoned, while contaotnaEton from seawaEer dtsperslon has beennoEed uP to 4 kn from Ehe coasE. Near 0rmidhia and Ltspertrt increasedgroundwaEer saltntty has been observed up to 5 kro lnland. seawaEer tnErustonbegan tn 1965 tn western l'lesaorta aqutf er and Morphou, and the water-tablehas remalned below rnean sea level slnce Ehen. The veloclEy of propagatton tsesttnat,ed at 30 co 100 meEers per year.

rn Ktct, Ehe detertoratton of ground*rater qualtty has beenobserved throughout Ehe lasE d,ecade. eImJsE all werls tn Ehe southernportioo of thls aqutfer are now abandoned.

The above Ehree aqutfers
agrlcultural sect.or of Cyprus econotry
iOZ of the total agrtcultural land is
the value added 'tn crop product,ton.

1!

have played a domtnant. role ln che
for Ewo decades. Although only about
lrrtgaued, it, generates nearly gOZ of
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Agrtcultural exports play an tuportant role tn Cyprus forelgn
exchange earnlng. In 1982 they accounEed dlrectly and indtrecrly for nearly
257. of all conmodity export earnings (IBRD appralsal report, SCp). The most
tmporEant exPort commodtt,les are potaEoes from Ehe Greek Cyprlot side and
ciErus fron the Turklsh Cyprtoc slde of Ehe 1sland. Fut,ure exports may
lnclude avocados from Klti. Increastng flnancial ytelds of trrtgated areaseven wiEh seaqrater tnEruslon are due to tncreastng prlces, improvedlrrtgatlon efftctencies, and better markettng insttEutlons.

The cllmactc condiEions along the coast souEh of Cyprus are wellsuited for off-season fruit, vegeEables and flower production. A large
nurober of days wlth untnEerrupEed sunshlne, low frost hazard and absence ofany serlous so11 problerus place rhe area in a highly compet{ttve poslEtonvls-a-vis other MedtEE.eranean count.rtes. The Kokklnokhorta area ts the rnost
producEtve sectlon of the coasEal zone. It has about 10r000 ha of veryfertlle land mostly planted to poEat.oes. The area, however, ts beglnnlng colose its productlvtcy because of seawaEer tnEruston and sotl sallnlzaElon.
Severe addttlonal deEerioraEton of Ehe acquifer will conctnue and theobltteraEton of agrlculE.ure 1n a signlflcant part of the area wl1l beunavoidable. The observed rates of seawaEer lntrusion and lowertng of thewater table compared wich scheduled impleruenEatlon of the South"rl Conr"yorProjecc tndlcate Ehat. Ehe stt.uat,ion will conttnue E.o deterlorate durtng Ehenear Eerltr. The 'water table i.s dropping I.5 m per year conttnuously, and
about 7 mcu of the seawaEer has already lntruded the coastal aqutfer so Ehat
Ehe saEurated layer i.s now 15 to 20 percent of 1ts orlglnal Ehickness. These
facEors justify imrnedlate action Eo nalntain Ehls very profttable bu6
overtaxed aqulfer.

The condtrion 1n the Morphou area 1s equally cr1Eteal. A
contarulnated area up Eo 3 kn wide along the coast fron Pendayla Eo Gazlvera
has groundwaEer contalntng up Eo 4,000 ppm saltnity, although it ts sone of
the rnost, fert{le agrtcultural land of thtb area. The sallnlty of the Kythrea
formaEion north of che ovgas rtver is also increasing. l,tany boreholes {n thearea have been abandoned, whtle others have reduced ytelds and deEertoratlonof groundwater quallty. Signtftcant numbers of ciErus trees have dted and
oEhers are under-lrrigated, resulttng tn gradual reduetlons of ytelds. Thts
Erend is a conLtnuous process, and Ehe losses are serious. l{orphou 1s the
maln cttrus productng area of Ehe tsland wtch 2,000 famllles on 8,000 ha of
irrigaced agrlcultural land whlch provlde 80 percent of the foreign exchangefor the Turklsh Cyprlot s1de. The conbtnaEton of undertrrlgatlon of sorDe
Erees and death of Erees tn oE.her areas is esEtuaEed Eo have resulted in aloss of at leasc l0 percenc of the potenclal. clt,rus productton parttcularly
durtng the past decade.

The cechnoLogtcal and instttuttonal Deasures taken Eo protect Eheaquifers durlng the last Er.ro decades have had llmited succesa throughout.
The expanston of agrlculEure and che haphazard extractlon of groundwaEer from
rhe aqutfers by prlvate tndtvlduals contlnue t,o result ln overexplottacton ofthe major aqutfers such as )lorphou, Southeastern Mesaorta and Kltt, and
deLerloraEton of utaEer qualtEy and agrlculEural soll qualtty. Although no
new we11s are being drtlled in che l'lorphou area, Ehe lrrtgatton systems tn
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the north of Ehe tsland are those of inefficlent flooding and furrownethods. on the Greek-Cyprlot stde, Lhe efflcleneles tn waEer appllcattonhave been essenttally maxlmtzed by subsldiztng installation of Lprtnkler,mlnt-sprinkler and drtp systems. Even sor there ts overpunplng and tllegaldrlll1ng of new boreholes {n Ehe rlost severely affected area ofKokktnokhorta.

IE 1s certatn E,haE overpumptng of uajor aqutfers and seawaEerlntruston has conslrained growth in agr{cultural produetton durlng the lasEfew years, durtng which the ratlo between agrtculEural and non-agrtculturallabor productlvity on che Greek Cyprtot slde declined froa 42.12 7n 1975 ro
36% ln 1982. seawater intruston wl11 play an lncreastng role 1n reduclng Eheproductivity of trrigated land unless sErtcE enforcement of che laws andregulatlons on well-drt11lng and punping raEes and the clostng of stgnlfteanE
numbers of boreholes start tmmediately. If purnping from che Kokkinokhori.aand l{orphou aquif ers t s noE. reduced, d.r"ge will be so great t,hat even EheSouthern Conveyor Project and Morphou Deve-lopment Pro3ecC may be tneffect,ive1n malnt,atnlng presenE hlgh leve1i of agrtcrritural productton.

4,3 Irrlgatton Efftctencles

The scarctty of Ehe erat.er resources toposed by the arld cltmate,and Ehe ever-lncreasing compeE,tEive demand by industital and commercialsectors on t,he Greek CyprtoE side, prescrtbes to a large measure the ltmtrEswtthin whlch irrlgated agriculture can development.

Thus, the extscing controlled water resources (groundwater andsurface qraler) nust be planned and used i--iflctently. In douesEtc waterutllizaEton on che Creek Cypriot side, essenttally naximuu efftclency 1srealtzed by flow-11m1E1ng devices and low-demand ornamental plantlng. on theTurklsh cyprloe side, tncreastng bloek Eariffs are in effecE.

For domesEtc and industrial waEer, piped suppltes are usedeverywhere Ehroughout E.he 1sland. Efflclent irrtgatlon pracEtces are noreadvanced on the Greek Cyprtot stde. Irrlgatton Eechnology research is belngcarrled ouE by the AgrtculEural Research Instltute and the Cyprus Departrneniof Agrtculture Eo determlne the lrrlgatlon efftclencles of dlfferent, syste6sof trrtgaeton under the cltmattc condlElons of thls island. Data from the
Depart'menE of Agrlculture on irrlgatlon efflctenctes of vartous systens asapplted to dif ferent, crops are shown in Tab_le 4.

As nentloned above, the efftcieicy of water appltcaeton on theGreek Cyprloc stde has almost been maxlmlzed by subsidtztng hlgh efftetencysprtnkLer and tr{ckle trrtgatton sysEems (Ftg. 10). implenentatton oflrri'gat{on lmprovemenEs tncludes land levelltng wherever reiulred. In allcases, Ehe GovernmenE granEs l52 of the tot.1 proJect coet and provides
long-Eerm loans aE 4.57" inEeresE for the balance. The role of governnent tnpromoElng tnproved lrrtgaEion is reflecEed ln the proportlon oi developnent
expendlEure devoEed Eo rhis seccor. waEer divelopmenc and use recetve abouE
63"1 of Ehe total expendtE.ure devoted to Ehe agrtcultural sector. Close
cooperaEton of farmers and governnent agencles ln the Greek Cypr{ot corrnuntty

-'.
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has resulEed tn lmproved efflclencles in water
applleatlon sysEems. However, thls cooperatton
of illega1 overpumptng and iltegal drilling of

conveyance, distrlbutton and
has not extended Eo conlrol

new boreholes by farmers.

ffi*Fr
lr:

Figure 10. [fficienr use oi on-Farm water at paralitsnt

0n rhe Turkish cyprtor stde, hlgh priortry has also been glven rotncreaslng trrlgatlon efflc{encles. Th; Department of Agrtculture hasassumed ownershlp of well-drt11lng rtgs so that i11ega1 drtlfing throughoutthe i'iesEern Messaoria aquifer has been stoppecl . r,,Ie11s ruhtch become saltneare not replaced. Farrner response to the latter has been to purchase rraterfrom nelghbors at Lrss 0-027 Eo 0.054 per cubtc meEer. Nevertheress, 1owefficiency floodi.ng, furrow basln and rong borders systems are conunon .neansof lrrlgatlon' InsEallatton of sprinkler and crtckle irrlgaElon systems onthe Turklsh cyprlot slde of the lsland call for invesrments Lr about uss2,500per hectare, but long and broad experiences on the Greek cyprlot. slde revealEhat these kinds of improvemenEs are cost-effecttve. It has been shown lnsouth cyprus Ehat the cost of water saved by the appllcatton of effictentsysEens ts half of the cost for lmporttng addlttonal water.

/+.4 Cyprus Wastewater Recovery Activities
Small-scale wastewaEer irrigatton has been pracElced on Cyprus forabout 30 years and numerous studles have been rnade of the feasibttiEy ofreclalming sehrage for irrtgation use (see Appendtx l). More recently, largertnstallatlons have been tnrroduced or are betng consldered. The mostimportanE of these are descrtbed below:

I-

jr
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4.4. L Akrotlrl

The 1450 t3/a sewage EreaEment plant aE Ehe BrtEtsh soveretgnullttary base at Akrottrt ts a convenEtonal Ertckllng filter prant wtEhprlnary seEEltng' trlckltng fl1ters, ftnal setEltng, digestlon, and sludgedrylng beds (Ftgure i 1). It was pur into operarton tn Lg6Z. A.fterchlortnat'ion, the creaEed effluent ts pumped Eo an elevated Eank for gravitytrrlgatlon of Ehe sPorts ftelds uslng " robtl" sprtnkler sysretr (Figuie LZ)'.Snall amounls of vegetables are also lrrtgated. The t,otal area trrtgated bysprtnklers is approxtuately 10 ha. Another 2 ha of roundabout androad-borderland are also irrlgated by standptpes. The ava11able da11yquanttEy of 1450 cuoltto of Ereated effluent is enough Eo trrlgate about l5ha' The surpLus ts dlscharged Eo a nearly large reservotr whleh belongs toche Btshoprics of Ltnassol and KiElum. Heie, 1t 1s mlxed wlth water from theYermasoyla Dam and used for the trrlgatlon of vlnes and cttrus Erees. Forvtnes the trrlgatlon neEhod 1s rtdge-and-furrow (Ftgure l3), and for EheeiErus trees a mtnt-sprlnkler system ts used (Figure t4). The drted sludgeytelds abouE 50 cu.m. of ferttllzer per week, wh{ch ls sold and deltvered toEhe Bishops farm ar, a nomlnal prtce of 500 cyprtot pounds (usD lo00) peryear, essenttally the cosE of removal. rn Ehe Btshoprlcrs pond, carp.r.successfully grown.

A terttary treaE,menE works ts now being planned by the muntctpalttyof Ltmassol. The t,reated seriTage ef f luent of thi s plant will be ;"J -i;
conjunctlon wtth Southern Conveyor Project Water io" irrtgattoo on theexlsttng Yernasoyla-Polenidhia trrtgaEion scherne and parE of thl new Akrottrltrrtgatton area. rt has been assumed LhF! the sEorage and dlstrlbutton works
w111 be eompleted by L992 buE E,he sewera'g'e sysrem rhioughouE Lluassol wt1l beconsEructed more slowly, wtth 85"1 of propertles connecged by zo1l. AfeastbtrlEy study ,sewerage and sewage EreaEnent for Llmassor (3),
recommended that the effluenE be used for lrrlgatton. Conventtonal terttary
EreaEEent has been proposed to render the effluenE sutEable for all crops aniwtEh any Eype of trrigatton equipment. Following t,reagment in aerattonlagoons Ehe proposed tertlary treaEmenE standard ts tO/10 (ppn BOD/suspendedsoltds) Eo be achteved by (dissolved) atr flotaEton, *i".o""reen1ng anddtsinfeccton Processes. The Eertiary processes will operate ln accordancewlth the demand for trrlgatton and wlll have a capactty of 47,000 *3/;;;;whereas Ehe aeraEton lagoons wtll have to operate tn accordance wiEh the flowln Ehe sewerage sysEem. Balanctng storage of 3mcm eapaclty {s EhereforeProPosed 

;.i
4.4.2 Nicosta

The ftrst siage Ntcosta nuntcipal sewage collectton and t,reatment
:{:!"t sewlng the southerly portlon of Ehe cltrus was put, tnro operatlon 1n1980' Treat,ment ts based on aerated and facultattve sewage ragoons. Asecond stage funded by EEC to serve Ehe northern area o1 the ctty tsscheduled to be compleEed by the end of. 1986. rn tts tntttal phase theEreatment planc for santEary water has Ehe followlng lnstallatlons aE tt,sdtsposal.

',, t
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Flgure I l. Akrottrt 1450 cub{c meEer per day sewage treaEment plant

Flgure 12. sprlnkrer trrigatton of Akrottri sporrs field



Figure 13. Rldge and furrow lrrigatlon wlth Akrotlrl effluent of Blshoprlc
vineyard
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Figure 14. Mlnl-sprlnkler
Reservolr waEer

irrlgatlon wlth Akrotlri
of Bishopric cltrus

effluent and Yermasoyia
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- 2 aeraEed lagoons--each one 0.4 ha surface area by 5 feet deep4 unltned facultaclve lagooos tn sertes-each of 1.42 ha surfacearea by 8 feet deep
a chlortnatton works aE che rtver outfall.

The present flows are 3oz of Ehe ulctmate design capactty. worklngcapactttes are 5,600 *3/ary f or sEage r, 10,000-;37;.;-i;-rr"g" rr, and14,000 ,3/a"y for stage lir Eo be complered ln 19g9, The quartry andquanEity of t'reaEed sewage waEer ts reported by Flortn Eo be suttable fortrrlgatton of salt. and boron-toleranE fodder and seed crops.

Uttltzatton of sewage uraEer of Nieosla treatment plant forlrrlgation serves Ehe objectlve of tncreastng agricultural productton of thearea, for whtch Flortn has proposed:

developmenE of a pllot area wtth nlntraun tnvestment cosEs underprofesstonally qualif ted manageoenE

- cholce of approprtate crops Eo be grown ln Ehe ptlot area basedon salintty and boron t,olerance, pub11c health conslderaEtons,
farm technology and markerlng pocentlal.

- developmenE of f ull poEenE.lal without storage, in accordarrce
wtEh Ehe availabtli.Ey of se$rage water.

- develoPment of feastble storage lagoons for surplus water forfurther irrtgat,lon.

It ts proposed thaE inittal developoenE of the Eest area wtll provtde gravttyflow Eo a border and furrow trrigaLton sysceo. rt should be noEed Eharfarmers have been ustng nost of the dry'weather flow of Ehe pedicos Rtverdownstream from t,he Nicosla sewage plant since Ehe sEart, of lts operatton lni98I co irrigate market vegetables, orehards, and wheat.

on a smaller scale, Ehe Central Prlsons trickllng filter Ereatment.plant has been oPerattng stnce 1955. Here, effluent ts used Eo trrlgatelucerne (Figure l5) and vegerables (Ftgure 16).

4.4.3

A master plan and feaslblltty report for water dralnage andsanttary sewerage conmi.sstoned by Larnaca Municlpaltty and prepared by Retdcrowther and Partners, Llmtted (lr1 has been recently presented go EheGovernment of Cyprus. The proposed seuerage sysEetr wlll serve an area of71000 ha, tncludtng the etEy of L"rnac., thle vtllage of Llvadhta, a coasgalstrtp to the norEh extending from che ctty bouodary, Ehe LarnacarnEernat'lonal AlrporE and the salc lake. Although no data are provided, theconsultant assumes thaE poLenttal htgh boron and sodlun concentrattons tn theEreaEed sewage r'rould make tE unsulcable for use ln clErus EE€€so The olanjusclfies ocean dlsposal durlng the four wtnEer months of 21,000 13 pgr'dayof effluenE as follows:
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Flgure 15. Lucern lrrtgatton with effluent fron Nlcosta Central prtsons
treatment plant

Ftgure l6' vegetables and trees irrigated wlth effluenE from Nlcosla central
Prlsons EreaEmenE plant
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"Although outside Ehe Eerm of reference, atEentton should be paid
t,o Ehe posstblllty of dlsposlng of treated effluenE to Ehe sea
during the wtnter mont,hs when ltttle or no bathtng l,s taktng place;
sinee bathlng ts ooE the only problem, thls proposal for a place
like Cyprus and espeetally Larnaca part of EhaE is not reasonable
at all because of trany reasons dtscussed tn ot,her part of Ehls
report,. "

4.4.4 Ayta Napa

In hotels of Ayla Napa, recycllng 1s usual for wasgerrater. Townofflcials requtre collecrton of commerclal and domestlc wastes. oxldtzat.lon
pond effluents are used for trrigat,lon of rawns and gardens.

4.4.5 The Episkopi Sewage plant

The Eplskopl Sewage planr
The chlorlnated effluenc serves as a
of 10 playgrounds.

4.4.6 The Dhekella Sewage plant

produces 500 *3la^y of pond effluent.
souree of water for sprtnkler trrlgacton

The Dhekelia Sewage Plant produces abouE 500 ,3/d"y of pond
effluent, which at one t.tne was reporEed Eo contaln 1.04 ppn boron and 438 ppm
chloride. The effluenc 1s used for E,he irrigation of grass on Ehe sport
grounds.

,\.4.7 The Pergamos Sewage planr

The Pergamos Sewage Plant produces about 500 *3/a"y of pond
effluent whlch agai,n at one Etue was reported Eo contatn 1.64 ppm of boron
and 540 ppu of ehloride. The effluent has been used for irr{gating maize.
Some burns caused by boron have been observed. The source of Ehe boron ts
belleved mostly due Eo detergents, as the waEer supply conEains only snall
concentraE ions.

4.4.8 Kamares II Sewage Treatment and Reuse

A se\./age EreaEmenE plant has been constructed by Ehe Water
DevelopmenE DeparEment for the Kamares Houstng Est,aEes (Ftgure il). The 625
mJ/d project i{as completed in 1983 and serves rhe conmunity of 21600 people.
The sewage flow uras esrtuited at ZSO Llcap/d,ay and the BoD loadtng ar 6ggtlcap/d,ay. The conEacE sEabtltzatton proeess of aeE,tvated sludge cieatmentts deslgned to dellver effluenc meec,lng Ehe Royal Comtsston SEandards of 20ng/L BOD and 20 ng/I SS. Terttary treatment ts provtded by an upward flowclarlfler, destgned co achleve 15 mg/l BOD and 15 ng/l SS.

The flnal effluent wtll be chlortnated and eonveyed to the nerr
Larnaca sports stadium for lawn {rrtgation. The excess treaEed effluent is
Eo be pumped Eo a snaLl reservotr located 4 kn wesc of the treatment plant,
where 1E '.r1ll be lmpounded for recharglng the underlylng gypsue aquifer(Flgure l8).

,).,



Flgure 17. i(anares contact
constructton
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stab{lizatlon sewage treatment plant under

,?

,
t -

Figure 18. Site of
Kamare s

Rtzoelia dam and reservoi
e ff luent

r for groundwaEer recharge wlth
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4.4.9 Aylos Ioannis llousi Estate S Treatnent Plant

The Government Houslng EsEate, Aylos roannls, was construcEed byEhe Government of cyprus withln Ehe munletpal boundarles of Larnaca fordisplaced persons. The cenEral sewage treatnent plant for Aylos roannls wasdeslgned Eo treat Ehe sewage of 700 leopre. The plant ls a package contacEstablllzation unlt and rras constructed below because 1t ls near the malnroad. (Ftgure r9). &e I

Ttre plant was put inEo operaElon ln LgBz and effluent punped to asiEe 3'4 kn frora the planc where a Erench was construcEed for groundwaterrecharge' The i'nf11tratlon Erench is ln a well lndurated congromerate, sovery 11ttle lnflltratlon can be achleved. Faroners in the reglon havelnformally installed a slphon in- Ehe balanclng tank and are lrrlgatlng anollve grove whlch 
"pp.r"rrr1y is rhrlvlng (ffgurl ZO).

5. Potentlal for Wasterrater Utllization

Traditlonal_ry t.hroughouE mosE of cyprus, 1and owners may drilrwe11s whenever chey desir" 
"rrJ extracE as much wat,er as they can. Thls hasbeen a factor of developtrent of Ehls country and ag long as wells wereshallow and hand-dug and ylelded ol1y suall quanrlties erith hand, wind orantmar EracElon, aqulfers were stable sources of water. since the 1950s,however, deep boreholes ln thlck aqurfers of cyprus have becooe equlpped wlthpowerful punps tlt! yterd large quanEittes of water. There is thereforeincreaslng recognlElon of Ehe need for lmproved reguratlons and lnstitutionlfor-water manageEent. As previouly discussed, surface rrater resources Eoreplenlsh groundwater are very rlmlted. Hlgh efflclencres for theutlllzation of the available ',rater resources are accordingly of Ehe uEnosEimportance. I,l 

svvv's5"5-/

Reuse of treated se\dage effluents fron sroall conmunltles has beenpractlsed t'hroughout cyprus for decades. As sewage EreaE,enc plants forlarger towns becone consEruct.ed, effluent reuse t,l1l become correspondlnglymore iuportanE' Dj'verslon of surplus waEers frou rlvers and thelr conveyance
::-"t""" of water deflclency w111 also increase Ehe efflclency of total water

5.1

As discussed in Par. 4.4, a substantlal number of sewage treagmentplants on cyprus provide effluents sultable for waEer reuse for irrigatlonpurposes' These fac{i'ltles have provided operattng expertence and data whlchnot only lend credlblllty to Ehe """.pt.n"e of wastewater reelamatlon andreuse, but also inspire confldence that sewage can become a valuable resourceEo trltlgate water shorEage 1n the future

5.2. Future Sources

In recenE years
becoue a polley for all

Ehe lnEroducElon of central sewage schemes hasmunlcipalitl.es and is beeoming of interest Eo al1
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Ftgure 19. Aylos Ioannts Underground contact stabtlizatlon treatment plant

Flgure 20. PrlvaEe lrrlgatton of orive groves with Ayios roannts effluent
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najor rural communtttes. Meanwhile ti.mlEed supplies and increastng demandsfor domesEtc and lrrtgactoo uses requtre wasEewat,er ut{1tzat.lon for dtreccirrtgatlon and groundwater recharge of aqulfers. Stgntftcant sources ofreclatmed rrrasEewater are avatlable f rom Nlcosta, Ltmassol , Famagusta,
Larnaca, and Kamares.

The Nieosla sew^age EreaEment plant inflow of 51600 .3/d"y durtns
Ehe f irsr srage, i0,000 aJ/day during Ehe second stage, 

".,i 14,000 ,3ti^v i;
Ehe thtrd stage wt11 be reduced by evaporaEton and 

-seepage 
losses fron Ehe

Ereat,ment, lagoons. It ts estlnated that wlEhout, sEorage the trrtgaEton wateravatlabtlity durtng peqk requiremenEs therefore wt11 be t000 n5/aav durtnsthe first stage, 6800 mJ/day durlng rhe second stage and 9g00 
^3/a^y rro, rnEyear 1989"

The Llmassol cerEiary EreaE.menE planc includes dtssolved airflotation, filEratton and disinfectton Eo yield an effluenE sutEable forunllntEed irrigation and groundwater recharge. An earlier estimate (3I of i0mcu/year has been increased Eo 20 mcm/ye". Uy 2010 (personal cormunlcatton,Louts Berger InEernaEional, i983). The proposed Larnaca Sewerage project
wtll provlde datly flows ranging from 3,400 euom tn suoaer co i6r000 tnwinEer. The EreaEed effluent ts to be used for irrlgatton. Effluent storagedurlng che four wtnEer monEhs gifl requtre a volume of 3.2 mcm capactqt.AlEernatively, Ehe excess O.Z aJ/s winEer flows corrld be dtscharged Eo €ea.Beneftts of inflltration of 2.5 racm/year of Ereared effluent lnto the KtEtaqutfer are discussed in par. 5.3.1,4.

5.2. I l,lorphou Developuent projecr

The }lorphou Developtrent. Projecc, scheduled Eo be coupleted in 1984,provides dtverston dams on Ehe Xeros, i,larathasa and lkryoti,s Rivers. Theywill diverE B ncm/year froo E.he xeros Rtver, 8 ncm/y"". rrom Ehe MaraEhasaR'iver and 9 mcm/year from the lGryotls Rlver Eo a partly l1ned conveyor whtchleads to the Morphou dam. About 5 ncm/year are estlmated Eo inftltraEe froml{orphou reservoir whtle much of che remalnlng 2A mcn/year can infiltrarealong the l3 km unltned seclions of che aque<iuct lnto E,he Morphou aqutfer orbe dlverted by tr,rigatlon (see also par. S.3.2.1).

>.2.2 SouEhern Conveyor project.

The souEhern conveyor project (scp), &escribed in Appendix l, willcollect' store, and EransmiE surplus waEers from caEchuent areas tn portlonsof southern Cyprus Eo oEher areas of wacer deflclency. As seen in plate II,Ehe conveyor sysEem w111 transfer the uat.er tn a generally easterlydtreccton, frorn Ehe Dhlartzos Rlver area to Nicosta, Famagusta, andintermedtaEe areas along the conveyor rouEe. Prtmary objeetlves of Ehe10-year projecE are Eo provid,e an adequaEe drtnking qrater iupplles Eo t.hefour najor areas of \1costa, Limassol, Larnaca, and p3megusla, wlthuEtli'zation of surplus waE.ers for irrtgatton and groundlraEer rechargepurposes.
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During Ehe early years of operatton excess capacity of rhe Southern
Conveyor ProJeet cao provlde arttftclal recharge lnto the Kokktnokhorla
groundwaEer bastn. The quanttt,y of water supply and water use of SCp tsgtven tn the EabLe 5 (l.Iorld Bank data 1984):

Table 5: Conpartson of Southern Conveyor
Projecc Wacer Supply and Denand

WaEer

1989
l 990
199 I
1992
r 993
1994
I 995
1996
1997

r 993-97 )

16. 5
32.2
32. ?.

32.2
59. 5

s9. 5
59. 5
s9. 5

59.5
297 .s)

13. 3
28. I
32.2
33.4
43. I
47.2
51.0
54.9
58.9

255. r )

Thts surplus of SCP water durtng early years of operarton and avatlablltty of
effluent, from Ehe Li.uassol Sewerage Scheme from 1994 wlth an extenston of the
proJecE area Eo Anathus EourlsE area can provlde a Eotal of some 7 mcn/y forarttftcl'al recharge of Ehe Kokktnokhorta aqulfer. For thts, local reehargewells and/or spreadtng bastns can be employed. .

Upon full developmenE of Ehe SouEhern Conveyor ProJeet and
\rasEewaEer reclamation plants aE Lluassol, Larnaca, and Kauares, there wtll
be substaRtdal tmprovement tn Lhe waEer supply avatlable tn the SCp project
area for'{rrlgatl,on and groundwater .ect,aigl purposes. Esttmated annualquanttttes avatlable and Ehelr dlstribucton between lrrlgatton and aqutfer
recharge from 1984 ehrough 1997 are glven in Table 6.

Table 5: Estlmated Potenital Southern Conveyor project Area Water
Utllization, mcm/y

Excess SC

Flows
irnoa s so I rnaca Dtrect

Effluent Eff luen t Karoares* Irrtgatlon Rechar

1984
I 985
1986
1987
l 988
r 989
1990
199 r
1992
I 993
1994
199 5
1996
r997

0
0
0
n

0
3.2
4. I
0

( 1.2)
16.4
12.3
8.5
4.6
0.6

0
0
0
0
0
0
0
0
0.5
1.5
2

2.5
4
5

0
0
0
0
0
0
0
0.5
I
2

3

4
4.5
6

0. I
0.1
0.1
0. l2
0.13
0. l4
0. l4
0. l4
0.14
0. l5
0. l5
0. 16
0. l6
0.16

0. 06
0.06
0.07
0.07
0.07
0.07
0.08
0.08
0.08
2.5
4
4
4.5
4.5

0
0
0
0.05
0.05
1.5
2

2

0.5
I
9
9
7

6

6.l

*Mostly local supplies l9B4-l9gg.



5.3 Potenttal Uttltzatton of l^lastewaEer

5.3. I Irrlgatlon

As staled prevlously' wasre\rater has been successfully reused on asma1l scale for irrtgatton over the past 30 years. potenElal uEtltzation ofadditional treaEed wastelraEer from Nteosla, Limassol, Larnaca and Kamares isdiscussed below, wtEh emphasls on ptlot operations.

5. 3. i. i Nlcosla
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Table 7: Nlcosia Water Characteristics

The approxlnat,ely 400 ha of arable land avallable for trrtgattonwiEh sewage effluent from Ehe Ntcosia sewage t,reatment. prant lies downsgreanof Ehe treatment prant. Exeept for the northern part, where slopes of lpercent are predominani, Ehe projecE area is nearly flat wich general slopesof abouE o'2 Percent tn both north-souEh and wes!-east dtrectlon. I1ost. ofEhe arable area 1s oow dry-farmed co winter cereals ;iiEh a high percenEage offal1ow land used as pasEure. Small areas near t,he rlver bed are undersurface irrigacion and are planE.ed with cerears. Durlng Ehe dry season, theflow in che Pedlcos R'tver conslsts of effluent fron the Ntcosta Ereatmentplanc' withln rhe trrlgable area nearest Ehe plant, sotl surveys show a sotlprof{1e to l'5 meters depth with surface.na subsoll generally of stnllarE'extures. No resErlcElve layers have been observed, 
"*""pt tn one EesE holeaE a htgher elevaE,ton. The^^ -irrrlgation waEer availabre durtng peakrequiremerrts is esEiDaEed aE I,0OO rn3/a in l9gl, 3,500 m3/d in 19g2, 6,g50mJ/d tn 1984, and 9,800 m3/d in 1989. R.s. Ayers (2) esrtnared average waEerquality as follows:

r-

ln f luent water ro Nicosia Effluent, water irou

Boron, mllltgraus/licer
Nitrate-nitrogen mg/l
Chlori.de mllllequivalencs

per liter
pH

Municipal Systen

0.3
7.5
8.3

7.65

Sewage Treatment PlanE

1.0
5.0
8.3

7,65

Ayers suggesEed rhat intcial agrtcultural use of the effluent be restrlctedto the irrigacton of salE-and-boron Eorerant, fodder and seed crops, and t4-llthose crops ln whlch t.he harvested part does not come lnto conLact wiEh waEeror ground. A two-step ptlot study was proposed.

phase I: DevelopmenE. of an
tnvesEmenE costs. MosE sultable for thlsarable land lrroedtately dorrnstream from
Pedicos Rtver.

tn1E1a1 pllot area wlth mlnlnuro
purpose are 250 donunns (2.5 ha) of
Ehe seurage plant, sought of uhe
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Phase II: DevelopmenE of the ful1 trrlgar{on pot,enttal by addingto the ptloc area the rematntng 450 donuus (4.5 ha) along Ehe north bank oi
t,he rtver and a small Eermlnal sEorage reservotr, provtdlng for irrtgatton ofwlnter cerealg.

5.3. 1.2 Llmassol

As noted above, surplus Akrottrt Soveretgn Base creaEment planteffluenc 1s discharged to a nearby large reservotr shlch belongs t; EheBi'shoprtcs of Ltnassol and Kittrum. Here iE ts nlxed wlth water from the
Yermasoyia Dan, and is used for the irrlgat,ton of vtnes and cttrus Erees.The Yermasoyta-Polemtdhta Irrlgatton Project tncludes about I90O ha ofAkrotlri land. Water sources include 9.7 mcm/y from the yermasoyta andPolemtdhla reservolrs, g to lOmco/ygroundwaEer, and spate dtverslonsaveragtng 2'3 ncm/y fron uhe Kourls River. AfEer completton of the Kourts
Dam, Ehe spaEe dtverstons wl11 be elimtnaEed and groundwaEer abstraetton will
be reduced to around 6 mcrn/y. The Yermasoyta Reservoir w111 be progressively
sr'rttched from lrrlgatton to domesttc LraEer supply as denand. tncreases ln theLimassol area. To parctally compensaEe for chese losses, irrtgatlon supplieswt1l be neE Partlally from treaEed Ltmassol seurage effluent. The demand atthts stage wtll be supplted from four terulnal reservotrs, locat.ed Eo provlde
adequaEe pressure and to enable conveyor waEer or Ereated effluent Eo beeconorntcally used. Conveyor waE.er will flow by gravtEy to the storagereservolr but, treated effluent wlll have to be pumped.

The Proposed treatmenE standard for Ltmassol terttary effluent ofi0/10 (rng/l B0D/mg/1 suspended sol1ds) 1s constdered sulrable forunrescrtcted trrlgatton of crops and for lnftltraEion lnto Lhe aqulfer (Louts
Berger, Internattonal' personal c('_lunteaE,1on, 1983). The yteld of Llrnassol
serrage effluent ts expeeted to reach l0 or more MCl,l/year resulttng tn a netreductton of 4 mcra/y.

5.3.1.3 Larnaca

The poEenElal area co be trrigated with Larnaca plant effluent 1fthe effluent ts sEored ts 500 ha, reductng Eo 250 ha if the effluent tsdischarged E,o sea or used for ot,her p,r.pose" during t,he wet period. Becauseof the expected quality of the effluent, only crops toleranE to sallntty andboron' including fodder crops, are constdered sultable (Retd GroEher andPartners, 1983). Accordtngly, agronomtc and aquaculture studles are neededto deEerulne che opcimun use of the effluent.
5. 3. 1.4 Kamares t-'

The Kamares cenEral sewage planE has been destgned as ademonstracton projecE, for effluenE uttltzatton ln Cyprus. The present
average dally yleld of che effluent ts 258 r3/a"y, enough ro trrtgate 3.5 haof lawn durtng July when Ehe maxlnum amount of water ls needed. Surpluswater can be uttltzed ln a nuuber of ways, includlng simulEaneous irrtgattonof oEher crops) storage for subsequent irrtgatlon of. oE,her crops, ftshculture, ground waler recharge or wagteage (see Table g).
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Table 8: Kamares Monthly'Effluent ylelds and potenilal uflllzaflon

Jan Feb Apr May Jun Ju ly Aug Sept Dec Total

Averaoe yield

t983, KCMi

2003, KO,t

Larn Requ I remenfs

Consumptlve use, mm

Effective Rainfal lrmm
lrrlgafton at 60 f

100 mm

60 nrn

60 n3/na
Maxlmum ha

l{ i nter Hheaf

I rrt gat lon at 60t
*3 /h"

Berseem

I rrl gat lon at 601

^3 
/h.

0l ives

lrrlgaflon at 601
,5,rna

Euca I ypfus

at 1001, mflha

6.0 5.7 6.3 7.0
I 1.0 10.3 I 1.5 12.7

8.4 9.9 g.l lo..l
15.2 16.2 16.5 lg.4

150 t't 1 6 t9 l8o
19 0 0 o

lll 171 619 180

148 228 126 240
'I ,490 2,280 2,610 2,400

5.1 5.9 3.5 4.2

9.2 8.1
16.7 I 5.9

t3t 9'
024

133 '11

t77 95

1,770 950

,,2 9.2

6.8' 6.6 92,94a
l?."t 12.0 l5g,4l0

56 34 l,t9g
29

Zj _ 9rB
56 - 1,224

160 - 12,240
r 8.8

50 t3 5' 85

56

29

39

190

18" I

RF

5't 5 125 1,500 ----- -_--- RF RF j,ooo

870 9t0

100 450 ,25 625 31' -__-_----__--+F RF 2,,00

800 1,200 I ,600 2,400 2,85A 2,400 2,loo 1,550 5OO I 5,000

rNste: Kl€ = Thousand cublc m6ters.
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Wlth free flow effluent for 3.5 ha of sports grounds lrr{gatton andsurplus for lrr{gatton of other crops, only a balanclng reservotr with 24hours capactty ts required. crop selecElon is to be basid on marketab{l{ty,soil charactertsttcs, cllmate, effluent avatlabil {ty, poEenttal healtheffects, and local practices. Alternatlve crops lnclude wheat, berseem (aforage crop), ollves, and eucalyptus whtch are tolerant to potentlal boronand dtssolved sa1t. 1eve1s ln the effluent.

From antiqutty, wheaE has been Cyprus' matn agr{cultural crop.About 20 years ago tt provlded about 7o p""""rrt of the ls1and's demand.Before L974, about 133,000 ha of land were pi.nt"d to wlnter wheat and barleyunder ratnfed condtttons. There were 70,000 ha of barley and 631000 ha ofwheat, mostly tn the area of the Turkish iyprtot, side.

Rainfed wheat ts planted between mid November to mtd December.rrrlgated wheat can be planted by mid November wtth hawestlng 1n May.Assumtng sufficient ratnfall durtng November through January, trrigatlonrequiremenrs ar 6gz efficlency are 375 m3/ha tn rJbruary , it'zs *:lil iiMarch, and i,500 m3/ha ln Aprll.

Irrtgation durlng Ehe late autumn and wtnter ean tncrease yteldsfrom 2'5 to 5.0 tons/ha/yeir of capaciEy as Kamares sotls are deep and have agood holding capacity. Potenttal effects of over-irrlgatlon durlng the earlyseason vegeEatlve 'period can be prevented by ustng the Dwarf Mesaoria DurumwheaE developed for Cyprus.

The range of pilot sludies revealed by Table 8 ts shown by theexample of 10 ha of wheat whose demands would leave a surplus of, g,g75 eu.m.durtng f our months, May through September, when no lrrlgation i_.-I wheat tsrequtred.

Berseem 1s fodder crop growlng between September and April and canbe used in roEatlon with wheat. Irrtgiatton requtremenE at 60 percentefftcieney for berseem averages about gOO"-*3/ha/month durlng September and0ctober, decreasing to zero during December through February ind reEurntng Eoabout 900 m3/tra during March and Aprtl (Table g),

01lve trees are reststanE to rraEer shortages and have beenculttvated in Cyprus under ralnfed condittons up to 1,000m elevatlon sinceanttqulty. It has been estlmated thac tn Cyprus there are about 2,400,000oltve Erees maln1y of the traditlonal 1ocal variety 01ea europea vsFo
:-l}ver?trts, alEhough modern Eabre oltve varietle" 

"."-norTljnffid"ffi:011ve Erees can grow well on all soll classes, but wtth lncreased y{e1ds onmore ferttle sotrs. Annual ytelds usually vary frou year to year; thoseunder lrrtgatton are between 30 to 50 kg/t."". rrrtgat{on rdater requtrementsat 50 percen. efflctency are esrrmared lt ." m.rctr 
"s- 

oei *i/i;;ronth 1n July(Konteatts, i983). Irrigatton schedullng can vary from values shown in Table8 because the heavy soils of the area and also because the lateral roots ofthe oltves reach up to 12 m and can utillze sEored molsture from a largearea.
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. Eucalyptus eamaldulensis ls a boron and salt EoleranE Ereeres1stant'er,especta11yafEeranexcessra1nfa11
or trrlgatlon. EucalypEus have been extenstvely used in oarshy, htgh waEerEable areas wiEh clay sotls Eo reduce sotl motsture. They flourlsh nearsoakpits ln Nieosia and other areas. The maximum monthly urater requtrenent,sfor eucalyPtus uay be taken as Ehose of pan evaporaEton less ratnfall. TheErees are fast growtng and can be cut for Eimber every Een years produclngabout 350 cu.m of wood per ha.

Atl of Ehe crops lisced, wheat-berseem roEaEton, ortve andeucalypEus are of interesE under cyprus condiElons because it"i. adaptabtlttyEo wtde ranges of sol1' water quallcy and quantlty, and uarkeg condlttons.They have low labor deoand requlreaenLs, particularly oltves and eucarypEus,and have long been produced throughouc cyprus. Tables 8 and 9 reveal thatmany comblnaElons of cropping pacterns can take advantage of the avatlableKamares vrastet ater. For example, t,he inlulal effluenE flows would provtde 6lpercenE' of the annual requiremenE for 2 ha of wheaE,-berseen, 6 ha olives, and4 ha eucalyptus. There would be seven monEhs of waEer shortage whlch woulddecrease as more effluent becomes avatlable.

Groundwaler storage and conjunctive use or surface storage woulddecrease the monEhs of shortage as shown on Table 9.

T"9tt :t Allocacton of rrrtgatlon waEer tor 2 ha wheat-Berseem, 4 ha ofEucalyptus and 6 ha of olives ustng surface or groundr"t"r.a"""g"* --'

Yonth

Monthly
Surplus
cu.m

2 t7a
Be r seem
cu.m

4Ha
Eucalyptus
cu.m

To ta
Actual Mee t tng

of Water
Demand

6Ha
Ol tve
cu. m

Requi renent s
cu oIIl

January
February
March
April
llay
June
July
Augus E,

Septenber
0ctober
November
De ce mbe r

TOTAL

6,030
5 ,67A
5, 330
5,695
3,190

930

1,740
3,015
5,405
3,32O
5, 600

50, lt5

:
L,026
1,576

1 ,039
348
605

I, 095
I, 104
1, 320

9,202

-
?,067
3,142
3, 290
5,040
?,07 g

696
L,2A4
2, 160
2,208

20,043

:
2,067
3, L42
4,920
7,560
2,07 g

696
I ,204
2, 160
2,209

20,860

0
0

5, 160
7,960
8, 200

1 2, 600
13,730
13,350
I2, 5 i0
7,100
I ,940
0

82,450

100
I00
i00
r00
100
100

38
l3
24
76

284
100

*NoEe: values are uncorrecEed for evaporatton from surface storage,

The Departraenc of WaEer DevelopmenE
recharge project aE a gypsum aquifer aE Rlzoelta

has identlfled a potentlal
tn the vtllage of Aradhtppou
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abouE 4L ku from Lhe Kamares TreaEmenE Plant. Approprtate geologlcal,
geophystcal' dr1111ng and hydrogeologlcal basellne and operatlonal studies
are needed to opttmtze presenE and future schemes.

Ft sh cult,ure using ef f luents f rom Ereatment sysE,ems destgned f or
PaEhogen removal provide great,er yields of proteln per hecEare than anyirrlgated crop yteld. Carp, Etlaptat gray mu1leE and posstbly glanc pralrnsare PotenElal alternatlves. Carp ratsed extens{vely tn Cyprus reservotrs
have not been found to be markerable. Preltmtnary resulEs have shown that,ttlapta and gray mullet have been markeEed successfully. There has been no
experlence with prawns. productivity revels of about 2.5 tons/ha/years havealL routtnely achleved tn many areas of che world, and l0 to 20 tons/ha/yeac
are achlevable tn ponds of, say, 1.5 m depth which provide for efflclent
harvestlng (Gunnerson, l9B4).

The ftnal dl.sposal alEernaEive of coastal or submarlne dtsposal of
excess effluent has noE been shown Eo be viable. Desallnatton of lrrtgat,ton
reEurn e/at,er, naEural bracklsh waEer or sea rrater also rnay be studtedsufficiently for trs applicabtli.ry to local condi.ttons.

5.3.2 Control of Seawater Intruslon

Seawater tntrr:sion ts controlled only by ralstng groundwaEer levels
above sea leve1. This can be done by reductlon or rearrangement of patterqs
of pumplng draft, malnt.enance of a fresh waEer rtdge aborre sea leve1 alongthe eoast by artlftcal recharge, construct,lon of arttflctal subsurfacebarriers, or marginally by developmenE of a pumplng trough adjacent Eo the
coast and arttficlal recharge. Three requtrements for arttflclal rechargeare (i) an adequate source of recharge water of suitable qualtty, (rI;
suitable hydrogeologlcal and ground waEer condtt,tons ex{st, and (i1f) costs
of Ehe proposed recharge systen are less than Ehose of Ehe least costalt,ernative. The extent to rhlch recharge'schemes uslng wastelrater treatrenc
plant effLuenEs ean supporE seawater int.rusion control on Cyprus ls presented
below for crttlcal areas.

).3.2.1 Southeasrern Mesaorta (Kokktnokhorta) Aqutfer

The Sout,heasEern Mesaorta plaln extends over about 500 square
kilomeEers from FatnagusEa E,o Kondea-Pergamos-Dhekelta and Ehe sea, and has a
raEher low reltef wtth few poinEs higher Ehan 100 m above sea level. Thts
aqutfer ts almost conpletely covered by a weathered secondary limestone crust
and a deep sotl whlch obscures t.he geologlcal feaEures. Thts aqulfer has
been heavlly overexplotted durtng rhe lasE, 20 years. The mean lowerlng of
Ehe lrat,er Eable ts as much as 1.5 rn per year and tE ts est,tuated, that only 15
lo 207" of the ortglnal groundwater reserve of 1950 remalns before the aqutfer
ts exhausted.

The econony of che area ts based on lrr{gated agrlculEure whlch tn
turn ts dependent. on a reltable water supply. Essent,lal lrrlgation demands
are belng meE by an esti.naced 4000 boreholes of whlch about, 477" of. whtch have
been drtlled tllegally. Wtthdrawals amount, to about 30 mcm/year whlch
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exceeds the est,tmaEed annual replenlshmenE of L4 mem/year by about I5mcu/year. The Kokktnokhorla area covers abouc i80 sQ. tm. and tncludes thev11lages of Xylophagou, Ltopet.rt, At.hna, Phrenaros, ormldhta and Avogrou.The area accounEs for about 852 of present punplng of Ehe Southeaitern
Mesaorla Aquifer and for che greaEest lowertng of Ehe water level.
GroundwaEer novemenE, ortglnally Eowards the coasEllnes to Ehe northeasE andEhe souEh, has been reversed durlng the past 20 years. The greaEest
depresslons are near Phrenaros in the north, oear Llopetrt in rhe southeasE,and Xylophaghou ln Ehe souEhwest (F1g. ZL). Annual wtthdrawals havetncreased steadlly stnce 1963. In the north, the 1953 wacer leve1 of l2m
above nean sea level (nsl) has been lowered Eo about 40m below and there areonly a few neters of waE.er rernalnlng above bedrock. Durlng Ehe same perlod,by 1983 r^/ater levels dropped from 2m above Eo 30m below msl in thesoutheastern depression fron 2n above r.o 40u below msl ln the southwestern
depre ss ion.

The 500 pPm isochlorides ltne shown in Ftgure 8 tndtcaEes Eheextent. and progresston of current seawaEer lnEruston and aqui.fer loss. Someartifictal recharge i.n Ehe southeastern Messaoria ts provtded by ghe
muIEt-purpose Kouklla dam and reservotr bu11c ln 1900 near Fatragusta (Ftg.)) \

F{gure 2.2. Kouklta dam

Ihts has led Eo
slnce 1950 for
falled beeause

a nunber of sma11 dams wtch a EoEal capaclcy of 3 llcM butlt
artiftctal recharge by surface spreadlng. These works have
of near-surface, seml-pervlous sotls and tnEervenlng lenses,
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lnfrequent ft11ing, evaporatton and unsaturaEed zones above the roater Eable
whlch prevent, waEer from reachtng the saturated zones.

A1 EernaE, lveIy, early establtshrnent of a f resh rracer barrter tn Ehe
Kokkinokhorta by injectton we11s ustng surplus water avalltng durtng che
early years of the Southern Conveyor Projecc followed by subsequent
maint.enanee of that barrler uslng boch SCP wat.er and wast,ewat,er and appearsfeastble. BoEh espectally construcE,ed tnjectton we11s and convent.tonal
boreholes can be used for injeetion, provid{ng the latEer are operated so asto avold enErapmenE of atr tnt,o Ehe injected water. "Free fall" lnto the
borehole doesn't vrork. Use of extracEion wells for lntermiEtenE recharge
conErols clogqing of Ehe aqutfer by suspended solids ln the recharge water.
This flow reversal can also be used Eo resEore Ehe tnjectton capacity of the
we11s. The following deE,erminanEs are relevanE.:

(a) che EreaEed Ltuassol sewage effluent is expected to yield
around l0 llCM/year. IE is planned in conjuncEion wtth SouEhern ConveyorProject lhat ehts EreaEed effluent wt11 be used on Ehe exisctng
Yermasoyia-Polemidhta irrtgatton scheme as well as Akrotlrt lrrigatton. No
need during Ehe wlnE.er ilonths is anctcipated f or Ehts lrat,er. Injectlon of
Ehe winEer monEhs'porEion of Ehts Ereated sewage effluent wi1-1 tnprove rhe
ground waEer condlE,ions at, Akrotlri. A correspondtng portton of the storage
caPaciuy of Kourts reservoir will be reserved for other allocat1on.

(b) The Southern Conveyor Project demand is less than ".rrpr,durtng the early years of its operation so thaE a surplus is avatlable for
arEtficlal recharge durtng t,he sunmer,

(c) -'The SouEhern Conveyor ean provide subsEanEtal quantl-ttes of
water for recharge tn Kokktnokhorla durlng E,he wtnEer nont,hs.

Reductlon of the net dlscharge from t.he aqui.fer and reversing the
trend towatd furcher seawaEer lnt.rusion can be aEtalned by a comblnatton ofinjectton tnt,o Ehe ground water level depresslons along a l,1ne parallel co
the coastltne. Thts will create a fresh waEer barrier to further seawater
inE,ruston beEween Ormidhla and Ayta Thekla Church. The next few years wtII
provtde an opportuniE.y to study t,he response of che aqulfer to artlflctal
recharge, using extstlng facil{tles and suppltes before SouEhern Conveyor
Project Water and Limassol E,reaEed sewage eff luenE becorne ava1lable.

The 4;'po"Ert reservoir wlEh 0.325 mcm of capactty can also serve as
a source of riier. The dam was compleEed ln 1965 co irovide groundwater
recharge Ehrough the bottom of Liopetrt reservolr. IE hras found thatinfiltratlon raEes are so low thaE trosE of Ehe waEer evaporaEes. It {s
constdered probable EhaE rhe stgnlficant. runoff from Ehe PoEomus Rlver durtng
weE years can provide Ehe necesaary waEer for demonstrattng inJeceton tngo
experirnenEal recharge wells aE mlnlmum cost and large potenttal beneftts to
fut.ure major arttftcial recharge works.
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5.3.2.2 Akrottrl Aquifer

As previously noEed, the water balance of Akrotlri aqutfer under
Presenc eondtttons 1s marglnally neutral. However, seasonal problens wtEhIrater leve1 depresstons in tsolated areas are a matEer for eoncern andplannlng. Ground water levels oear Eptskopl and ot,her coastal areas have
been belol, sea level for sonetlme. Near Zakakl, earlter seawater tngrusion
has been reversed by tmportatton of Yermasoyta and Polenldhta qrat,ers slnce
L975 which reduced Ehe need for groundwater. However, compleclon of EheSouthern Conveyor Project's Kourls dam wt11 reduce flows to the reeharge
reaches of rhe Kourls rtver which provlde about 50 percent of EhetnftlrraEton to the Akrottri aquifer. oEher changes wt1l iollow scheduled
reallocation of Yermasoyta reservoir wat.er fron 6 mlm/year for trrlgatlon ofAkrotlrl Pentnsula Eo muntctpal supplies for Ltmassol. Slnce 1t ts Iess
expenslve for farmers Eo putrp from E.he1r own we11s, abstractton tnay exceed
replenlshmenE and seawater intruslon w111 occur unless approprlate prlclng
and insEiE,utional measures are implemented. Alternaclvely, local reeharge oi
Ltmassol effluenE not scheduled for transmisston Eo lr.okktnokhorla *"y be
applied, especlally durtng Ehe winter months. Recharge of t.reated sewageeffluent wt11 also mee! two ot,her spectftc objeetlveJ: (1) it wltl nakeposstble the Eransfer of nore water to Kokkinokhoria for arttftetal rechargeof that Eroubled aquifer, and (ii) 1n1and dlsposal of treated sewage reduces
Eransmlsston cosEs co irrigated areas and may avold problens of surface water
eu ErophtcaE ton

The proposed treaEment, standard of Ltrnassoi E,erEiary E,reaEmenE workis l0/i0 (BOD/suspended sol1ds) which can be achteved by dissolved alrflotacton, fllE,ratton and dtsinfectton processes followtng t.reat,menE 1neraEton. The yield of Eertiary Ereated Lirnassol sewage effluent 1s expected
Eo reach up to l0 MCM/year.

The western Part of Akrotirl aquifer consists of sands and gravel
and 1s parEicularly sultable for art,lficial recharge. The land is readllyavailable for spreadlng grounds and moniEortng we11s, geologtc cond{Etons arefavorable, the distance from proposed Linassol \{ater-reclarnatton faclltttesis not prohibit,ive, and the vraLer cable is suf itctently deep.

5.3.2.3 Larnaca (Kitt) Aqulfer

The Kltl aquifer serves irrlgated agriculture of che Larnaca area.
Increastng rates of developnenE stnce 1960 has caused Ehe deterloratton ofthe groundwaEer quallty and the abandoning of we11s, espectally tn Ehe rnatnwellfteld south of Larnaca--l'lazotos. Durlng Ehe sane tlne, constructton ofKtEi. dau deprlved Ehe downstream aqutfer ln some annual recharge occurtng
through the base flow and underflow in the rtverbed alluvtum.

Future sealrat.er intruston can be conErolled by lnJectton wells
durtng the wtnter months uslng Larnaca sewage effluent. Tht; would be an
alternac,ive Eo st,orage durlng the four wtnter mont,hs of.2L,000 n3 per day and
Eo consulEanEsr speculaElon EhaE "although outstde t.he !erE of reference,
aE,tenEton should be pald to che posslbillty of dlsposlng of Ereated effluent
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to the sea durlng the wtnter months when llttle or no bathlng ls taklng
place" ( l9).

5.3.2.4 Western Mesaorla (Morphou) Aqulfer

Slnce the 1950s the nost productlve and lmportanE agrlcultural areaof cyprus ln western Mesaorla has been developed by Governoent prograns to
lncrease ytelds of Morphou aqulfer from 58 MCM to 182 MCM per year. Thls
development has long slnce exceeded che sustalned yleld of Ehe aqulfers. In
L952, groundwaEer levels along the coastllne varted from about 30cn to 3
mecers above ms1' Recently lncreasing rates of degradatlon of the aqu1fer
are revealed by Flgure 23.

Ttre groundwater table was 5 meters below mean sea level in 1970 and
10 meEers below msl ln 1973 ln the central part of Ehe depresslon where iE ls
now 40 meters beLow msl. Thls has been acconpanled by reducEions in erell
yields ' crop ylelds, deterloratlon of ground\rater quallty due to Ehe seawaterlntruslon, and death of clErus plantaElons over the lrestern part of theaqulfer (flg. 24).

Flgure 24.
lnt ruslon

Dylng of clErus Erees ln Morhpou as a result of seanater
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The effects and thtenslty of seawater lntruslon ln the last fewyears ts demonstrated by the 500 ppM isochlorlde uap (Flg. 6) especlally nearPandyLa. Remedlal measures Eo deal wlth the consequences or gro.rnir"t".overdraft lnclude constructlon of the Morphou Developnent proJect beginnlngln 1982. The proJect ls designed to dlverr 25 M},tiyear during rhe wlnternonths from the nearby rlvers, Xeros, Marathasa ,na KaryoEls which runotherw-lse ro the sea. Ttris proJect ls essentlally the flrst stagelmplementatlon of the comprehenslve proJecL prepared ln L974 by Electro-wattEnglneerlng servlces, Ltd., Zurlch. rt" orlglanl proJect ,"" ptan'ea iofeature an off-channel termlnal storage reservolr on the Morphou coastalp1aln near PrasElo, maln rlver storage reservolr on ehe Xeros aud pyrgosrlver; and dlverslon works on lhe Karyotts, Marathasa and Llrrnltls rtver allEo be llnked by a maln conveyor. some 20 MC'l{ per year the prastlo reservoirwere Eo be dlstrlbuted Eo about 3300 ha of perenially trrlgated land ln thearea of maxlmum overdevelopment of the Morphou acquifer.

The Morphou Developoent ProJect provides for regulators on eachrlver' The Karyotls and Yarathara regul.tors and conveyor were placed tnoperation durlng the wlnters of 1982-83 and 1983-84, r""p""tirr"ly. Ttre XerosregulaEor and channel are scheduled for constructton ln 1984. IE ls plannedalso to use the Morphou dam as a storage inflltratLon reservolr, supplementedby additlonal lnflltratlon galleries 
"io,g Ehe canal.

T?re Morphou dam and reservol,r were constructed in Lg62 wtth acapaclEy of 1.8 mcm- The reservoLr was rleslgned Eo retaln a slgnlflcantportlon of the 14 mcm average annual flors of Ehe Serakhle Rlver. rnttialoperatlon of, the Karyotls Rlver diverslon provlded roaxlmtrm lnflows of lessEnan one m:/s Lo Ehe reservolr, Ehe balance having lnfiltrated from theesttnated 251000 square meEer unllned area of Ehe con-veyor. A reconnai-encesurvey of surface sedlments along the l3 km unllned sectlon .f 
-;;; 

";;{;;;revealed that these areaa are permeable and sultable for cons!ructlngspreadlng baslns. 0Eher recharge areas lnclude the bed of Serakhis riverbeEween Massarl dam through Morphou reservolr and the torrn of Morphou. Thearea beEween Morphou dam and ovgos rlver ls a potentlal slte for creatlon ofa ground water barrler agalnst further seawater lntrusion.
No sewerage systetr ls presently planned for the smal1 (or 4000people) populatlon of Morphou. The only addltlonal source for artlflclalrecharge of thls aquifer ls that the Morphou Develop*ent proJect.

6. Costs

Arttflctal groundrater reeharge wtth Ereated wastewater and *astedw'lnter storEwaEer can provlde lmportanE econom{cal benefits for Cyprus. Itrecomblnaclon ln rnany places of water shortages, increaslng punplng costs dueto the lowertng of Ehe water table, and lncreaslng salinlty of coastalgroundwaEer support water conservaEion and reuse proposals. fire costs andbeneflts of prevlously dlscussed proJect ele6[ents are sunrmarlzed beLow.Detalls of the Kamares and Nlcosla denonstratlon projects and artlficlalre1,larse works are presenred in separaEe reports of R. Frorrn (r0) and.theauEnors.
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The tntttal ( 1982) constructlon cosEs for Ehe Kauares sewage
treatment plant erere about t65,000 ( S 130r000). Additlonal eosts for
demonstratlon of wastewater reclamat,lon lnclude those for storage, pumping
transmtsston, dlstributton' sprinklers, so11 preparatton and plantlng at Eh;stadlum; these have been esttmated at E9,000 (S18r000) for captral recovery,
oPeratton, and matntenance. Esttmated Eotal annual net beneflEs equals toEll,000 yteldlng a benef{t: cost ratto of abour 1.22 for rhts iniE{alacttvlty.

The estlrnated tnvestmenE costs of the trrlgati.on projecE in Nlcosi,a
are based on those by Flortn ( l0). At l9g4 prtces, these aie estlmated at
S250'000 for the first phase and 5480,000 for the second phase. This project
w111 trrtgate about 700 donums (94 ha) {n tts final stage and generaEe an
esttmated addtCtonal S7dr000 nec income for farmers.

Cost flgures Presented above are provtstonal estimaEes based mostlyon prevlous studtes. They need to be conftrmed by addlt{ona1 reviews ofexistlng data, siEe tnvesitgattons, and demonstraElons. Estlmated eosEs forfeasibillty studles of Ehese and other selected actlvtt{es, based on stmi.larus' rsrae11, and oE.her lnvestigaEtons are lisEed ln Table 10.

Table l0: Prellminary IdentiftcaEton of Cyprus ldastelrater Utlllzatton and-Iffiated Irrigatlon ProjecEs and Estlmaced cosrs of Feaslbility Srudy
Componen E s

( Prov t s tonal )

eas 1

Further revlew of exlsttng data ,l') 
S

ImplernenEation of Nieosia demonsEratton
InplemenEaElon of expanded IGmares demonsEratlon
Preltmtnary geohydrologtcal studles (tr.Iestern Mesaorla

aqutfer; Central Mesaorl aqulfer; SouEheasEern
}{esaorta aqulfer; Kyrenta aqulfer; South coastal
aquifer)

Feasibillty studies and demonstraEton (seawater and
brackish water desallnizatton; bracklsh water
irrtgat ton)

Dtagnostlc and predtcttve rrater
models for Cyprus

Recharge Demonstratlon projects
injecEton; Morphou spreadlng;

and salt balance

( Kokktnokhorta
Kltt injec-;-*on;

100,000
50,000

t00,000

100,000

100,000

etc.i 
_

100,000
100,000
50,000

200,000

50, 000

200, 000

100,000

50, 000

1 00, 000

Akrotlrl spreading)
Irrlgation Technology

Nlcosla/Morphou
Dernonstratton Project s

Aquaculture Technology Demonstratton projects
Kamares

Implementatlon ProJects (lncluding feasibtltty sEudles,
Wastewater Reuse (Nicosta trrlgatton; Famagusta-Larnaca

lrrigation; Famagusta-Larnaca recharge; Limassol
-Akrottrl lrrlgatlon and recharge)

Irrigatton (Morphou Recharge; Morphou Irrlgatton
Technology; paphos; Kyrenla; Ltmmasol-Farnigusra)

Total Feastbtltry SEudy Cosrs 500,000- 1,000,000
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7. Pollcy Issues

Efficient wast,ewater reclamatlon and utlltzatton and trrtgacton on
Ehe Island of Cyrpus requires conjuncctve use of groundwater, surfa-e waEer,
and sewage effluenE sysEems and integraEed approprtate tnst.ltuglonal measuresco rnake Ehem work. Proposals for wasiewaEer treatnenE and peroanenE, or
seasonal d{sposal of treated effluent Eo Ehe sea have yet Eo be shown Eo beappropr{ate for Cyprus, alt,hough salE-balance requtrernenEs for some areas mayjusttfy excepttons.

Wat.er laws and regulatlons ln Cyprus are numerous, repet,lttve, and
complex and have been extended from Elrue Eo E.ine Eo meeE spectilc probieus.
Water use efflciency is emphastzed in the Greek CyprtoE glde by a speclal
measures law whlch gives wide powers for the control of extractton anduElltzaEton. However a correspondingly st,rong mechanlsu for tnplemencaEtonof some of these laws is noE presenEly tn effecE Eo meeE such sertousproblems as illegal dr1lling and overpurnp1ng of aqutfers in Ehe souEh.Stmtlar regulaElons on uhe Turkish Cyprlot stde are enforced by agency
orrnershtp of drtl1 rigs. There are needs to update and rat,tonaltze the iaws,regulattons, and agenctes on both the Greek and Turktsh Cyprtot stdes, and Eoensure Ehetr coordination and informaElon exchange by means of an approprtaEe
compact or oEher lega1 insEruoenE.

8. Inforuatton needs

0pttrnun effici.ency in wastewaEer reclanaEion and utilizationrequires conjuncttve use of all supply and utiltzatton systems. Among theinforraatlon needs are chose d.lscussed 1n earlter secttons of thls report.,
Eogecher with wlrh clarificarton of Ehe fo11owlng specific techntcal tssues(ordered accordtng co prloritles):

sewage flows and f{nar locatton of the Larnaca sewer systen and
treaEment planE, proxlmtty of alternattve recharge andtrrigatlon sttes Eo the plancs, and locations of suitable
produclng wells which can be used for recharge purpose.

monltorlng of surface streams of Ehe Morphou Development project
Eo det,ermine changes ln stream f low and in waEer quall.ty

the Balasha Jalon feasibiltty study on sewerage and sewage
EreaE.ment, f or Llmassor (3), reconrmended Ehe use of eff luent fortrrtgatton. The southern conveyor project tncludes Ehe use of
E,he effluenc froo che Limassol sewerage scheme begtnnlng Lgg4(25,26). The convenElonar Eertlary treatment ortgtnally
proposed by Balasha Jalon consultanEs to achteve European and
North Anerican stream sEandards of r0 ng/r. levels for BOD and
suspended solids would noE be a cosE-effecttve way Eo meet.bactertologtcar standards for unresErteted agrlcultural
use.shuval, et a1., (tt1 have convincingly demonstrated EhaE a
serles of oxtdaEton ponds wlth no moving parts can provide safeeffluent aE much lower costs. Thelr ."rork ls summarlzed ln par.
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2.2. A new consulEtng ftrn (15) ts updating (1983) rhe sewageproject. l{ajor changes tncludtng exEenston of the project area
Eo Auat,hus Eourlst, area Eo Ehe easE of Limmasor are underconstderaEton. servtce areagreffluent, flows, and EreaEnentplant locatton of Ehe revtsed Ltmassol wastewacer EreatmenE
pro j ec t are t.o be f txed .

phystcal, biologtcal, chemtcal and tnstltutlonal aspecEs of
wasEewaler reclamaclon and uttltzation for irrtgation,
aquacullure, and/or artlftclal recharge.

an exploraEory well drtlllng program ts needed in areas where
Ehere are noE enough detai.led logs available Eo provtde a
reasonable lnEerpretaEton of che lsland r s geology and
hydrogeology.

the depth and rhtckness of permeabre and impermeable layers tn
poEenEial recharge boreholes.

exact nuraber, locaEtons, and correspondtng annual exEractlon
raEes of boreholes (spectarLy 1n rnajor areas of sEress) i.n the
[,IesEern i'{esaoria, SouEheasEern Mesaorla, Akrottrt, and KlEl
aqulfers.

a pilot scheme in each of four above menEloned aqutfer is
reqr.ltred to determlne and Eo demonstrate the behavior of uhdseaqulfers, reglonal and local hydraulic gradtent, effecttveness
of recharge and to enable planntng Ehe locat,lons and the nuobersof recharge wells and/or spreading bastnsr.__^ thetr
characteristlcs, performance requtremenEs and cosEs. ' -'

- costs and beneftts of alternattve meE,hods of injectton well
oPeracton to be tniEially studied i.n che area of lbkklnokhorta.

informaE.ton on construcr.lon, operatlon, and malntenance eosts
and problems frou demonsEratton lnfiltracion bastns tn Ehe
llorphou aquifer for deslgn of full-sca1e schemes.
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APPENDIX i . RELATED INVESTIGATION, R.EPORTS AND PROJECTS

ThroughouE Ehe hlstory
studies and projects have been
previous resource. Some of the
reclarnation of valuable water from
sumnartzed be1ow.

of waEer deftcienctes on Cyprus numerous
undertaken Eo reclalm and conseree this
most lmportanE of Ehese, whtch relate Eo
sewage, water dlverston, and eoveyance are

1' use of sewage Effluent for rrrlgatton in cyprus, R.s. Ayers (2)

The report refers to the system of treatment of che sewage ofNicosia, and descrtbes the land and sotl charactertstlcs within Ehe area Eobe trrtgated. Three alEernatlve lrrigation demonstration schemes werestudied. Case I assumes Ehat no effluent is discharged to E.he pedleos
Rlver ' water w111 be sEored and be used as necessary. water use forirrlgatton of different crops and storage volume for one hectare of crop landare calculated at 652 irrigatton efficiency.

The reporE includes a Eable where Ehe monthly lrrtgationrequirements and the possible trri.gat.ed areas are caleulated wlth a Eotalquantlty of l0'500 cu.m/ha/year. At 652 efflciency, Ehe storage requtred perhectare of land irrlgated is 7000 cuom. At differenE flows per day thefollowtng land area can be {rrtgated.

Flow per day cu.m.

5,000
1 0, 000
15,000
20,000

In case
during the winrer
assumpEions as for

Flow per day cu.m.

5,000
i0,000
1 5 ,000
20,000

Land area (ha) at 20,000 cu.r'rlha/year

93
t97
280
374

2, the effluene wlll be dtscharged Eo the pedicos Rtver
months, December, January, and February. Uslng the same
case l, the land which can be irrigated is as follows:

Land area at 20,000 cu.m,/ha/year
652 efflclency

70.5
141 .0
27 t.5
282.0

In case 3 1E ts assumed that the efflrrent will be used forlrrlgation durtng the winEer months. l.j{th no storage avallable, the plantedarea would need to be adjusted so that peak water demand for sunmer cropscould be supplted completely from che daily flow of effluenc. The croppedarea that cotrld be served ts ealculated to be as follows:



Flow per day
cu.m

5 ,000
l0,000
l5 ,000
20,000
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Land area (ha) at ETo=8rm/d
and 652 ef f tc lenclr

40.5 ha
8r.2

l2l.g
162.4

Thls procedure reduces lhe volume of effluent available foragrtcultural purposes but 1s recomrnended as an emergency measure. The authorstaEes EhaE Ehe sewage effluent quallty 1s suttable for lrrigatton ofselected crops based on hts analysts of data in FAo Irr{gatto., rrrd Dratnage
Paper Nl. 29.

The maln irrtgatton problems tnclude sa1{nlty (affects crop i.raEerappltcatton), permeabillty (affects lnflltratlon rate tnto so11), andspeclftc ton exchange (affects sens{t,tve crops). In addttlon, there urasboron reported tn che sewage effluent. However, stnce Lg7g, no llcenses havebeen lssued by che Mintstry of Industry and Conrmerce for importlng boroncontatnlng detergents.

Healrh regulattons presently proscrtbe trrtgaclonparEially treaEed sewage on vegetable crops which are eaten rawln conEact w{th Ehe sewage or Ehe ground.

2. The Nlcosla Sewerage project, Cyprus, World Bank (4)

In respoase !o a request orlgtnated by the Sewage Board of Ntcos{a,appllcatlon was made to the InternaEtonal Bank of Reconstructton and
DevelopmenE for a loan of USS3.5 m1lllon. The loan was to provide for theflrst stage of the sewerage systen, covertng an area of 425 hectares ;;;i;;32,000 restdenrs occupylng about 6,000 prop-ertles, and elimtnarlng the needfor vacuuE Eruck removal of septage. Cost recovery is Eo be provtded bysewer servtce charges' tlro-thtrds based on property assessments and one-thlrdon water sales. The f{nanclal projecttons assume charges of 50 mils/cuom onwaEer consumed' 35 mtls/E ot assessed property value in che project area and12 mils/E of assessed value of property'in areas whlch wlll be connectedlater' ProJected rates of return on neE plant were reported. Eo lncrease from7.62 1a 1976, tncreastng lnro nearly l0Z tn Lg7g.

3' Posstble Use of Nlcosia Sewage Effluent for Irrigation h:rposes, Cramer
and Warner (7)

The report dl,scusses che qualtty of sewage effluent and itslnterrelat{onshlps wtth sotl, climate, and crops to be lrrtgated. Theauthors concluded Lhat there r{as a lack of sufficlent informatton on thephyslcal and cheoical paramters assoctated with.the use of sewage effluent;that effluent tater quality can be controlled by dtlutton, alternatlng wlEh
oEher trrlgatlon supplies, and by banntng boron-contatntng detergen3s.

wlth raw or
and whlch arp
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4. Optim.rm Uttltzatlon SEudy of Sewage water for {rrigatton tn Ntcosla, R.Florln ( 10)

The auEhor proposed a demonsEraEton project wtth the followingobjecttves:

i) to mtn{mlze wasEe of useful $racer
it) Eo mlntmlze the dlscharge of raw or lnadequatelylnto Ehe Pedtcos Rlver slnce lts natural waEer

down for lrrlgatton of noarkeE vegetables
iii) to gain experience wtth sewage irrlgatton

and agrlcultural condiEions
iv) to ratse the agrtcultural producEton and

fa rue r s.

t.reated sewage
is used further

under local ellmattc

i,ncome of the areas

The proposed demonostracton area is 95 ha of trrlgable land east of Nlcostaand downstream the sewage EreaEment plant along the pedtcos Rlver. Cropselectlon criterta include publ1c healch protecElon, saltnlty an6 boronEolerance, feasibtltty of farm technolog'y, and markettng potenttal. Salt an4boron EoIeranE fodder was reeonuaended for the fatientng of calves andhe-goats. The proposed cropping paEtern lncludes lucern, barley, matze, andsudan grass together wlth eucalyptus Eo se6re as a shelter belt. Because ofthe hlgh lnsEallatlon cost of drlp or sprlnkler irrlgatlon syste11s, Flortnproposed border and furrow lrrtgatlon. ' ---;-

Due to the uncertainEies ln effluent quallty and crop response, the
,, lroject provtdes for staged developmenE. ft" first "t"g" wtll be for!--evelopment of a 35 ha pllot area and project center tmmedlaEely downstreamof the sewage Ereatment plant on Ehe southJrly bank of pedlcos rlvern Secondstage development of uP ro 50 ha of Ehe rernalntng area w{11 be accordrng towater avallabll1ty and may lnclude construc.tion of a reservotr for addtttlnalwlnter lrrlgatton outstde the projecE area.

Florin proposed to foro a "Cooperat1ve ComnlEEee" for themanagement and monltorlng of the project. Cormnittee members wtll includeparEtcipatlng farmers and members of the staff, admtntstrattve auEhor{tteswho wlll manage and monltor Ehe proJect farms.

The estlmated projecE costs based on opttuum wastelrater utiltzationare USSl70'000 for the ptloE proJect area and USS490,000 for full development
i,-both ln 1978 dollars; multlply by l.i for t9g4 costs). It was esttmatedEhat at ful1 development, the annual crop value of the projecE area would beUS$80,000 requlring an annual input of UdSOO,000.

An alternaElve scherne whtch would uEtllze all of the rrasEeeraterwould be development of a 20 ha eucalyptus pLantatlons under gravtgy surfacelrrtgatton. The invesEmenE and planttng costs were esttmated to beUS$30,000. Annual crop revenues rrere esElnated at US$10r500 wtth costs of
us$ i , 800.
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5. Report to the Munlcipallty of Ntcosia Masrer plan and Feastbtltry Studyon sewerage and Drainage, Maclaren rnEernattonal Ltd. (16)

sewerage system throughout the
muntctpaltty occupies 4,000 ha.

The system was deslgned for the year 2000 population of 3lZr750wlth an average dally sewage flow of 143,000 cuorno Thls flow lncludes alsothe lndustrtal and commerctal wasEes and an allowanee of groundwaterinfllcratlon of 34rl0o cu.n (247.). Pre-exlsttng comblned sewers are to beused where feastble.

The Ereatment plant locaElon ls along the souEh bank of the pedieosrtver south of Mta Mtlea vt1lage. Maclaren rnternattonal recormended aeratedand faculEattve sewage lagoons for flrst st,age constructton.

Effluent trrigatlon

For the disposal of Ehe Ereated effluent, the fol1ow{ng methodsgroundwacer recharge, discharge d{rect to Ehe pedtcos Rtver, and cropirrlgation lrere constdered. From Ehese, Ehe consultants recomrended thelaEter because tt provides a saElsfactory method of dlsposal; tt contrtbutesto Ehe productlvity of the cownunlEy; and w111 provlde the Mun{clpaltty wltha source of lncome. it was further proposed Eo use Ehe treated effluent on anewly establlshed centrallzed. irrlgatton dernonsEratlon under the dtrectcontrol and managemenE of the Government.

Cost recoverv

The report provides for a separate
CreaLer Nlcosla area of 6rZ5A ha of whlch the

To obtaln sufftctenE revenue to cover
matntenance cosEs lneurred by the municipallty, a
taxes and user servtce charges urere recomnended.

the annual operatton and
corabinatton of ad valorem

The flrsE three stages, tn order or prlority, are

Stage I: 425 ha {n Ehe southern half of the area
and the clay area south of Ehe walls.

Stage II: I80 ha tn che northern half of the area

wlthtn the wa1ls

withtn the lralls.

Dtrector Ceneral of the Mlnlstry of
the Dtrector of the Department of
of Mr. R. S. Ayers. He generally

Stage III: 195 ha located {n heavlly populated and tndustrtal areasof Engoml and Aytos Andreas Area tn Nlcosia.

6' vtews and Comnents on Consultancy Report "Use of Sewage Effluent forIrrtgatton ln Cyprus", Cyprus Department of Agriculture (g)

Thls is a letter report to EheAgrlculture and Natural Resources fromAgrtculture which addresses Ehe report
concurs wlth Ayer's flndtngs.
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Reconrrnsnds6 croPs to be lrrtgated tnclude alfaLfa, beeEs, corn,
berseem and cereals.

7 ' MasEer Plan and Feaslblltty Report of SEoruwater and Santtary Sewerage ofLarnaca, Cyprus, Retd, Grother and partners, Ltd. (19)

The Muntcipal CorporaElon of Larnaca lnvtted i.nternattonal tendersfor the preparaElon of a scheme for the collectton and dlsposal of EhesantEary sewerage and slormwaEer drainage of the Larnaca area. The terms ofreference requlred thaE a separat.e system should be studted and Lhe Lreatedeffluenc from sant_tary sewage should be sultable for Ehe l.rrtgatlon ofr fruitErees and annual fodders. The area to be served lncludes 7000 hectares inEhe ctty of Larnaca, Ehe vlllage of Livadhla (north wesE of Larnaca), theLarnaca Internattonal Airport, the Salt Lake and a coasEal strtp Eo thenorth, up to the boundarles of Ehe Sovereign Base Area of Dhekelta. The54'I00 estimared popularton Eo be served by the year 2000 1s 541000.

Sewage flows predtcted for the year 2O0O fo1low1ng flows !7erepredlcted on the basis of 225 lirers/c/d (domestlc); zA ltters/c/cl(cournerclal); 28,500 ltrers/hectare/day (lndustrtal); and 360 ltters/bed/d(hoEels).

Low-lytng of Ehe clty along Ehe coastal p1a1n are expected to havehlgh 1eve1s of tnflltratlon of groundwater 1nt.o Ehe sewerage 
"y"t"r. Theseare assumed at 2,000 L/ha/d durtng Ehe wtnter in areas above Ehe five metercontour and zero during Ehe surtrtrer. Below Ehe five meter contour wlnterlnftltratton of 

-I0r000: 
-)iters/ha 1s assumed. Da1ly flows will range from a

maxtmum of 34r300 cu.fi. 1o sunner to a mtnlmum of 161000 ln wtnter.
The expected quality of Ehe treared effluent predlcted wtth dueregard for inftltraclon was estlmated at 6,150 micromhos in Ehe suburbs and2'500 1n the city equtvalent to abouE 4,000 and r,500 ng/L Eotal solids,

re spec t 1ve ly .

The treated effluent is to be used for irrigaEton with wtnterstorage volume of 3.2 x 106 cu.m. The lrri,gated area wlth effruent storagew111 be 560 hectares or 250 hectares tf Ehe effluenE durtng the ratny seasonis not sEored. Stnce Ehe quallEy of the effluent rnay be rnarglnal forirr{gatton use, an agrlcultural study ts needed to establtsh whlch crops aremost sutEable. 
;

The selected stte for Ehe constructton of the treatment plant 1slocaEed north-east of the vtllage of Ke1la. Based on a compartson ofcapttal' operatton and malnEenance costs, the consulEant recomaendedtreaEment by oxldatlon dltch. Treated effluent would be stored near theplant where Ehere is sulEable land for trrtgatton of anlmal fodder.

The esttmaEed cosE for the construction of che santtary sewerage
scheme has been esElmated as follows:



Collectiooo o. r o....
Treatment.....
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lg, 200,000
2,799,000
6,913,000

cE 27,902,000 USD 14 million)

tncludes the sea front and the central
city the cost is esttmated as follows:

.....CE

Storage and Dlsposal.. .. .. .... r. o

To tal

Ftrst stage construcElon
portlon of the developed part of the

Col1ectloo..o. .............C8 5rd52r000
Treatment.. o.. ... .... ..... .. l r 392rO00
SEorage and Dtsposal 31456,000Toral ci. TdFol,o6d (usD 5.2 mrltlon)

8. Southern conveyor project for water Resources Deveropment (z5r26)

The project is a t$/o phase development Eo ut11lze the remainingsurface waEer resources on the Greek Cyprtot side. Dlfferent supply opttons,phaslng, Eechntcal alternaElves and deEalls were exantned and are descrtbedin 19 volumes of a water Development Departmenc feastbllity study publtshedln 1982 and updated tn 1983, and summarTzed, in World Bank data in I9g4.

The Southern Conveyor Project for water Resourees Development(SCP), when ful1y developed, will collect and store surplus qrater from Ehesouth catchments of the tsland and convey thts wacer to areas of demand forboth domesttc watei supply and irrigation. An adctltlonal source of waEer forlrrlgatton could be at a laEer stage Ehe effluents from a tertlary sewagL
EreatmenE plant for Llmassol proposed by Balasha-Jalon ConsultanEs in L97L.In Eota1, SCP wt11 provlde an incremental waEer supply of about 7O l,tCM/ywhlch ultimately will be allocated to domestlc supply and irrlgatton lnvarylng ProporEtons. The maln SCP objecEtves at fu1l developmenE are:

- to secure a safe domesElc water supply unttl at least the year
2010 Eo the four major areas (Ntcosia, Llmassol, Larnaca, and
Famagusta) , wlth a comblned population of 435,000. I.Iater uilr
continue to be provided Eo Ehe Turkish CyprioE stdes {n Ntcosta
and Famagusta whose consumptlon ts estimated at lzz of total
domesttc consumptton ln the project area.

- to provtde trrtgatlon waEer in order Eo maintain present
agrlcultural productlon 1n 5rlz5 ha tn Kokktnokhor{a and to
expand trrigaced agrlculture totarllng about 3,000 ha ln four
oEher areas along the southern coast of che island.

i)',
- to lmplement policies and take lnstttuctonal measures tn orderto improve overall cost recovery Ehrough tncreased revenues andto further enhance Ehe efficient use of both dorneetlc andirrlgatlon water and to establlsh an lnEegrated instttut{onal

framework so as Eo ensure the eff{cient use of hrater resources
and t,he uniform appllcaEton of poltcy measures.
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The SCP componenEs at full developmenE include:

a) Kouris reservoir, wit.h a gross capactEy of ll5 MCM behind the
103 m high earrhftll Kourls dam;

b) Main conveyor' a ilO km long pipeline, ranglng in diameter fromi400 mn co 800 *m, running from Kourts reservoir to Akhnareservolr;

5.8 MCv

d) Dhiarlzon diversion, conveying water from Dhializos rtverthrough a 16 km long, pressurized pipeline and Eunnel to kourisreservoir, collecEing waEer from KhapoEami rtver en rouEe;

e) Eertlary sewage treatinenE planE at Limassol, as a source ofadditional -raEer supply for irrigatton;

f) pressurized irrigation distribution neEworks on about g125 ha;

g) domesElc waEer supply works, for urban and rurar areas,consisting of water EreaEmenE works, rlver aquifer development,pumplng sEat.ions Eransmiss{on mains, and sEorage Eanks;

h) central control sysEen and project adninistratlon, bui.ldlngs,equipmenE, workshops and sEudy to cleEermlne the appropriatestruct.ure for the establishment of the waEer enEtty.
The fulr scP requires an implementation p".i,lJa of an esElmated Eenyears' The 1983 cost oi the fu11 projecE including physical contingencies,is uss254 million of which uss86 million are rocal cosr and ussl6g millionforeign cosr ( rhe rnlorld Bank loan ts USS27 million).

9. Yorphou DevelopnlenE project ( g )

The Morphou Development Project is designed ro riivert 25 ncm/ywinter flow of che Xeros, Marathasa and Karyotis R.ivers. inplemenEaEionbegan in l98I with the i(aryotis diverslon. The projecr is a portion of themore comprehensive project prepared in Lg74 by Electro-waEt EngineerlngServlces' Ltd., Zurtch. The first stage of Ehe ortginal project incluried anoff-channel Eermtnal storage reservoir on che Xeros qnd pyrgos rivers; anddiverston works on the Karyotts, YaraEhasa and Limnlr;f ni""rl. sEorage anddlverslon works were Eo be linked by a maln conveyor. Some 20 mc'r per yearwould be diverted from Lhe Karyocis, Marathasa and xeros rivers Eo thePrasEio off-channel reservoir. Distrtbutton of lrrigatlon supplies to abouE3300 ha of perenialLy-trrigaced land in che area of naxtmum over-developmenEof the }lorphou aqtrife. to,l1d reciuce some of Ehe overdraft on the aquifer.
The project trnder consErucElon includes reeulaEors on each of thethree rivers of xeros, ilarathasa and KaryoEis in order to divert g rqcm/vear

c ) Akhna Eermtnal reservotr, wl rh a gross capaciEy ofbehind rhe i6 m high Akhna dam;



f rorn E he Xe ros
Karyotls river
Morphou dam.
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rtver, 8 mcm/year from Ehe
to a conveyor (Figure A-l)

MaraEhasa rlver and 9 mcm/year from
whlch ltnks Ehese regulaEors to the

Figure A-1. Morphou DevelopmenE projecE Conveyo

The main conveyor canal is 2r km long. The flrsr g kn of the openchannel northerly from the Karyocis regulator are lined with reinforcedconcreEe and the remainrlng l3 km are earttr channel. The capaclty of checanal wl11 vary f rour 3 ra3/sec ar rhe xeros nirer-co"a^'*3r;;.; rhe norrh.
Flrst sEage of the project (Karyocls regulaEor and conveyor) wasplaced in operaEton 1n 1982. Diver;i;on of Marathasa RtverwaEer was scheduledfor 1983' The xeros regulaEors and xeros channel to Ehe maln canal isplanned for construction tn 1984. waEer tn the extsElng 3 mllllon MCMMorphou reservolr on the Serakhls Rlver inflltrates into the aqutfer or isdistrtbuted for irrigatton.

An esttmated half of the capaclty of Morphou Reservotr 1s used byflows from the serakhls Rlver. The addiEtonal 25 mcu/y flows from the Ehreesoutherly rlvers w11l exceed the capactty of Ehe reservotr, wtth any excesswhlch has noE tnitltrared into the aqutfer (see par. 5.3.2.4) being lost rosea.

.5
?



Groundwater resources on che Island of Cyprus are expressions ofthe 1lEhology of Ehe sedlmentary formattons an<l Ehe geologlcal sEructure of.Ehe island. cyprus can be diviied geolog{ca1ly inco four east-west trendlngcategorles (see Ftg. 2 in texr). These are:
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APPENDIX 2 - GEOLOGY

- The Troodos MounEains constsEtng of an igneous massi.f wlth acore harzburgiEe with pertpheral gabbro, dlabase and pillowlavas. The maxtrnum elevaEion ts i95l meeers.

- The Mesaorta plain whlch constscs
whlch separaEes Che two mountaln
and Troodos ln Ehe sotrEh.

of a series of sedlments and
ranges, Kyrenla ln Che north

- The Kyrenta range along the north coasE noEable mostly for itskarsEtc limesEone copography and aqutfer.

- The coastal plalns whtch vary tn wtdth, but are found almosEeverywhere beEween the mountatns and the sea. These coasEalplalns show evidence of quarternary changes ln sea levels in
boEh general sea leve1s ln over-deepened berls of many of therive r s.

The Pre-Cambrlan Troodos l'(ountatn is an igneous rnasstf comprtse oTa core of plut,onic rocks (HarzburglEes, dunttes, cltnopyroxinttes andgabbros) formtng the crest of Ehe r..,ge. The vater found in shear zone,fracture zone and faulcs wiEhin gabbro is of local lmportance and of verygood quality. The ophlollttc corels surrounded by a sheeted dike complexwtth an ouEer perlpheral belt of extruslves. The extrustves are matnlypillow lavas which represenE the extrus{ve phase of Ehe lgneous complex andconsist matnly of basart and olivine basalt. Troodos pt110w lavas arefollowed by a thick sequence of sedimentary rocks of radiolarlan:rudstones,bentonlle clays, silLsEones, and mlcaceous sandstones of cambrian to earlyYastrtchlEian.

The Jurassic Hilarton llmestone 1s found only tn che Kyrenia Range,where it ouEcrops as upthrusE slices formtng a dramattc skyllne. ThlskarsEtc limesEone is the most importanE aqu*er of Ehe consolldated rockuniEs tn Cyprus. Ihe H{larlon formaElon stretches from Cape Korrnakltt tn thenorthwesE of the lsland to Kom{ Kebir at Ehe rooE of the Karpar peninsula
wtEh a thlckness of 300 rneLers and width up to 4 kllometers.

The Upper Maestrichtian marks Ehe beginntng of calcareousdeposttton all over Cyprus. It begtns wlth Lefkara formation whlch consistsof marls, marly ehalks, chalks, and limesEone. The p{llow lavas occur as afringe Eo the Troodos Conplex, a separaEe outcrop in che Troulll area, and asEhrust sllces tn the Kyrenla Range" They are submarlne andesltlc 1avas,containing zeolices.

'i'-tt -'.-'

(/
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The Laplthos Group ranges tn age from upper cretaceous to Upper01{gocene. The rocks are matnly marls and chalks wlth fltnt concretlons.
The Eocene Nummultttc Llmescone occurs on Ehe east sicle of Ehe tsland, whtletn the Kyrenla Range there are thin-bedded fllnty llrnestones. In the Kyrenia
Range, Ehe laptthos was exposed Eo the full force of Ehe Alpine foldlng andls much sheared. South of Ehe Troodos Complex tE was shtelded and glntry
folded.

The Mtocene sedlmenEs ln Cyprus ernbrace two maJor factes. South ofthe Troodos Mountalns, the Pakhna Formatton consisEs of chalks, marls andsome sandstones and gyPsum lenses, generally slmllar to che underlylngLaplthos beds, except for the absence of f1lnt. Locally a basal conglomeraEe
and at Terra a llmestone-reef separate Ehe Ewo facles. North of ttre TroodosMountalns and espectally along Ehe whole line of the Kyrenta Range, the
conEeDporaneous Kyrenia formaElon cons{sts of flyseh type sedtments composedof naEerlal eroded frora the rapidly rising Kyrenta Ranges. On Ehe south,there was a stnktng fore deep whose rate of sinking balanced Ehe rate ofdeposltlon. As a result, sedtmenEatton Eook place ln shallow lagoons, oftencut off from Ehe open sea by sandbanks, tn which evaporatlon andsalt-concenlraEion was high. There are many gypsum beds and Ehe rocksconEatn much cognaEe NaC1. Blue-black clays, rtch 1n tron sulftdes and
carbonaceous maEter are comnon. In clearer water to the south, the Koronlareef-llmesEones were forned. The Kythrea Formatto.n was folded almost as soon
as deposlted along the south of the Kyrenta Rangeo ,

The Mesaorta Group conslsEs enEtrely of post-tectonlc forrnatlons.
The Pllocene marls were latd down in baslns and were followed by the NtcoslaFormacton, a 1iEtorlal and shallow water sandsEone. The 1r1irface betveen
Ehe Pl{ocene and the Miocene has been revealed by drt11lng tn-mrny areas andsuggesEs sudden encroachment of a transgresslve Pllocene sea over a post
Mtocene landscape. In Eurn, there was a Mlddle Pliocene emergbnce, followedby the depos{tlon of the Kyrenla Formatton, stm{lar in faclee io ttre Nlcosta.

The fuaternary deposlEs are var{ed and cover large areas of eroded.Miocene and Pltocene surfaces. They consist malnly of sandl and gravels lald
down under deltatc, fluv{al, llttoral and flood plaln condlEions, as weIl as
sand dunes darns and related aeollan deposlts.

i__-1

i:/ \
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APPENDIX 3 . TTYDROGEOLOGY

Determlnants of the groundwaEer hydrology of Ehe Islancl of Cyprustnclude preclpitatton (p1ate III) and the locatlons and charactertstlcs ofinflltratton zones (plate IV).

A.

A hydrogeologtcal classtftcation of rock units of Cyprus cons{stsof ftrst class aquifers, second class aquifers and aquicludes.

Pl iocene and fuarternary sediment.s
western and souEheast.ern Uesaorla, Akrotiri
infllEratlon gallerles, wells and boreholes.

forrn the ftrst class aqulfers tn
and Kitl, and are developed by

The second class aquifers include Ehose rock units whtch store andtransmlt (.rater through j otnts and glve rtse Eo almosE all the springs of thlstsland. The HarzburglEes and gabbros of the Troodos Complex are the mosgextensive of the jointed igneous aqulfers. Except along flssures, Joints andshattered zones, Ehese rocks are {mpermeable in both thetr fresh or weatheredstates. Inf ilt,raEton I IlrovelllspE and storage of ground water 1s dtrectlyrelated Eo the degree of fracEuring of che rocks and tn generaL, 1nore groundwater wt11 be found in higher elevaElon where rainfall is hlgher. Manysprlngs and over 90 drlllings have proven a number cf sma1l, tojal aqutferisare promlslng sources for local use. The qutck response of sprtngs Eoralnfall i'ndtcates thaE Troodos aqulfers are local and that there ts no
moveuent of water for 10ng dlst.ance through Ehese rocks.

The t{ilarion karstic limestone covers 1.752 of Ehe tsland and is
Ehe most iruportant second class aqutfer. The formatton 1s a good retatner
and cransmitEer of r,rater wtth Ehe large springs of the island. The ltmestone1s flssured, faulted and tn plaees has; almosE vertical dlp. Thecopography is extremely rugged and there is every tndtcatlon EhaElnfilEratlon is very hlgh. I^Ihere Ehe contacE of li.mestone and underlytng bedis lowest, Ehe water spt11s out of the llmestone. The llmestone ts- fringedwlth sprlngs, mostly wlth small ytelds, buE also soue wlLh very slgntftcantdischarge. Kythrea spring in Kythrea v11lage ts Ehe greatest sprlng of theisland wtth a recorded average yteld of 120 ro i30 l/J u,rt che yteld of rhesprlng measured by the wrtter of thls report on Septembet ZZ, 1983 was only
20 L/ s whlch ls most probably Ehe resulE of low precipttat{on durtng the lastthree years.

0ther jolnted or flssured aquifers are smal1 and of mlnortmportance. The Laplthos chalks are folded and Jolnted. A few dr{llingsnear Ktlma ln southwest Cyprus has shown that thls aqulfer 1s very local{zedand that successful boreholders are on che banks of sLreams whtch usuallyfollow faults and oEher planes of weakness. Larnaca gees part of lts watersupply fron boreholes drllled ln Laplthos chalks. The Koron{a ltmesrone is ashallos water deposlt of Mtocene reef I{mestone whlch ts well exposed a1lalong the northern frtnges of the Troodos massif and south of Famagusta
aE Cape Greco and Plya. The \rater of ch{s formaElon 1s usually highly
nlneraltzed but tE 1s acceptable for the irrlgatlon purpose.
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The Plto - PleIsEocene Mesaorta Group embraces all the majoraqulfers of Cyprus. Its matn outcrop extends across the Mesaorta plain frour
ldorphou Bay to FamagusEa trlth an extenston souEhwards Eo Larnaca Bay. Along
Ehe eoasts' PLetstocene deposlts predomlnate but the locatl,on and the 1eve1of the ltghter sweet groundwaEer table ts influenced by the heavter saltsrater of the MedlEerranean.

At Kyrenta Ehere ts an aquifer in a number of quaternary Eerraeessrhlch ls explotted by hand dug we1ls of local tmportance. The aqulfer, whosebase 1s above sea-level ts productng some 6 mcm of water for local use anddtscharges another 5 mcm to the seao Terraces of the Kyrenla constst ofbuff, fosslliferous calcarenltes, gravels and sands which fora aqutfer of 3to 30 rn thtckness wtth a usual thtckness of up to 5 m whteh extends lnland coabout 2 km.

The identtftcatlon of the aquicludes of Cyprus is also important inavotding proflEless aEtempts Eo Eap water tn these rocks, and tn ldentifytngstudytng their controls on downward movemenE of ground water. The plllors
lavas surrounding the Troodox complex are aquicludes and no water peneEraEesbelow Ehe weathered surface of Ehe lavas. The marls and chalks of theLaplthos Group retard Ehe downward movemenE of groundwater and are very goodaqutcludes. The Pakhna Formation 1s generally an aqutclude since it isnostly of marls, marly chalks and lanlnaged organie shales facles. TheKythrea Formatton is nore of an aqutclude than an aquifer 

-"1;;" 
;;;blue-black clay is the cypleal representaEtve of Ehe formatton. Around theKyrenla Range the Kythrea forms Ehe lmpermeable bed enclosing thewater-ft1led Hllarton ltmestone jolnts and caves. Beneath most of theMesaorta and coastal platns, lhe lmpermeable rocks of Miocene hold up theunderground water ln the overlylng Pliocene and Plelstocene beds and at thebase of the Pllocene occur Lhe tmpermeable Myrtou marl of Mlocene. Theseroeks outcrop east of Mesaorta Group.

B. Major Aqutfers

There are four major aquifers 1n cyprus which generally extend overtn excess of 40 square kllometers, and three of whtch are first-c1assaqulfers. lJnder thls deftntrlon ftrst-class aqulfers lnclude the wesEernMesaorta (Morphou) aqutfer, the souEheastern Mesaotrta (Kokklnokhorla, KiEt)aqulfer, and the Akrottrl penlnsula aqutfer. The fourth of these majoraqulfers 1s Kttt whtch berongs Eo the second-c1ass aqulfers. A1l four areseverely depleted and damaged by overexplottatlon and seasater lntruslon.
C. Western Mesaorla Aqutfer

The Western Mesaorta Aqulfer exEends over about 400 sq km andincludes vast lowlands sloplng to the west t.owards the shoreland bounded byEhe Kyrenta Range in che north and che Troodos Mountalns tn Ehe south.

The Western Mesaorta upper aqutfer 1s the mosE lmportant aquifer inCyprus ln terms of annual replentshment. It consists of gravel, sand andcalcarenltes wlth lnterbeddtng of rel-atlvely extenslve lenses of stlt and
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clay and 1s underla{n by thlck Plto-Pletst,ocene clays and marls. Its shapels approxlnately Ehat of a half-bowl wtth a maximun depch of over l0O meEersat Morphou Bay.

Ttre base of thls aqulfer has been penetrated by several boreholesof up Eo about 300 meEers deep. The conplexlty of the aquifer ts expressedby trany lenses and layers of differenc permeabiltty. The average annual
replentshmenE of the western Mesaorla ls 60 mcm, They estlmated that annual
pumpage frou Ehe aqulfer is about 85 mem, 25 mtlllon cublc mecers per yearof whlch are not replaced resulttng ln a conttnuous decline of thewater-tab1e.

The groundwaEer depresston of I.Iestern Mesaoria, even during wetyears, has been below mean sea level slnce 196?. wlth contlnued enlargementof the depresston, tEs lrresEern boundary reached the shoreltne by 1964. Since
Ehen seawaEer has been f lowtng lnto t.he !.rat.ertab1e depresslon, whlch reacheda rnaximun depth of,4 merers tn I96g and 40 meters below msl by 19g3.(see Flgure 4 tn text).

The velocity of seawater tntruslon ls estlmated at 30 co i00 netersper year. Durlng the record dry year of 1973 Ehe estimated defictt was ofthe order of 53 mcrn due Eo the negltble recharge on one hand and the largerextraction on the other because of the prolongation of the {rrtgationperlod. IE should be noted that a deficlE of l0 MCM causes a drop of 0.5meters of the groundwater level.

SouEheastern Mesaorta Aquifer

The Southeaslern Mesaorla covers an area of about 500 sq krn boundedby the roads connecEing Faraagusta-Kondea-Pergauos-Dhekella and the sea ln thesoutheastern corner of the lsland. It differs from western Mesaorta in twoimportant aspeccs: tt ls more exposed to seauaEer lnErusion because of thelonger coastllne and Ehey are sctll more dtverstfied in thetr geological
struct,ure.

Four dlfferent aquifers can be dlstlnguished in Ehts area of whichonly the upper, sandy sectton of the P1lo-Pleistocene seguence ts of reglonalimportance and whtch supplies some 991( of the ground water presently used.The aqutfer conststs mainly of calcareni!les, sands and gravels whlch arecovered on Ehe surface by a weat.herlng curst whlch obscures geologtcalfeatures. The base of che aqutfer conststs malnly of marly plio-pleistocene
sequence and the r:aarls of the Upper Mlocene where the aqulfer thins out. Theupper sandy secElon up to 80 m thick comprlses several ltthologic Eypeschangtng laterally by lnterflngertng, and formlng intercalated lenses ofcalcareous sands and sandsEones, gravelsr lurnach-1re, sandy marls, marrysands and clays. The bedrock has a rugged topography, wlth deep troughs inwhtch che aqulfer ts Ehick, separated -by r{dges where the aqulfer ts thtn.It is Ehln over large areas wlthln the village boundarles of Agorou, Athana,Xylotymbou, north of orutdhla, and between Phr..raro" Vtllage 1nd Llopetrt .The aquifer Ehlckens to rnore than 80 m Eowards the coast tn the Liopetrt andXylophaghou area. Thls aqulfer has been dtvlded by Tonal Clnsultlng
Englneers (I959) tnto four groundwater zones as:

D.
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"Zone I covers an elongated area parallel to the northeastern coastfrom north of Famagusta Eo Cape Greco, Zone 2 has the shape of a reversed Lextendtng (from west Eo east) from xyloEymbou to Liopetrt and hence to rhenorth to the Four-Ml1e Camp; Zone 3 covers the area {nstde the angle formedby the L of zoae 2; and zooe 4 corresponds to a belt runnlng -6tong th.southern coast of Ehe regtons. The groundwater ts generally unconfined.Actual abstractlon of groundwater ts concentraEed rnalnly 1n Ehe area whereEhe aqutfer 1s relatlvely thick and has high transmtssibtltty varues andcomparat{vely ni-eh speetflc yields. Slnce there ts no major stream tn Ehearea the aqutfer is replenished by ralnfall. The annual averagereplenlshmenE 1s roughly 24 mcm. There are some 3500 boreholes at t[epresent operaElng tn this area, forty-seven percent frorn whteh are {l1egal.windml1l driven pumps (Fig. 8) whlch were usually tapptng Ehe ftrst waterbearlng formatton in the ground and were used Eo trrtgate one or two donumsof land (One donurn = 0.134 hectares = 0.3306) have been replaced by boreholesof several hundred feet deep equlpped with big pumps of ougpuE sufftclent Eo{rrlgate hundreds of donums. Although the aqulfer has been tncreaslngly
damaged stnce 1960, Eotal abstractton an<l the number of we11s have alsoincreased (see Pigure 8 in Eext). In the Kokklnokhorta area which covers thematn part of the southeastern Mesaoria aquifer and aceounts for about g5Z ofits present ground water abstractlon, the sltuatton is rrorse. The meanannual lowerlng of the ltaEer table ts 1.5 nn and total reductlon of 200 MCM ofthe ground rrater reserve has heen tncurred stnce 1953. Rrmplng 1s heavilyconcentrated 1n the areas of Phrenaros, Llopetrl - Sottra and Xlophaghouormtdhla where wells can stillprovtde l0-20 ,3/n. In more depleted areas ofthe aqutfer, wel1s yleld is very low. In Xyloghaghou-0rmidhta and Liopetri,
sea lntruslon ts PrograEtng inland aE an tncreailng pace. rn che first area,boreholes within 2.5 km of the coasE have been abandoned, and saltwater
contamlnaElon has been obsewed up to 4 km from Ehe coast.

slnce 1963 rhe water level has dropped by 55 m to the presentsttuatton of 43 n below ms1 at Phrenaro and by 40 m Eo t,he presenE sltuatlonof 35 ra belos rnsl tn Ltopetri and by 45 m to ih" p""""nt struarton of 40-45 mbelow msl In Xylophaghou. The ytelds of rhe boreholes tn Ehese areas havedropped from 20-30 m/h in 1963 to the present 5-zo m/h. Farmers arecornpeEtng for the reraaining waEer 1n the aqulfer and d{scharge lines crosseach other to supply sprlnkler lrrigaElon syscems throughout theKokklnokhoria area (see Ftgure 9 tn Eext). Seawater intruslon has salintzedsome areas of this aqutfer and overpumptng has essenElally exhausted theaquifer {n the areas of Athna and Avgorou.

rhe Akrottrt aqutfer is made of gravels, sands and bouldstntercalated wtth Ehin lense of s1lt and clay. These depostts extend tntothe aqutfer from the north$rest. The sedtments of the aqulfer varles fromcoarse boulders in the north and wesE to flne sands in the souEh and east.Further east and south the aquifer consists of fine gravel wlth flne san<llnterbedded wtth layers of sllt and sandy marls. To Ehe west the Kourtsrtver forms an alluvlal cove composed of boulders, whlch gtve way to ftnermaEerlal touards the southeasE and t.o t.he west.
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The area of the aqulfer has a very flat, smooth and low topography
and as a resulc of thls 1ow surface topography the thlckness of the aquiierts a few oeters ln the north and {ncreases E.owards the south where tt attalnsa maxtmum thlckness of L2A meEers. The anctent and recent Kourts Rlver
courses created alluvlal cones {n Ehe r{restern part of Ehe aqutfer Erhlle tn
Ehe east Gryllts rlver has deposited only loam and other flne materlals.
Therefore toerards the east, where lnterbeddtng of layers constst of dlfferentmatertal, Lhe permeabiltty 1f less ancl the aqulfer ts very senstEtve.

Replen{shmenE of the aquifer comes rnalnly frorn seasonalinftlt,ratlon, the greatest part rhrough tnflow of Kourts river (7aD, fromralnfall and from irrlgatton return f low. The annual replenlsluenc ls abouE
32 mcrn and the total outflow for an average year ts slmilar t,o replenishmentgenerally.

As menttoned earller the aqulfer ts senslLlve tn Ehe east,ern part.Thts sensitivtEy is due Eo annual cllmatic condlElons, excesstve recharge orreductlon of pumping, and to overpumptng.

The lncreastng raEe of ground water abstract,ton durtng LgbO-65 1edto an lncrease ln sallniuy tn wells ln some locattons such as Ehe Zakaklvillage area. The fresh water-sa1lne waEer lnterface novement inland has
been halted and in some area reversed by the tmporE of water from palentdhla
and Yernasoyta reservoir and reduced pumplng. EasE Akrottrt, where th€aqutfer ts senslEtve marsh condtttons occured teraporartly tn some locattons.This type of sensitivlty has been also recognlzed as responding to annualpreclpltaEton. Drrtng the exceptlonally wet year of Lg68-6g the water table1evel was above ms1 Ehroughout the aqutfer bui durlng dry years of the early1970s, ground water reached its lowest 1eve1, up to 6 meters below msl so
EhaE seawater has lntruded about 2 kn fron the coast. The waEer balance ofthe aqutfer under presenc condtttons is generally not negative but theseasonal problem due to water 1evel depresstons {s present {n some locatlons.
F. Larnaca (Kitt) Aquifer

Larnaca coasEal lowlands are builE up mosrly of pliocene marls,overlatn by a thin cover of sandsEones and conglomer.tes. These sandstoneand conglonerate depostEs are Eoo Ehln to bear any stgnlftcanE quantlty ofwater. The Pllo-Pletstocene Kttl aqutfer, covers an area of about 30 s! kmconsists of by gravels, sands, sllEs, Ehln yel1ow raarls and lenses ofconglomerates tndlcattng shallow waEer sedlmenEatlon. Ttre base of theaquifer rests unconformably upon the marls of Athalassa Formatlon. Thethlckness of Ehe aqulfer vartes from 50 m near the nouth of Ehe Trenithosrlver to about 10-20 n along Ehe most parE of the aqutfer. The water tablels mostly 2-3 m below the surface ln the basal conglonerate and 1n the rtveralluvlum along Ehe rlverbed.

The recharge of
from Lhe KltL dam and infi
dam overflows. The total
dry year to 7 mcm/year in

Ehe aqulfer conslst mainly of ralnfall, leakages
LEratton from che Tremlthos rtverbed when the Kitt
recharge of Ehe aqutfer ls from 2.2 mcu./year ln a
a very !,reE year. The esEtmated pumping ls about 3
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MCM per year. It appears thaE Ehe sedlments of E,he rtver channel constlEuEea preferenttal course of ground water flow and much of the inftltrated waterescapes to the sea through a narrow strlp wtth much htgher transmlssivtty.
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Table A-l: So11 Analysts Report of Central Mesaorta

Sample
No.

Depth
cm

ECx
at 25"C
sruho s/ cur

pH r/5
soil/
water

CaC03
%

Organlc
matter Boron

0-30
30-60
60-90
90- I 50

0-30
30-60
60-90
90- r 50

0-30
30-60
60-90
e0- I 50

0-30
30-60
60-90
90- I 50

0-30
30-60
60-90
90- l s0

0-30
30-50
60-90
90- I 50

0-30
30-50
50-90
90-150

0-30
30-50
60-90
90- l 50

0-30
30-60
60-90
90- r 50

0-30
30-60
60-90
90- I 50

0.97 4
1.032
0.7 57
0.947

0.7 57
0.757
0.947
0.947

0 .445
0. 445
0. 555
0.6L7

O. /+45

0. s56
0.654
4.7 4l

0.445
0.445
0.595
0.654

2.47 |
l .853
2.021
2.021

0. /+45

0.568
0.6 l7
0.7 4L

0.568
0.7 4L
0.741
l. n0

0. 568
0.6I7
0.7 4L
1.130

0. 445
0,445
0.555
0.7 4L

8.?
8.4
8.5
8.5

7.9
8.1
8.3
8,5

8.0
8.3
8.3
8.5

8.3
8.5
8.5
8.8

8.3
Q1

8.5
8.5

8.0
8.4
8.4
8.6

8.0
8.3
8.5
8.5

8.1
8.3
8.2
8.5

7.9
8.0
8.0
8.2

8.0
8.2
ar.
8.4

19.8
20.4

22.5

ri. r
20. L

23.?

20.6

zi.+

?3.0
25.2

25.6

17 .6
18.2

20.9

20.4
20.7

23.4

:
2 3.0
24.0

r 9.8

':'o

21.0
22.9

25.0

23.6
,:.,
26.0

,-.*

l'oo

0.50

I .40

:''o
1.24

l'o'

l'u 
t

,_.-

:u'
I .47

1.40

l. 
o,

L,67

I .09

/L

0.00
0.00
0.90
0.90

0" 28
0.?3
0.45
a.23

5A

5B

t.--

0.34
0.56
0.17
0.28



Table A-l (Conr'd) - 74 -

Sample
No.

Depth
cm

x
aE 250C
rlmhos/cn

so 11/
water

CaCO3

z

Orgaolc
Eatter

z
Boron

10

1l

t2

r3

t4

t5

l6

t8

19

0-30
30-60
60-90
90-r50

0-30
30-60
60-90
90- I 50

0-30
30-60
60-90
90-150

0-30
30-60
50-90
90- I 50

0-30
30-60
60-90
90-150

0-30
30-60
60-90
s0- I 50

0-30
30-50
60-90
90- I 50

0-30
30-60
60-90
90- r 50

0-30
30-50
60-90
90- I 50

0-30
30-50
60-90
90-150

0.444
0.444
4.444
a.444

0.371
0.372
0.371
4.444

0.568
0.5 17
a.g7 4
1. I l0

4.445
0.617
1 .010
1.112

0.569
0.7 57
1.032
1.130

0,444
o.444
0.654
0.654

0 .445
0.445
0. 555
0.517

0.444
0.654
0.654
0.794

0.7 4l
I .309
l.ll0
0.617

0. 445
0. 556
0.7 4L
0. 793

7.9
8.0
8.2
8.4

7.9
8.0
7.9
8.2

8.0
8.3
8.4
8.6

8.2
8.0
8.3
8.3

8.0
8.2
8.4
8.5

8.1
8.3
8.3
8.4

8.0
8.0
8.2
8.3

7.9
8.2
8.5
8.4

8.2
8.3
8. t+

8.4

8.2
8.2
8.3
8.5

25.4
27.0

30.0

2L.g

':''

21.0

ri.:
22.6

':''

24.4
24.9

25.2

25.2
25.3

26.7

:
26.5
?7.4

21.3

':'o

lg.3
21.0

23.O

19.2
lg.5

14.6

:.uo

:''o

I.gg

0.75

l;94

1.40

1. 
o,

1.3

:'"

:. 
ro

0.8

L.2

/L

0.45
0.00
0.45
0.00

0.23
0.00
0.23
0.23

0.00
0.00
0.00
0.23

:

0.23
0.94
l. 13
1.63

_r_' l

t7

ar' \



Table A-l (Cont'd) -75-

Saurple
No.

Depth
cm

x
aE 25oC
mhos/crn

pH l/5
so11/
wate r

CaC03
ol

0rganic
matEer

/"

Boron
/r

22

24

25

20

2l

26

27

23

23A

0.445
0 .556
0.654
0.7 4L

0.445
0.445
0.65t+
0.7 L4

0 .444
c. 556

0.444
c.444
0 .444

q. /+44

0.556
0.568
4.7 L4

0.445
o .445
0.855
t. t 12

o .454
0. 568
0.568
0.568

0.425
0.425
0.425
0.5 10

0 .454
0.454
0.874
1.032

21.0
,r_.0

,:.,

26.9

24.6
27 .4

29.2
30.0
27.3

2r.6
23.A

26'l

23.0
,:.,

18.6

20.4

21.2
22n

zl.o

18.5
r 9.0

2t.a

0.00
0.00
0.00

0.56
0.39
0.5 1

0,62

0.00
0.28
0. I I
0. 23

0-30
30-60
60-90
90- i 50

0-30
30-60
60-90
90- I 50

0-30
30-60
60-90
90- I 50

0-30
30-60

0-30
30-60
60-90

0-30
30-60
60-90
90-150

0-30
30-60
60-90
90- 1 50

0-30
30-60
60-90
90- I 50

0-30
30-60
60-90
90- I 50

0-30
30-60
60-90
90- I 50

0. 555
0.654

8.1
8.3

8.4
8.4
8.2
8. /+

7.9
8.0
8.3
8.3

8.0
8.0

8.1
8.1
8.2

8.2
8.0
8.3
8.5

8.1
8.2
8.3
8.5

7.8
7.9
8.2
8.3

8.0
8.3
8.4
8.4

7.8
7.9
8.1
8.2

21.4
21.6

1.9

,-.,,

]. 
ro

1'no

:'"

l'oo

l. 
ro

1.'o

1. 
ro

:''o

0.84
0.94

28



Table A-I (Cont'd) -76-

Sample
No.

Depth
c![

tsU x IUJ
at 25"C
mmhos/en

pH L/5
sol1/
rrater

CaC03
z

0rgantc
matter

7"

Boron

29

30

31

32

33

34

0-30
30-60
60-90
90- 1 50

0-30
30-60
60-90
90- 1 50

0-30
30-60
60-90
90-150

0-30
30-60
60-90
90- I 50

0-30
30-60
50-90
90- l 50

0-30
30-60
60-90
90-150

0-30
30-60
60-90
90- I 50

0-30
30-90
90-150

0-30
3o-50
60-90
90- r 50

0.408
0.409
0.5 lo
0.510

0. 500
0. 400
0.7 14
0.7 !4

0.400
0.500
o,7 L4
l.Il0
0. 408
0 .444
0.589
0. 714

0.444
0. 500
0 .454
0.454

t-';
0.409
0.409
0.409
0.409

2.040
2.47 I
3.000
2.47 r

0. 500
r.538
1.g1.-18

0. 400
0.500
0.589
o.7 14

8.0
8.1
8.1
8.3

7,9
8.4
8.1
8.4

8.0
8.4
8.5
8.7

8.1
8.4
8.5
8.4

7.8
7.8
8.0
8.3

7.9
8.1
8.2
8.2

8.0
8.0
8.1
8.2

8.0
8.1
8.3

8.1
8.2
8.5
8.4

'?'n

23.0

24,2

25.O

20.8
21.0

22.4

24.0
,:.,

22.8
23.4

24.0

19.5
18.4
19.9
19.9

21.2

':''

1I.2
L2.6
14.9

20.4

22.5

L.47

:.to

:'' o

:'o'

1'uo

0.55

:'o'

l'oo

l'"

/t

0.28
0.51
0.28
0.28

:

0.45
0.00
0.00
0.45

:

35

36

37



Table A-1 (Cont'd) -77-

Sample
No.

Depth
cm

EU X IUJ
at 25"C
mmhos/cm

pH L/5
sotl/
water

CaC03
q

Organlc
mat ter

a,
Boron

40

38

39

4l

42

43

0-30
30-60
60-90
90- l 50

0-30
30-50
60-90
90- 1 50

0-30
30-60
50-90
90- r 50

0-30
30-90
90- 1 50

0-30
30-50
60-90
90- I 50

0-30
30-60
60-90
90- 150

0-30
30-90
90- I 50

0-30
30-50
50-90
90- l 50

0-30
30-50
50-90
90-r50

0.409
0. 408
0.582
0.7 84

0.445
0.445
0.445
0 .445

0.5 i0
0. 600
0.690
0.7 /4I

0.454
0.710
0.87 1+

0.400
0.500
1.1t0
I .667

0.676
0.7 69
0,7 69
0.833

0.510
0.5 l0
0.637

0. 408
0.500
0.680
0.589

q .444
0.5 56
4.714
l. u0

7.9
8.0
8.I
8.3

7,9
7.9
8.0
8.3

8.0
8.0
8.1
8.3

7.9
8.1
8.3

8.0
8.5
8.6
8.4

8.0
8.I
8.0
8.2

7.8
8.1
8.3

7.9
8.2
8.2
8.3

7.8
7.9
8.1
8.3

21.6

23.9

25.2
,u_.0

22.0

25.2
26.4

20.2

22.0

26.4
,r_.,

18.5
24.5

25.6

24.4

':'t

19.5
L9.7
19. 99

23.8
25.0

26.7

:''u

0.5

1.4

1.1

1. 
rt

l.ro

1'ro

1'ro

1.'o

1

0.lI
0.00
0.06
0.00

0.00
0.00
0.ll
0.ll

r.)

44

45

46

0. 39
0. 00
l. 69
0.17

;



Table A-1 (Cont'd) -78-

EC x I0"r pH l/5 Organlc
Sample Depth at 25oC sotl/ CaCO3 matter Boron
No. crn mmhos/cn rrater 7. 7" rre,ll

..,

47 0-30 0.556 7.9 lg.6 1.60
30-60 0.569 7.9 lg.g 1.45
60-90 0.7L4 7.9 19.0
90-150 0.874 7.9 19.9 1.08

48 0-30 0.556 7.g lg.5 1.70 0.31
30-60 0.559 7.9 19.0 - 0.40
60-90 0.7 14 7 ,g 1g.g - 0.40
90-150 0.874 7.9 20.4 t.23 0.41

49 0-30 0.445 8.0 18,0 1.80 0.34
30-60 c.7 t4 8.1 tg.2 1.60
60-90 0.7 L4 9.2 1g.l 0.30
90-150 0.974 8.1 19.4 1.07

50 0-30 0.409 7.9 lg,4 1.51 0.44
30-60 0.409 7.9 lg.3 l.tz 0.41
60-90 0.6 i0 8.0 19.4
90-150 0.714 9.1 1g.g l.0l 0.gl



Table A-2:

-79-
Permeabtllty Tests

Test No.
tl Classlftcaclon Soil Texture Permeabtlity

cmlhourSurface / Sub so I 1 Surface /Subsoll

Development Area

l-l
t-2
l-3

2-l
4^

2-3

3-1
3-2
3-3

4-l
4-2
4-3

5-1
5-2
5-3

Treatment

CLay / CLay

Clay loamlClay

Sllty clay/Si1ty clay

Silty claylSi1ry clay

Heavy/Heavy

Med tum/Heavy

I{eavylHeavy

Med tum/Med ium

1.2
0.1
0.2

0.2
0.4
0.1

c).4
0.5
0.5

0.2
4.2
0.5

0.5
0.01
0.7

Clay loan/S. clay L. Medtum/Medium

Lagoon

L- t
T_2
T-3

Storage
Lagoon

s-l
s-2
s-3

Clay Heavy

Clay Heavy

As a measuring tnstrument a double cyltnder of 30 cm/45 cm
drtven 15 cm lnto the sotl. The waEer helght was 15 cm.

0.02
0.0 t
0.0 2

0.05
0.04
0.01

dlameEer was used,
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