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In the Ni.le Delta, Egypt, by aippl~~ so-caHed controlled oveilJlUmping, 
lit is possdble to obtain oomiderably higber ~elds from many d~iFled wells 
without danger of the dncrease of~ water salinity. 

U dellli Nila, Bg~pat, mogu se pomo6u tzv. kontroliranog prelromjemog 
c~ijen:je postd6i zoatino veee i~afaosti rnnOlfu busenih bunara bez opasno­
st.i od poveeanja 3lanosti C11Pljene vode. 

INTRODUCTION 

Long ago, in the early sixties, the author spent two years in Egypt 
employed by a Yugoslav company as a resident hydrogeologist for several 
ground-water development projects. Ever since the completion of this 
work, the author has intended to pwblish an idea related to the largest 
project, involving 55 Production Well Stations in Delta Region, which 
is the subject of this paper, but this plan has not materialized so far. 
This topic coxnbinecl with another one were studied and prepared for 
presentation that took place at the 27th International Geological Con­
gres, Section 16 - Hydrogeofogy, held in Moskow in 1984, but of both 
topics only a short abstract has been regularly published (S a r in, 
1984). 

The Delta is a triangle-shaped area with sides 200 to 250 kilometers 
long and with Cairo, Alexandcia and Port Sal.id at its vertices (Fig. 1). 
Fresh water for irrigation is indispensable for the existence of this sole 
granary of increasingly populated Egypt. The Delta has enaugh water 
in later summer owing to flood stages of the Nile and a sophiisicated 
·syistem of iirrigation dating back basically to ancient ~· to pharaoh 
times. In the other seasons, the augmentation of irrigation water means 
the increase in crop yields and in the number of harvests. The only source 
of additional .irrigation water is the underground, very rich in fresh 
ground water. Probaibly tihe highest recorded yields from wells drilled 
in alluvial deposits were achieved in the NHe Delta and that water is 
easily available. 

The raper deals with a possible increase of the already high eff eici­
ency o production wells din the Nile De~ta by their cautiious overpump­
ing with a constant control of water salinity. 
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· HYOROOEOLOOIC CHARACTERISTICS OF THE AR.BA UNDER STU:DY 

During Quaternary the Ni.le fdllled its Delta with up to several hundred 
meters of sand and gravel with 5 to 35 meters thick cover of olayey silt 
forming an extensive semiconfined aquifer. The aquifer is saturated 
with fresh water lying a:bove saline water. The fresh water lens has an 
extraoroinary shape (Fig. 1). Namely, beside its natural thinning out as 
it approaches the sea, it is also very thin neaT Cairo although the piezo­
metric pressures are the highest there. The underlying saline water in 
the south, after Ga Jo vi c (1958), is in fact · Neogene oonnate brine. 
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Fig. 1. Longitudinal hydrogeologic cross section ·through the Nile DelJta. 1 - sa.::cl 
and graivel, 2 - Silt and clay (after Ga Io v Ii c, 1958). 

SI. 1. Uzduini hidrogeoloski ipresijek Jcroz deltu Nila. 1 - pijesaik ii sljunak, 2 -
prah i glina. 

The rainfall is scarce. The annua;l quantity varies ·from 0.18 meters 
on the Mediterranean coast to 0.03 meters near Cairo. The aquifer is 
recharged practically only by the Nile through a network of its branches 
and irrigation canals. The .flood stages of ·the Nile are soon f-0llowed 
by high piezometnic pressmes irn the aquifer fasting from late summer 
to earily autumn. The piezometric pressures vary on the average about 
2 meters a year, being 1 do 4 meters bellow land surface in the southern 
Delta, hurt the pressures and depths decrease dn the seawa·rd direction. 

Through the, aquifer or, more exactly, through the cross secti·on pass­
ing aprpoximately by the town of Eenha, i. e. the boundary between 
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battery and single wehl 1station areas (Fig. 2) along the piezometric con­
tour line of 9 meters ~hove sea level in 1958, an average of 58 million 
cubic meters .of fresh water per day flew toward the natural discharge 
area, toward the Mediterranean Sea (Z a g h 1ou1, 1958). 

In the upper part of the Delta, where single well stations are situated 
(Fig. 2), .the aquifer transmissivity 'obtained from partially penetrating 
wells ranges approximately between 5000 and 8000 square meters per 
day, resulting in yields as high as 400 liters per second. 
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Fig. 2. Situation map of the project area in the Nile Delta. 1 - single well station, 
2 - baltltery we.l!l statron, 3 - cultivated -land (after Sa rd n & Galo vi c, 
1963). 

SI 2. Pol<>Zajna brta podrucja F,Ojekta u del1li Nila. 1 - stanica s jednim bu­
narom, 2 - rstanica s batenjom buna.ra, 3 - obrac1ii.rva.no tlo. 

SOME DATA ON THE PROJECT OF 55 PRODUCTION WEIL STATIONS 

The project of 55 Production Well Stations in Delta Region was li­
mited to the upper, southern part of the Nile Delta (Fig. 2). It includes 
25 well statie>ns eaoh with only one so-carlleid ·single weM and 30 well 
stations each consisting of three so-called battery wells placed at the 
vertices of an equilateral triangle with 20 meters long sides . .Ml three 
wells of the battery station were pumped 'With ooly one pump. 

The minimal depth of the single and battery wells had to be 90 and 
75 meters. respectively, and the drawdown not greater .than 10 and 4 
meters at the yields of 1000 and 350 cubic meters per hour (278 and 
97 liters per second) after 24 hours of continuous test pumping. All these 
and a number of other technical stipulations were met. . 

The project was accomplished by the Yugoslav company GEOISTRA-
ZIVANJA (now GEOTEHNIKA), Zagreb, from 1962 to 1964. . ·' 
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CONTIROILED OVERPUMP.ENG 

The upper 60 to 80 meters of the alluvial aquifer has been extensively 
and accurately rlithologically explored in the southern Delta, not oruy 
by means of the producdon wens shown in Fig. 2, but also by many 
other production and exploratory wells situated in that region. The 
lithologic logs of .the e:icplored upper 60 to 80 meters of the aquifer 
reflect the predominance of beds composed of coarse sand and fine 

· gravel, 'i. e. grain size classes between 0.6 and 6 millimeters. But, the 
lithologic log is not entirely uniform. Within the explored portion of 
the aquifer there exist also inteI1beds of finegrained deposits, such as 
silty sand or pure -silt. These interbeds have the shape of lenses of liimited 
extentdon, as shown iin Fig. 1. A lens of silt, interbedded mto a porous 
medium composed of coarse ·sand and fine gravel beharves as a semi­
permeable bed if the production well does not perforate the fons. The 
effect o semiipexmeability depends directly upon lea'.kage coefficient and 
magnitude o extension of the lens. The semipermeability effect does 
not affect only well hydraU11ics but a:lso the quality of pumped water. 

The effect of semipermeab'ility is depicted in Fig. 3, for which the 
meanings of symbols WD1, WD2, PWL1 and PWL2 are well depths and 
pumping water levels for cases 1and2, Tespectively. 

Case 1 represents the usual practice foHowed in the project of 55 Pro­
duction Well Stations. If the contract stipulations, such as minimal well 
depth or miln:imal len~h of the well screen, had not been 'reached, the 
lens would be penetrated. In that case, the well yield or its drawdown 
is completed only above the semipermeable lens, still produces the 
the sea level in accordance with the Ghybens-Herzberg equation. 

Case 2 represents a modified situation. If the semipermeable lens is 
one or more meters thick and encountered at sufficient depth, it will not 
be penetrated but, on the contrary, can be plugged with cement to avoid 
more permeable f.low conduitis from the underlying porous media. By 
»sufficient depth« we mean the situation in which the productiO'Il well, 
if oompletecl onJy ,above the semipermeable .J.em, still produces the 
requiTed quantity of water, that is 100 liters per second for wells re­
sembling the described battery wells. 

What is the critical depth, above whioh no semipermeable interbed 
should he treated ais suggested here? The answer depends on the super­
vising hydrogeologist's assessment but, very probably, it is the depth 
at which 20 to 25 meters of medium to coarse sands and coarser de­
posits 1suitable for installing the well soreen woud alTeady be penetrated. 
Such a well, satisfying other technical prerequisites cited for the battery 
type of production wells, should yield the required 100 liters per iseccm:d. 

Case 2 is limited by the extension of the semLpermeable lens or, more 
precisely, by the diistance between the well and the nearest edge of the 
lens (point A in Fig. 3). The well yield may be .increased until the inter­
face 2 'reaches point A. Once that point ~'S reached, saline water has 
free way to enter the well and degrade water quality. 

Because of leakage through the semipermea!ble lens, a negligible 
quantity of sa:line water penetrates into :the well even before interface 
2 reaches .point A. The qualiity decreases with the increase of the leakage 
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Fig. 3. The controlled overpumping (l()llcept iin the Ni1e Delta. 
Sl. 3. Koncepcija 1rontro1iranog preikom:jernog ciipl'jenja u delti Nii.la. 
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coefficient and the drop of PWL2 below the sea laivel. That amount is 
negigible in comparis<lil with the quantity of fresh ground water enter­
ing the weLl and it cimnot ·substantially affect water quality. Once the 
highest permissible salinity of pumped water is exceeded, the well yield 
has reached its maximum and cannot be increased further. Anyway, 
that yield is considerably greater ,than if the well were completed as 
shown in case 1. 
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0 mogucnostlma kontrollrancg prekomjemog crpljenja 
u delti Nila, Egipat 

A Sarin 

Autor ovog ·Tada je davno proveo 2 ;godine u Egiptu kao hidrogeolog na niru 
i:sitraZnih i ek:51Ploataoionih radova na podzemnu vodu koje su izvodiH GEOIS­
TRAZIV ANJA (sada GEOTEHNliKA) iz Zagreba. Od rog vremena au tor namje­
rava liznijeti jednu tideju o postizanju ve6ih bunarsikdh izda.Snosti od do .tada po­
stignutrlh, all je taj materijal samo usmeno prikamn zaje<lno s jo§ jednom temom 
na 27. Me<1unarodnom geolo§koj ko~ u MoslQvli 1984, a od itoga je objav}jen 
samo kratak saZ.etak u pretlrongresrnm materi:jaillima {$a Tin, 1984). 

U prenapueeDIOm. EgilPfJu obraddivo je samo 3 °/o teritorija drfave [ najveOi dio 
.tog podruCja na1azi se u delti Nila. Ova. j.e delta uobieajeoog nepravi1niog trolwit· 
nog obliika sa stranicama dugim 200 do 250 ikm, a na vrhovlima trokuta su Kam>, 
Afemndnija d Pont Sm sa SueS!klim ,kanaiJ.om (sl. 1). 

Opskrba slatkom vodom za navodnjavanje delte je egzistenci1alno pitanje Bgi,p­
ta. U ovom je ipodru.Cju dovoljno rode za !Ila.V'odnijaivan:je u ka:snoan ljeru zbog po­
plava Nila SloZenim sustavom irigacionih ikana:la, dijelom W;gractenlih jo§ u doba 
faraona, [pOVT§iloska se l\'IOda dovodd do biJ.o kojeg prednjela delte. Kada ii» rode 
bilo doVOljrno d u ostalim godimj.im dobima, zbog povoljne klime bi.lo bi mogu.ee 
ostva.riti tI1i viSIOkoiprinosne 7.etve. U veeem se dljelu delte ta voda m~e dohltii 
jedino iiz podzemlja. · 

Delta Nila je mzvanredno bogata podzemnooi vodom. Ona rprotjeee :prema s~e­
veru, prema Sredm.emnom mom, ikI"az do nelroliilko stotina metara debcle pJe­
skoVlito-sljlUDllrovi~ inaslage prekrlivene 5 do 35 m debelim pokrovom od mgli.nijenog 
praha lk:ojd vodonosuiiku daje subartesiki karaikter. Slaitka podzemna ·voda pliva 
popuit leee na slanoj 'V'Odi koja je na ivrhu delte, prema S. G alovd c <U (1958), 
konatnog podrijetla, dok je na sjeveru to .i.nfiltmrano Sredozemno more. Sred.i­
nom delite je ill 1958. t!JO'd. prosjeeno otjecalo podzem.ljem prema 'Sredo-zemnom 
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moru 58 x 10' 1D11/dan slatlke vode (Zag h Io u I, 1958). Ra7Jina rpodzemne vode je 
kod Kaira 13-14 m nad m.orem i postupno 1se spusta ddu6i prema moru. U 
ju.Znom dijeliu delte transmisivnost vodonosmka varira izm.ectu 5000 ~ 8000 m 2Adan 
rezultmaju6i s i2da8n~ pojedinatnilh bu.Senih bunaTa ii do 400 l/s. 

Od radova na ipodzemnu vodu, na ilrojiima je utestvovao aiutor ov~ clanka, 
naj.veCi ~e bio izrada 55 buinarskih stamca u delti Nila. Tu je 11.lkljutena /iQ:rada 25 
stamca s po jednim bunarom i 30 baiterijrskih stanica s po tri bunara udaljenih 
meduooboo 20 :m 1(sl. 2). T~ 111Vjet!i ~rade t»li su ekstremno st~: uz ostale 
uvjete, osamljeni bunar (stanica s Jedniim bunarom) morao je dati 1000 m3/dan 
(278 l/s) vode uz maksimamo snifenje od rn m, a bateni'jski bunar 350 m'/dan 
(97 :l/s) uz !Sinifen..j_e ne veee od 4 m. Btmari su iizbuSeni metxxlom reversne ohikula­
cije 'i svli su .tehnliC!ci uvjetii ispun:jeni. 

Invest1tor je inzi<stlirao na velilroj izda!Snostii bunara, a1i jo8 vliSe na strogo ogra­
nicenim sni.Zenjima zbog opasnosti od zaslanjenja crpljene vode, do cega moze 
do6i sp:uStanjern cripnilh ra7Jina ispod razine mora. 

Praitximo li. detaljno liitoloSiki sastav vodonosniika, moZen1o Vlidjeti da unutar 
pretetno krupn!C>Zmih pijesaika ·i si.tnozmih sLjunaika rpostoje ii ulosci pra8inastog 
pijesika ili. Oi:stog praha ogranieenog prostliTanj.a tkoji se 111 bunarskoj hidraul'ioi po­
nasaju kao po1Ujpropusni slojevi. Njibov efekt ovisii o veliCini njihova tkoefio'i1enta 
verfrkalnog procjec1ivan:ja Ii prostran'St.Vill. 

P·risustvo taikivog sitnozmog u1.oS.ka ne utje6e samo na veJ.roinu ima8nostJi nego 
i na slanost orpljene 1vode. Naime, ako se :ta!kav uloZaik nalazi pri. dnu bunara, 
bolje ga je ne probuSitii, m ga cementnim cepoon zativo:rtiitli aiko je i.pa:k probuSen. 
Tada se m~ dopustitii tako ivelilke C11pne kolliOine lroje bi, da nema tog uloSka, 
uzrokovaile prodior slane 'VOde u bwiar. Postojanjem ,takvog ulo!ilka, crpna s.e koli­
Cina smiije pove6avati dok gramca slane i slallke vode ne dosegne poloZaj 2 (dnter­
face 2 na sl. 3) sto se ·mote ikontrold.rati redoviitim mjeren'jem saldniteta Cl1P1jene 
vode. Ako se s:lainost 1Vode poveea drmad dQJ>ustene :velii~ne, smanjenjem c11pne 
koliOine samnjit ce se i slanost cnpljene IVOde. 

Ova.kvim ·se naeinom poveeava ekis.ploataciona izda!nost pojeldinog bunara, sto 
maei da se smarnjuju investicioni itroSkovi bunarskiog zalwata. 


