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EXECUTIVE SUMMARY

ThIS study report was prepared WIthm the framework of the Water Pohcy Reform Project
ImplementatIOn Plan under the Water Supply AugmentatIon ActIvIty-Deep Groundwater
component to address the hydrogeologIcal settmg of the deep aqUIfer systems In the Western
Desert and SmaI, theIr groundwater resources potentIal, the lustoncal and current practIces of
deep groundwater development, exploItatIOn and utIlIzatIOn as well as theIr avaIlabIlIty for
future development plans ThIs assessment provIdes the basIc foundatIon for developIng a
natIonal strategy for achIevmg the optImal use of deep groundwater, over tIme The report
also mcludes the plans for addItIonal hydrogeologIC InVestIgatIons reqUIred to better descnbe
the deep aquIfer systems and to support the evaluatIOn of sustamable and econOmIC deep
groundV\,ater resources potentIal m the Western Desert and SmaI

1 The Western Desert

The hydrogeologIcal framework of the Western Desert encompasses three pnnclpal deep
aqUIfer s) stems the lower MIocene Moghra sandy aqUIfer, the TertIary / Upper Cretaceous
fissured carbonate aqUIfer, and the MesozOIC / PaleOZOIC NubIa Sandstone aqUIfer

The deep groundwater m these aqUIfer systems IS conSIdered a non-renewable resource
except the part of the Moghra aqUIfer at the Desert frmges of the Delta regIOn whIch receIves
recharge from the adjacent NIle Delta aqUIfer

The NubIa Sandstone aqUIfer In the Western Desert IS conSIdered to have the greatest
resource de\ elopment potentIal It contams large volumes of fresh groundwater «1000 ppm)
m storage (200 000 bcm) The aqUIfer development plans should be conSIdered as a mmmg
process With contInuous lowenng ofthe aqUIfer potentIOmetnc levels

The NubIa Sandstone sequence IS outcroppmg m the southwestern part of the Western Desert,
where It behaves as an unconfined aqUIfer, whIle northwards, It dIsappears under a thIck low
permeabIlIty cover and funCtIOns as a confined to semI-confined aqUIfer The NubIa
Sandstone aqUIfer transmISSIVIty ranges between 240 m2/d m Toshka basm area and 17000
m2/d 10 El-Bahanya OasIS

The potentlometry of the NubIa Sandstone aqUIfer mdIcates a regIOnal NE-N groundwater
flow towards the aqUIfer base level at the Qattara-SIwa-GIaghboub depreSSIon area where
groundwater at a rate of90 mcm/year IS naturally lost

The groundwater of NubIa Sandstone aqUIfer IS fresh « 1000 ppm) m the southern and
central parts of the Western Desert, wlule to the north of 29° N lautude salme to hyper-salme
groundwater saturates the lower most part of the aqUIfer wluch lllcreases III tluckness
northward to be completely salme water bearmg at the fresh/salt water mterface

Groundwater Isotope measurements mdicate that the groundwater m the NubIa Sandstone
aqUIfer was formed dunng several succeSSIve humId penods wluch preVaIled over the desert,
the last of whIch was 8,000 years ago Therefore, the groundwater m the NubIa aqUIfer IS
conSIdered to be a non-renewable resource

Hydrogeology ofDeep Aquifers E - 1 EPlQ Water PoIzcy Reform Program



The results of the NubIa groundwater resource evaluatIOn m the Western Desert mdIcate the
avaIlabIlIty of sustamable and economIC groundwater for 100 years m the New Valley Oases
of EI-Kharga, EI-Dakhla, EI-Farafra, and EI-BaharIya at an extractIOn rate of 1 045
bcm/year

In the East OweIllat and SIwa OasIS, groundwater model studIes showed that groundwater
can be explOIted from the NubIa Sandstone aqUIfer at an annual rate of 1 2 bern and 0 14 bern
respectIvely, over 100 years, although the economIC evaluatIOn of the groundwater use In
these two areas has not yet been assessed

The total groundwater extractIOn III the Western Desert III 1997 was 0679 bern from the
NubIa Sandstone aqUIfer and 0272 bern from the Upper Cretaceous/TertIary carbonate
aqUIfer systems III EI-Farafra and SIwa OasIs It IS estImated that 92 percent of thIS total
groundwater extractIOn IS used for agnculture The present total reclaImed area under
ImgatIOn usmg the NubIan groundwater IS 105,000 feddan, whIle that on the Post-NubIa
aqUIfers IS about 10 000 feddan

Based on the groundwater resources potentIal of the NubIa Sandstone aqUIfer, the aVaIlable
addItIOnal groundwater for future developments III the Western Desert pnonty areas are 220
mcm/year III EI-Farafra OaSIS 83 IDcm/year m EI-Dakhla OaSIS, 58 mcm/year In EI-Bahanya
(FIgure 2)

In the areas of Dakhla, Farafra and SIwa Oases, naturally flowmg groundwater condItIOns
occur Because of problems WIth collapSIng wells due to hIgh back pressures dunng rapId
closure, wells are not shut-off daIly ThIs results m uncontrolled and contmuous flOWIng
wells causmg water wastage, water loggmg and SOlI sahmzatIOn

The GOE has IdentIfied a number of groundwater development plans for Imgated agnculture
projects In the South Valley regIOn (East Owemat, Darb EI-Arbam, Aswan-Abu SImbel road
area) as well as proposed reclamatIon plans m Am EI-Dalla and WadI EI-Qubamya areas
Groundwater condItIOns at these locatIons should be mvestlgated and evaluated, before the
start of theIr ImplementatIOn

To better understand the regIOnal hydrogeology of the NubIa Sandstone aqUIfer deep test
wells should be dnlled at GIlfEI-Keblr, north East Owemat, EI-Kharga-Armant road, Am EI­
Dalla (EI-Farafra OasIS), Bahanya-Slwa road, WadI EI-Qubarnya The present groundwater
momtonng program m the Western Desert Oases needs to be strengthened Measures should
be put m place to ensure proper and regular well momtonng IS camed out

DetaIled hydrogeologIc studIes are recommended for the Moghra aqUifer, the fractured
carbonate aqUifer m EI-DIffa plateaux, the NubIa Sandstone aqUIfer m the South Valley
regIOn, to assess and evaluate the economIC and sustaInable groundwater resources potentIal
for the planned Imgated agnculture m these areas The recommended studIes mclude detaIled
geologIcal and geophYSIcal surveys, dnllmg of test wells, pumpmg tests and groundwater
modelmg

The costs of well replacement maIntenance and operatIOn m the old reclaImed areas m El­
Kharga, EI-Dakhla, EI-Farafra and EI-Bahanya Oases are stIll the responsIbIlIty of the
MPWWR, whIle the GOE has recently allocated new areas for honzontal expanSIOn projects
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usmg deep groundwater to the pnvate sector whIch Will be fully responsIble for project
mfrastructure

As the Nubia aqUifer svstem groundwater IS a non-renewable resource, Its development plans
should be based on a gradual process and Its extractIOn and utilIzatlOn should be ratlOnal,
economIC and sustamable Moreover, It should be realIsed that the Irutial free-floWing
groundwater condItIOn In the Western Desert IS temporary and pumpmg Will eventually be
requIred as the groundv.-ater pressures and dIscharges decrease over tIme

Techno-economIc evaluatIon studIes should be earned out for the two groundwater
development options of collectIve large scale groundwater extractIon and Widely spaced,
small-scale groundwater extractIOn centers

Corrective measures should be ImmedIately taken for effiCIent utIlizatIon and proper
management of free-flowmg groundwater m the Western Desert areas of EI-Dakhla, El­
Farafra and S1\,-a Oases to mirumize the envIronmental adverse effects (water wastage, water
loggmg, SOlI saliruzatIOn) currently occurrmg m these areas

For proper development of the deep groundwater resources m the Western Desert and to
prolong the NubIa sandstone aqUifer utIlIzatIOn penod, It IS recommended that groundwater
extractlOn be dIstnbuted among the dIfferent aqUifer honzons

It IS recommended to promote the establIshment of groundwater user asSOCIatIOns m the
Western Desert reclaImed areas These organIzatIOns would be responsIble for groundwater
development, operatlOn, mamtenance, With full techrucal coordmation and support from the
MPWWR

2 Smal

SIX deep aqUifer systems have been Identified m SmaI the MIOcene sands, the Eocene
lImestones, the Upper Cretaceous carbonates, the lower Cretaceous sandstones, the JurasSIC
sedImentary rocks and the PaleozOIC sandstones

The Lower Cretaceous IS conSIdered to be the aqUifer With the greatest development potentIal
among the other aqUifer systems m SmaI due to theIr hmIted extent, poor prodUCtiVIty and/or
water qUalIty

The lower Cretaceous Sandstones formatIOn (EI-Malhah formatIon) extends from Its southern
outcrops along El-Egma and EI-Hazlm plateau and northwards to the north of Gebels El­
Maghara - El-Halal and to the east to the Dead Sea-Gulf of Aqaba RIft Valley III southern
Israel, and westward to the Gulf of Suez RIft Valley

The Lower Cretaceous aqUifer IS unconfined north of ItS southern outcrops, and confmed ill

central and north SmaI where It IS covered by a thick lImestone/shale cover The aqUIfer
tranSmISSIVity ranges between 11 m2/d and 400 m2/d However It attaInS mmImUIll values of
<1 m2/d ill the strongly folded areas

The groundwater ill the lower Cretaceous aqUifer flows from Its southern and eastern
outcrops towards the EI-Thamad-Nakhl Zone, mto central Smal where It dIverts east towards
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the Dead Sea-WadI Arava m south Israel and west toward Ayun Musa area on the Gulf of
Suez, wIth these two areas representIng the aqUIfer natural dIscharge zones

The lower Cretaceous aqUIfer groundwater salmlty ranges between 500 ppm-lS00 ppm m
southern Smal plateau areas, to 1600 ppm-3000 ppm m central Smal In the northern
foreshore zone and western coastal zone of Smal the salmlty sharply mcreases to reach
227,000 ppm except m the area of Ayun Musa where It ranges between 2500-3000 ppm

The Lower Cretaceous aqUIfer storage capaCIty IS estImated to be 1100 bcm, whIle that With
groundwater salImty of QOOO ppm IS 980 bcm The aqUIfer water balance estImatIOn
mdlcates that the total annual subsurface mflow m the aqUIfer toward central Smal IS 21 4
mcm, and the aquIfer annual outflows toward the Dead Sea-WadI Arava m South IsraelIS 15
mcm, and to AyurI Musa area IS 6 mcm The sustamable and economIC groundwater
extractIOn plans from the Lower Cretaceous aqmfer m Smal for dIfferent use sectors has not
yet been evaluated

At present, the total annual groundwater extractIOn from the dIfferent deep aqmfer systems m
Smal IS 3 199 mcm of WhICh 1 89 mcm IS used for agnculture and 1 309 mcm for domestIC
use AddItIOnal groundwater of 136 mcm/year can be utIlIzed when puttmg the eXlstmg
unused wells mto operatIon These wells were dnlled and eqUIpped With pumpmg eqUIpment,
but theIr use not allocated to the VarIOUS sectors

Based on the aqUIfer productIVIty, depth to water, and water qUalIty, first pnonty areas for the
development of the Lower Cretaceous groundwater m Smal were IdentIfied to be at the down
streams of WadI Feuan and WadI Gharandal m Western Smal followed by the area between
EI-Mmsherah, Nakhl and EI-Bruk m central SmaI, and WadI WatIr m south SmaI

At present, the dnllIng of wells, supply of well pumpmg eqUIpment, water storage reservoIrS,
well operatIon and maintenance are the responSIbIlIty of the MPWWR, whIle the water users
are only responSIble for the supply and maIntenance ofthe dnp ImgatIOn systems

The results of the recently dnlled deep test wells In the southern plateau areas of Smal to test
the lower Cretaceous aqUIfer, together With the aVailable aqUIfer hydrogeologIc data In the
rest of Smal, can adequately estabhsh the data-base reqUIred for the recommended SImulatIOn
model of the lower Cretaceous sandstone aqUIfer m SmaI The SImulatIOns model would be
used to evaluate and assess the economIC and sustaInable groundwater potentIal of the Lower
Cretaceous Sandstone aqUIfer for dIfferent use sectors, over tIme

It IS recommended to allocate the deep well use sector before the Implementmg stage, to get
the full use of It

The absence of groundwater momtormg system neceSSItates the establIshment of momtormg
well network m the areas of eXIStIng and future well fields to observe the deep aqUIfer
response to groundwater extractIOn (water level and qUalIty) A telemetry system IS
recommended centrally to receIve contmuous and regular well momtonng records from
remote wells networks

Encouragement and mcentlves for greater pnvate sector partICIpatIOn m well operatIon and
mamtenance m SInaI IS recommended
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1 INTRODUCTION

11 OvervIew

Egypt's NIle RIver water resources IS under mcreasmg stress due to mcreasmg competItIOn

for avaIlable water ImgatIOn needs are expandmg, as are domestIc and mdustnal water needs

due to populatIOn and mdustnal growth An mcreasmg load of pollutants IS threatemng

Egypt's water qUalIty, envIronment and the health of Its cltlzens The Mmlstry of PublIc

Works and Water Resources (MPWWR) IS the pnmary EgyptIan governmental agency

charged WIth the management of water resources Keenly aware of the need to unprove the

utlhzatIOn effiCIency, productIVIty, and protectIOn of water resources m Egypt, the MPWWR

and the US Agency fpr Internmtonal Development (USAID) m 1996-97 developed a "water

resources results package' based upon years of earller Jomt expenence m water resources

management projects

The package had four major results 1) Improved Imgatlon pollcy assessment and planmng

process, 2) Improved ImgatIOn system management, 3) improved pnvate sector partiCIpatIOn

m pollcy change, and 4) Improved capaCity to manage the polley process The MPWWR and

USAID deSigned the water resources results package aImed at pollcy analyses and

adJuctments leadmg to improved water use effiCiency and productiVity SpeCific ObjectIves

are

1 To mcrease MPWWR knowledge and capabIlIties to analyze and formulate strategIes,

poliCIes and plans related to mtegrated water supply augmentatIOn, conservatIOn and

utIlIzation, and to the protection of the Nile water quality

2 To lffiprove water allocatIOn and dIstnbutIon management polICies for conservation of

water wInle mamtammg farm mcome

3 To recover the capItal cost of mesqa improvement, and to establIsh a pollcy for the

recovery of operation and maIntenance costs of the maIn system

4 To mcrease users' mvolvement III system operatIon and management

5 To mtroduce a decentralIzed planrung and deCiSion makmg process at the IrngatIOn

dIstnct level

In early 1997, the water reources results package was folded mto the USAID MISSIOn's

Agncultural PolIcy Reoform Program (APRP) APRP IS a broad-based polIcy reform
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program mvolvmg five EgyptIan Mimstnes (MImstry of Agnc~lture and Land ReclamatlOn

(MALR), MPWWR, Mimstry of Trade and Supply (MOTS), Mmstry of Publlc Enterprise

(MPE) and Mmistry of IntematlOnal CooperatlOn) APRP has the goal of developmg and

Implementmg polley reform recommendatlOns m support of pnvate enterpnse m agnculture

and agnbusmess

USAID supports the MPWWR m five progam actIvItIes under APRP These five actIvIties

are 1) water polley analyses, 2) water polley advIsory urnt, 3) water educatlOn and

commurncatlOn, 4) mam systems management, and 5) NIle RIver momtormg, forecastmg and

SImulatIon USAID supports the Mimstry's efforts through cash transfers (tranches) based on

performance m acillevmg Identified and agreed upon polley reform benchmarks and techmcal

assIstance

Techmcal assIstance for the water pohcy analySIS actIVIty IS prOVIded through a task order

(Contract PCE-I-00-96-00002-00, Task Order 807) under the umbrella of the EnVIronmental

PolIcy and InstItutIOnal Strengthenmg Indefimte QuantIty Contract (EPIQ) between USAID

and a consortIum headed by the InternatIOnal Resources Group (IRQ) and Wmrock

InternatlOnal Local TechnIcal ASSIstance and adrmmstrative support IS prOVIded through a

subcontract With NIle Consultants

Tills report IS concerned With the hydrogeologIc settmg and the potentIal resources of the

deep aqUIfer systems m the Western Desert and Smar, With speCIal emphasIS on the NubIa

Sandstone aqUIfer m the Western Desert and Cretaceous aqUIfers m Smar

1 2 ObjectIves ofthe Study

The speCIfic ObjectIves ofth1s study can be summanzed as follows

1 ReVIew prevIOUS mvestlgatIons to assess the hydrogeologIc charactenstIcs of the deep

groundwater aqUIfers m the Western Desert and Smar, mcludmg aqUIfers

lIthostratIgraphic umts, geometry, hydrogeologIc boundanes, aqUIfer hydraulIc

parameters, potentiometery, regIOnal groundwater flow, groundwater qualIty and the

sustarnable and economIC deep groundwater resources which can be best utIlIzed for

agnculture and other use sectors
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2 IdentIfy pnonty areas for deep groundwater development and uses based on aqUlfer

charactenstlcs and potentIal

IdentIfy areas WIth 10adequate hydrogeologIC 1OfonnatlOn of deep groundwater aqillfeJ;"s 10 the

Western Desert and S108.1 10 order to desIgn a plan wruch Will provIde the mfonnatlOn

necessary to assess potentIal resources

1 3 Approach and Methodology

ThIS assessment IS based on mformatIOn obtained from the followmg sources

(1) ReView ofdocuments, reports, and prevIous studIes

(11) HydrogeologIc data of the deep 011 exploratIOn wells and deep water test wells

preVIOusly dnlled m the Western Desert and Smal (Unfortunately, the results of

recent deep test dnll10g m north and south SIDaJ. were not made aVailable)

(111) Data collected from the ImgatIOn DIrectorates dunng team field VISItS to several

deep groundwater development SItes m the Western Desert Oases and SmaI

1 4 DeSCrIptIOn of the Report

This report IS a status report made up of SIX chapters Chapter 1 IS an mtroductIOn

lnghhghtmg the background and objectIves of the study Chapter 2 descnbes the

hydrogeologIc charactenstlcs of the deep aqillfer systems 10 the Western Desert With speCIal

emphaSIS on the NubIa Sandstone aqUlfer system The evaluatIon of deep groundwater

resources IS presented and development pnonty areas are IdentIfied The hydrogeology of the

deep aqUIfer systems m SmaI IS presented m Chapter 3, focusmg on the Cretaceous aqUlfers

and theIr resource potentIal as well as the IdentIficatIOn of areas of rughest pnonty for deep

groundwater development and explOItatIOn Chapter 4 addresses the areas With madequate

hydrogeologIC mformatIOn m the Western Desert and SmaI and states plans for addItIOnal

mvestlgatIOns to evaluate the regIOnal settmg of the deep aqmfer systems and therr

groundwater resources ConclUSIons and recommendatIons are summanzed 10 Chapter 5 and

Chapter 6 contaIns a lIst of the references that have been used m the preparation of thIs

report
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2 -HYDROGEOLOGY OF DEEP AQUIFER SYSTEMS IN THE

WESTERN DESERT

2 1 Pre" lOllS Investigations

The groundwater resources of the deep aqUIfer systems m the Western Desert of Egypt have

attracted the attentIOn ofmvesugators SInce the late 1920's Many authors have dIscussed the

regIOnal hvdrogeologic conditIOns of the Western Desert and the areas of EI-Kharga, El­

Dakhla, EI-Farafra, EI-Bahanya, SIWa. East Owemat and South Kharga-Toshka basm

Important contnbutIOns to the understandmg of the regIOnal hydrogeologIc condItIOns m the

Western Desert were made m mveStlgatIOns by Ball (1927), Hellestrom (1940), Shata (1953),

Ezzat (1959) Burdon and Pavlov (1959), Parsons (1963), Ezzat et al (1962), Jacob (1964),

Hemida (1968) BorellI and KaranJac (1968), Ezzat and Abu EI-Atta (1974), Nour et al

(1979), Jomt-venture Qattara (1979) General Petroleum Company (1985) Thorwel (1987),

Nour (1987), Talkhan (1988) and Shousha et al (1995), and the controlled hydrogeologIc

data from deep 011 exploratIon wells, mamly located to the north of lat 28~ and about 400

deep groundwater wells dnlled m the Western Desert development areas of EI-Kharga, El­

Dakhla. EI-Farafra, EI-Bahanya, SIWa, East Owemat, South Kharga, and Toshka basm With

depths rangmg from 500 m to 1200 m

22 Ph}slographlc Provinces of the Western Desert

The Western Desert IS a plateau area (680,000 km2
) of rollmg surfaces and rugged upland

surfaces, cut by dry wadIS The plateau IS mterrupted by natural depreSSIOns formed by

erOSIOn, weathenng, faultIng and foldmg Some parts are covered by rock rubble, or by bed

rocks that crop out Great swaths of S-SE trendmg sand dunes also make up some of the

plateau surface The regIonal slope of the plateau IS eastward and Its general alntude ranges

from 200 to 400 meters above mean sea level (m am s I )

The Western Desert may be dIVIded mto three pnnclpal phySIOgraphic provmces, as follows

(FIgure 2)
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The Southern Plateau

The southern plateau extends over an area of284,000 km2
, from the NIle Valley m the east to

the Tebestl and Ennedl hIghlands (Chad) m the west, and from the hIghlands of Kordfan

(Sudan) m the south to the Eocene-Cretaceous escarpment m the north The surface of tills

plateau IS covered mamly by the known NubIa Sandstone sequences and Islands of basement

rocks developed mostly m the south Movmg northward, the ground surface falls steadIly

from GIlf EI-Kebir (average elevatIOn 500 m am s 1) to the Kharga-Dakhla Oases (average

elevatIOn < 200 rna m s 1) and towards the NIle Valley untIl It dIps under the Eocene­

Cretaceous escarpment

The areas of south Kharga-Toshka, East Owemat, EI-Kharga and EI-Dakhla Oases are

located Wltrnn the southern plateau

The Central Plateau

The central plateau covers an area of 253,000 km2 west of the NIle, and conSIst mamly of

compact Eocene and Cretaceous hmestones underlam by the softer clastICS of the MesozoIc­

PaleozoIc age (NubIa Sandstones) In the south, It IS well defined by the bold escarpment

overlookmg the sandstone low lands that form the floor of EI-Dakhla and El-Kharga Oases

In the east, It IS mterrupted by the NIle Valley where It forms towenng chffs The northern

boundary IS the steep scarp on the north SIde of Siwa and Qattara depressIOns and on the

west, It IS overlam by the Great Sand Sea

The plateau 1S broad and attams a mronmum heIght m the extreme south of over 500

m am s I From there It slopes gently northward, where It IS mterrupted by the large natural

depressIOns of SIWa. Qattara, EI-Natrun, EI-FareIgh, EI-Fayum, EI-Rayan, EI-Bahanya and

EI-Farafra and promment siefs m the south, as the Abu Muharnq dune belt

The Northern Plateau

The northern plateau extends from the bold escarpment at Siwa and the Qattara DepressIons

northward to the MedIterranean, and from the NIle Delta westward to the LIbyan border,
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covenng an area of 122,000 km2 The underlymg rocks of thJ.s plateau are lImestones and

sandstones of MIOcene age

2 3 RegIOnal GeologIcal SettIng

2 3 1 StratIgraphy

Based on the results of surface geologIcal mappmg and deep test dnllmg m the Western

Desert, the reglOnal geologIcal succeSSlOn could be IdentIfied

A schematIC geologIcal map showmg the dIstnbutIon of the lIthostratlgrapmc unIts IS shown

m FIgure (3), whIle FIgures (4) and (5) represent the stratIgraphIC type sectlOns m the

northern and southern parts of the Western Desert, respectIvely DescnptIons of the dIfferent

lIthostratIgraphIc uruts m the Western Desert, whIch are of hydrogeologIC Importance are

heremafter gIven from older to younger

231 1 The Basement Complex

The basement complex IS exposed prommently to the southwest m the Gebel EI-Owemat

area, while small exposures occur m the areas between Owemat and Aswan near BIT IarfaWl,

Bir NakhlaI, BIT DunguI, Aswan and m the VIciruty of Abu Bayan to the south of Kharga

OaSIS The basement IS overlam by the NubIa Sandstone sequences and theIr contact surfaces

are marked eIther by unconfornuty or by faults

The basement rocks conSIst maInly of grarutes and granodIOntes FIgure (6) IS a basement

rellef map whIch was compIled based on the results of geophySIcal surveys With depth

control from 011 exploratory and water test wells The map mdIcates that the basement surface

elevatIons range from +100 m near Its outcroppmg areas m the southern part of the Western

Desert to - 4500 m south of Siwa OaSIS The map also shows several structural trends wmch

may affect groundwater flow, as shown m FIgure (7)

• BIT DessoukJ.-South Qattara DepresslOn low

• Farafra - Babanya - Abu Roash hIgh

• North GilfEI-Kebir-Dakhla-AsslOut low
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• Bir TarfawI-Abu Bayan hIgh

• Bir Kenm-Sm EI-Kaddab low

• Bir Nakhlal-Aswan hlgh

2312 The NubIa Sandstone Sequences

The NubIa Sandstone sequence rests unconformably on the rugged surface of the basement

complex, and compnses all clastIc sedIments from the top of the Lower CenomanIan (Upper

Cretaceous) to the Pre-Cambnan Basement The general geologIcal map (FIgure 3), shows

the area dIstnbutIOn of these depOSIts on the surface The depOSIts cover the floors of EI­

Kharga, EI-Dakhla EI-Bahariya Oases and extend outcroppmg m western and southern

dIrectIOns towards the EI-GIlf EI-KebIr- Nasser Lake basm area, whlle chsappeanng under a

thIck blanket of clays and carbonates north of lat 25~ The NubIa sandstones consIst of

alternatmg beds of sandstone, shale and clay The average sand/shale ratIO IS about 70

percent The shale and clay beds are laterally discontmuous and of varymg thIckness WIth

mmor lateral extent m the southern part of the Western Desert and an mcrease northward and

westward

The NubIa Sandstone mcreases m thickness from 200 m to 700 m m East Owemat area, 300

m to 900 m m EI-Kharga OaSIS, 1 500 m m EI-Dakhla OasIS, 2200 m m EI-Farafra OasIS,

1,800 m m EI-Bahanva OasIS and 3,500 m west of EI-Farafra OasIS

In the viciruties of the basement outcrops, the thIckness of the NubIa Sandstone IS reduced to

less than 50 m

2313 U;pper Cretaceous

From EI-Kharga and EI-Dakhla Oases northward, shale and carbonate rocks of the Upper

Cretaceous age overlIe the NubIa Sandstone sequence, formmg an ImpervIOUS cap

Withm EI-Kharga and EI-Dakhla Oases areas, the vanegated shales and the overlymg Dakhla

shales, of the Camparuon and MaestrIchtIan ages respectIvely, form the confirung formatIOn

to the NubIa Sandstone The thIckness of the vanegated shales vanes between 126 m m EI­

Dakhla and 265 m m EI-Kharga Northward, the vanegated shales change mto more sandy
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faCIes The Dakhla shales mcrease gradually from 130 m In south Kharga to 300 m In the

southem part of EI-Farafra, where It passes laterally northward mto chalk fomllng an

ImpervIOus floor m El-Farafra

South of El-Kharga, and El-Dakhla Oases, the Upper Cretaceous complex IS mIssmg and the

NubIa Sandstone IS exposed on the surface

2314 Tertmrv DepOSIts

The plateau area surroundmg the depressIOns of south-Kharga, EI-Kharga, EI-Dakhla, EI­

Farafra, EI-BaharIYa, SIwa and Qattara IS covered by TertIary carbonate rocks of Eocene age

TheIr thIcknesses range between 500 m and 600 m around EI-Dakhla-EI-Kharga scarp and

150 m around EI-Farafra OasIS

The Dabaa shale formatIon of Eocene-OlIgocene age occurs underlymg the Qattara

DepressIOn and extends northward to the northwestern coast and eastward to the NIle Delta,

whIle pmchmg out to the west and the south of the depressIOn The thIckness of the Dabaa

shales ranges between 150 m and 200 m

Basalt mtruSlOns of the OlIgocene age occur m several localItIes m EI-Bahanya OasIS, Gebel

Qatararn north ofFayoum and m the south Kharga area north of Gebel EI-Asr

The lower MIOcene Moghra formanon IS composed of sand and sandstone WIth clay and

SIltstone mtercalatIOns It overlIes the Dabaa shales and extends from the western frmges of

the NIle Delta to the Qattara DepressIOn and southward to EI-Fayoum It IS faCIally changed

Into lImestones and shales to the west of the Qattara DepressIOn

The entrre northern scarp of SIwa OasIS and the plateau north of the Qattara DepreSSIOn IS

covered by the MIddle MIOcene Marmanca lImestone formatIon (or Glaghboub formatIOn)

WIth a reported thIckness of 80 m at Siwa OasIS
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2 3 1 5 Quaternarv - Recent DeposIts

LacustrIne deposIts are known to eXIst m El-Kharga OaSIS, whIle sabkhas and salt marshes

eXIst m the small depressIOns located at the western and southwestern edges of the Qattara

DepressIOns (Qara and TIbaghbagh) and ItS floor

Sand sheets and sand dunes cover the surface at several locatIOns, most conspIcuously at the

Great Sand Sea along the Western border between SIwa OasIs and EI-GIlf EI-KebIr, and

Ghard Abu Muharnq between west El-Bahanya and El-Kharga Oases

2 3 2 Structural Framework

Based on the aVaIlable geophysIcal data supported by geologIcal eVIdence, the Western

Desert has been subjected to several tectomc movements whIch resulted m the development

of the followmg major structural blocks, shown m FIgure (8), (GeofiZlka, 1966-Borelh, 1968

and Ezzat, 1974)

2321 The Northern Up-Thrown Block

The east-west onented SIwa OasIs IS located m thIS block whIch IS separated from the rest of

the Western Desert blocks by the east-west fault runmng south of the SIwa OasIS and

extendmg mto LIbya

2322 The MIddle Down-Thrown Block

The Am El-Dalla OasIS, sItuated west of El-Farafra OasIs, IS located WIthm the Am El-Dalla

basm, onented m a NE-SW dIrectIOn The Kufra basm m southeast LIbya IS onented m the

same dIrectIOn The Am El-Dalla basm IS sItuated along the axIS of mronmum development

of the NubIa-type sandstones m the Western Desert

The El-Farafra - El-Bahanya uphft forms the eastern boundary of the mIddle down-thrown

block, whIle Its western boundary IS formed by the jabal Dalma (LIbya)-Bahanya-Abu Roash

uphft
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2323 The Southern Up-Thrown Block

The southern up-thrown block occupIes most of the area of the Western Desert, and contams

the depressIons of EI-Bahanya, EI-Farafra, EI-Dakhla, EI-Kharga, south Kharga and East

Owemat It IS bounded m the northwest by the mIddle down-thrown block and m the

southeast by the Nakhlm-Aswan swell The followmg northeast structural elements were

IdentIfied Wlthm thIs block

• Farafra-Baharl)a Uphft

ThIs uphfted zone IS beheved to be sItuated m a rugh permeabIlIty zone due to succeSSIve

uplIftmg smce It began dunng the Devoman structural stage

• Abu Tartur UplIft

Located between El-Kharga and EI-Dakhla depressIOns, tb.1s zone was formed dunng the

Paleocene and rejuvenated dunng lower the Eocene tIme It IS a northeast uphft, In a rugh

permeabIlIty zone m El-Zayat area, mIdway between El-Kharga and El-Dakhla Oases

• TarfaWl - Abu Baj an UplIft

ThIs IS a northeast onented uphft, extencimg between BIT TarfaWl and Abu Bayan

basement outcrop formmg the eastern boundary ofEl-Kharga-El-Dakhla OasIS

• Nakhlm - Aswan UplIft

ThIs structural uplIft extends between the basement outcrops m BIr Nakhla! - Barq El­

Sahab - Aswan Tb.1s IS a northeast uplIft and forms the southeastern boundary separanng

the Dakhla basm from the Nasser Lake basm

• North El-Gl1f- Dakhla - ASSIOut Basm

TIns basm lIes In the rrnddle part of the southern block, between north EI-Gl1f EI-KebIT

and ASSlOut, pasSIng by EI-Dakhla OasIS

• Pottery full BasIn

Pottery HIll basm IS located between Abu Tartur and TarfaWl- Abu Bayan uplIfts
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• Kuraylm Basm

Tills IS a small basm bOUflded to the west by Tarfawl - Abu Bayan uplift and to the east

by the Nakhlal- Aswan uplift and mcludes the Darb EI-Arbam area

• Nasser Lake Basm

Nasser Lake basm IS located to the west of Nasser Lake and bOUflded on the west by the

Nakhlal - Aswan uphft The surface IS occupIed by the NubIa Sandstone sequences With

some basement and basaltIc outcrops The basm IS dIssected by E-W and N-S fault

systems

24 Deep Aqmfer Systems In the Western Desert

The hthology of the dIfferent stratlgrapillcal UflltS, theIr regiOnal extent and general tectomc

settmg led to the development of several aquIfer systems m the Western Desert These are as

follows from younger to older (Flgure 9)

2 4 1 The Moghra Aqmfer System

The Moghra aqmfer covers a WIde tract of the Western Desert between the Nl1e DepreSSiOn

m the west, the MedIterranean coast m the north and the Bahanya-Abu Roash uphft m the

south (50,000 km2
) The Moghra formatiOn IS composed of sand, sandstone With clay and

SIltstone mtercalatiOns The base of the aqmfer IS formed by the Oligocene Dabaa shales/

basalt, and the top IS the water table surface

The Moghra formatiOn tffickness vanes between 200 m m the east (WadI El-Farelgh) and 800

m m Abu Gharadlq basm east of the Qattara DepreSSiOn, willch gradually decreases to the

north and west unlil It mterfingers With the MIocene Marmanca carbonates and the Western

Plateau carbonate/shale complex respectIvely Southward It dIsappears at the northern flank

of EI-Bahanya-Abu Roash uplift The aqmfer saturated thIckness ranges from 75 m m the

east to 700 m m the west (RIGW, 1990)

The Moghra aqmfer eXIsts Uflder phreatIC condItiOns south of lat 30tN but IS confined by

Pliocene depOSIts m the north The groUfldwater table ranges between 10m b m s I at

contact With the Nl1e Delta aquIfer m the east to about 50 m b m slat the Qattara
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DepreSSIOn In the west and 48 m b m s I at Miswag well to the south of Qattara (Jomt­

Venture Qattara, 1979)

The results of pumpmg tests mdIcates that the average hydraulIc conductIvIty of the Moghra

aqUIfer ranges bemeen 0 1-03 m/day m the Qattara surroundmgs and 10-25 m/day m the

WadI El-Fareigh (located at the desert funges of the West Delta area), whIle the

tranSmISSIvIty ranges between 500 and 5,000 m2/day

The salInIty of groundwater In the Moghra aqUIfer changes from < 500 ppm In the area close

to the West Delta regIOn (WadI EI-Farelgh) and Increases westwards to reach 10,000 ppm at

EI-Moghra OasIS In the eastern nm of the Qattara DepreSSIOn

The aqUIfer groundwater IS a mIxture of paleo and renewable water It IS reported that the

lateral ground""ater flow from the Nl1e Delta aqmfer passes the Moghra aqUIfer WIth a low

gradIent of 10-4_ 2xlO-4 of WhICh part IS mtercepted at WadI EI-Natrun depreSSIOn where It IS

lost bv evaporatIon The annual lateral seepage from the NIle Delta aqUIfer to the Moghra

aqUIfer IS estImated to range between 50-100 x 106 m3 (RIGW - IWACO, 1992)

The Moghra groundwater resources evaluatIOn was only assessed In the WadI EI-Fareigh

project area, ""here a groundwater model study mdicates the pOSSIbIlIty of long term

groundwater extractIon at a rate of 120 mem/year to lITlgate an area of about 35,000 feddan

At present, the groundwater extractIOn In WadI El-Fareigh IS 572 mcm/year to Imgate

12,700 feddan

2 4 2 The FIssured Carbonate Aqmfer Complex System

RegIOnallv, tlus aqUlfer system compnses the calcareous water-beanng formatIons of Upper

Cretaceous to Eocene depOSIts (DeE), In the central and northern parts of the Western Desert

and the Lower to MIddle MIOcene In the western part of the northern plateau area (EI-DIffa

Plateau) It COnsIstS oflImestones, dolomItes, marls, chalk and shales

The surface outcrop area of the DeE aqUIfer IS bordered to the south by Nubla Sandstone

along the Oases of EI-Dakhla and El-Kharga, and separated from the underlyIng NubIa

Sandstones by the Upper Cenomaman - Lower Senoman low premeabIhty shale-lImestone
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complex In the northeastern part of the Western Desert, the aquIfer IS topped by the

Ohgocene Dabaa shales and plunges northward to more than 500 m b m S1 The MlOcene

calcareous aqmfer known as Jahgboub formatlOn occurs outcroppmg m the northwestern part

of the Western Desert overlymg the DCE aqmfer system The thIckness of the DCE ranges

from 150-200 m m EI-Farafra OaSiS to 500-10,000 m m the Slwa - Qattara area The

MlOcene aquIfer attainS a thIckness of 100-400 m m EI-DIffa plateau

Few wells have tapped the DCE aqmfer m the central part of the Western Desert, where

water levels are only known to be 80 m am S1 in EI-Farafra OaSIS, 62 m am s I at Gebel

Augtlla and 48 m am slat Dlyur well (Jomt -Venture Qattara, 1979) The potentIOmetnc

levels of the MlOcene Carbonate aquIfer range between I-10m b m s 1 m Siwa OaSIS and

60-180 m a m s I m EI-DIffa Plateau (RlGW, 1997)

It was reported that the upward leakage of groundwater from the underlymg NubIa Sandstone

aqmfer through faults, fissures and deep fractures obVlously IS the source of recharge to the

DCE aqmfer, (EI-Ramly 1967, 11 Nouvo-Castoro-1985), willie the MlOcene aqmfer IS

beheved to be recharged by the groundwater InflOW from Gebel AI-Akhdar m LIbya

The DeE aqmfer productIVIty IS low reachmg 120 m3/day, willIe wells tappmg the MlOcene

aqmfer in Siwa OaSIS are dischargmg water at a rate rangmg from 120 m3/day to 7,200

m3/day (RIGW,1997)

Groundwater quahty of the DCE aquIfer has a very Wide range In EI-Farafra OasIS It IS

relatively fresh, With sal1ll1ty less than 1,000 ppm, willie m the southern part of the northern

plateau sahrnty ranges between 2,000-5,000 ppm, and m the northeastern part of the Western

Desert where the aqmfer IS capped by the thIck Dabaa shales, the sallrnty nses Up to 10,000

ppm (Jomt Venture Qattara, 1979) The groundwater SalUllty of the MIOcene aqmfer ranges

between 1,600 to 5,000 ppm m Siwa OaSiS and from 3,000 ppm to 5,000 ppm m the southern

part ofEI-Diffa Plateau and mcreases northward to reach 10,000 ppm

RlGW has recently completed a reconnaIssance study on the "RegIOnal Prospectlve of the

FIssured Carbonate AqUIfer System m Egypt" A prehmmary attempt for estimatmg the

carbonate aqmfer potentlal was made usmg a numencal model based on the double porOSIty

approach, but due to lack of data, the model dId not succeed m estlmatmg the long-term
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groundwater potentIal of the carbonate aqUIfer system (RlGW, 1997) The final report of the

study (RlGW,1997) delmeated areas Wlth potentIal for groundwater resources development

m the carbonate aqUIfer system wInch have to be mvestigated to better descnbe the aqUIfer

hydrogeologiC charactenstrcs and to support the evaluatIOn of these resources Of these areas,

EI-Dlffa plateau area IS recommended for future detailed hydrogeologic mvestigatIOns to

assess the groundwater resources of the carbonate aqUIfer WhICh can be best used m

development sectors, over tIme

2 4 3 The NubIa Sandstone AqUIfer System

The hydrogeologIcal settmg of the Moghra and the Carbonate aqUIfers m the Western Desert

descnbed above, mdicates that these aqUIfers are of comparatIvely lImIted extenSIOn and have

not yet been adequatelY mvestlgated for theIr groundwater potentIals On the other hand, the

NubIa Sandstone aqUIfer, although It IS a non-renewable aqUIfer, holds large volumes of

freshwater In storage, estImated to be of 2x1014 m3 (Ezzat, 1974), wInch can provIde

groundwater resources for sustainable development m the Western Desert Therefore, m the

folloWlng text, detaIled hydrogeologIC charactenstlcs of the NubIa Sandstone aqUIfer m the

Western Desert Wlll be reVIewed

25 HydrogeologIc CharacteristIcs of the NubIa Sandstone AqUifer System

The NubIa Sandstones fonn a huge groundwater basm whIch covers the Western Desert and

extends IDtO southeast LIbya, northwest Sudan and northeast Chad, and occupIes an area of

about 2,000,000 km2 (FIgure 10) In Egypt, the NubIa sandstones cover an area of 850,000

km2
, representmg 43 percent of the total basm area

The NubIa Sandstone aqUIfer system has been subjected to numerous geologIcal, geophySIcal

and hydrogeologIcal surveys, while detaIled survey and test drIlhngs were conducted III the

depreSSIOn areas of EI-Bahanya, El-Farafra, EI-Dakhla, El-Kharga, South Kharga-Toshka

(desIgnated as the New Valley) The results of these mvestigatIOns together With the mtensive

011 exploratIOn works m the northern part of the Western Desert made It pOSSIble to assess to

a great extent the regIOnal hydrogeologIC settmg of the NubIa Sandstone aqUIfer system
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25 1 DefirutIOn of the Aqmfer System

The NubIa Sandstone aqUIfer consIsts of the thIck clastIc sedIment of sandstone, sandy clay

1Oterca1ated WIth shale and clay beds, rangIng from Carnbnan to Upper Cretaceous 10 age

The NubIa Sandstone basIn IS tectOnIcally affected by regIOnal faulted structures (see SectIOn

23) and IS separated 1Oto dIfferent sub-basIns or hydrogeologIC blocks of whIch the Dakhla

basm 10 the Western Desert has hydraulIc contInUIty WIth the Kurfa baSIn 10 LIbya and

Sudan

The NubIa aqUIfer system behaves locally as a multI-layered arteSIan aqUIfer (deSIgnated as

honzons A, B, C and D by Ezzat, 1974) but regIOnally It behaves as one aqmfer system

2 5 2 AqUIfer Geometry and Boundanes

The eastern, southern and western boundanes of the NubIa sandstone aqUIfer lIe outSIde the

Western Desert The eastern boundary IS the natural boundary formed by the ImpervIOUS Pre­

Carnbnan basement complex of the Red Sea mountaIn ranges The aqUIfer stretches far south

1Oto Sudan to the hIgh lands of Kordfan, east 1Oto southeast LIbya and to the TebestI-EnnedI

mountaInS In Chad Thus the Western Desert compnses only the northeastern comer of the

huge NubIa Sandstone basm

011 exploratIOn dnll10g revealed that the NubIa fresh water aqUIfer north of EI-Bahanya

OaSIS (lat 29° N) IS underlain by salIne water whIch sharply 10creases 10 thIckness northward

to the fresh/salt water mterface, whIch follows a fault lIne located north of Siwa OaSIS,

crosses the Qattara DepreSSIOn and then SWIngs In a southeast dIrectIOn south of WadI EI­

Rayan The fresh/salt water 10terface represents the northern boundary of the NubIa fresh

water aqUIfer system (FIgure 10)

Although the NubIa Sandstone aqUIfer system IS bottomed by ImpervIOUS basement rock.s, the

base of the freshwater aqUIfer IS formed In the Western Desert by two layers of a completely

dIfferent nature

the surface of the basement complex In the southern and central parts of the Western Desert,

and
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the rnterface surface between the fresh and salty groundwater Wlthrn the NubIa Sandstone

aqUlfer m the northern sectIOn ofthe Western Desert (north oflat 29° N)

FIgure (11) shows the elevatIOns of the fresh water aqUIfer base

The upper boundary of the NubIa Sandstone aqUIfer IS exposed at the ground surface south of

the southern plateau, where the aqUlfer IS unconfined To the north, It dIsappears under a

thIck cover of the Upper Cretaceous-Eocene complex of shale-carbonate rocks, where the

aqUlfer IS confined FIgure (12) IS a contour map representrng the top of the NubIa aqUIfer,

rndlcatmg that It ranges between 200 to 1,000 m a m s I m the area of East Owemat - EI­

GllfEI-Kebu To the north and west of EI-Dakhla - EI-Kharga Oases, the depth to top of the

NubIa aqUIfer mcreases formmg a basrn of more than 1,000 m deep It comes close to sea

level on a ndge rurmmg along EI-Farafra - Bahanya and then It dIpS agam to the north and

east of Bahanya OaSIS reachmg a depth of more than 700 m b m s I

FIgure (13) shows the Isopacheous map of the NubIa Sandstone fresh water aqmfer whIch

vanes between 100 to 600 m m Nasser Lake - South Kharga ~ East Owemat area, 200-800 m

In EI-Kharga OasIS, 1 300 m m El-Dakhla OaSIS, 2,200 m In El-Farafra OasIS, 1,800 m m EI­

Bahanya OasIS and reaches ItS maximum thIckness of 3,000 m m Desouky basm south of

Siwa OasIS The aqUIfer fresh water thIckness decreases sharply north of lat 29° N untIl It

pmches out at the fresh/salt water Interface

2 5 3 AqUIfer Hydrauhc Parameters

To assess the hydraulIC parameters of the NubIa Sandstone aqUIfer rn the Western Desert

purnprng tests have been conducted dunng thee penod 1960-1995 by dIfferent agenCIes

whIch mclude 64 tests m Kharga OasIS, 32 tests m Dakhla OaSIS, 20 tests m Farafra OasIS,

10 tests In Bahanya OasIS, 5 tests In SIwa OasIS, 64 tests 10 East Owemat, and 6 tests m

Aswan - Nasser Lake areas Table 1 shows the local transnnssivitIes of the aqUifer zones

bemg tested m the dIfferent Western Desert areas
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Table (1) - Local TransmIssIvItv of the NubIa Sandstone AqUIfer. Western Desert

Area TransmIssIvIty (m2/d)

MmImum MaXImum Average

Kharga OasIs 60 3050 1380

Dakhla OasIs 380 3753 2437

Farafra OasIs 1080 2830 2200

Bahariya OasIs 238 3840 1600

Siwa OasIs 3300 4000 3500

EastOwemat 975 2750 2110

Aswan 120 520 316

The hydraulIC conductIvIty of the NubIa Sandstone aqUIfer has only been determmed from

pumpmg and recovery tests on deep wells BorellI et al (1968), Ezzat (1974), and FAO

(1976) collected and assessed the hydraulIc conductivIty of the NubIa Sandstone aqUIfer m

El-Kharga and El-Dakhla Oases Gad et al (1971) determmed the hydraulIc conductIvIty

values on the basIS of the results of recovery tests carned out on 10 deep wells m El-Bahanya

OasIs In El-Farafra, It was estImated from the analyses of aqUIfer tests (11 Nouvo Castoro,

1985, GARPAD, 1994) The hydraulIc conductIvIty of the aqUIfer has been determmed by

the analyses of long duratIOn pumpmg tests conducted by the General Petroleum Company

(1985) m the East Owemat area Table (2) mdicates the aqUIfer hydraulIc conductIvIty m the

tested areas m the Western Desert

Table (2) HvdraulIc ConductIvity ofthe NubIa Sandstone AqUIfer. Western Desert

Area HydraulIc ConductIvIty (m/day)

Mmimum MaxImum Average

Kharga OasIs 038 141 25

Dakhla OasIs 25 308 58

Farafra OasIs 23 105 65

Bahanya OasIs 28 32 95

Siwa OasIs 10 20 12

EastOwemat 108 20 12

Aswan 1 1 25 1 2
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Because the transmISSIVIty of an aqmfer IS the product of ItS thickness tunes ItS hydrauhc

conducuvlty and because of the multI-layered nature of shales and sandstones of the Nubia

aqmfer system m the Western Desert, It IS necessary to dIstmguIsh between the tapped

aqmfer zone transmISSIVIty as detemuned from well tests and the transmISSIVIty of the whole

NubIa Sandstone succeSSIOn, 1 e the regIOnal aqUIfer transmISSIVIty whIch, m turn, IS the

product of the average hydrauhc conductIVIty of the aqUIfer tImes ItS aggregate thickness as

gIven m Table (3)

Table (3) - RegIOnal TransmiSSIVIty of the NubIa Sandstone AqUIfer, Western Desert

Average Hydrauhc Average AqUIfer RegIOnal

Area ConductIvIty ThIckness TransmISSIVity

(mid) (m) (m2/d)

Kharga 25 600 1500

Dakhla 58 1200 6960

Farafra 65 2000 13000

Bahanya 95 1800 17100

Siwa 12 500 6000

EastOwemat 12 300 3600

ASl\an 12 200 240

Source GARPAD (1981)

In the southern part of the Western Desert where the Nubia Sandstone formatIOn IS exposed

at the ground surface and unconfined aqUIfer condItIOns preVail With aqmfer specIfic yIeld

values range between 0 1 to a2 North of lat 25° N, where the NubIa aqUIfer IS under

confined condItIOn by the overlymg blanket of shales - lImestone cap rocks, the aqmfer

storatlVIty ranges from 3xl0-4 to 005 (Ezzat, 1974 and Nour 1983) The aqmfer regIOnal

storatlV1ty was estImated from the specIfic storage (calculated from pumpmg tests as the

storatlV1ty per urnt thickness oftested aqUIfer), as follows

AqUIfer regIOnal storauvity = speCIfic storage (m I) x aqmfer thickness (m)
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Usmg the aqUIfer storativity value detenmned from pumpmg tests and calculatmg the specIfic

storage values m the dIfferent tested areas of the Western Desert, a speCIfic storativity map

was prepared as shown m FIgure (14) (EuroconsultlPacer Consultants, 1983), and used to

denve the aqUIfer regIOnal storativity m terms ofIts total thIckness

Pumpmg of groundwater from the multI-layered NubIa Sandstone aqUIfer system WIll create

vertIcal hydraulIc gradIents and WIll result m vertIcal flow In thIs case, the water levels m the

shallow and deep aqUIfer zones wIll change when water IS extracted from one or both of them

Therefore, the vertIcal permeabIlIty of the aqUIfer system must also be conSIdered for proper

sImulatIOn of the groundwater condItIOn It should be made clear that the vertIcal

permeabIlIty of NubIa sandstone must be low due to the frequent occurrence of shale

mtercalatIOn WIthm the sandstone beds

The vertIcal permeabIlIty of the NubIa sandstone aqUIfer, or ItS reCIprocal, the vertIcal

reSIstance, m the Kharga-Dakhla area, was 400,000 days, determmed for the aqUIfer of 1,000

m depth (FAO 1979) For the Bahanya OasIS, the value of the vertIcal reSIstance of the

aqUIfer was estImated to be 130,000 days due to more mtensive fractunng, foldmg, and other

tectomc movements (Euroconsult/ Pacer Consultants 1983)

2 5 4 AqUIfer PotentlOmetry and Groundwater Flow Pattern

The potentIOmetnc map of the NubIa Sandstone aqUIfer system constructed by Ball m 1927

has been modIfied by several mvestigators usmg Improved aqUIfer data records and

mformatIOn Based on the measured potentIOmetnc levels m the momtonng wells m the

Western Desert (FIgure 15), a modIfied potentIOmetnc surface map was prepared by Ezzat

(FIgure 16) The aqUIfer plezometnc levels m remote areas were mterpolated WIth the

potentIOmetnc levels m LIbya The map mdicates that the groundwater elevatIOns are 260 m

m EI-GIlf El-KebIr, 250 m m East Owemat, 145 m m EI-Da.khla OasIS, 80 m m EI-Kharga

OasIS, 130 m m El-Bahanya OasIS, 100 m m Siwa OasIS and - 50 m m the Qattara

DepreSSIOn The regIOnal groundwater gradIent IS about 0 0007 WIth a groundwater flow

pattern movmg generally N-NE towards the major dIscharge areas at the Western Desert

OaSIS and the Qattara DepreSSIOn, although the flow dIrectIOn IS dIstorted near the fault

structures and dIverted parallel to the fault plane due to the eXistence of very low

permeabIlIty zone resultmg from the SIlIcIficatIOn and/or the ferrugmatIOn of the NubIa
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Sandstone formatIOn along the fault zones The Glaghboub OaSIS (LIbya)-SIwa OaSIS - the

Qattara DepressIOn, topographIcally low land, IS consIdered the final base level of NubIa

groundwater where natural lakes, sabkhas, and salt marshes eXIst The map also mdicates

ObVIOUS groundwater depressIOns formmg closed SInkS at El-Kharga OaSIS, EI-Dakhla OaSIS,

and the Qattara DepreSSIOn due to long-term groundwater outflow

Ezzat, through flow-net analysIs (1974) estImated the total annual recharge to the Western

Desert NubIa Sandstone aqUIfer system to be about 3 36x106 m3/day, of whIch 1 82x106

m3/day mflov"s through the western front from LIbya, 0 52x106 m3/day InflOWS through the

GllfEl-Keblr uplIft and 1 02x106 m3/day InflowS through the southern front With Sudan

Although observatIOn wells are scattered m and around the Western Desert oases, no regular

groundwater morutonng data was found aVailable smce 1980 ThIs IS probably due to the

remoteness of the morutonng wells and madequate technIcal staff Table (4) shows the

observed pIezometrIc levels of the well morutonng network In the Western Desert Oases,

whIch mdlcates that the rate of declIne m the plezometnc head ranges between 0 2 rn/year

and 2 2 rnIyear

255 Ongm ofNubIa Groundwater

The ongm of the groundwater resources m the NubIa Sandstone aqUIfer, has been the subject

ofmany hydrogeologIC studIes These studIes have resulted III the followmg concepts

• The Allochtonous Concept ThIs concept postulates a regIOnal contmuous groundwater

recharge from the southwestern recharge areas (Tebestl and Ennedl m Chad) to the north

and northeastern dIscharge areas III Kufra OaSIS (LIbya) and the Western Desert

depresslOos whIch mdicates that the groundwater IS conSIdered a renewable resource

ThIs concept IS based on the observed groundwater gradIent from the southwest to

northeast
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Table (4) Change m Piezometric Levels ofthe ObservatIOn Wells m the Western Desert

Momtored Area Well Average Piezometric head(m a m s I) Change m Head Durmg
& Year of ObservatIon ObservatIOn PerIOd (m/year)

Kharga OasIs
Umm EI-Qusur 77 4 (1967) * 555(1997) 073
EI-Malaa 645(1962) * -11 51 (1997) 220
East Bulaq 40 1 (1968) * 265(1997) 047
Bans -20 805(1966) * 764(1997) 013
Zayat -1 1458(1961) * 1443(1980) 008

Dakhla OasIs
Mut-3 1546(1962) * 1428(1968) 197
Mut arrport 1309(1965) * 123 6 (1997) 020
Mawhub west-2 1409(1964) * 1383(1968) 065
Mawhub west-15 1500(1969) * 1480(1978) 020
BaJat - 8 1464(1962) * 133 8 (1968) 210

Farafra OasIs
Qasr EL-Farafra 1506(1966) * 1456(1978) 042
El-Farafra - 1 151 8 (1965) * 1470(1978) 037
West Farafra - 7 1578(1967) * 1548(1983) 019
West Farafra - 11 152 (1967) * 1497(1983) 014

Baharlya OasIs
EL-Mrosra -1 127 8 (1963) * 120 (1970) 1 10
EL-Qasaa- 3 1276(1963) * 1193(1970) 120

Source
GARPAD (1981)
IL Nouvo Castoro (1985)
NVID (1997)
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• The Authochtonous Concept ThIS concept Infers that the bulk of the groundwater was

formed locally In the surroundmgs of the present dIscharge areas dunng one or more

Intervals of a more humId clImate WhICh preVailed over the desert, the last of wmch was

8,000 years ago ThIs IS based mamly on the interpretatIOn of groundwater Isotope

measurements, whIch resulted m groundwater age dating rangIng between 10,000 and

30,000 years B P Because no age gradIent along groundwater flow hnes has been

observed, the groundwater of the NubIa aqUIfer IS consIdered a non-renewable resource

2 5 6 Groundwater Quahty

The NubIa Sandstones were depOSIted under shallow manne condItIOns and consequently

were filled WIth salt water When the NubIa Sandstone was brought to Its present contmental

pOSItIon, fresh water recharge dunng the succeSSIve plUVIal tImes flushed out the salt water to

the maXImum down dIp northward to ItS present fresh - salt water contact ThIs comcides

WIth the trace of a fault plane fonnIng a permeabIlIty bamer to the north of Siwa OasIS and

crossmg the Qattara DepressIOn to the north of Ghazalat well, then SWInging In a southern

dIrectIon to he south of WadI El-Rayan depreSSIOn This permeabilIty bamer prevented any

further flushmg of the salt water northward, where the NubIa aqUIfer IS stIll fully saturated

WIth ItS salme formatIon water

The sahmty of the NubIa Sandstone aqUIfer groundwater changes vertIcally and laterally To

the south of lat 29° N the groundwater salInIty ranges between 100 ppm and 500 ppm

(FIgure 17)

In general, the recorded Sallruty decreases, WIth depth In EI-Kharga and EI-Dakhla OasIS,

from 1,000 ppm In the upper honzons to 200 ppm In the lower ones No change m

groundwater salInIty was observed dunng the last 30 years In the New Valley OasIS At SIwa

- Qattara area, near the fresh-saltwater mterface, the upper part of the NubIa aqUIfer IS

saturated WIth 200-400 ppm of fresh water and underlam by hypersalme water WIth chlonde

sal1ll1ty up to 100,000 ppm The demarcatIon of the depth - water Sallruty profile, ItS denSIty

and plezometnc heads IS reqUIred to assess the sustamable potentIal of the fresh groundwater,

WhICh can be safely eAplOlted m the development area of Siwa OasIS WithOut causmg qUalIty

detenoratlon
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Although NubIa groundv..ater IS fresh, It has been found to be hIghly corrOSIve ThIS IS due to

the presence of free C02 and H2S and the relatIvely low pH and redox potentIal (Clark, 1962)

WhICh causes corrOSIOn of well casmgs, screens and pumps

2 5 7 Groundwater Resources EvaluatIOn

Assessment of the groundwater resources potentIal of the NubIa Sandstone aqUIfer system m

the Western Desert was carned out usmg groundwater sImulatIOn modelmg technIques whIch

mcluded analogue and numencal models A number of models have been used to sImulate

part or all of the Nubia Sandstone aqUIfer The regIonal models were used to perform a

sensItIvIty analySIS on the most Important aqUIfer parameters, whIch WIll be conSIdered for

further detaIled field mvestigatIOns FIgure (18) shows the boundanes of these regIOnal

models The results of the calIbratIOn for the mitIal aqUIfer condItIOn are gIven m Table (5),

whIch mdicates dIfferent values due to the dIfference m model boundanes and aqUIfer

parameters

The followmg presentatlon IS a summary of the results of the numencal groundwater models

WhICh were developed to SImulate eXIstmg and future groundwater extractIOn plans for

dIfferent use sectors and theIr long-term consequences The current groundwater

development plans m the Western Desert have been deSIgned based on the outcomes of these

models

2571 Groundv..ater Model of the New Vallev RegIOn

ThIs model was developed WIthm the framework of the New Valley RegIOnal Development

Plan Study Project carned out by EuroconsultlPacer Consultants (1983) The model study

area covered the four oases EI-Bahanya, EI-Farafra, EI-Dakhla and EI-Kharga (FIgure 19) It

was developed to SImulate dIfferent groundwater extractIOn plans, to predIct the aqUIfer

response over 100 years of explOItatIOn and the economIC return of Its use m Imgated

agnculture The model was calIbrated for steady state condItIOns usmg pre-1960 data and for

tranSIent condltlons for the penod 1960-1980

The calIbrated model v.. as then used to test the economy of vanous groundwater development

scenanos for Imgated agnculture Table (6) presents the final results of the predIctIOn runs
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FIgure (20) shows the NubIa Sandstone aqUIfer long-term response to economIC groundwater

extractIons

2572 East Owemat Model

A fimte element, one layer model was developed by the Development Research &

TechnologIcal Plannmg Center of CaIro UmverSIty (DRTPC 1984) for the NubIa Sandstone

aqUIfer system m the East Owemat area (FIgure 21) The model's ObjectIve was to forecast

the long-term aqUIfer response to vanous groundwater development scenarIOS for Irngated

agnculture

After bemg calibrated for the aqUIfer's mltlal condItIOn, the model was used to test dIfferent

groundwater extractIOn scenanos to assess the long-term safe pumpmg schedule The

followmg constramts over an explOItatIOn penod of 100 years v.-ere used

• Dec1me m aquIfer potentIOmetnc level should not exceed half of ItS Imtlal saturated

thIckness

• The maxImum allowed declme m water level should not exceed 100 m

The results of the vanous sImulated extractIOn scenanos mdlcated that groundwater purnpmg

at a rate of 474 mcm/day could be safely Implemented over a penod of 100 years PredIcted

drawdown would range from 35 m to 100 m and the depth to water would be between 58 and

115 m b g 1 by the end of the 100 year penod (FIgure 22)

The groundwater development pnontles m the East Owemat area were ranked by the land

development areas accordmg to the declme of the aqUIfer water level and the depth to

pumpmg level WIth a proposed extractIon plan of4 74 mem/day for 100 years
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Table (6) - Results of Forecast Svstem Response to Groundwater EconomIc

Extraction Plan In the New Valley. Western Desert

EconomIC EconomIc PredIcted Total PossIble

Development Groundwater Pumpmg Depth to Area to be

Area Extraction Level Water After Irngated

(mcm/year) (m b g I) 100 Years (feddan)

(m b g 1)

EI-Kharga

OasIs 110' 38 52 10,000

EI-Zayat Area 14 62 64 2,500

Abu-Tartur

Phosphate 22 --------- 200 ---------
EI-Dakhla

OasIs and 374 63 62 56,000

Mawhub

West

EI-Farafra

OasIS and 410 115 65 65,000

Abu Mmqar

EI-Bahanya 115 96 75 20500

OasIs
Total 1,045 154,000

* Groundwater extractIOn m 1980

Source EuroconsultlPacer Consultants (1983)

FIgure (23) shows East Owemat groundwater development pnonty areas where future

groundwater utIlizatIon should be located Table (7) mdIcates the possIble hydroagncultural

potentIals m each of the three pnonty areas
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Table (7) - Groundwater Development PrlOntv Areas. East Owemat

PrIOrIty Rank Total Area>< Groundwater PossIble Area to

(feddan) AvaIlabIlIty be Irngated

(mem/day) (feddan)

IS< pnority 180,000 1 65 66,000

2nd pnonty 574,000 231 92,400

3rd pnority 71,000 078 30,400

Total 825,000 474 188,800

* Area where groundwater extracuon well-fields should be evenly dlstnbuted (3465Krn.2)

Source DRTPC (1984)

The sImulatIOn model dId not take mto consIderatIOn the groundwater losses by evaporatIOn

In those parts of the modeled area where the water IS near the ground surface Also, the

economIC aspects of long-term groundwater extractIOn m the East Owemat area for rrngated

agriculture have not been deternuned, whIch Will have a senous Impact m deCIdIng the

maxImum economIC and sustamable groundwater potentIal use m the area

2573 South Qattara Model

Ezzat, et al (1977) developed a one-layer model to cover the areas of SIwa, El-BaharIya and

El-Farafra OasIS (FIgure 24) to venfy the hydrodynarlllc parameters of the aqwfer and to

determme Its response to future groundwater development

The analogue model was developed USIng the Electromc Clrcwt Analyses Program (ECAP)

The model was run for steady and unsteady state condItIOns With development scenariOS for

El-Farafra, El-Bahanya and SIWa, usmg storauvity values of 10-4 and 10 2 The results are

presented In Table (8)
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Table (g)-PredIcted Drawdowns Agamst Groundwater Development m

South Qattara Area

Development Groundwater ImtIal Water S = 0 0001 S=O 01

Area E1.tractlOn Level

(mem/year) (m) (1) (2) (1) (2)

EI-Farafra 364 164 351 361 141 142

OasIs

EI-Bahanya 182 132 335 345 118 130

OasIs

Slwa OasIs 140 - 8 194 204 09 37

(1) Drawdown over 50 years (m)

(2) Drawdown over 100 years (rn)

Source Ezzat et al (1977)

The South Qattara model dId not take Into account the lateral and vertIcal changes In

groundwater SalIDlty In the Western Desert north of lat 28° N TIns mIght have adverse

Impacts on the model results With regard to sustarnable fresh groundwater extractIOns,

especIally In the Siwa OasIS Also, the economIC groundwater potentIal In the three Oases for

Imgated agnculture has not been evaluated

2574 NubIa BaSIn Model

Sohman (1987), developed a two-dlIDensIOnal finIte element model whIch covers the NubIa

baSIn on both SIdes of Nasser Lake (FIgure 25) The objectIve of the model was to estunate

the yield of the Nubia Sandstone aqUIfer at penods oflow floods when the level of the lake IS

the lowest and the recharge to the aqUIfer IS mlmmal

The results of the model mdlcated that the potentIal groundwater extractIOn from the aqUIfer,

at the dIfferent locatIOns selected for lITIgated agrIculture (WadI Allaql, Afia, Toshka, Abu

Hydrogeology ofDeep Aquifers 2 - 25 EPlQ Water Policy Reform Program



Simbel) amounts to 257 mcm /year With antICIpated drawdowns rangmg between 60' m and

70m

2575 Nubia Sandstone AQUIfer RegIOnal Model

Hemel and Bnnkman (1987) developed a regIOnal fimte element model to SImulate the NubIa

Sandstone basm With ItS sharmg countrIes Tills mcluded Egypt's deserts, southeast LIbya,

northeast Chad and northwest Sudan The model covered an area of two milhon km2 (FIgure

26), and was constructed to test dIfferent concepts of groundwater ongm, aqUIfer recharge

and the long-term aqUIfer response to future groundwater extractIOn plans m the dIfferent

aqUIfer shanng countnes

The model was cahbrated for both long-term slffiulatIOn (smce the last pluvial penod of 8,000

years B P to the year 1960) and short-term SImulatIOn durmg the penod 1960-1980 The

results mdicate that most of the groundwater m the NubIa Sandstone aqUIfer m Egypt and

LIbya IS locally recharged dunng humId and seffil-and chmatic penods Although there IS

some regIOnal InflOW, It IS not suffiCIent to mamtam eqUIhbnum condItIOns under the present

chmate Therefore, the groundwater resource m the NubIa Sandstone aqUIfer system should

be conSIdered a non-renewable resource

The calIbrated model was used to predIct the aqUIfer long-term response to proposed future

addltlonal extractIOn m Egypt and LIbya (FIgure 27) The base penod IS 1980 With a planrung

honzon of 80 years The results of these extractIOn SImulatIOns showed the development of

extractIOn cones m the dIfferent pumpmg centers as well as the mterference between these

centers A huge cone of depressIOn was focused around the New Valley Oases The predIcted

drawdowns at the end of 100 years of extractIon III the Western Desert groundwater

development areas are shown III FIgure (28)

2 5 8 Sustainable Groundwater PotentIals

A number of model studies have been conducted by different consultants to SImulate the

NubIa Sandstone aqwfer system III the dIfferent parts of the Western Desert, where lITIgated

agnculture development projects are expected to be lIDtIated or expanded The numencal

model developed for the NubIa aqUIfer III the Oases of the New Valley (EuroconsultlPacer
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Consultants, 1983) estlmates the sustaInable and econOlTI1C groundwater extractIOn rates for

lITIgated agnculture and mmmg sectors at 1,045 mcm/year (see Table 6) The East Owemat,

South Qattara (SIwa OasIs) and Nasser Lake area models should be updated WIth aVaIlable

new hydrogeologIc data, address the envIronmental consequences of the long-term

groundwater extractIOn and estlmate the economIC feaslblhty of ItS utlhzatIOn m dIfferent use

sectors Table (9) and FIgure (29) present a summary of the groundwater potentIal m the

Western Desert

26 Present Status of Groundwater Development m the Western Desert

2 6 1 BasIC Cntena

It should be noted that the results of groundwater morutonng m the Western Desert Oases

areas mdicate that explOItatIOn of groundwater from the NubIa Sandstone aqUIfer usually

starts WIth free-flowmg condltlons Over TIme as groundwater extractIon rates mcrease, well

arteSIan pressures decrease, resultmg 1ll the need for pumpmg

Wlthm the context of the natiOnal development goals, the ObjectIves of the regIOnal

development of the Western Desert are

Settlmg populatIOn away from overcrowded areas m the NIle Valley and Delta

Gettmg the maxlffiUIn use of the eXlstmg natural resources m the Isolated vast desert areas

Connectmg these areas to the rest of the country

Creatmg new Job opportunItIes for unemployed youths

The development actIvItIes m the Western Desert depend on the groundwater resources III the

NubIa Sandstone aqUIfer As preVIOusly Illmcated, the natural recharge to the aqUIfer IS

presently llffilted It IS essentlally a non-renewable resource The plannIng of Its explOItatIOn

and UtIhzatIOn should be based on a mmmg process that results III a contmuous lowenng of

aqUIfer potentIOmetnc levels over tnne For proper development and optnnal utIlIzatIOn of

such non-renewable resources, the followmg cntena should be satIsfied

• ExtractIOn of groundwater resources should be economIC and ratIOnal

• The explOltatIOn must be sustaInable to assume prospenty for the commg generatIOns
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Tablc (9) - AY1J1able Groundwater and Prcscnt Ext! action from the Nubia AqUlfcr Systcm at Dlflel ent
Deyclopmcnt Areas. Western Desert

Dcvelopmcnt Arca Pre~cnt F'xtr1ctlQn 10tal AvaJlllblc AVCllIgC Pnll1Jlll1g I' conOllllC PnlllplIIg
(1997) Econonllc Depth ... ftel Depth (111)

(mcm/ycllr) Extr1ctlOn 100 YC1rs (III)

(mcm/yem)

New valley
Kharga 118 110 52 38

C1-Zayat 3 \4 66 62

Abu Tartur Phosphate 7 22 200

Dakhla & Mawhub West 29\ 374 63 63

Farafra & Abu Mmqar 160 410 66 110

Baharlya ~7 115 75 96

Total New Valley 636 1045

East Owemat 31 1200· <100 not yet defined
(Safe Yield)

Siwa OasIs 20 140" <100 nol yet delllled
Grand Total 687 2385

*Gloundwater resources should be reevaluated to asses the economIc extraction rate
** Groundwater resurces should be reevaluated to asses the sustamable and economic extlactlon rate which can be
safely uttllzed Without quality deterloralton
Source [uroconsult / Pacer Consultants, 1983

GARPAD, (1996)
EI Mudallal, (1990)



262 DesIgn of Well and Well-FIeld

Dunng the early stage of the large-scale groundwater development scheme m the New Valley

Oases (1960-1966), the groundwater development plans for lITIgated agrIculture were based

on the followmgs concepts

1 The wells should contmue to dlscharge naturally over tIme

2 The nnmmum spacmg between wells should not be less than 2 kIn

3 The wells should be constructed to extract water from the deeper honzons of the NubIa

Sandstone aqUIfer thIS would aVOId over-explOItatIOn of the shallow honzon from whIch

the eXIstmg spnngs and natIve wells denve theIr water for ImgatIOn

4 The deep ImgatIOn wells were dnlled based on the followmg desIgn cntena

• Depth 400-800 m

• ProductIOn casmg API, carbon steel 8 5/811 or 9 5/8/1casmgs

• Screen of 6 5/8// or i l dIameter, made of carbon steel

• The wells spaced 2 kIn apart WIthout mterlmkage

• The area reclaImed per well based on 75 percent of the lll1tlal flowmg dIscharge

Because of the above-mentIOned problems, the deSIgn of the wells m the Western Desert

development areas was reconSIdered and modIfied to ensure mroamum operatmg hydrauhc

The apphcatIOn of such well and well-field deSIgn resulted m the followmg problems

specIfically m El-Kharga OasIS

• The SIze of the productIOn casmg expected to be used dunng the pumpmg stage as pump

house casmg was too small for the well pump needed to produce the reqUIred water for

• The lITlgated areas were small, sparse, and WIdely spaced Because the wells were not

mterhnked (mmrnnllll spacmg of 2 km), m case of well or pump faIlure, It was not

possIble to transfer water from one well to another to provIde IrrlgatIOn water for the

culuvated crops
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lITIgatIOn

• The groundwater of the NubIa Sandstone aqUIfer IS proved to be hIghly corrOSIve to

normal steel pIpes, pumps, and eqUIpment used m well constructIOn, whIch resulted m the

collapse of the wells m a shorter penod than expected
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efficIency, and to satIsfy free flow and pumpmg stage cntena over theIr economIC hfetlme

The followmg concepts were mtroduced

• Well productIOn rate IS the rate whIch can be efficIently produced from the well durmg ItS

hfetlme (20-25 years), based on the charactenstlcs of the aqUifer honzon tapped by the

well, the cntlcal economIC purnpmg level m the area of the well-field and the maxImum

well operatmg hydrauhc effiCIency ThIS rate should be set by considenng the effects over

the hfe of the well on free-flow and pumpmg stage regardless of the mltlal well dIscharge

rate

• The expected pumpmg level throughout the well hfe-time

• The use of API standard steel well pump house casmg and productIOn casmg whIch WIll

be of sUitable SIzes and lengths to accommodate the requIred pump future pumpmg levels

and mirumize well losses CorrosIOn-resIstant matenals for the well screens and screen

casmgs to ensure long hfe of the well should also be used

Details of present practIces of well and well-field deSIgn for illfferent development areas m

the Western Desert Will be presented later when dlscussmg the present status of groundwater

explOItatIOn m these areas

2 6 3 Groundwater ExplOItatIon PractIces m the Western Desert

2 6 3 1 Histoncal Background

Even m anCIent nmes, water from natural spnngs m the Western Desert OaSIS ongmatmg

from the NubIa Sandstone aqUifer system was used Pnor to 1960, a more systematIc

explOItatIOn of groundwater resources was developed by the constructIOn of shallow wells

With depths from 50-70 m The upper most honzon of the aqUifer was tapped by applymg the

cable tool dnllmg technIque and usmg wooden log hmng made from the dome trees

After 1960 deep wells, extractmg water from the deep aqUifer honzons With depths rangmg

between 300 m and 1,200 m, were dnlled to prOVIde water supphes for proposed large scale
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Imgated agnculture and ne", settlements m the New Valley Oases regIOn at El-Kharga... El­

Dakhla, El-Farafra and El-Bahmya

The groundwater extractIOns dunng the penod 1960 to 1997 from the NubIa Sandstone

aqUIfer system are presented by area m Table (10) The data gIven m tills table were based on

the observed dIscharges of the mdlvldual wells, whIch were measured every three months

Well observatIOns were carned out by the General Authonty for RehabIlitatIOn Projects and

Agnculture Development (GARPAD) and the New Valley Development Authonty (NVDA)

untIl ffild-1995 after v.ruch the New Valley ImgatIOn Department (NVID) of the MPWWR

took over tills responsIblhty

Table (10) and FIgure (30) mdlcate that the total groundwater extractIOn from the shallow and

deep wells tappmg the NubIa Sandstone aqUifer was 203 mcm/year m 1960 (from 1,043

shallow wells and 27 deep wells) and mcreased to 678 7 mcm/year m 1997 (from 904

shallow wells and 692 deep wells) Presently 271 7 mcm/year are extracted from 1,516

shallow wells and spnngs from the post-NubIa fractured carbonate aqmfers m EI-Farafra and

Slwa Oases

2632 Groundwater CondItIOns and UtthzatIOn m the Western Desert Development

A.reas

As prevlOusl) stated, the Western Desert IS a large plateau area With Its surface In the central

and northern parts cOllSlstmg of lImestone rocks The plateau IS mterrupted by a senes of

north-south onented topographIc depreSSIOns These are the south Kharga, EI-Kharga, El­

Dakhla, EI-Farafra, EI-Bahanya and Slwa Oases as well as the East Owemat area (located m

the southern sandstone plateau) where vast tracts of arable lands smtable for agncultural

development eXIst

In the followmg sectlOns the descnptlOn of the present groundwater conditIOns and utthzatlOn

In the dIfferent development areas of the Western Desert Will be discussed
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NVDA (1994)
NVID (1997)

CJARI'AD (1981)
[I Mud1l1al, (1990)
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26321 EI-Kharga OasIs Pnor to 1938, groundwater extractIon ill the Kharga OasIS was

only confined to the uppermost honzon of the Nubia Sandstone aqUIfer through the natural

spnngs and shallow wells (50 m to 70 m deep) ExploItatIOn of deep aqUIfer honzons m the

OasIs began dunng the penod 1938-1952 when seven deep wells (300-500 m deep) were

dnlled as test-productIve wells In the year 1960, when large-scale land reclamatIOn started III

the New Valley, development of groundwater from the deep honzons WIth free-flowmg

conditIOns was started to supply ImgatIOn water, and to avoId over-explOItatIOn of the

shallow aqUIfer honzon, previously the only source of water

The groundwater conditIOns m EI-Kharga OaSIS can be summanzed as follows

(a) Aqmfer Hydrogeologic Settmg

The detaIled hydrogeologic studies of the NubIa Sandstone aqUIfer system In EI-Kharga

OasIS mdicate that It IS composed of four honzons of sandstone WIth shale and SIlt

mtercalatIOns and separated by semI-pervIous, dlscontmuous clay and shale beds as shown m

FIgure (31) The maIn hydrogeologIc charactenstics of the four aqUIfer honzons are gIven III

Table (11)

Table (11) - Hvdrogeologlc Charactenstlcs of the NubIa Sandstone AQUIfer

Honzons In EI-Kharga OasIS

Average GeologiC

Aquifer Depth (m) Parameters Average HydraulIc Parameters

HOrIzon From-To Total Net Sand T S Q

Thickness Thickness

(m) (m) (m2
j d) (x 10-4) (m3

/ hr)

A 7-170 99 71 250 8 190

B 200-440 240 165 565
.., 430;)

C 450-600 150 90 230 2 310

D 650-750 84 52 242 .., 125;)

T TranSmISSIVIty S Storativity

Source Ezzat (1974)

Q Expected well Yield
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The shallow wells and sprmgs m the Kharga OasIS take theIr water from honzon A, whIle the

deep wells are tappmg honzons B, C arId D, WIth the maJonty from honzons B arId C

Groundwater salImty m EI-Kharga OasIS rarIges between 200 ppm and 800 ppm, WIth no

sIgmficant changes durmg the last 35 years of explOItatIOn

(b) Groundwater ExplOItatIOn

Table (10) mdlcates that 279 shallow wells and spnngs and 12 deep wells were muse m El­

Kharga OasIs In 1960, yleldmg a total dIscharge of 52 7 mcm/year, to lITIgate an area of

5,800 feddan Dunng the penod 1960-1997, the number of deep wells Increased to 185 to

lITIgate the new reclaImed lands and the old natIve lands and to substItute the shallow wells

or spnngs that were abandoned

The present groundwater extractIOn In EI-Kharga OasIs IS 118 3 mcm/year (total economIC

extractIon 110 mcm/year) of whIch 92 7 mcm/year IS used to lITIgate 17,000 feddan whIle

the rest IS allocated for domestIc water supply (Table 12) FIgure (32) shows the change m

the number of actIve shallow and deep wells and theIr total dIscharges m EI-Kharga OasIS

dunng the penod 1960-1997 It also IndIcates that the average dally dIscharge of the free­

flOWIng deep wells has decreased from 3,598 m3/day In 1960 to 1,400 m3/day at present The

rate of declme has been 61 1 percent dunng thIs penod Out of 185 deep wells In EI-Kharga

OaSIS, 180 wells are currently pump-operated and only 16 shallow wells are stIll free­

flOWIng

The results of groundwater momtonng In El-Kharga OasIS durmg the last 35 years shows that

a rate of declme m groundwater elevatIOns ranged between 0 13 and 22m/year
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Tdhle (12) - Deep Groundwater EXI!IQltahon III the New valley Deyelopment Arcas (997)

Present gl oundwater extractron 10111 Prescnt

Developlllent Alea Flowmg Wells PUlI1ped Wells Springs & n'ltlve wells Numbelor Culllvnlcd

11111 Wilier Use Seclor Number 10to/ Number 1ota/ Number 10to/ Wells & Ale'l
DlscJurrgL PUll/page DIscharge Extinction (fcd<hn)
(1I\3/d Iy) (III3!day) (IIIJlda)) rlllc( 1113/day)

(ll Khan:a OasIS
'" Agrlcldture 5 7000 158 274000 16 6000 179 28700U 17000
'" Domcslrc 22 37000 22 37000
Tol1l 5 7000 180 311000 16 6000 201 324000
(2) EI Zayat
'" Agriculture 7 8400 7 8400 700
Total 7 8400 7 8400
(3) pakhla Qasls
'" Agrlculturl! 239 357000 27 57000 505 165000 771 579000 30500
'" Domeshc 39 48000 39 48000
Total 278 405000 27 57000 505 165000 810 627000

(4)West Ma'Ylmb
'" Agllculturp 26 170000 26 170000 7000
Tohl 26 170000 26 170000

(5) Bahariya QaSlS
'" Agnculturr 15 18UOU 29 51000 383 70000 427 139000 12500
'" Domeshc 15 16000 15 16000
Total 30 34000 29 51000 383 70000 442 155000

(6) Fararra OasIs &

Abu MJD!]ar
'" Agriculture 94 421700 - . 16 1863 110 423563 14000
#< Domeslrc 3 14900 3 14900
Total 97 436600 16 1863 113 438463
Grand Total 436 1052600 243 427400 920 242863 1599 1722863 81000
SOIll ce New V'IlIey IrrigatIOn Dept (NVID, 1997)

GARPAD (1997)



The only groundwater development actIvIty 10 EI-Kharga OaSIS currently IS the replacement

of old wells, With new ones The replacement wells 10 EI-Kharga OaSIS are be10g dnlled

accordmg to the deSigns shown 10 (Table 13)

Table (13) - Current Well DeSIgns In EI-Kharga OaSIS

DeSIgn Parameters Shallow Wells Deep Wells

Total depth 250m 650m

AqUIfer honzon A&B B&C

Cas10gs

20// conductor casmg locally 30m 50m

manufactured

API pump house casmg 16// (150m) 13 3/8// (150m)

API prodUCTIon casmg --------- 9 5/8// (300m)

Screen & Screen casmg ± 100m ± 200m

6 5/8// stamless steel, grade 304

Source Ezzat (1974)

26322 EI-Dakhla OaSIS The results of prevIOUS detailed hydrogeologIc

mvestigatIOns and well momtonng mdlcate that the groundwater conditIOns m EI-Dakh1a

OaSIS (mcludmg Mawhub West Area) are as follows

(a) AqUIfer HydrogeologIc Settmg

EI-Dakhla OasiS can be geologIcally descnbed as altematmg syncl10es and antIclmes With

their axes plungmg m a northeast dIrectIOn FIgure (33) shows an east-west hydrogeologIc

sectIOn along EI-Dakhla OasIS It mdicates that the four aqUIferous zones A, B, C, and D of

EI-Kharga OasIS can be traced and correlated to contmue m EI-Dakhla OaSIS, even though the

deepest honzon was only partially penetrated as none of the deep wells reached ItS base The

hydrogeologIc propertIes of the NubIa Sandstone aqUIfer honzons m EI-Dakhla OasiS are

presented m Table (14)

The groundwater salmity m EI-Dakhla OasIS ranges from 200-500 ppm III the upper
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hOrizon (A) whIle It vanes from 150-800 ppm In the deep honzons No pronounced change

m SalinIty has occurred during the past 35 years

!

Table (14) - Hvdrogeoiogic CharacteristIcs ofthe NubIa Sandstone AqUIfer HOrIzons

In EI-Dakhla OasIs

Average GeologIc Average HydraulIc Parameters

AqUifer Depth Parameters

HOrizon (m) Total Net Sand T S Q
From-To ThIckness Thickness (m2/d) (xl0-4) (m3/hr)

(m) (m)

A I 80-180 127 97 825 76 65
B 190-490 280 252 1900 11 210
C 520-700 137 114 940 11 145
D* >710

* Not fully penetrated and tested

T TransmIssIvIty

Source Ezzat (1974)

S StoratIVIty Q Expected well yIeld

(b) Groundv. ater ExploitatIon

By the tIme the intenSIve hOrIZontal expanslOn actIVIty was IrutIated In 1960, the total

groundwater extractIon m EI-Dakhla OasIS was 117 6 mem/year, dIscharged from 632

shallow wells and spnngs, and 15 deep wells to rrngate about 10000 feddan (Table 10) At

present a total of 505 shallow wells and 305 deep wells are bemg utIlIzed WIth a total

extractIOn rate of 2909 mcm/year ofwhIch 273 4 mem/year IS used to lITIgate 37,500 feddan,

and 175 mem/year IS used for domestIc purposes m EI-Dakhla and Mawhub West area

(Tables 10 and 12)

FIgure (34) shows the development of groundwater explOItatIon m EI-Dakhla OasIS and

Mavvhub West area dunng the penod 1960-1997 It also shows that the average dally

dIscharge of the free-flOWIng wells decreased from 6,923 m3/day In 1960 to 1,891 m3/day In

1997 ThIs IS a declIne of 72 7 percent In the I11gh topograpl11c areas In the eastern part of EI­

Dakhla OasIS (Teneida and Balat areas), pumpmg of groundwater from 27 deep wells 15

already practlced
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Penodlc momtonng of groundwater levels m El~Dakhla OasIs mdlcates that the rate of

declme m the aqUlfer plezometnc pressures ranges between 12m/year and 20m/year

Smce 1970, the well desIgn shown m Table (15) has been used m El-Dakhla OasIs to satIsfy

both free-flOWIng and pumpmg condItIOns and to ensure economIC well lIfe

Table (15) - Current Well DesIgns In EI-Dakhla OasIS

DesIgn Parameter Shallow Wells Deep Wells

Total depth ±300m ±500m ± 1000m

AqUlfer honzon A,B B C&D

Casmgs

2011 conductor casmg ±50m ±50m ±50m

Pump house casmg 13 ± 150m ± 120m ± 120m
31g'1 API

9 ~Ig'I API productIOn From±140m From±140 m
casmg to ± 300 m to ± 800m

Screen & Screen casmgs ± 150m ±200m ±200m

6 ~Is'l Stamless steel

grade 304

Source Ezzat, (1974)

The mam current groundwater actIvIty m El-Dakhla OasIS - Mawhub West area IS the

rehabIlItatIOn of presently cultIvated areas ThIS mcludes replacement of the old wells whIch

have exceeded theIr economIC lIfe and those shallow or deep wells whIch have ceased

flOWIng or have severely decreased theIr free-flow dIscharge The current practIce IS to

replace old wells (average depth 800m) by dnllmg new wells to tap the deeper honzon

(1,000-1,200 m deep) at a cost of about 1 000,000 L E / well ThIs IS neIther ratIOnal nor

economIC where the old wells are stIll structurally fit and can be eqUlpped WIth a pump to

mcrease the well water productIOn, as the free-flOWIng dIscharges of the new wells do not

exceed 2 000 m3
; day whIch result m the mcrease m the cost of extractmg a umt of water
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Due to the uncontrolled flowmg groundwater condItIOns 10 EI-Dakhla OasIS, Mawhub West

area, serIOUS water wastage and dramage problems eXists It was notIced dunng a recent field

VISIt to the area (November 1997) that the agnculture dramage lake near Mut, the capItal of

the OasIS, IS used as a dump SIte for the area s untreated sewage water TIns prevents

dramage water reuse for agnculture or aqillculture and causes adverse envlfonmental effects

Recently, m EI-Dakhla OaSIS, arable lands were allocated to be reclaImed by prIvate

mvestors, where a total of27 wells have been dnlled

26323 EI-Farafra OaSIS

(a) Aqillfer HydrogeologIC Settmg

Several geologIcal and hydrogeologIcal studIes of EI-Farafra OasIS have been carned out

eIther for the OasIS Itself or WIthIn the New Valley regIon

The hydrogeologIcal studIes conducted by EuroconsultlPacer Consultants (1983) and 11

Nuovo Castoro (1986), as well as the results of deep test drIllrng have outlrned the

hydrogeologIcal condmons of EI-Farafra OasIS These studIes mdicate that the Nubia

Sandstone sectIOn, willch has been penetrated to a depth of 1 200 m, mcludes three mam

water-beanng hOrIzons separated by shale aqUItards (FIgure 35) The hydrogeologIcal

characterIstICS of the three-aqUIfer hOrIzons are presented m table (16)

The potentIal development of the first aqwfer honzon IS poor compared to that of the second

and thJ.rd hOrIzons Therefore, for economIC reasons, all of the deep wells 10 EI-Farafra OasIS

were completed m the second aqUIfer hOrIZon

Although the SalIIDty of the NubIa groundwater m EI-Farafra OasIS IS rather low and very

SUItable for all uses, It contams a mgh concentratIOn of non (2-20 ppm) willch causes

problems for use m dnp ImgatlOn, as It preCIpItates and clogs the dnppers when It changes

from ferrous mto femc lOns ImmedIately after bemg exposed to the atmosphere
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Table (16) - Hvdrogeologic CharacterIstics of the Nubia Sandstone AqUIfer Horizons

In EI-Farafra OasIs

Average Geological

AqUIfer Honzon Parameters Average HydraulIc Parameters

Net Sand

(m) H(I) Q(2) T(3) T D S(4)

Covenng bed

(Shale + Chalky 0-200 ------- ------ -------- -------- 240-990

LImestone)
1" honzon 200-350 90-110 78 150 66-200 450-550

2na honzon 450-750 235-280 149 450 2200-3370 150-250

3fU honzon* 950->1200 95->250 150 540 1815-2506 150-250

* Partially penetrated

(1) Plezometnc head (m a m S 1)

(2) Mroomum possIble well dIscharges (m3/hr )

(3) AqUIfer transmIssIvIty (m2/day)

(4) Groundwater salmIty (ppm)

Source GARPAD, (1994)

(b) Groundwater ExplOItatIOn

Before 1965, the source of water supply m EI-Farafra OasIS was confined to 23 spnngs

ongmatmg from the upward flow of groundwater from the NubIa Sandstone along fault

planes, fractures and Jomt systems and through the shales or chalky lImestone of

Maestnchtian age The total annual dIscharge was 0 85 mem At present, the number of

actIve spnngs has decreased to 16 With a total annual dIscharge of 0 68 mcm

Dunng the penod 1965-1967, 15 deep wells were dnlled as test-productIOn wells m El­

Farafra-Abu Mmqar area, to mvestigate the hydrogeologIcal settmg of the NubIa aqUIfer

system The wells had a total Irutlal combmed dIscharge of 325 mcm/year These completed

wells were left unused except for one well (Qasr El-Farafra) whIch was allocated for

domestIC use In 1982 when land reclamatIOn actIvIty began m EI-Farafra (EI-Nahda area)
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and Abu Mmqar, an addItIOnal 8 productIOn wells were dnlled These wells naturally

dIscharged groundwater at a rate of25 4 mcm/year

Dunng the penod 1985-1995, a large-scale land reclamatIOn ~cheme was Implemented m El­

Farafra and Abu Mmqar areas A total of 73 wells were dnlled m EI-Farafra (Sheikh

Marzouk and West Qasr EI-Farafra projects) and 5 wells m Abu Mmqar At present, 97 wells

are muse m EI-Farafra-Abu Mmqar area, yIeldmg naturally flowmg groundwater at an

annual rate of 160 mcm, of which 154 6 mem/year IS allocated to Imgate 14,000 feddan and

about 5 4 mem/year for domestIc uses (Tables 10,12 and FIgure 36)

The total reclaimed area m EI-Farafra-Abu Mmqar IS 31,000 feddan, whIch WIll be Imgated

by groundwater at a rate of 190 mem/year

The groundwater morutonng data m EI-Farafra OasIS was aVailable only for the penod 1965­

1983 ThIs data mdicated a dec1me m the plezometnc level of 0 14-042 m/year (see table 4)

At present the wells and well-fields m EI-Farafra OasIS are constructed With the followmg

deSIgn features (GARPAD,1994)

Well deSIgn dIscharge 450 m3/hr

Well spacmg 1 25-1 5 km

(for Imgated agnculture the wells are placed m a lme along the roam lffigatlon canal)

Well depth ± 800 m

Producmg aqUIfer honzon Second honzon (± 500m to ± 800 m)

Casmgs

- 20" conductor casmg to ± 50 m depth

- 16" API pump house casmg to ± 200 m depth

- 11 3/4' API productIOn casmg (from ± 190 m to ± 550 m)

Screen and screen casmg 6 5/8" made of staInless steel, grade 304 (± 250 m)

The present practIce of groundwater use by the landowners m EI-Farafra OasIS IS to let the

wells flow freely dunng the day TIns IS because of the problem encountered With dally well

shut-off as the well structure IS too weak to Withstand the effect of water hammer, no

techmcal staff IS aVaIlable to gradually close the well to control Its flow rate, and there are no
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rught storage reservoIrs whIch could be used to save the water wasted dunng the rught to

drams Companng the rate of water allocated for the agrIculture sector WIth the present

cultIvated area m WInter (about 14,000 feddan out of 31,000 feddan of reclaImed area) one

can conclude that the applIed consumptIve use appears to be rather hIgh (11,040

m3/feddanfyear) compared to the normal applIed water reqUIrement/feddan m the area (7,500

m3/year), whIch mdIcates a water wastage ofabout 50 mcm/year

26324 El-Bahanya OaSIS

(a) AqUIfer HydrogeologIc Settmg

The result of the detaIled hydrogeologIc studIes of the NubIa Sandstone aquIfer m El­

Bahanya OasIS (Parsons, 1963, Ezzat, 1974, and Euroconsult/Pacer Consultant, 1983)

revealed that the aqUIfer IS exposed at the surface and attams a total thIckness of 1,800 m It

consIsts of four water-beanng honzons A, B, C and D separated by semI-pervIOus, regIOnally

dlscontmuous clay and shale layers (FIgure 37) Table (17) shows the hydrogeologIc

charactenstIcs of the four aqUIfer honzons of the NubIa Sandstone In EI-Baharlya OaSIS

Table (17) - Hvdrogeologic CharacterIstIcs of the NubIa Sandstone AqUifer

HorIZons In El-Baharlva OaSIS

Average GeologIC Average HydraulIc Parameters

AqUIfer Depth (m) Parameters

HorIZon

Total Net Sand T S K

From To ThIckness ThIckness (m2/d) (mid)

(m) (m)

A Surface 275 275 180 1450-3800 10" 17

B 290 440 150 80 600-650 10- 6

C 440 520 80 42 } 08 x 10- 4

D"" 540 >650 > 110 >45 250-440

* PartIally penetrated

T = TransmIssIvIty , S = Storativity , K = HydraulIc ConductIvIty

Source GARPAD, (1981)
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The groundwater sahmty m El-Bahanya OasIs ranges between 200 to 700 ppm m the upper

most honzon (A) and from 100 to 300 ppm m the deeper honzons

(b) Groundwater ExplOItatIOn

Before 1963, the eXlstmg shallow wells and natural spnngs were the only source of water for

agnculture and domestIc use m El-Bahanya OasIs Deep well dnllmg was Imtiated m 1963 as

a part of a land reclamatIOn plan Table (10) and FIgure (38) show the development m

groundwater extractIon m El-Bahanya OaSIS dunng the penod (1963-1997) A total of 332

shallow wells and spnngs were muse m 1960 producmg free-flowmg water at a rate of 32 4

mcm/year, to Imgate an area ofabout 400 feddan

Dunng the penod 1963-1997, the number of deep wells has mcreased from 7 to 59, ofwruch

29 are presently pump-operated Groundwater of the NubIa Sandstone aqwfer IS currently

extracted at a rate of 56 6 mcm/year of whIch 50 7 mcm/year IS used to Imgate an area of

12,500 feddan wrule the remammg 59 mcm/year IS allocated for domestIc purposes (Table

12)

The aqwfer pIezometrIc head m EI-Bahanya OaSIS has not been regularly morntored smce

1970 and records are only avaIlable for the penod 1963-1970 Table (4) mdicates that the rate

of annual declme ill the pIezometrIc level dunng thIs penod was approxImately 12m The

current Implemented well deSIgns m EI-BaharIya OasIS are the same as those of EI-Dakhla

OasIS

2 6 3 2 5 Szwa OaSIS The Siwa OaSIS IS conSIdered a part of the Qattara DepreSSIOn ­

Glaghboub OasIS (LIbya) topographIcally low area, WIth Its lowest ground surface elevatIOn

IS about 10 to 18 m b m S I The OaSIS IS charactenzed by four mam lakes along ItS lowest

parts These are the Zeitun, Aghornu, Siwa and MarakI Lakes

At present the OasIS IS facmg senous water-Ioggmg and dramage problems whIch prevent the

ImplementatIOn of the reqUIred development plans ThIs IS due to the absence of any control

on water-well dnllmg, the mcrease ill groundwater extractIOn, the lack ofproper development

plans and the Improper management of groundwater resources m the OaSIS
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(a) HydrogeologIc Settmg

Accordmg to the results of the 011 exploratIOn wells and the deep test-productIOn water wells

whIch were drIlled m Siwa OasIs and the surroundmg areas, four major aqUIfer systems have

been IdentIfied (FIgure 39)

(1) The Quaternary-Recent DeposIts AqUIfer

ThIs aqUIfer conSIsts of allUVIal deposIts of sands, gravel, and calcareous rock fragments,

sometImes WIth fractured lImestone The thIckness of thIS aqUIfer ranges from 10 to 20 m,

whIle the depth to water ranges from 1 to 5 m below ground surface The reported water

salImty IS Up to 5 000 ppm m the southern part of the OasIs and mcreases to 40,000 ppm m

the area extendmg between Siwa and ZeItlin Lakes The aqUIfer IS recharged by seepage of

ImgatIOn water, the contmuous flow of uncontrolled and poorly deSIgned wells and from the

upward flow from the underlymg carbonate aqUIfers through faults and deep fractures

(2) The MIddle MIOcene LImestone AqUIfer

ThIS aqUIfer occurs under confined condItIOns, and IS composed of two water-beanng zones

• The Upper Zone has thIckness of 30 m, at a depth of 20 to 40 m It conSIsts of hard

lImestone WIth shale mtercalatIOns Wells tappmg thIs zone yIeld 10-30 m3/hr WIth a

pIezometrIc head of I to 5 m above ground surface The water sallmty ranges between

2,500 and 2800 ppm although It reaches 8,000 ppm m the areas near the sabkhas and salt

marshes

• The Lower Zone has a thIckness of 80 m, and IS separated from the upper zone by 40 m

of ImpervIOus shales and marls ThIs zone eXIsts at a depth of 70-150 m and conSIsts of an

upper part of hard lImestone mterbedded WIth thIn layers of shales and marls, and a lower

part of hIghly fractured dolomItIc lImestone bottomed by 30 m of shales and marls

fonmng an ImpervIOus base The wells tappmg thIs zone (depth 70 to 130 m) dIscharge

water at an average rate of 35 m3/hr, WIth a pIezometrIc head of 5 to 10m above the well

head and a sal1IDty range between 1,600 and 1,800 ppm

The recharge of the MIddle MIocene aqUIfer IS stIll questIOnable, although It was reported

that It IS recharged from the rainfall area at Jebel Akhdar m Libya (EI-Mudallal, 1990)
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(3) The Eocene LImestone AqUIfer

Tills aqUIfer attams a thJ.ckness of 350-400 m, and consIsts of hIghly fractured lImestone WIth
,

thJ.n marl and shale layers The limestone beds are very nch m gypsum, whIch IS soluble m

water causmg large cavItIes and creatmg a karst zone at the mterval from 290 m to 440 m,

WhICh was penetrated dunng deep test dnllmg m the OasIs The aqUIfer IS underlam by the

carbonate-shale complex of the late Upper Cretaceous (120 m thIck) Although none of the

drIlled deep wells In the OasIs tapped thIS aqUIfer, quantItatIve analysIs of well geophysIcal

logs mdicated that the average water salmity In the Eocene aqUIfer ranges from 6,000 to

7,500 ppm

(4) The NubIa Sandstone AqUIfer

ThIs aqUIfer IS consIdered to have the illghest potentIal for fresh groundwater In Siwa OasIS

due to ItS vast extensIon m the Western Desert and ItS hIgh water qUalIty The NubIa aqUIfer

system conSISts of the sandy sequences and shale mtercalatIOns occurnng between the lower

Cenomaruan and the Pre-Cambnan basement complex

The results of deep test dnllmg m Siwa OaSIS and the surroundmg areas mdicate that the

thJ.ckness of the MeSOZOIc-PaleozOIC clastICS IS up to 2,700 m The upper part belongs to the

Lower Cenomaruan at a depth rangmg from 600 to 700 m below ground surface and has a

thJ.ckness of 300 to 500 m It has good hydrogeologIC charactenstIcs and groundwater qUalIty

The dnlhng and testmg of the deep wells m Siwa OasIS (El-Dakrun, Quararshet, Bahar El­

Dm and Abu Shurufwells) have been to a depth of 1,000 m The results mdicate free-flowmg

dIscharges of 300 to 600 m3Jhr and a pressure head of 80 to 120 m above ground surface,

With the followmg aqUIfer charactenstIcs

• Average transmISSIVIty 3300-4000 m2/d

• Average hydraulIC conductlvity 15-20 mid

• Total SalIDlty 200-400 ppm

The dnll-stem tests, whIch were conducted m the dIfferent lIthostratIgraphIc UnItS at the 011

exploratIon well SIwa-1 (Jomt Venture Qattara 1979), mdicate that the groundwater SalInIty

Increases With depth as follows (see FIgure 39)
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Tested Interval (m) Era Geologic Age SalImty (ppm)

797-810

{
CenomanIan 465

MesozOIc

1,122-1 125 Lower Cretaceous 1,500

1,865-1 870

PaleozoIc {

Carbomferous 14,000

2,000-2,500 Devoman 24,500

PrevIOUs hydrochemical studIes of the Nubia Sandstone aquIfer system to assess Its

freshwater saturated zone have mdlcated that the thIckness of the freshwater aqUIfer

progressIvely decreases to the north of the Qattara DepreSSIOn-SIwa OaSIS zone untll latItude

29° 30' N where the entIre aqUIfer IS saturated With salIne or hyper-salme water

(b) Groundwater ExplOItatIOn

Before 1980, the only source of water m Siwa OaSIS was the water discharged from 200

natural spnngs, flOWing on the ground surface at an estImated rate of about 70 mcm/year,

With sallmty rangmg between 1,800-8,000 ppm to 1mgate about 2,000 feddan Much of the

water was left to flow mto the depreSSIOn ponds, whIch form the present OasiS lakes These

spnngs are recharged from the upper zone of the MIddle MIOcene lImestone aqUIfer, although

prevlQus studIes have mdlcated that the three large spnngs of Abu-Suruf, Qurmshet and

Mashandlt spnngs (97,200 m3/day) are recharged from the deep Eocene hlghly fractured

lImestone aqUIfer, through major fault systems

The tIme-dependent data regardmg the dIscharges and water levels of the spnngs m Siwa

OaSIS showed a drop m the flOWing dIscharge of 25 percent and 2 to 3 m m the water level

dunng the penod 1962-1990 (Arar, 1991)

Because of the decrease m the spnng discharges (60 mcm/year m 1990), and to compensate

for the water shortage, the local people started to construct hand-dug wells of 20-40 m deep

Over 1,000 hand-dug wells were completed m the upper zone of the MIddle MIOcene

lImestone aqUIfer dunng the penod 1981-1992, Yleldmg a total dIscharge of 105 mcm/year

In addmon another 200 wells were dnlled to tap the lower zone of the MIddle MIocene

hmestone aqwfer (70-130 m deep) These wells are yleldmg flowmg water of 70 mcm/year

Hydrogeology ofDeep Aquifers 2 -46 EPlQ Water Polrcy Reform Program



The total extractIOn from the carbonate aqUIfers m Slwa OasIS m 1990 was about 235

mcm/year willch was mamly utIlIzed m agnculture The current total cultIvated area m SIwa

OaSIS IS 10,000 feddan and the total extractIon from the natIve shallow wells and spnng IS

271 mcm/year TIns mdicates a rather hIgh consumptIve use of27 100 m3/year/feddan whIch

together WIth the poor dIstnbutIOn of wells (concentrated m the low topograpillc area along

the center of the OasIS) and Improper wen deSIgn (uncased or uncemented cased wells

causmg seepage of ascendmg water Into the top SOlI profile) have resulted m wasted water at

a rate of 196 IDcm/year causmg water loggmg, dramage and soIl salmizatIOn problems m the

OaSIS

Durmg the penod 1990 to 1996, five deep wells were dnlled and completed m the NubIa

Sandstone aqUIfer to a depth rangmg between 850 m (Army Well) and 1,000 m (Bahal EI-Dm

Well) and are dischargmg freely at a rate of20 mcm/year WIth a pressure head of 80-120 m

above well head and a water SallIDty of 200-400 ppm

Table (10) and FIgure (40) show the hIstoncal groundwater extractIOn from both shallow and

deep wells m Sma OasIS dunng the penod 1960-1997, WhICh mdlcate that the present

groundwater extractIOn In the OasIS IS about 291 mcm/year, of whIch 271 mcm/year IS

utIlIzed m lITIgated agnculture and the remammg 20 mcm/year IS allocated for domestIC use

and the bottled water mdustry

The Implemented \\rell deSIgn at present In Siwa OasIS IS sho\\rn m Table (18)

A comprehensIve hydrogeologIC InVestIgatIOn program IS bemg conducted at present m Slwa

OasIS by the Research instItute for Groundwater (RlOW) of the NatIOnal Water Research

Center (NWRC) The purpose IS to assess the sustainable groundwater potentIal m the OasIS,

whIch can be economIcally utIlIzed for lITIgated agnculture and other uses The mvestigatIOn

IS also mtended to develop the necessary measures for proper management and conservatIOn

of the groundwater resources and to aVOId envrromnental hazards such as water wastage,

water loggmg and drainage problems
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Table (18) - Well DesIgn PractIces m Siwa OasIs

DesIgn Parameter

Target aquIfer

Total depth

Casmgs

Shallow Well

MIocene LImestone

± 150m

Deep Well

NubIa Sandstone

± 1000 m

locally made ±20m ±50m

conductor casmg

13 3/g'! API pump house

casmg

9 %/1 API productIon

casmg

12//locally made casmg

Screens

12//locally made, brIdge

slotted screen wIth

gravel Pack

6 5/l stamless steel,

screen, grade 304

Source EI-Mudallal, (1990)

Surface to ± 80 m

From ± 80 to ± 150 m

±200m

From ± 190 m to ± 800 m

From ± 800 to ± 1000 m

26326 East Owemat Area The East Owemat area IS located m the southwestern part

of the Western Desert, covenng an area of 16,000 km2 The area IS desIgnated to become one

of the major areas for agncultural development In the South Valley regIOn Groundwater and

land resources are aVaIlable to sustaIn Imgated agncultural projects m about 190,000 feddan

to be Implemented by pnvate mvestors

Dunng the penod 1978 to 1985, comprehensIve groundwater and land resource evaluatIOn

studIes were conducted m the East Owemat area by General Petroleum Company The results
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of these studIes exlublted a lugh potentIal to support mtegrated development plans usmg the

area's renewable solar and wmd energy resources

(a) AqUIfer HydrogeologIc SettIng

GeologIcally, the East Owemat area IS located m the Dakhla basm (Khtzsch, 1987), sItuated

m the Owemat-Aswan structural hIgh It IS mterrupted by a north-south onented structural

trough 'West of Blr Mlsaha as well as basement rock exposures at Qaret EI-Mayet, Nusab El­

Balgum, Blr Abu EI-Hussem and Blr Nakhlal

Groundwater occurs m the East Owemat area m the NubIa Sandstone sequences, whIch

unconformably overlIes the basement complex formmg an unconfined aqUIfer, except In

those areas where frequent clay mtercalatiOns occur Here It functiOns as a semI-confined

aqUIfer The depth to water ranges between 20 m and 60 m below ground surface, and the

aqUIfer saturated thIckness vanes between 100 and 400 m m the uplIfted shallow basement

area and 500 to 700 m to the west of Brr Mlsaha and northward (FIgure 41) The aqUIfer

potentIOmetrIc levels range between 260 m am s 1 m the southwest and 230 m am s 1 m the

northeast \V1th a groundwater hydraulIC gradIent of 2 Sxl 0-4 regIOnally onented m a

northeastern dIrectIon The results of pumpmg tests mdicate the followmg aqUlfer hydraulIc

charactenstIcs

• TransIllisslvity 975-2750 m2/day

• HydraulIC conductIVIty 10-20 m/day

• StoratIVlty 0 16-0 23 for unconfined aqUIfer

2-8xl0-4 for semI-confined aqUIfer

The groundwater sal1ll1ty m the East Owemat area ranges between 200 to 700 ppm The

groundwater resource evaluatIon study m the East Owemat area estImate (DRTPC, 1984) the

pOSSIbIlIty of a safe groundwater extractIon rate of 4 74 mcm/day over 100 years WIth a

declIne m the potentIometrIc levels of 35 to 100 m (see FIgure 22)

(b) Groundwater ExplOItatIOn

Durmg the penod 1988 to 1995, MALR illltlated a land reclamatIon pIlot project m the East

Owemat area to Imgate about 6,800 feddan usmg dnp and spnnkler lITIgatIon A total of 59

wells were dnlled to a depth of350 m (WIth 13 3/8// pump-house casmg to a depth of between
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150 m and 200 m and a length of 200 m of 6 ~/l screen) to provIde the reqUIred ImgatIOn

water at the rate of 60 5 mcm/year when put mto full productIon At present, only 32 wells

are bemg pumped at an annual rate of 28 5 mcm (FIgure 42) whIch IS mostly used to Imgate

an area of 3,000 feddan and only 06 mcm/year IS used for domestIc water In addItIOn, an

expenmental farm of 200 feddan was mItIated m the area m 1988 where IrngatIOn water was

supphed from two wells pumped at a rate of 1 4 mcm/year usmg solar energy Center pIvot

ImgatIOn system was recently constructed by a pnvate company to Imgate an area of 1,500

feddan WIthIn the prevIously reclaImed 6,800 feddan

In 1979, the GOE decIded to Implement a 200,000 feddan land reclamatIOn plan m the East

Owemat area to be allocated to 20 pnvate mvestors to estabhsh Imgated agnculture schemes

of 10,000 feddan each Nme momtonng wells have been dnlled m the East Owemat area, but

no regular records of tIme-dependent groundwater levels, extractIOn rates and water qUalIty

data are avaIlable Regular groundwater momtonng WIll be of vItal Importance when the

large-scale groundwater development begms

Dunng a recent VISIt to the area (Apnl, 1998), It was notIced that the ongomg groundwater

development actIVItIes m the East Owemat area are bemg carned out WIthOUt the necessary

control and follow-up by the New Valley ImgatIOn DIrectorate (NVID)

2 63 2 7 West Nasser Lake Area

(a) AqUIfer HydrogeologIc SettIng

In the Western frmges of Nasser Lake, the NubIa Sandstone aqUIfer consIsts of two mam

aqUIfer zones separated by shale and sandy shale The upper zone IS unconfined WIth a

maxImum thIckness of 200 m

The Lower zone IS confined and reaches a maxImum thIckness of 300 m The aqUIfer

hydraulIc conductIvIty ranges between 1 to 12m/day The groundwater qUalIty m the area

west ofNasser Lake ranges between 400 to 1000 ppm m the Upper zone and 2000 to 7000 m

the Lower zone

Groundwater level observatIOns m the area west of Nasser Lake mdIcate that the upper zone

m hydraulIc connectIOn WIth the water of the lake and receIves conSIderable recharge by

seepage, willIe the Lower zone IS hydraulIcally separated from the lake, except m the
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northern part of the area (Kalabsha) where momtormg wells showed groundwater response to

the lake water fluctuatIOns (Hefuy, 1996)

I

PreVIous groundwater resource evaluatIOn In the Nasser lake basIn area (see SectIOn 2 574)

mdicates the potentIal groundwater extractIOn from the NubIa Sandstone aqUlfer for Imgated

agnculture development at Abu Simbel, Toshka, Ana may reach 200 mcm/year (Sohman,

1987, Hefny, 1991)

(b) Groundwater ExplOItatIOn

A number of deep wells (14) are under constuctIOn along the mam canal of Toshka project to

provIde water for the constructIOn and to provIde water for planned demonstrauon farms In

addluon (6) wells are bemg dnlled by the Nasser Lake Development Authonty for

afforestatIOn around Nasser Lake enVIronmental protectIOn zone The expected total annual

groundwater extractIon from these (20 ) IS about 10 mcm

27 Long-term Deep Groundwater Development Plans lD the Western Desert

2 7 1 Status of Groundwater Development

The development strategIes m the and areas of the Western Desert should focus pnmanly,

on a ratIOnal allocauon and explOItatIOn of water, the scarcest resource In allocatmg the

groundwater to vanous econonnc sectors (e g, agnculture, nnmng, tOUrIsm, mdustnes,

servIces) pnontIes have to be set for the explOItatIOn of uruque locatIOn-bound actIVitIes, such

as mmmg and tOUrIsm The remamder of water resources can best be used for the

rehabIlItatIOn and reclamatIOn of potentIally SUItable sOlIs

810ce the allocated groundwater to the mmmg sector IS fixed (245 IDem/year for Abu Tartur

phosphate mme and EI-Bahanya Iron mme out of 679 mcm/year bemg extracted In the

Western Desert at present), and SInce the allocatIon for the tOUrIsm sector IS InsIgmficant, the

planmng of the OptImal use of groundwater resources has to be centered on the allocatIOns to

the agnculture and domestic use sectors

Before 1996, nauonal large-scale land reclamatIOn projects ill the Western Desert were

carned out by the Government, whIch usually mcluded the development of basIC
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mfrastructures such as lITIgator wells, ImgatIOn and dramage networks, settlements and

roads The reclaImed lands were then tenured to small farmers, mvestors, cooperatIve

SOCIetIes and graduates Smce 1997, the GOE began to encourage the pnvate sector

partIcIpatIOn m land reclamatIOn actIvItIes m the Western Desert where about 235,000 feddan

were allocated to be reclaImed by pnvate mvestors m the East Owemat and EI-Farafra areas

EvaluatIOn of the NubIa groundwater resources m the dIfferent development areas of the

Western Desert mdicates the VIabIlIty of long-tenn groundwater explOltatIOn for agnculture

and other sectors over 100 years as follows

New Valley Oases

East Owemat

Siwa OaSIS

Total

1045 mcm/year (see table 9)

1200 mcm/year

140 mcm/year

2385 mem/year

It should be made clear that long-tenn economIC groundwater extractIOn was evaluated for

the New Valley development areas of El-Kharga, EI-Dakhla, EI-Farafra and EI-Bahanya

OasIS, wmle It has not been estImated for future development m Siwa and East Owemat

areas Also, the NubIa Sandstone aqmfer potentIal m the South Valley area, wmch extends

between East Owemat-Darb EI-Arbam- Nasser Lake area has not been evaluated for

sustainable and economIC groundwater utIhzatIOn

PrevIOUS SOlI surveys ill the Western Desert have mdicated vast areas of sUItable land for

Imgated agnculture, although only part of It can be developed on groundwater Table (19)

mdicates that the area of the mghest land capabIhty wmch can be readIly reclaimed on NubIa

groundwater IS about 365,500 feddan of wmch 105,000 feddan had already been reclarrned

by 1997

2 7 2 Future Groundwater Development Plans

Accordmg to the results of deep groundwater resources evaluatIOn m the Western Desert, the

present extractIOn rates for dIfferent use sectors (e g , agnculture, rmmng, domestIc) as shown

m Tables 9 and 12, and the GOE current plans to Implement large-scale honzontal expanSIOn
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prOjects III the South Valley regIon, the future deep groundwater development m the dIfferent

parts of the Western Desert are summanzed as follows

2721 EI-Kharga OasIs

No addItIOnal groundvvater extractIOn IS foreseen In thIs area as the present extractIon (118

mem/year) exceeds the maxImum economIC extractIOn rate (110 mcm/year)

2722 EI-Zavat - Abu Tartur Area

The total avaIlable groundwater extractIon III EI-Zayat - Abu Tartur areas IS 36 mcm/year

The present extractIOn m the two areas IS 10 mcm/year of wlllch 3 mcm/year IS used m El­

Zayat to lITIgate 700 feddan (out of the 1,200 feddan already reclaimed) and 7 mcm/year m

Abu Tartur for phosphate ore benefactIon and domestIc water supplIes Thus, an addItIOnal

groundwater extractIOn of 26 mcm/year can be pumped III both areas

2723 EI-Dakhla OaSIS - West Mawhub Area

Wlllle the total aVailable groundwater extractIOn m the area IS estImated to be 374 mcm/year,

the present extractIon for agnculture and domestIc use IS 291 mcm/year Therefore, an

addItIOnal groundwater rate of 83 mcm/year can be feasIbly extracted from 57 new wells

(144 x 106 m3/year/well) It should be expected that the shallow wells and spnngs Will cease

flowmg over the tIme, and a plan should be developed to .dnll the reqUired number of

properly deSIgned replacement wells

2724 EI-Farafra OaSIS - Abu Mmqar Area

The total estImated annual economIC groundwater extractIOn from the NubIa Sandstone

aqUIfer system In EI-Farafra OasIS - Abu MInqar area IS 410 IDcm The present extractIOn rate

of 160 mcm/year IS used for agrIculture and domestIC water supply, whIch IS expected to be

Increased to 190 mcm/year when the eXIstIng wells are put Into full operatIon
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Table (19 POSSIble Futllre LOlld ReclamatlOlI Plait UtllIzmg NubIa Groulldwater III tile Hlestem Desert (Jeddall)

Total PriOrity Present Area Feasible for

Development Area Area for Reclaimed Future ReclamatIOn Remarks

ReclamatIon Area on Groundwater

CI-Kharga OasIs & Zayat Area 48000 17000 No future exp111SlOn as present groundwater
withdrawal exceeds the economIc e"tractton rate

Dakhla OasIs & Mawhub West 56000 37500 18500

EI-Farafra OasIs & Abu Mmqar 66000 31000 35000

EI Bahanya OasIs 20500 12500 8000

East Owemat 189000 7000 182000 Economic evaluallon of groundwater utIlizatIOn
III Irrigated agnculture IS not yet assessed

Siwa OasIs 17000 . 17000 Present cultivated areas lITIgated by groundwater
from carbonate aquifer IS 10,000 fed

South New Valley(Darb el-Arbam) 130000 . ? } Po"""t ood ","moo """dw,",
extraction IS not yet assessed

Em Dalla (Farafra OasIs) 20000 ?

Total 546500 105000 260000

Source
GARPAD (1981)
Euroconsult I Pacer Consultants (1983)

NVID (1997)



Recently, the GOE has allocated an addItIOnal 35,000 feddan to be reclauned by the pnvate

sector m eastern Farafra (Karawm plam) where ImgatIOn groundwater of 220 mcm/year can

be feasIbly explOIted from 85 new deep wells that are gomg to be dnlled by the mvestors

(2 59 x 106m3/year/~el1)

The SOlI survey prevIOusly conducted m El-Farafra OasIS mdicates an addItIOnal area of

20000 feddan of hIgh land capabIlIty recommended to be reclauned m Em Dalla - WadI EI­

Obeid area to the north of EI-Farafra OasIS, If the reqUIred groundwater IS proved to be

feasIbly aVaIlable (GARPAD,1981)

2725 EI-Bahanva OaSIS

A total economIC groundwater extractIon rate of 115 mcmlyear can be feasIbly utIlIzed m EI­

Bahanya OasIS for multi-discIplmary development uses The present annual extractIOn of 57

mcm IS used m agnculture (12,500 feddan) and domestIc water supply, thus, future

groundwater development at an annual rate of 58 mcm IS envIsaged, WhICh can be obtamed

by drIllmg 40 new wells (1 44 x 106 m3/year/ well)

27?6 SIwa OasIS

PrevIOUS NubIa groundwater resources evaluatIon has mdicated the pOSSIbIlIty of reclaImmg

17,000 feddan m Siwa OasIS, usmg 140 mcrnlyear

Future groundwater development m Siwa OasIS IS constramed by the eXIstmg senous water

loggmg and dramage problems m the OasIS caused by the uncontrolled flowmg wells and

exceSSIve groundwater outflow from the carbonate aqUIfer system It IS necessary to re­

evaluate the NubIa groundwater resources by usmg updated results of the detaIled

hydrogeologIcal mvestIgatlOns currently carned out by the Research InstItute for

Groundv.ater (RIGW) to assess the maxnnum sustamable fresh groundwater extractIOn rate

from the NubIa Sandstone aqUIfer m SIwa OasIS WIthOUt causmg water qualIty detenoratIOn
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2727 South Vallev Area

The South Valley area IS located m the southern part of the Western Desert and extends

between the East Owemat area m the west, the Darb EI-Arbam road m the mIddle and Nasser

Lake m the east (FIgure 43) ThIs area was recently allocated by the OOE for natIOnal large

scale honzontal e"pansIOn projects, based on the NIle water (Toshka ProJect) and the NubIa

aqUIf~r groundwater (East Owemat, Darb EI-Arbam road, and Aswan-Abu Simbel road

lITIgated agnculture proJects)

2 7 2 7 1 The East Owemat Area Although the result of the groundwater resource evaluatIon

m the East Owemat area mdlcated the possIbIlIty of a sustamable explOItatIOn of the NubIa

Sandstone aqUIfer at a rate of 1200 mcm/year over a penod of 100 years the economIC

feaSIbIlIty of groundwater utIlIzatIOn III lITIgated agnculture m the area has not yet been

assessed ThIS Will defirutely determme the economIC groundwater extractIon rate and

consequently the final scale ofhonzontal expansIOn m the area

The present groundwater extractIOn rate III the East OweIllat IS 30 5 mcm/year, pnmanly used

to lITIgate an area of 3 200 feddan of the prevIOusly reclaImed area of 6,800 feddan

Recently, the OOE allocated 200,000 feddan to be reclaimed by twenty pnvate mvestors,

whIch were only concentrated III the second and thIrd groundwater development pnonty

areas (FIgure 44), mstead of bemg dlstnbuted over the whole planned aqUIfer development

areas (see Table 7) ThIs could result m a rapId and senous declIne of aqUIfer potentIOmetnc

levels exceedmg the margmal economIC pumpmg level m a short penod wluch Will have

senous Impact on the sUstaInabilIty of development m the area It IS recommended that the

areas allocated for future large-scale hOrIZontal agncultural expansIOn as shown m FIgure 44,

be reconSIdered regardmg proper dIstrIbutIOn of groundwater extractIOn patterns and rates

based on the groundwater development pnonty areas, WhICh should ensure sustainable and

econOmIC development m the East Owemat area

2 7 2 7 2 Darb EI-Arbam Road Area In the framework of the NatIonal South Valley

Development ProJect, the OOE planned to establIsh agncultural communIty centers along the

strategIC road of Darb El-Arbam, whIch extends between ASSIOUt on the NIle Valley III the

north to the Sudanese border III the south and then contmues mto Sudan
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Based on the results of prevlOus geologIcal, geophysIcal surveys and a few test wells m the

South Kharga depressIOn area, rune agncultural commurutles, spaced 20 km apart are bemg

establIshed at present along the Darb EI-Arbam road, WIth a total area of 10,300 feddan The

ImgatlOn water Will be supplIed from 85 wells at a rate of 100 mcm/year It was estImated

that such a groundwater extractIon rate Will result m a declIne m the water level rangmg

between 35 m and 90 m over a penod of 25 years (REGWA Co, 1997) The mteractIOn

between the two foreseen large-scale groundwater extractlOn centers at Darb El-Arbam and

the East Owemat has not been studIed

2 7 2 7 3 Aswan - Abu 51mbel Road Area ThIs area IS located WIthm the eastern part of

Toshka basm whIch IS bounded m the west by Nakhlal-Aswan uplIft and m the east by Nasser

Lake western shore lme

At present, 20 wells are planned to be dnlled m the Toshka project area, of whIch (14) are

under constructIOn along the bank of mam canal to provIde water for constructIOn and to be

used later for demonstratIOn farms The wells are bemg dnlled to a depth of 300 m yIeldmg

100 m3/hr of Salffilty 400 - 700 ppm to 1mgate 100 fed each The other 6 wells Will be

dnlled for afforestatIOn around Nasser Lake envIronmental protectIOn zone The total

expected groundwater extractIOn IS about 10 mcm/year As the ongomg South Valley

lmgated agnculture project of 540,000 feddan Will depend on NIle water, the evaluatIOn of

the groundwater potentlal m the Nasser Lake basm has to be updated The updatmg should

mclude the results of the new dnllmgs m the area, the expected changes m the aqUIfer water

balance due to future recharge by the mfiltratIOn of surface Imgatlon water The aqUIfer

response to the GOE groundwater extractIon plan to Imgate 145,000 feddan along the Aswan

- Abu 51mbel road should also be evaluated
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3 HYDROGEOLOGY OF DEEP AQUIFER SYSTEMS IN SINAI

The mterest m water resources m Smal dates back to anCIent tImes, as eVIdenced by the well­

known story of the prophet Moses He left Egypt WIth hIs people and wandered m SmaI for

many years lookmg for a settlement, untIl he found the twelve spnngs (Moses's Spnngs)

along the eastern coast of the Gulfof Suez

Dunng the last two decades, mterest m gettmg the mroiImum use of avaIlable water resources

m Smal, mcludmg the deep groundwater, has been consIdered by the MPWWR as part of

theIr natIonal development program

The SmaI Pemnsula covers an area of approXImately 61,000 km2 It IS trIangular m shape

WIth Its apex fonned by the JunctIon of the Gulf of Aqaba and the Gulf of Suez m the south

and Its base by the MedIterranean Sea coastlme between Port SaId m the west and Rafah m

the east (FIgure 45)

3 1 PreVIOUS InvestIgatIons

Many water resource studIes have been undertaken m the SmaI Pemnsula by VarIOUS

mdIviduals and agenCIes durmg the last four decades

• Shata (1956) dIscussed the structural development of the SmaI Pemnsula based on the

geologIcal studIes done by petroleum compames He mdicated that the Smal Pemnsula IS

dIVIded mto seven parts the MedIterranean foreshore, the mobIle platform (mcludmg the

major strongly-folded areas of Gebel EI-Maghara, Gebel Yallaq and Gebel EI-Halal), the

northern stable platform (hmg belt), the central SmaI shghtly folded area, the central

SmaI stable foreland, the southern SmaI Slueld area, and the west and east SmaI nft areas

(Suez nft valley and Aqaba nft valley)

• GeofizIka Co (1963), carned out geologIcal, geophYSIcal, hydrologIcal and

hydrogeological and soIl mvestlgatIons m the northern, central and southwestern parts of

Smal, to assess the basIC data and mformation of water and soIl resources for future
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agncultural development plans In thIs study, the geomorphologIcal features and the

geologIcal succeSSIOn were descnbed

Both WadI EI-Karm and WadI EI-LetheilI were found to be of mgh potentIal for surface

and groundwater storage

The groundwater occurrences m the deep tertIary aqUIfers m El-Hemma basm and m the

Lower Cretaceous Sandstones m the central part of Smal were dIscussed With specIal

emphasIs to theIr recharge mechanIsm and salmlty vanatIOns The groundwater resources

m the southwestern part of the Pemnsula were reported to be of low potential m the

closed geologIC structures due to mgh sallmty Further detaIled resource mvestlgatIOns

should be hmlted to areas of open geologIC structures, and should mclude the

estabhshment of a number of ram gauges, a detaIled geoelectncal soundmg survey and

the dnllmg of test wells

• Issar et al (1972) dIscussed the hydrogeologIc charactenstlcs of the NubIa Sandstone

aqUIfer of the Lower Cretaceous to Upper JuraSSIC underlymg central Smal and the Negev

(Israel) He estImated the aqUIfer storage capaCIty to be several hundred bIllIon CUbIC

meters, although only a small fractIOn of thIs water can be pumped A large part of the

water m thIs aqUIfer IS fOSSIl, and ItS datmg usmg 14C, mdlcates an age range from 13,000

to more than 30,000 years

• Dames and Moore (1985) carned out a comprehensIve study of the water resources of the

Smal Pemnsula as a part of the Smal Development Study Project Based on the eXlstmg

stratigrapmc data from 69 wells and 57 columnar sectIOns and hydrogeologIc data from

716 water pomts, Smal was dIVIded mto seven groundwater provmces bounded by the

occurnng regIOnal geologIC structures Seven dIfferent hthostratlgrapmc groundwater­

beanng umts were IdentIfied, namely the Quaternary depOSIts, the MIOcene sandstone, the

Eocene hmestone, the Upper Cretaceous carbonates, Lower Cretaceous sandstone,

sedImentary rocks of Cambnan to JuraSSIC, and the fractured basements

The study showed that the regIOnal groundwater flow m the Lower Cretaceous sandstone

aqUIfer tends to be strongly mfluenced by large-scale folds and faults In tills aqUIfer,
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regIonal flow occurs generally northward and N-NE towards the Arava Valley - Dead

Sea RIft m Israel, but another component of flow occurs towards the Gulf of Suez

The study concluded that the southern mOlifltams m Smal generally have the best qUalIty

groundwater and the Suez RIft provmce has the worst among all the geologIc umts

consIdered

Rate of recharge to the dIfferent deep aqUIfer systems m SmaI was estImated to be

90000 m3/day to the Lower Cretaceous Sandstones, 190,000 m3/day to MIddle

Cretaceous Carbonates

The study mdlcated that groundwater extractIOn from the deep aqUIfers m SmaI IS 2,000

m3/day drawn from the MIOcene, Eocene and Cretaceous aqmfers

• The 'WRR1 m cooperatIon With EEC, conducted a water resource study project m Smal

One of Its aImS was to assess the deep groundwater resources m SmaI, wmch mcluded

geologIcal, geophySIcal and test drIllmg works The study summarIzed the hydrogeologIc

charactenstlcs of the deep Upper and Lower Cretaceous aqUIfers and estImated the

storage capacIty of the Lower Cretaceous freshwater aqUIfer m SmaI (sallmty < 2000

ppm) to be 980 bcm ofwmch a total of 117 bern can be extracted (Nour et al , 1993)

A numencal model of the Cretaceous aqmfers was prepared, but It was reported that the

model calIbratIOn for aqUIfer IDltial condItion dId not succeed due to the lack of controlled

aqwfer hydrogeologIC data m Negev area m Israel and madequate mfonnatIOn of the

aqwfer boundary condItIons m northern and western SmaI

• Durmg the penod 1988 - 1992, nCA executed a groundwater resources study m North

SmaI Nmeteen test wells were drIlled and seven were completed mto the Lower

Cretaceous Sandstone aqUIfer

The stud) concluded that the Lower Cretaceous aqwfer was recharged m the South SmaI

area apprOXImately 20,000 years ago, and that the grolifldwater qualIty m South SmaI IS

better and has more potentIal than that m north Smal The study's final report mcluded a

senes of hydrogeologIcal maps for north SmaI and recommended expandmg the study to
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south Smm for better evaluatIOn of the aqmfer groundwater resources m the whole Smm

Pemnsula

• The water resources m the area of WadI Watlr, southeast Smm was the subject of the

study project "South Smal Water Resources Development' conducted m 1995 by the

WRRI, arld financed by a grarlt from the Itahan Government through the local Itaharl

CommodIty Fund The project mcluded geologIcal, geophysIcal arld hydrogeologIcal

studIes as well as the analysIs of hydrogeologIcal data of wells dnlled m the WadI Watlr

area

The study mdlcated that the Lower Cretaceous Sarldstone aqmfer IS the most promlsmg

aqmfer m the study area m terms of ItS potentIal arld water quahty The storage capacIty

of the aqmfer IS estImated to be 320 bcm, willIe the annual groundwater InflOW IS

estImated at 50 mcm To satISfy the water demarlds estImated at 10,500 m3/day by the

year 2030 In the WadI Watlr area, a groundwater development plarl was proposed to

mclude dnllIng of five deep wells and two shallow wells beSIde five eXlstmg wells

3 2 PhySIOgraphIc Features of Smal Pemnsula

The southern portIOn of Smal conSIsts of an mtncate complex of rugged mountmns formed by

the Pre-Cambnan Igneous and metamorpillc rocks A major part of the penmsula compnses a

masSIvely developed lImestone plateau One of the largest dramage systems IS formed by the

WadI EI-Ansh With ItS marlY trIbutarIes The eastern and western edges are dIssected by deep

gorge drmnage mto the Gulf of Aqaba arld the Gulf of Suez respectIvely In the northern

portIOn, the regIOnal dIp slope IS broken up mto many large hills followed northward by a belt

of low larlds, With hIgh sand dunes along the Medlterrarlean coast The mmn geomorphologIC

umts m the Smm can be descnbed as follows (FIgure 46)

The eastern nft basm IS SItuated along the eastern coast of the penmsula conslstmg

of a stnp oflow land between the Gulf of Aqaba arld the basement ndges

The western nft basm IS SItuated along the west coast of the pemnsula, and IS a

part of the Gulf of Suez down-faulted nft valley
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The basement ndges are composed of the Igneous core of the Smal sItuated m the

south of the Pemnsula The highest peak of these ndges IS Mount St Cathenne,

which attams an altItude of2,630 m a m s I

The structural plateau occupIes 40 percent of the perunsula and IS represented by

EI-TIh Plateau (500-1,000 m a m s I) and EI-Egma plateau (500-1,500 m am s I),

sItuated m the central part of SmaI The surface of these plateaux are underlain by

Cretaceous and Eocene hmestone beds, and are strongly dIssected by complIed

drainage lmes, which debouch northward (WadI EI-Ansh) or eastward towards the

Gulf of Aqaba or westward towards the Gulf of Suez

The mobIle plateau IS formed by several domes, at Gabals EI-Maghara, El- Halal,

RIsan AneIza, EI-Geddl, Yallag, and forms a zone that comcides With the mobIle

shelf of Smal

The north coastal plam belongs to the MedIterranean foreshore and IS tIlted

seav.ard

The deltaJ.c plam IS represented by the allUVIal and floodplams and IS found m a

small part ofthe western SmaI near Lake Tnnsah

3 3 RegIonal GeolOgIcal Settmg

3 3 1 Straugraphy

Flgure (47) shows a schematIC geologIc map of the SmaI Perunsula (EGSMA, 1981), which

rndicates the dIstnbutIOn of the dIfferent formatIOn UIllts Based on the results of deep test

wells (FIgure 48), the hthostratlgrapluc rock umts of the northern and southern parts of SmaI

could be Identlfied and presented as shown m FIgure (49), and as descnbed III the followmg

from older to ) ounger
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331 1 Pre-Cambnan Basement Complex

Pre-Cambnan crystalhne rocks make up the bulk of the southern mountams, and are mamly

composed of IgneoUs and metamorphIc rocks With Jomts, fractures, and fault zones

3 3 1 2 PaleozOIC Rock Umts

The undIfferentIated PaleozOIc rock unIts were descnbed from theIr surface exposures at

Umm Bogma m west Smal and from subsurface sectIOns penetrated m central and southern

Smal, (Wells Nakhl-l, Shalra-l, Felran-l, and WadI Gharandal-l, 3) LIthologIcally the

undIfferentIated PaleozoIc sequences conSIst maInly of sand and sandstone With thm shale

mterbeds There are also marme dolomItIc beds (Umm Bogma formatIOn of Carbomferous

age) making up part of the sectIon (Sald, 1962) The total thIckness IS about 350 m m the

central parts of Smal and mcrease northward to reach 714 m at well Abu Hamth m Nakhl

area

331 3 MesozOIC Rock Umts

3 3 1 3 1 TrzassIc Rock Umt The TnaSSlC Arelf EI-Naga formatIOn IS exposed at Gebel

ArlefEI-Naga m central east Smal, attammg a thIckness of about 400 m SImIlar sectIons are

encountered m the subsurface at Nakhl area LIthologIcally, the formatIOn IS made up of

lImestone With shale and sandstone mtercalatIOns Southward the sectIOn becomes more

contmental, mostly of sandstone faCIes

3 3 1 3 2 JurassIc Rock Umt JurasSIC rocks cover the cores of the domal structural

areas at Gebel EI-Maghara, RIsan Enelza, EI-Mmshera and others (EGSMA, 1981) The

maxImum reported thIckness of thIs umt reaches 2,200 m at Gebel El-Maghara The sectIOn

conSIsts of about 45 percent lImestone and dolomIte, 25 percent shale and 30 percent

sandstone (AI Far, 1966)

Results of deep dnllmg at WadI Felran, WadI Gharandal and south Nakhl mdlcate that the

percentage of sandstone mcreases m south Smal A gradual thIckemng was found to be
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assocIated With the mcrease of manne sedIments northward The Upper JurasSIC Massa]Id

formatIOn IS one of the mam groundwater-bearmg formatIOns m El-Maghara area

3 3 1 3 3 Cretaceous Rock Umts These rock unItS were depOSIted over the uneven,

lugWy corrugated surface of the Pre-Cretaceous rocks The Cretaceous uruts are dIVIded Into

Lower and Upper Cretaceous

a) The Lower Cretaceous urnt known as the "Malhah formatIOn" (corresponds to NubIa

sequences m the Western Desert and Kurnub formatIOn m Israel) IS reported to be the

deep groundwater aqUIfer m Smal With the most potentIal for development as a water

resource The formatIOn was the mam focus m a deep groundwater mvestIgatIOn m Sma!,

and several deep wells were dnlled to assess the Malhah formatIOn hydrogeologIC

charactenstlcs It conSIsts of sandstone and sand With shale mtercalatIOns m the central

and southern parts of Smm, willIe It faCIally changes mto hmestone and shale to the north

of the Gebel Maghara and Gebel EI-Halal strongly-folded zone (where It IS known as the

RIzan Anelza formatIOn) (FIgure 50) The Lower Cretaceous formatIOn attams a thickness

of 200 m at Nakhl, 550 m at EI-Maghara, 700 m at the core of Gebel EI-Halal and 975 m

to the sIte of EI-Khabra 011 exploratIOn well and thms out south ofNakhl and EI-Thamad

zone untIl It reaches 150 m near ItS southern outcrops (FIgure 51) The depth at the top of

the Malhah formatIOn ranges from 100 to 500 m m south Smm, 600 to 900 m around

Nakhl and 1,000 to 1,200 m m the area between EI-Hasana and EI-Glfgafa area The

formatIOn was penetrated at shallow depth of 122 mat Ayun Musa (well no 45),90 m at

EI-Hamra (well no 46),44 m m the vIclmty of EI-Mmsherah domal structure (well no

34) and at ground surface at Gebel Fahg (well no 27) FIgure 52 shows the Iso-depth

contour map to the Lower Cretaceous Malhah formatIon from the ground surface The

map mdicates that the depth IS gettmg deeper m the central part of the area between Nakhl

and EI-Hasana, and m the northern part between Glfgafa, Baghdad and WadI EI-Amro

b) The Upper Cretaceous urnt represents a manne sectIon, whIch mcludes CenomanIan,

Turoman, and Senoman rock umts It conSIsts maInly of lImestone, dolomIte, shale mark

and thm sandstone beds The Upper Cretaceous can be descnbed under the followmg

formatIons from older to younger

The Raha (Galala) formatIOn IS of Cenomaman age and conSIsts of hmestone,

marl, shale and sandstone beds whIch are exposed on the scarp face of Raha
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plateau m West SmaI, overlymg the Turoman - Santoman beds and

underlymg the Lower Cretaceous Malhah formatIOn and attams a thIckness

rangmg from 170 to 200 m

The Wata FormatIOn IS of Turoman age, exposed at WadI Wata and Raha

plateau m west central Smal It consIsts of about 55 m sIlIceous, partly

dolomItIc lImestone mter-bedded WIth thIn marl and shale bands It has a Wide

dIstrIbutIOn at EI-Tih plateau, to the west and east of Smal and around the

northern domal structures, e g Gebel Mahgara, EI-Halal, Yallaq and others

The Matalla FormatIOn IS of Santoman age It conformably follows the

Turoman rock umt, and IS exposed along the walls of the Egma Plateau, on the

surface m the downthrown sIde of the major east-west Ragabat EI-Naam fault

whIch extends west from WadI Raha, north of Taba m the east and covers the

low lands between the lughly-folded areas m north Smal (EI-Maghara, EI­

Halal and Urn Hoselra), Gebel Yallaq, AnfEI-Naga and EI-Khenm m central

SInaI The formatIOn has a thIckness of 170 m conslstmg of sand, shale, marl

and brown lImestone beds

The Sudr FormatIOn IS of Upper CampanIan - MaestrIchtIan, lIthologIcally

conSIsts of about 100 m of snow wlute, chalky lImestone and marl, but m

places ItS thIckness reaches up to 220 m, as m Sudr area, west SmaI

Tertlarv Rock Umts

33 1 41 Paleocene Rock Unzts Represented by Esna shale, wluch conSIsts of greemsh

gray shales mterbedded WIth chalk and :marly hmestone, the Paleocene rock umt occurs as a

thIn well mapable rock umt exposed and located along the scarp face of EI-Tih and Egma

plateau areas The thIckness of the umt reaches 70 m

3 3 1 4 2 Eocene Rock Unzts The Eocene rock umts occur over a Wide area m the

central and northern parts of SmaI, and unconformably overlIe the Cretaceous formatIOns

The Eocene rock umts can be clasSIfied mto
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The Lower Eocene (Thebes FormatIOn) whIch consIsts of lunestone, marl at

base, With a thIckness reachmg 40 m

The MIddle Eocene (Mokanam FormatIOn) consIsts of about 200 m oflnghly

fOSSIlIferous maSSIve lImestones

The Upper Eocene (Maadl FormatIOn) has a lImIted dIstnbutIOn m West SmaI

(Gabal Hammam Faraun) where It consIsts of gnts, marl and sandstone wIth

tlnn conglomerate beds The thIckness reaches 16 m

3 3 1 4 3 Obgocene Rock Umt The OlIgocene rock urnt has a lImIted extensIOn and

unconfonnably overlIes the Eocene fonnatIOn It conSIsts of about 45 m of brown tuff and

basalt overlymg a black sandstone, breCCIa and conglomerate At the coastal area of SmaI, the

OlIgocene sectIOn becomes manne represented by about 700 m of shales, SIltstones and

sandstones

Dunng the OlIgocene, the area was affected by a senes of volcamc actIVItIes Parallel

dolontes and basalt dIkes and SIlls cut across the Cretaceous and Eocene rock urnts m WadI

Gharandal-Gebel Somar area

3 3 1 4 4 Mzocene Rock Umts The MIocene sedIments, WIth relatIvely greater

thIckness, have been reported In the coastal area of northern SmaI and to the west of Sma!,

rangmg between 1 000 m and 1,350 m as encountered m well Sneh -1(well no 3) Tlun

MIocene sands were dnlled south of EI-Ansh at well EI-MIsn-1 (well no 2) attaImng a

thIckness of 118 m MIocene fractured basalt was penetrated m EI-Hemma - EI-Hasana area

At well HabashI-l, west of the Great Bitter Lakes, the MIocene sands were encountered at the

depth mterval of480 - 533 m

3 3 1 4 5 PlIOcene Rock Umts The PlIocene rock UDlt conSIsts of shale, SIltstone,

sandstone and lImestone mterbeds, WIth an mcreasmg thIckness northward reachrng 250 m In

well Sneh-l ,0\ Phocene lacustrme faCIes IS recorded at EI-Kunnl1a at WadI Gerafi area The

PlIocene shale and clay fonn the base of the Quaternary depOSIts m the coastal zone between

Romana and Rafah
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331 5 Quaternarv Rock Umts

These umts conSIst of calcareous sandstone (Kurkar) at the northeastern coastal area, Wlth

alluvlUm sand and gravel cover They also conSIst of old beach depOSIts of 20-60 m thIck

along the coastal zone between SheIkh Zuwayld and Rafah and the saIld dunes extensIvely

dlstnbuted m the coastal plam which range between 20 m and 30 m thIck, as well as the

allUVIal depOSIts formmg the WadIS beds

3 3 2 M8.Jor Structural Elements

FIgure (53) shows the major structural features m Smal The area IS charactenzed by the

presence of folds, domal structures, faultmg and unconformItIes These structural elements

have been recogmzed both above and below surface

From the structural pomt of VIew, Smal IS subdIVIded mto seven major parts (Shata 1956)

These subdIVISIOns are the southern Smal shield area, the central SmaI stable forelaIld, the

central Smal shghtl) folded area, the north Smal hmg belt, the north Smal strongly-folded

area, the MedIterranean foreshore area, and the west and east Smal nft areas (the Gulf of

Suez and the Gulf of Aqaba - Dead Sea Rift valleys)

The major tectomc features m Smal whIch have dIrect Impact on the groundwater condltlons

m terms ofreplemshment flow and potentIalIty, can be pomted out m the folloWlng

a- The fractures and Jomt systems m the carbonates favor the development of

Important aqmfers m the Upper Cretaceous rock umts

b- The basalt-dolonte dIkes trendmg NW-SE and NE-SW act as local geologIC

boundanes to groundwater flow m Western Smal, e g the SSW-NNE dIke

extendmg from WadI Gharandal to Gebel Somar area

c- The pronounced folded structures at Gebels EI-Maghara, Yelleq, EI-Halal and

Gebel Mmsherah, Abu Kandu, Khenm, AnfEI-Naga, and Wlth the abrupt changes

m the elevatIOns of the dIfferent groundwater bearmg formatlons causmg pOSSIble

dIverSIOn m ItS flow dIrectIOns

d- The major east-west Ragabat EI-Naam fault WhICh extends westward from

shghtly north of Taba towards EI-Themed, to the Nakhl area, aIld finally to Gebel

Raha m West SmaI The throw of this fault IS about 400 m to 500 m m the area
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between Taba and EI-Themed and decreases westward, 'WIth mmor vemcal

dislocatlOn around Nakhl (40 m), but a consIderable dIsplacement IS observed

further west

The ENE-WSW trendmg fault, north of the Synan Arc folded zone of Gebels Maghara, RIsan

Aneiza and EI-Halal, With Its northward downthrown SIde has caused the Cretaceous

mtergranular fonnatlOn to be blocked by the low penneabilIty Upper Cretaceous / TertIary

fonnatlOns carbonate shale complex

The two major faults along the nfts of the Gulfs of Suez and Aqaba, caused a pronounced

dIfferential block faultmg whIch brought the Cretaceous formatlOn agamst the Pre-Cambnan

rocks along the Gulf of Aqaba and the TertIary evapontes along the Gulf of Suez

3 4 Deep AquIfer Systems In Smal

The ehIstmg deep aqUIfer systems m SInm denve therr charactenstIcs from past geologIcal

events of sedunentatIon and structural movements on the penmsula, and from regIonal and

local recharge COndItIOnS occumng over the past centunes

The results of deep test dnllmg for 011 and groundwater mvestigatIOn m the dIfferent parts of

Smm (see FIgure 48) show that seven deep hthostrategic unIts serve as the pnmary deep

aqwfers m Smm

In the followmg, the hydrogeologIC settIng ofthese hydrostratIgraphIc unIts Will be descnbed

A speCIal emphasIS IS gIven to the Cretaceous aqUIfer systems because they offer the most

potentIal aqUIfers m SInm both m quantIty and qUalIty FIgure (54) shows the locatlOn of four

reglOnal hydrogeologIC sectlOns m Smm whIch are represented m figures (55), (56), (57) and

(58) Table (20) mdicates the technIcal and hydrogeologIC data of the drIlled wells tappmg

deep aqwfers In Smm
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Sdsl SandsloneLst LlIl1estOl1c,L C, Lowel Cletaceolls, U CI UppCl C1etaceolls,
Sc1II111ty detcllll lI1ed 11 om well logs
N/A Data not 'lVc1llabIL
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*
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Map Well Depth (Ill) AqUlfel 1 apped Depth to Yield Sellllllty
Well Wdl Name Dlllied Completed Llthostl atlg' aplllc Depth Weltel Well Type WcII U:,c
No VllIt * (Ill b g I) (m b g I (1113/hl) (p P Ill)

I CI-Allsh - 1 1667 - L CI Lst 375·1250 - - - 0,1 exploratIon well Abandoncd
2 CI-Allsh - I 260 260 Miocene Sands 141-259 27 - 10450 Od explOlatlon well Abandoned
3 Sneh - I 2990 - L CI Lst 2050-2850 - - 19000** a/I explOlatlO1l well AbcllldolH_d
4 [I Khclbla - I 3134 - L CI Lst & Sdst 730-1704 - - 14000** 011 explOlatlon well Abandoned
5 [I Magclaba Unicef 978 - U CI Lst - 67 - 10870 Pr oductlOn Abandoncd

well
6 W"d, [I Amlo 980 980 U CI Lst 504-974 73 30 4000 PlOductlon Not 111 use

Unicef well - 1

7 Vm Sluhan UllIccf 1003 902 L CI Lst 387-1003 113 35 3900 P/OductlOll 'mh Ilion 48 luI

well - 1 & dOIl1L~IIL

8 Um Shlhan MPWWR N/A*** N/A L Cr Lst N/A 113 60 3900 Ploductlon Not yet In
well - 2 lise

9 EI fath - I N/A N/A Upper JUI asslc Lst N/A 40 35 800 PloductlOll Domestic
10 [I rath - 2 N/A N/A Uppel JurassIc Lst N/A 140 9 2100 PloductlOll Dome~tlc

II [I Maghara MPWWR N/A N/A Uppel JUI aSS1C Lst N/A 110 28 2500 Plodur...tlon Agllcultlll e
well No I

12 CI Maghala MPWWR N/A N/A Upper JUI aSS1C Lst N/A - 5 1800 PloductlOll AgllCllltlll e
well No 2

13 EI Maghala MPWWR N/A N/A Uppel JUlasslc Lst N/A 135 70 1800 Ploduchon Agllcultlll e
well No 5

14 [I Maghma MPWWR N/A N/A Uppel JlIJ as!>IC Lst N/A 110 20 2500 Ploductlon Agilcultllle
well No 12
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Map Well Depth (m) AqtJIfel Tapped Depth to Yield Sal1l1lty
Well Well Namc Dulled Completcd LllhostJ alJgl aplue Depth WatL.! Well rype Wdl U~e
No Unit (m b g I) (m b g I (1113/111) (p P 111)

15 El 11<llal well - 2 No Data Avmlablc 140 35 2000 Ploductlon Agll<..ulttJI e
16 [I Ilaial well - I No D<lta Avmlable 160 10 2500 PlodllctlOn AgllculttJI e
17 Gebel Llbm WRRI 300 240 U CI Lst 63 - 300 220 II 3700 ProductIOn AgllclIltlll e

well No 36C
18 Bclghdad Ul1Icef well 927 - U CI Lst 861 - 927 - - - DIy
19 [I Monbateh lJmcef 1003 972 U CI Lst 352 - 1003 120 20 3500 Ploduction AgilcultUle

well
20 EI Mowaleh WRRI 170 64 Eocene Lst 0-64 23 - 19000 Test well Abandoned

well - I
21 [I Halal ISJaeh well 900 640 L CI Sdst 360 - 640 250 70 3500 ProductIOn Irng IlIolI 01 40

I~d (65 III hllur~)

22 [I Ilasana WRRI 210 N/A U CI Lst 0-210 - - - Diy
well No 49

23 [I MelaIz AlIny well 1321 1321 U & I Cr~1 I sl & '>dsl 1008-1321 219 - 2480 Pioduction DomestIc
24 EI Glfgafa Umcef well 860 850 U Cl Lst 400 - 850 219 35 3500 Ploduction Domestic
25 IIabaslu well - 1 2500 Lowel MIOcene Sdst 480 - 533 44 - 1020** OIl explOiatlon Abandoned
26 Tal.mt [I Badan 657 502 U CI Lst 50 - 316 163 - 4690 Test plOductive Abandoned

Umcef well
27 Gebel rahg llea well 402 302 L Cl Sdst 0-331 288 - - Diy

No J - 13
28 [I IJasana Ul1Icefwell 1038 959 U CI Lst 330 - 1038 172 50 4120 PlOdl1<..tlon Desalinated tOI

dOll1e~tlc use
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Map Well Depth (m) Aqm[el rapped Depth to Yield SaiJ 111 ty
WeB Well Ntl111e Dullcd Completed Lllho~tI allgl aphI<., Deplh Walel Wcll Jyp<., Well U<;<.,

No Ul1Il (m b g I) (m b g I (m3/hl) (p p 111)

29 CI JJastll1a MPWWR
N/A

well - I
30 Cl IIasana WRRI 298 200 U Cr Lst 181 - 295 180 - 7000 Ploducllon Not In use

well No 5

31 E! Hasana MPWWR
N/A

well No 2
32 EI Mmshmeh WRRI 502 462 U CI Lst 307 - 502 162 - 2740 Plezometel Not muse

well No 57 A
33 El Mmshel ah Auny 1060 1060 L Cr Sdst 747 - 1060 158 - 1500 PlOc!uctlon Abandoned

well
34 El MmsheIah Jlca well 300 270 L CI Sdst 44 - 286 182 30 2970 PlodllctlOl1 Not muse

No J-I2
35 WadI CI MelaIz WRRI 293 293 U CI Lst 0-293 97 20 8480 PlOdllctlOn Abandoned

well No 70
36 EI Tamada - I 1300 1300 L Cr Sdsl 800 - 1300 225 - 2630 PlOdllctlOn Abandoned
37 AllfCI Naga

N/A
L CI Sdst - 271 15 3500 ProduclIOn hllgallOn &

MPWWRNo 1 dom uses

38 AllfE! Naga
N/A

U CI Lst 92 40 2300 ProductIOn It ugatlon &

MPWWRNo 2 dom uses

39 AllfCl Naga N/A L Cl Sdst 110 18 3500 PlOductIOI1 hllgalton &

MPWWRNo 3 dom llse~

",
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* 1 ht. weills Ie,ldy (01 liSl. III ,lglll.ulllll e, bllt tht. Ileal c"t sUItable land IS 4 5 kill flOIll the well "tIe

Map Well Depth (m) Aqlllfel fapped Depth to Yield Sahlllty
Wdl Well N,lI11C DIJlled Completed LlthoslJ ,lligl "ph It. Depth Watel Wdl fypt. Wt.1I U~L

No Unit (m b g I) (m b g I (m3/111 ) (p p m)

40 Allf Al Naga No Data Av,lIlablc L CI Sdst - 30 3200 Production IlIlg,lIton &

MPWWR well No 4 Dom uscs
41 Allf Al Naga Jlea 902 902 L CI Sdst 556 - 720 300 40 3008 Ploductlon IlIlgatloll &

well No J-I Dom uses
42 [I BllIk Jlca well No 189 189 U CI Lst J28 - 189 132 20 5628 Ploductlon Not yet In

J-17 lI"e
43 EI 13luk Ilca well No 799 799 L CI Sdst 487 - 715 152 30 2318 Ploductlon Not yet III

J-16 use
44 Aylln Musa - 1 1661 152 L CI Sdst 65 - 167 1-11 1l0wIIlg 2536 all explOl at Ion Abandoned
45 Ayun Musa - 2 1770 268 L CI Sdst 122-271 1-\4 flowlIlg 3186 all explOlatlon Abandoned
46 [(llal11lo - 1 1460 - L CI Sdst 91 - 435 - - 10000*''' all explOl atlon Abandoned
47 Smh [I I leltan WRRI 1040 996 L CI Sdst 775 - 992 270 50 2000 PlOductlon Not yet In

well-I lise
48 Nakhl MPWWR well 1020 1020 L CI Sdst 826 - 1020 254 40 1650 Production Domestic

No 1(1311 Shash)
49 Nakhl MPWWR well 1095 1082 L C. Sdst 826 - 1095 233 50 1630 Ploductlon Not 111 lIse*

No 2 (1311 Youssef)

50 Abu Hams - I 2714 - L C. Sdst 769 - 1006 - - <2500 all explolutlon Ab,lIldoned
51 Nakhl MPWWR well

N/A
L C. Sdst

N/A
50 1535 Ploductlon Not yet In

N04 use
52 Nakhl- I 1696 1118 L CI Sdst 871 - 1118 181 - 1635 all explol atlon Abandoned
53 Nal-hl Ulllcef well 1083 1083 L CI Sdst 870 - 1083 210 60 1200 Ploductlon Not 111 use
54 Nal-hl MPWWR well 1192 N/A L c. Sdst N/A 198 50 1614 Pr odllct Ion IllIbOIlOIl of 10 llotl

No 5 (II n.d'l 10·10 ( d »
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Map Well Depth (111) Aqulfel Tapped Depth to Yield Salll1lly
Well Well Ntlme D.llled Completed Llthosll dtlgl aphlc Depth Watel Wdllype Well U~e
No Unit (111 b g I) (m b g I (m3/hl) (p p 111)

55 Nakhl MPWWR
N/A L CI Sd~t

N//\
Ploductlon Not yet III use

well No 6

56 Nakhl MPWWR
N/A L CI Sdst N/A

Not yet In lise
well No 7

57 Dmag well 844 844 L CI Sdst 810 - 844 183 - 1490 all explOl atlon Abandoned
58 [I Kuntllia WRRI 652 - - 554 - 750 failed to be completed due to ft equent complete loss of mud

well No 1 cllculatlon
59 [I KUlltllla WRRI No Data Avmltlble L CI Sdst 50 1728 PIOduCtlOI1 Not III use

well No 2
60 [I Thal11ad UllIcet well 760 730 U CI Lst 245 - 554 380 ? 3500 PloductlOn Not 111 use

L CI Sdst 554 - >760
61 CI Thamad MPWWR 805 789 L CI Sdst 408 ->789 382 30 1768 PloductlOIl Not 111 use

well No 2
62 Ras SlICh - 15 1930 - L CI Sdst 1860-1930 - - 227450 011 explOlatlon Abandoned
63 Jlca test well No I N/A N/A L CI Sdst N/A Test-ploductlon Not 111 use
64 Jlca test well No 2 N/A N/A L CI Sdst N/A Test-pi oductlon Not 111 use
65 JICU test well No 3 N/A N/A L CI Sdst N/A Test-pi OductlOIl Not In use

66 Jlca test well No 4 N/A N/A L CI Sdst N/A Test-plOductioll Not 111 use

67 Jlea test well No 5 N/A N/A L CI Sdst N/A Test-pi OdUCtlO1l Not 111 use
68 Taba HeIghts Co 742 742 L Cl Sdst 545 - 730 358 75 1556 PloductlOIl Not yel 111 u~e bUI

well No 2 \\ Ilu Will be piped

69 raba Heights Co 852 826 L C. Sdst 695 - 822 355 75 1387 PloductlOI1 >- 10 Ihe (,ull Co 1~1

well No I for dOll1eSlic u~c II

IOurl~llc LClllLro"
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Map Well Depth (m) Aqmfel Tapped Depth to Ywld Salllllty
Well Well Name Dulled Completed IAhosh ahgl aphlc Dcpth Watci Well fypc WdlU.,c
No Ul11t (m b g I) (m b g I (m3/lu) (p p m)

70 Naqdb test well No 400 - L ClCt ScI"l 295 - 400
DIy

r-I ')
71 8hml" WRRI well 815 804 L Clet ~dsl 564 - 807 355 23 1680 PloducllOll Used In

No 1 (KI11 81) } ,,".",,".""
72 Shall a WRRI well 328 325 U Clet Lst 175 ->325 85 5 1024 PlOducholl expcllJllcnlal

No 2 (Kill 83) fmm 0/20 ted

73 Shana MPWWR well 830 828 L CIet Sdst 565 - 815 350 30 1200 PlocluctlOll Not yet 111

No 3 (KI11 83) use
74 Shana MPWWR well 735 714 L Clet Sdst 483 - 731 347 30 1236 PlOducllOll Not yel 111

No 4 (K111 82) u~e

75 [\ Hlthl MPWWR 408 400 U Clet Lst o~ 330 93 26 1050 PlOduction Not yet 111

well No 2 (Km 70 5) L Clet Sclst 330 ->403 use
76 EI Ihthl MPWWR 352 352 U Clet Lst 0-160 289 10 1269 PlOclucllOll Not yet 111

well No 1 (K111 72 5) L Clet Sdst 160->352 usc
77 Wadi Walll MPWWR 920 860 L Clet Sdst 625 - >960 141 60 768 PlOductlOll Not yet 111

well No I (Km 52 5) use

78 Wadi Watll MPWWR 860 860 L Clel Sclst 615->860 148 46 887 Ploductlon Not ll1use

well No 2 (Km 53)
79 Wadi Ghmanclal 230 228 U Clcl Lst o~ 230 21 5 8680 PloducllOn Abcl/1donecl

WRRI wdl No 1
80 Wadi Ghmandal 550 515 L Clet Sdst 420 - 510 78 50 1300 Ploducllon Domestic

WRRI well No 2
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Map Well Depth (m) AqUlfel Tapped Depth to Yield SalIllIty
Well Well Name DIIlled Completed 1...1thoshatIglaphlc Depth Watel Well Type Well Use
No U111t (m ~g I) Ambgl (m3/lll) (p p m)

81 Welch Ghmalldal 930 777 Uppel PaleozoIc 657 -770 96 57 2500 PlOductlOl1 Domestic
WRRI well No 3 1/ Sdst

82 llca test well No 6 rt I... Clet Sdst No Data Avmlable (500)? Icst PloductlOn Not III usc-
83 Petlopel Co well-fiel

v
MIOcene Sands 350 4600 Iloll~e hold &

N/A
(foUl wells) II1dllstllCllll~e

84 Wadi Fellan WRRI 676 623 L Clet Sdst 390 - 623 57 60 864 PloductlOl1 Not yet III

well No 2 use
85 Wadt fellan WRRI 776 450 L Clet Sdst 185 - 450 37 50 850 PloductlOl1 Not yet In

well No 1 use
86 Wadi FClran WRRI 366 250 L Clet Sdst 150 - 270 39 70 850 Ploduchon Domestic

well No 3
87 Wadi Fenan WRRI 600 560 L (let Sdst 67 65 1150 PIOc!uctlOn Not yet In

well No 4 use
88 Wadi feHan 550 472 L Clet Sdst 37 PIOc!uctlOn Not yet 111

MPWWR well No 5 use
89 Wadi fellan

N/A L Clet Sdst
N/A

Ploc!uctlOn Not yet 111

MPWWR well No 6 use
90 Wadi renan L Clet Sdst Ploducttol1 Not yet 111

MPWWR well No 7 N/A N/A U'ie
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3 4 1 The MIocene AqUIfer System

The MlOcene urnts servIng as aqUIfers are sandstone, belongIng to the Lower MlOcene

Gharandal Group, and sandstone and gnts formmg a thIn basal MIocene urnt These umts

occur on the west sIde, along the Gulf of Suez, In the BItter Lake area, WadI Feiran and the

coastal foreshore area (south ofRafah and EI-Magdaba)

The MIocene aqUlfer system has only been tested m a few wells In western and northern

SmaI At the HabashI od exploratlOn well (well no 25), east of BItter Lakes, a MlOcene

sandstone urnt produced water With a salmity of 1,020 ppm South at Ras Misalla, wells..
tappmg basal MIocene yIelded water With a total salImty rangmg from 2,600 ppm to 5,000

ppm Further south, the aqUIfer groundwater salImty progressIvely mcreases to reach 380,000

ppm at well LagIa-2 Downstream of WadI Feiran, at the Petropel Co well-field, wells

tappmg MlOcene sandstone urnt (well no 83) yIeld water With salmity rangmg from 3,900

ppm to 5300 ppm The results of testmg the MIocene sandstone m the northern coastal

foreshore area at well Misn - 1 (well no 2) showed that Its groundwater IS of. poor qUalIty,
~.lo.

(10,000 ppm)

3 4 2 Eocene AqUIfer System

The Eocene fractured carbonate aqUIfer IS represented by lImestone and marl It extends

outcroppmg from EI-TIh and EI-Egma plateau m central SmaI to cover vast areas northward

to the lme between RIsan Aneiza and Gebel Maghara and attams a thIckness of 200 to 360 m

-~The Eocene aqUIfer was only tapped m a few wells m north and west"'SmaI, (Table 20), but

none of them have been tested for the aqUIfer hydraulIc parameters Based on the aVailable

data regardmg the groundwater qUalIty, the Eocene lImestone aqUIfer appears to yIeld water

of usable qualIty at only a few locatIons m central and northeastern SmaI A charactenstlc of

tins aqUIfer, developed m the lImestone, IS the shortage ofgroundwater at the basal part of the

lImestone underlaIn by the ImpervlOus Paleocene Esna shales TIus IS clearly demonstrated at

Am EI-Guderrate and Am Qedees m El-Quselma area whIch Issue from the Eocene lImestone

and dIscharge water at daily rates of 1,500 m3 and 480 m3 With a total SalIIDty of 1,440 ppm

and 1,200 ppm respectIvely Also, an abandoned 011 exploranon well located northeast ofRas

Sudr (well Abu QIteifa 1), yIelded water from the Eocene rocks WIth a SalIIDty of 1,990 ppm,
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wluch mcreases progreSSIvely to reach 310,000 ppm at Lagia area south of Ras Sudr All

other wells tappmg the Eocene aqUIfer north of the zone between Gifgafa and EI-Quselma

yIelded water WIth a total sahmty rangmg from 8,500 ppm to reach 19,000 ppm at EI­

Mowaleh well (well no 20)

The Eocene carbonate aqUIfer m Smal IS mamly recharged by the percolatIOn of ramfall

through ItS hIghly fractured and fissured outcrops

Based on the lImIted hydrogeologIc mformatIOn, the favorable areas for groundwater

development from the Eocene aqUIfer mclude the area between EI-Hasana and EI-Quselma

and the area north of Nakhl and EI-Thamad, where the aqUIfer hydrogeologIC settmg IS

SImIlar to that prevaIls m northeastern SmaI at Am EI-Gudelrate and Am Qedees

343 The Upper Cretaceous AqUIfer System

The Upper Cretaceous carbonate aqUIfer system IS composed of three hydrostratIgraphIc

unItS, e g , the Senoman Matalla urnt, the Turoman Wata urnt and the Cenomama Galala urnt

However, due to the scarCIty of hydrogeologIC data for the first two water-beanng

formatIOns, the three urnts Will be dealt With, m thIs report, as one aqUIfer system deSIgnated

as the Upper Cretaceous aqUIfer system

343 1 Occurrence and Extent

The upper Cretaceous aqUIfer system conSIsts maInly of chalky lImestones and shales m the

upper part (Senoman Matalla FormatIOn) and hmestones, dolOmItes, dolomItIC lImestones

and marls m the lower part (Turoman Wata FormatIOn and Cenomaman Galala FormatIOn)

The aqUIfer occupIes vast tracks m SmaI, With Its southern boundanes located north of the

southern slopes of EI-TIh and EI-Egma plateau, where the aqUIfer IS elevated above ItS

regIOnal potennometrIc surface

The aqUIfer extends north untIl It IS dammed by the down-faulted block of Tenary formatIOns

north of Gebels Maghara, RIsan Aneiza and EI-Halal zone formmg ItS northern boundary To

the east, the aqUIfer extends to the Aqaba - Dead Sea RIft Valley, whIle to the west, It IS
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bounded by the down-faulted Tenary and Recent low permeabIlIty sequence and the basalt

and dlOnte dIkes between Gebel Somar and WadI Gharandal (see FIgure 47)

The aqUIfer tluckness ranges from 400 m to 700 m m the central and northern parts of SmaI,

wlule It gradually decreases southward reachmg 150 to 200 m m the VICInIty of Its

outcroppmg area along the EI-Tih and EI-Egma plateau slopes

3432 AqUIfer Potentlometrv

Data obtamed from test wells tappmg the Upper Cretaceous carbonate aqUIfer m SmaI (Table

20) mdlcate that the depth to water ranges from 85 m at well ShaIra - 2 (well no 72) and 180

mat EI-Hasana well (well no 30) to 40-90 m at WadI EI-Arnro / EI-Magdaba areas m north

Sma! (Nour 1993)

FIgure (59), shows the potentlOmetnc surface map of the Upper Cretaceous aqUIfer The map

mdlCates a general SE - NW groundwater gradient of 00035 The map also shows a

groundwater dIVIde near the eastern borderlme With a groundwater flow eastward to the

aqUIfer dIscharge area at the Dead Sea regIOn m Israel, where a potentlOmetnc level of 250

m b m s I at v.-ell Admon - 1 was reported (Dames and Moore, 1985)

3433 AqUIfer HvdraulIc Parameters

The results of the aqUIfer tests conducted at seven well SItes m SmaI mdicate that the

transIDlSSlvItv of the Upper Cretaceous Turoruan aqUIfer was determmed to be as low as 0 94

m2/day at Sharra shallow well (well no 72) m southeast SInai and 6m2/day at WadI

Gharandal (well no 79) m southwest SInaI The hIghest aqUIfer transIDlssIvlty values were

recorded at those wells tappmg the Cenomaman lImestone at EI-Hasana (well no 28) and £1­

Bruk (well no 42) areas, bemg of 102 and 660 m2/day, respectIvely The speCIfic capaCIty of

the wells producmg from the Upper Cretaceous aqUIfer ranges from 005 m3/hr/m at Wadi

Gharandal and 45 m3/hr/m at WadI E1-Bruk The Upper Cretaceous aqUIfer system IS

confined m the major part of central and northeastern Smal whIle elsewhere, the system IS

unconfined
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3434 AqUIfer Recharge

The recharge of the Upper Cretaceous aqUIfer occurs through the duect mfiltratIOn of ramfall

or from surface flow on Its exposed areas The estImated rate of recharge to the Upper

Cretaceous aqUIfer IS estImated to be 190,000 m3/day (Dames & Moore, 1985)

3435 Groundwater Quahty

FIgure (60) represents the Iso-sahmty contour map of the Upper Cretaceous aqUIfer system It

mdicates a general trend of sahmty mcrease towards the north, WIth the lowest values of

1,100 and 1,500 ppm observed at Shalra well (well no 72) and Yerqa Spnng (located m the

western part of Gebel El-TIh) respectIvely The hIghest sahmty of 5,628 ppm was observed at

EI-Bruk well (well no 42) and 10,870 ppm at EI-Magdaba well (well no 5)

Although, the map mdicates that the Upper Cretaceous aqUIfer contams relatIvely low salmity

groundwater m EI-TIh and EI-Egma Plateau area, the observed sallmty at WadI Gharandal

well tappIng the same aqmfer (well no 79) was reported to be about 5,000 ppm, whIch may

be attrIbuted to the fact that the Cretaceous aqUIfer m WadI Gharandal IS hydraulIcally

separated from the other part of the aqmfer m EI-Tih / E1-Egma plateau

3 4 4 The Lower Cretaceous AqUIfer System

3441 Occurrence and Extent

The Lower Cretaceous Malhah water-beanng formatIOn, conSIsts mainly of alternatIng beds

of sandstones and shales m the central and southern parts of SInal, whIle to the north of Gebel

Maghara- Gebel El-Halal folded zone, the formatIOn IS faCIally changed mto carbonates and

shales complex The aqmfer thIckness ranges, m general, between 150 m and 300 m,

although It reaches 600 m at Gebel EI-Halal

The aqmfer extends between the areas of the Dead Sea - WadI Arava Rift m southern Israel

In the east and Ayun Musa on the Gulf of Suez m the west Its northern boundary IS located

north of Gebels Maghara, RIsan Aneiza and EI-Halal zone, willIe ItS southern and

southeastern boundanes are defined by the hne where the regIOnal water table Intercepts the

aqUlfer base approXImately at 10 to 20km to the north of ItS outcrops along the face ofEI-Tlh,
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EI-Egma and EI-Hazrrn plateaux (see FIgure 57) The aqUlfer IS bounded to the west by the

major NW-SE fault where It IS blocked when the uphfted Tenary evaporates Wlth only

narrow western contInUlty Into Ayun Musa area The Gebel Somar basaltIc dJ.ke fonns an

Internal boundary to the aqUlfer

The aqUlfer IS topped by the Cenomamm doloIDltIC, marly hmestones and shales The top

surface of the Malhah fonnatlOn slopes broadly from the south to north, Wlth ItS depth

rangmg between 100 m at the northern vicimty of ItS southern outcrop, 500 m at Shmra (well

no 71),800 to 900 m at Nakhl area and mcreases northward to reach 1,000 to 1,200 m m the

Hasana - Gifgafa area, (see FIgure 52)

The base of the Lower Cretaceous aqUlfer has been reached m very few wells, where It IS

represented by the top surface of the Upper JurasSIC fonnatIOn

The Malhah aqUlfer system IS belIeved to functIOn as an unconfined aqUlfer only at a hmited

zone (1 to 2 Ian) near Its southern outcrops, and IS confined elsewhere, bemg capped by the

overlYIng Tenary - Upper Cretaceous complex (see FIgure 57)

3442 AqUlfer PotentIOmetrv

FIgure (61) shows the depth to water from the groundwater surface m the Lower Cretaceous

aqUlfers It mdIcates that north of Ragabat EI-Naam fault the depth to water IS about 200

m b g I around the Nakhl- EI-Hasana road and gets deeper eastward and westward to reach

300 to 400 m b g I South of the fault, the depth to water In the Lower Cretaceous aqUlfer m

EI-TIh - EI-Egma plateau area ranges between 300 m b g I m the northern part and mcrease

to 400 m b g I near the southern outcrops of the Malhah fonnatlOn

FIgure (62) shows the Lower Cretaceous aqUlfer potentIometnc surface map The map

mdicates that the hIghest observed potentIometnc level of 420 m a rn s I was observed at the

well Shmra-l (well no 71), wlnle the lowest level of 24 rn a m s I was observed at the Halal

IsraelI well (well no 21) A regIOnal flow dIrectIOn IS dIstorted by the eXIstence of the E-W

Ragabat EI-Naam sector type fault whIch seems to Interrupt the aqUlfer hydraulIC contmUlty

at Its eastern and western tennmus, and the northern folded structures at Gebel Yallaq,

Mmsherah, Maghara, and EI-Halal wmch cause partIal hIndrance to groundwater flow
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The map also shows that the groundwater m the Lower Cretaceous aqUlfer system flows from

Its southern recharge (outcrop) area along EI-Tlh, EI-Egma and EI-Hazlm plateaux to the

north and northwest to the Vlclrutles of the Ragabat EI-Naam fault It then dIverts Its directIOn

toward the Nakhl area where the fault dIsplacement IS mmor, and through which the flow

crosses the fault northward to central Smal

The eXistence of the NE folded structures m central Sma! and the aqUlfer northern low

permeablhty boundary north of Gebel Maghara, Rlsan Anelza and Gebel EI-Halal zone,

causes the dlverslOn of the groundwater flow drrectIOn to the E-NE and the W-SW towards

the system s major dIscharge areas at the Dead Sea-WadI Arava nft m southern Israel and

Ayun Musa area on the Gulf of Suez nft, where the potentIOmetnc surface map shows two

potentIOmetnc depressIOns of -250 m and +40 m, respectIvely There IS no eVIdence of any

flow m the Lower Cretaceous aqUlfer to the north of Gebel Maghara, as the predommant

Carbonate shale faCIes present IS of low permeabIhty, and the pronounced dIfferentIal block

faultmg causes the dIversIOn of groundwater flow eastward to the Dead Sea reglOn

3443 AqUlfer Hvdrauhc Parameters

Based on the mterpretatlOns of both long-duratIOn and step-drawdown tests conducted for 11

wells tappmg the Lower Cretaceous aqUlfer Nour (1993), reported that the aqUlfer

transmIssIVIty ranges between 11 to 54 m2jday for wells located near or at the domal

structures at EI-Halal, El-Mmsherah, and EI-Bruk, whIle hIgher transmIssIvIty values rangmg

between 100 to 400 m2
j day were observed at the wells of Sudr El-Heitan, Nakhl, Anf EI­

Naga, and Shalra wells where no SIgnIficant structural dIsturbance occurred

The aqUIfer hydraulIC conductIvIty exhIbIts ItS lowest values (0 17 to 0 7 m1day) m the folded

zone at EI-Mmsherah, EI-Bruk and EI-Halal, whIle the aqUlfer attams ItS hIghest values (2 to

4 m1day) m the areas between El-Hassana, Talaat EI-Badan, Anf EI-Naga, Nakhl, and Sudr

EI-Heltan, as well as m the areas of ShaIra, WadI Gharandal, and WadI Felran

The storauvity of the Lower Cretaceous was found to vary between 10 3 at AnfEI-Naga well

(well no 41) and 10;' at WadI Gharandal well (well no 81) The specIfic capaCIty of the

wells yleldmg water from the Lower Cretaceous aqUlfer mdicates ranges between 2 and 9
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m3/hr/m With the exceptIOn of EI-Bruk and EI-Halal IsraelI deep wells (wells no 34 and 22)

whIch mdicate rather low specIfic capacItIes (0 5-0 9 m3/br/m)

3444 Groundwater QualItv

FIgure (63) represents the Iso-sallIDty contour map of the Lower Cretaceous aqUlfer It shows

a general Increase of groundwater SalInIty towards the west and the north, With four salImty

zones recogruzed as follows

Zone I Groundwater salIrnty IS <1,500 ppm It occupIes the area of the aqUlfer located south

of the mam road JomIng Sudr EI-Heitan, Nakhl, and Ras EI-Naqb WIthIn thls zone, the

recorded aqUIfer salIruties of the Sudr EI-Heitan, Nakhl, WadI Feiran, Shmra and Gharandal

wells are 1,246, 1,600, 800, 1 500 and 1,330 ppm, respectIvely Recent test drIllIng In the

Lower Cretaceous aqUIfer m the southwestern part of EI-Egma plateau at Jica well no 6 (well

no 83) IndIcated a salImty of 500 ppm (EI-Behmry 1998, Personal CornmurucatlOn)

Zone II occurs to the east of the lme JOInIng Sudr El-Heitan- Nakhl - El-Bruk - El­

Menashereh - EI-Hassana - El-QuseIma, where the aqUIfer salirnty ranges between 1,500 and

2 000 ppm WIthIn thIs zone and In the vicimty of the folded structures at EI-Bruk, G EI­

Mmsherah and G Anf EI-Naga, the sallIDty appears to be hIgh due to the pOSSIble

groundwater stagnancy around these hIghly elevated structures allOWing for more dIssolutIOn

of salts TIns occurs at EI-Mmsherah well no 34 (2,973 ppm) and AnfEI-Naga well no 41

(3,008 ppm)

Zone III IS charactenzed by salInItIes rangmg between 2,000 ppm and 5,000 ppm It

occupIes a narrow zone surroundIng Zone I and extends to Ayun Musa area In the west and

Glfgafa north ofG El-Ralal m the north

Zone IV occurs to the north of Zone III and has sallmtles m the Lower Cretaceous aqwfer

rangmg between 5000 and 10,000 ppm

Zone V occupIes the northem and western parts of Smm where the Lower Cretaceous aqUIfer

has been deeply buned by faultmg The rather hIgh sallll1ty values m tlus zone (14,000 ppm

at well no 4, 19,000 ppm at well No 3) may be due to the meffecnve flushIng of the
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formatIOn's salme water by the rechargmg meteonc water due to the mterruptIOn of the

groundwater flow paths by block faultmg

Along the eastern coast of the Gulf of Suez, the sahmty of the Lower Cretaceous aquIfer IS

hIgh (227,000 ppm at well Ras Sudr 15 well no 62) because It IS deeply down-faulted and the

formatIOn water has not been dIluted or flushed by groundwater mflow from the east The

exceptIOn to thIs IS the aqUIfer dischargmg area at Ayun Musa where the groundwater

sahmty of2,536 to 3,180 ppm was observed at wells no 44 and 45, ThIS could be attnbuted

to the fact that the aqUIfer occurs at a shallow uplIfted block and It IS possIble that hydraulIc

contmUIty occurs With the aqUIfer m the east

Recent age datmg studIes of the Lower Cretaceous groundwater mdicate the presence of age

gradIent from south to north SmaI, whIch can be explamed by recent ramfall recharge to the

aqUIfer through ItS outcrops m the south

3445 AqUIfer Storage CapacItv and Groundwater Inflow - Outflow Pattern

3445 1 Aquifer Storage Capaclty Nour (1993), esumated the storage capacIty of the

Lower Cretaceous sandstone aqUIfer system m Smal to be approxImately 1,100 bcm, whIle m

the part of the aqUIfer contammg groundwater With sallmty less than 2,000 ppm m central and

southern SmaI, the amount of stored water IS about 980 bcm, of whIch 117 bcm could be

recovered

3 4 4 5 2 Aquifer Inflow - Outflow The recharge to the Lower Cretaceous aqUIfer m

SmaI IS by mfiltratIOn of raIn through ItS outcrops along the face of EI-Egma - EI-HazlID

plateaux m south SmaI and ItS exposed surface m the cores of the northern mountams m

North SmaI Dames and Moore (1985) estImate the recharge to the Lower Cretaceous aqUIfer

system to be about 90,000 m3/day

The Lower Cretaceous aqUIfer outflow IS represented by the groundwater abstractIOn by

wells, and by natural losses m the topographIcally low areas located along the two nft valleys

1 e, the Dead Sea - WadI Arava m southern Israel, and the Ayun Musa area m the eastern

coast of the Gulf of Suez, whIch represent the base level of the aquIfer where groundwater IS

most probably explOIted or lost by evaporatIOn
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Based on the groundwater flow pattern m the Lower Cretaceous aqUlfer (FIgure 59) and Its

hydraulIc parameters, Nour (1993) estimates the annual aqUlfer system water balance usmg

the Darclan approach, to be as follows

• Annual mflow from the southern recharge area =21 4 mem

• Outflow

Annual outflow through the eastern border to WadI Arava (Israel) 10 mcm

I\nnual outflow through the northeastern border to the Dead Sea 5 mcm

Annual outflow to Ayun Musa area at the Gulf of Suez 6 mcm

Total annual outflow from the aqUlfer 21 mcm

345 The Pre-Lower Cretaceous Aqmfer Systems

The hydrogeology of the Pre-Lower Cretaceous section m SmaI has been madequately

studIed It conSIsts of the followmg aqmfer systems (JIea, 1992)

• The JurrasIc aquifer has been IdentIfied m Gebel EI-Maghara area m north Smal and m

Ayun Musa area m west SmaI The aqmfer system occurs m the Upper JurasSIC lImestones

(MassaJId formatIOn) and the MIddle JurasSIC sandstones (Safa formatIOn) and shales

• The Upper JurassIc Massa]ld aquifer IS reported to contaIn a lmnted amount of

groundwater, owmg to theIr lIthologIes and lnmted outcrops at Gebel EI-Maghara area

Recent local recharge from runoff on the Gebel slopes prOVIdes groundwater to shallow

wells (30 ill to 110 ill deep), whIch yIeld 120 to 840 m3/day WIth a sahmty rangmg

between 800 ppm and 2,500 ppm

• The MIddle and Lower JuraSSIC sandstone aquifer developed m the dome of Gebel EL­

Maghara, at a shallow depth rangIng between 150 m and 275 m Wells tappIng tlus

aqmfer YIeld groundwater WIth a salInIty rangmg between 4 100 ppm and 7,500 ppm

The JurasSIC aqUIfer In the area of Ayun Musa, near the Gulf of Suez nft, yIelds

ground'water WIth chlonde concentratIOns rangmg between 4,000 and 8,000 ppm
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• The PaleozOIC sandstone aquifer occurs overlymg the Pre-Cambnan basement rocks WIth

Its catchment area m south Smal along the face of the southern plateau and the Igneous­

secllmentary belt along both the Gulf of Suez and the Gulf of Aqaba (see FIgure 47)

The hydrogeologIc charactenstlcs of the PaleozoIc aqUIfer m Smal are poorly IdentIfied due

to lack of adequate studIes Only m WadI Gharandal, has the Upper PaleozOIc sandstone

aqUIfer been tapped and tested m well Gharandal-3 (well no 81), WhICh yIelds 57 m3Jhr WIth

a salmlty of 3 700 ppm The results of the aqUIfer test conducted at the well sIte mdlcate an

aqUIfer transIDlsslvity of 173 m2/day and a hydrauhc conductIvIty of 13m/day

35 Deep Groundwater Resources EvaluatIOn

A reVIew of aVaIlable assessments of the deep groundwater resources m Smal mdlcate a lack

of proper evaluatIOn of the resource potentIal for dIfferent use sectors, and the long term

hydrodynamIc response of the deep aquIfers to groundwater extractIOn plans Tills was

essentIally due to madequate hydrogeologIC mformatIOn of the deep aquIfers

As preVIOusly mentIOned m 3 1, the deep groundwater potentIal of the Cretaceous aqUIfer

systems were only estImated by Dames and Moore (1985) and Nour (1993) applymg the

water balance and Darclan approaches The results of the south SmaI groundwater resources

study project recently conducted by JICA WIll make It possIble to complete the

hydrogeologIC data base reqUIred to develop a SImulatIOn model for the Lower Cretaceous

aqUIfer system m order to assess ItS optImum explOItatIOn, over tIme

3 6 Deep Groundwater Development m Smal

3 6 1 Background

The dnlhng of deep wells m Smal was started m the mId-fiftIes by the 011 companIes for 011

exploratIOn purposes Later, the Army Corp of Engmeers and the Urucef dnlled a number of

deep wells to produce water from the Cretaceous aqUIfer systems m central Smal to prOVIde

dnnkmg water supphes for local settlements
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In 1992, the MPVlWR Implemented a deep well dnllmg plan The plan mcludes the dnllmg

of 52 deep productIon wells to tap the Cretaceous aqUifer system at dIfferent selected

locatIOns m central and south SmaI

The dnllIng of deep productIOn wells, the supply and mstallatIOn of pumps theIr maintenance

and operatIOn works and the constructIon of a water storage reservOIr IS the responsIbIlIty of

the MPW\VR wlule the water users are responsIble for the supply, mamtenance and

operatIOn of the dnp lmgatIOn systems

The Smal Water Resources Development Department based the use of the groUTldwater from

deep wells m Smal on the ratIO 80 percent for agnculture and 20 percent for domestIc uses

Although all of these wells are eqUipped With pumps, most of the wells are not yet muse

ThIS IS probably due to the absence of targets and lack of allocatmg the well use among

dIfferent sectors at the planmng stage

3 6 2 EXlstrng Groundwater ExtractIOn and UtIlIzatIOn

The utllIzatIOn of deep groUTldwater m SmaI IS very recent, as most groundwater use was

focused on the Quaternary aqUifer systems In northeastern SmaI (El-Ansh - Rafaa coastal

zone) and the El-Qaa plarn on the eastern coast of the Gulf of Suez m south SmaI Current

groundwater abstractIon from the deep aqUIfer systems at dIfferent parts of Smal can be

summanzed as follows

• The MIOcene Sandstone AqUifer

A total of 1,400 m3/day (0511 mem/year) IS reported to be Withdrawn from the MIocene

sandstone aqUIfer In WadI Felran (at the JunctIOn With EI-Tor road) In south Smar by the

Petropel OIl Co for use m the OIl fields The Hammarn Sardna Musa at El-Tor CIty dIscharges

MIocene water at a rate of 430 m3/day

• The Eocene Lrmestone AqUifer

Groundwater dischargmg from the Eocene aqUIfer at EI-Gudelrate and Qedees spnngs ill

northeast SmaI (EI-QuseHna area) IS estlmated to be at the rate of about 2 000 m3/day (0 73

mem/year) mostly used m Imgatrng 200 feddan of olIve trees The Hammam Faraun Spnng,
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I 0
located 40 kIn south of Ras Sudr, dIscharges thermal water (70 q from the Eocene

formatIOn at a rate of 2,000 m3/day

• The Upper Cretaceous Carbonate Aquifer

The total annual groundwater extractIOn rate from the Upper Cretaceous Carbonate aqUifer m

north and south Smalls 0 426 mcm (from 7 deep wells), ofwluch 0 261 mcm/year IS used m

lrngatIOn whIle the rest IS allocated for domestIc purposes

• The Lower Cretaceous Sandstone Aqmfer

ThIrty-one deep wells tappmg the Lower Cretaceous Sandstone (Malhah formatIOn) aqUifer

were dnlled and equIpped With pumpmg faclhtles and ready for operatIOn at an annual rate of

4 56 mcm At present only 12 of these wells are muse, yleldmg about 0 99 mcm/year of

wluch 0 54 mcm/year IS utlhzed m agnculture and 0 45 mcm/year IS allocated for domestIC

purposes

• The JurasSIC AqUifer System

Confined only to EI-Maghara area, 6 wells are producmg water from the MassaJld formatIOn

at an annual rate of 0396 mcm of wluch 0037 mcm/year IS used for domestIC purposes and

the rest of IS utlhzed m the lrngatlOn of about 120 feddan m Gebel EI-Maghara Rural

Developments Project

• The PaleozOIC Sandstone and Aqmfer

Only one well tappmg the PaleozOIC sandstone aqmfer at WadI Gharandal m south Smal IS

producmg water that IS totally used for domestIC purposes at a rate of 400 m3/day (0 146

mcm/year)

The current total deep groundwater extractIOn from the dIfferent aqmfer systems m Smal

pemnsula IS 3 199 mcm/year of wluch 1 89 mcm/year IS used m agnculture and the rest IS

used for domestIC and mdustnal uses ThIs does not mclude the free groundwater dIscharges

from the thermal spnngs located along the nft valley of the Gulf of Suez such as Ayun Musa,

Hamrnam Saldna Musa at EI-Tor (340q and Harnmam Faraun (700q wluch outflow from

MIOcene and Lower Cretaceous umts, and Am Urn Ahmed at WadI Zelega and Am EI-Hadra
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at Wadi Lrtlu EI-Kebir along the nft valley of the Gulf of Aqaba, whIch denve theIr water

from the PaleozOIc aqUIfer

3 6 3 Deep Groundwater Development Pnonty Areas In Smal

Because of Its WIde extenSIOn, consIderable storage and farrly good water quahty, the

Cretaceous aquIfers are consIdered to be of lngh potentIal Pnonty areas for deep

groundwater development from these aqUIfers can be Identified based on the hydrogeologiC

charactenstics of the Cretaceous aqUIfers, wlnch are

Groundwatel salmzty levels and Its sUItabIlIty for different uses, Depth to water determmes

the cost of lIftmg a water umt to the ground surface for different uses, and the possIbIlIty of

completmg an effiCient producTIon well, Depth to aquifer determmes the cost of well

constructIOn, and Aquifer productlvlty wlnch controls the well optrrnum productIOn rate and

the cost of producmg one umt of groundwater

3631 The Upper Cretaceous Carbonate AqUIfer

The salmIt) of groundwater ill thIs type of aqUIfer IS rather lngh ill most of Sillar (3,200 to

10 870 ppm) W1.th the exceptIOn of Its central part along G El-Tlh EI-Egma, and ShaIra zone,

where the reported groundwater sallmty of the Upper Cretaceous ranges between 1,100 ppm

and 1,500 ppm In tlns zone, although the recorded depth to water 15 relatIvely shallow (85

m b g 1 at well Sharra -1), the aqUIfer productIVity proved to be very poor (well specific

capacIty 0 08 m3/hr/m) Consequently, It IS not recommended to rely on explOltmg tlns

aqUIfer for future development projects m Sma!

3632 The Lov.-er Cretaceous Sandstone AqUIfer

With reference to FIgures (52), (61) and (6:;), the pnonty areas for the development and

utilIzatIOn of groundwater of the Lower Cretaceous aqwfer are presented ill Table (21) and

shown m (Figure 64)
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Table (21)- Prontv Areas for Lower Cretaceous Groundwater Development m Smal

Aquifer Characteristics

Pnonty LocatIOn Salimty Depth to Depth to We))

Class (ppm) Water AqUifer ProductIVIty

(m b g I) (m b g I) (m3/hr)

(AI)

• Western Smal 800-1500 37 -78 190- 50-80
Downstream of

350
WadI Felran and

WadI Gharandal

(A) • Central and South

Smal 800-2000 100 - 200 30-60
EI-Mmshera Nakhl, 500-
El-Bruk, WadI

800
Watrr

(Al)

El-Quselma Anf El- 1500-3000 200-300 500-700 20-40
Naga El-KunttIIa, El-

Thamad, Sudr El-Heltan

(Bl)

El-Till plateau, South of ~ 1500 300-400 500-900 50-75
Sudr EI-Heltan, El-

(B)
Thamad road, Shalra

(B2)

Ayun Mosa, Gifgafa, El- 3000-5000 150-250 800-1000
Hasana, Talat El Badan, 30-60
El-Halal, Urn Shihan,

WadI El Amro, El-

Khenm

Source Nour, (1993)

The areas located north of Gebel EI-Maghara, Gebel EI-Halal and EI-Ouga, and along the

eastern coastal zone of the Gulf of Suez between Ras Sudr and Ras Mohamed, where

groundwater salmlty ranges from 5,000 ppm to more than 200,000 ppm, are not

recommended for the development of the Lower Cretaceous groundwater
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The IdentIfied deep groundwater development pnonty areas, should be consIdered In the

evaluatIOn of theIr sustamab1e potentIals, app1ymg groundwater mode1mg and m the

assessment of the economICS of theu use for dIfferent sectors

3 6 4 Water Well DeSIgn

For deep groundwater development m Smal untIl 1993, the followmg deep productIon well

deSIgn was used

Well total depth 325 - 1200 m

DesIgn well yIeld 50 m3/hr

ProductIOn Casmg 9 'Is II API Carbon Steel caSIng

Screen 6 'lsI! stalnless steel screen grade 304 hanged m the 9 '/s I! caSIng

To maxmuze the well productIVIty to more than 50 m3/hr, the followmg deep productIOn well

desIgn has been modIfied to Include

Pump house casmg 13 3/8 II API carbon steel caSIng

ProductIOn casmg 9 '/s!1 API carbon steel casmg With 10 m overlap m the

13 %// casmg

Screen 6'/8
1
/ staInless steel screen, grade 304 hanged m the 9 '/8 1/ casmg
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4 ADDITIONAL HYDROGEOLOGIC INVESTIGATIONS PLANS

IN THE WESTERN DESERT AND SINAI

ReVIew of the prevIous InVestIgatIons of the deep aqUIfer systems In the Western Desert and

SInaI and the evaluatIOn of theIr resources IndIcate the need to carry out addItIonal

InvestIgatIOns In those areas lackIng adequate hydrogeologIc InfOrmatIOn Further

InvestIgatIOns are also needed for the evaluatIOn of groundwater resources whIch are

currently under development (the NubIa sandstone, the Malhah sandstone, and the Moghra

aqUIfer systems) and those whIch are planned for future development (the Carbonate aquIfer

systems)

Recommended plans for the reqUIred addItIonal mvestlgatIons to be carned out for the

potentIal deep aqUIfers m the Western Desert and SmaI, are presented In the follOWIng

sectIons

41 The Western Desert

4 lIThe Moghra AqUIfer System

FIgure (9) shows the locatIon and extent of the Moghra aqUIfer system As prevIOusly stated,

the aqUIfer was only subjected to a detaIled hydrogeologIc study m WadI EI-Farelgh located

m the desert fnnges of the West Delta area, where a large scale Imgated agnculture project

based on EI-Moghra fresh groundwater has been developed (planned 35,000 feddan of whIch

12 700 feddan IS cultIvated at present) Only a few wells have been drIlled Into the Moghra

aqUIfer These prOVIde domestIC water for the OIl fields of Abu Sman, Abu EI-GharadIq and

Qarun, located between the West Delta desert funges and Qattara - Bahanya DepressIOns

411 1 ObjectIves of the AddItIOnal InvestIgatIOn

AddItIOnal hydrogeologIC InVestIgatIOn are needed to

• Defme aqUIfer geometry, hydrogeologIc boundarIes and hydraulIc parameters

• Determme the aqUIfer groundwater salmIty m space and tIme
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• Forecast the aqUIfer long-term response to the present and future groundwater extractIOn

and to asses Its optImum potentIal over tIme for dIfferent use sectors (mcludmg domestIc

water supply and afforestatIOn m the eXlstmg 011 fields), wIth a specIal emphasIs on the

possIbIlIty of groundwater quahty detenoratIOn over tIme m areas where mtenslVe

extractIOn IS practIced at present (WadI EI-FareIgh)

4 1 1 2 InvestIgatIOn Work Plan

The followmg work plan IS proposed

• CollectIOn, reVIew and analysIs of all aVailable hydrogeologIc mformatIOn and well data

pertment to the aquIfer geometry, hydraulIC parameters, hydrogeologIc boundanes and

groundwater qualIty

• Based on the results of the analySIS of aVaIlable mformatIOn, and m the areas whIch lack

data on aqUIfer hydrogeologIc charactenstlcs, 260 vertIcal electncal soundmgs should be

conducted along 4 N-S geoelectnc soundmg profiles and 2 E-W profiles WIth specIal

emphasIs on the area along EI-GIza-Bahariya OasIs road and the area between WadI El­

Fareigh and Qattara DepreSSIon The results of these geoelectnc soundmgs Will help

determme the aqUIfer aggregate and saturated thIckness, the depth of the aqwfer base and

the related geologIcal structures, water qUalIty, and the proposed locatIOns for test

drIlhng

• Dnllmg of test wells (5 wells) to a depth of ± 500 ill each With satellIte pIezometer to

obtain controlled data regardmg the formatIOn thIckness, depth to water, aqUIfer hydraulIc

parameters, well-specIfic capaCIty and water salIruty One proposed test-dnllmg SIte Will

be 50 kID west of WadI EI-Fareigh (near Zebeida 011 exploratIon well) and the other two

Will be along GIza - EI-Bahanya road and GIza - Fayoum road

• EstablIshment of a hydrogeologic data base for the Moghra aqUIfer system whIch Will

mclude the geologIcal and structural settmg of the Moghra formatIon, ItS extent, lateral

and vertIcal boundanes, potentIOmetnc surface, aqUIfer hydraulIc parameters

(transmIsSIVIty, hydraulIc conductIVIty and storattvIty), water Sallruty, present and future

groundwater extractIon plans

• Development of an appropnate groundwater model for the Moghra aqUIfer to sImulate the

present and proposed future groundwater extractIOns and to predIct the aqUIfer response

to the dIfferent extractIOn scenanos and probable changes m groundwater qualIty over the
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foreseen penod of explOItauon, to assess the optimum, econOIIllC and sustamable

groundwater extractIOn plan

• For proper control and management of EI-Moghra aqUIfer groundwater currently utIlIzed

for Imgated agrIculture m Wadi El-Farelgh prOject (at present 12,700 feddan to be

expanded to 35,000 feddan m future), the eXIstmg morutonng well network should be

supported by an addItiOnal 2 wells to be located m the western and northwestern Vlclmtles

of the project area to morutor probable movement of the Moghra brackish groundwater

towards the project fresh water well-field

4 1 2 The Eocene - MiOcene Carbonate AqUIfer System

ThIS system IS bordered m the south by the NubIa Sandstone Complex along EI-Dakhla - EI­

Kharga - South Kharga depressiOns, and m the north by the northern plateau overwhelmmg

the northwestern coastal zone (FIgure 65)

The area of El-Dlffa plateau located to the north of Siwa OasIS - Qattara DepreSSIon ill the

south and the Salum - Matruh coastal zone m the north and crossed by the Siwa - Matruh

road m the West and EI-Almem - Qattara nm road m the east, 15 consIdered a target area for

future nomad settlements, anImal grazmg and for water supply and afforestanon purposes, m

the eXIsung OIl-fields

The NubIa Sandstone aqUIfer m thls part of the Western Desert IS hlghly salme (chlonde

sallillty of 10000-120,000 ppm), whIle the ovedymg Upper Cretaceous - MIddle MIocene

Carbonates Jomtly descnbed as the Western Plateau aqUIfer complex attams a thIckness of

500 to 600 m and sahmty of 2,000 ppm m the south wruch mcreases to IO 000 ppm m the

northern part of the plateau

Based on geomorphologIcal and morphostructural analyses wruch prOVide a comprehenSIve

2D View ofpOSSIbly karstlfied terrams and the sallmty of the carbonate groundwater, the area

of the northwestern plateau (EI-Dlffa Plateau) was IdentIfied by RlGW (1997) as one of the

promlsmg basms for groundwater development In the carbonate aqUIfer system and 15

proposed for detaIled hydrogeologlc mveStlgatlon to assess Its groundwater potentIal
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The followmg IS the proposed plan for detmled hydrogeologIc mvestigatIOn reqmred to

evaluate the carbonate aqmfer groundwater resources

4121 InvestIgatIOn ObJectIves

The ObjectIves of the mvestIgatIOn program of the Carbonate aqmfer m the northwestern

plateau area of the Western Desert are

• To delmeate areas of possIbly karstIfied or fractured lImestone terrams

• To determme regIonal tectOnIC lInes and fault zones and the mtensive karstIficatIOn whIch

can be assocIated thereWIth

• To evaluate the aqmfer hydraulIC parameters (hydrauliC conductIvity and storativity) as

well as ItS hydrodynamIC behaVIOr

• To determme the aqmfer water balance (mflow - outflow pattern)

• To determme groundwater geneSIS and ongm and ItS relatIOn to current or paleo recharge

• To evaluate the groundwater resources potential 10 the carbonate aqmfers and then

optImal utIlIzatIOn, over tIme

4122 InvestIgatIOn Work Plan

The followmg work plan IS proposed

• ReVIew and arialyze all prevIOUS studIes, mformatIOn pertment to geology, geophysIcs,

hydrogeology, hydrochemIStry arid well data of the Carbonate aqmfer systems, WIth a

speCIal emphasIS on the results of geophySIcal surveys and the test wells preVIOusly

carned out by the 011 companIes

• Analyze aVaIlable lmeaments arid geologIC structure maps to assess geomorphological

and morphostructural features of the study area to IdentIfy the structure of the formatIOns,

surface mfiltratIOn zones as well as the tectOnIC evaluatIOn of the area whIch WIll reveal

pOSSIble karstIfied or fractured lImestone terrams

• Conduct geophYSIcal surveys applymg the microgravimetrtc arid mIcro-reSIstIvIty

method, along a number of N-S profiles In areas whIch have proved to be mtensively

karstified or fractured

• Based on the results achieved from the geomorphologIcal, geologIcal and geophySIcal

surveys, test wells (5 wells of ±500 m depth each) WIll be located, dnlled and tested to
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determme the subsurface hydrogeologIC settmg of the aqUIfer and Its hydrauhc

parameters of fractures transmissivitIes, storage coefficIent and the porous medIa storage

coeffiCIent and leakage factors between the rno contmual medIa Satelhte pIezometers

shall be constructed to mOllitor the test well dunng pump testmg The hydrochemIcal

charactenstics of the groundwater and Its sUItabIlIty for dJ.fferent use sectors Will be

assessed

• Prepare a potentIOmetnc surface map and determme of the mam dIrectIon of groundwater

flow m the Carbonate aqUIfer system

• Evaluate of the aqUIfer system hydrodynamICS by applymg the water balance approach to

determme the aqmfer mflow-outflow components

• Based on the results of the geomorphologIcal, geologIcal, geophysIcal surveys and test

dnllmg a hydrogeologIC data base of the carbonate aquIfer system m the study area Will

be prepared to mclude aqmfer geometry, (extent, lateral and vertIcal boundarIes,

thIckness) hydrogeologIc boundary condItIOns (locatIon and type), hydraulIc parameters

(fracture and porous transmiSSIvities and storage coeffiCIents), aqUIfer potentIOmetry and

recharge - dIscharge pattern

The model Will be calIbrated to venfy the present aqmfer potentIOmetnc levels and WIll then

be used as a tool to forecast the aqUIfer response to groundwater extractIOn plans over tIme,

and to select the most optImum, economIC extractIOn plan wluch Will ensure ItS sustamabIhty

Without water quahtv detenoration

4 1 3 The NubIa Sandstone Aqmfer System

The addItIOnal regIOnal and detailed hydrogeologIC mvestigations proposed for better

descnbmg the regIOnal hydrogeologIC settmg of the Nubia Sandstone aqUIfer system and to

cover the hydrogeologIC IllformatIOn gap areas III the Western Desert to support the

evaluatIon of Its groundwater resources III the planned development areas

Regular and contmuous groundwater momtonng (levels, extractIOn and qualIty) IS essentIally

reqmred
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4 1 3 1 RegIOnal Hvdrogeoiogic InvestIgatIOns

The proposed addItIOnal regIOnal hydrogeologIc mvestigatIOn of the NubIa Sandstone aqUIfer

system m the Western Desert mclude

4 1 3 1 1 Test Wells Dnlhng of seven deep test wells (With assocIated satelhte

pIezometers) to fully penetrate the NubIa Sandstone formatIOn IS proposed The wells Will be

hthostratlgraphIcally descnbed, geophyslcally logged and pump-tested With the ObjectIves of

determmmg the tops of the penetrated hydrohthostratlgraphIc umts and theIr thIckness, depth

to water, hydrauhc parameters (transmIssIvIty, hydrauhc conductIvIty, storativIty, leakage

factors, well-specIfic capaCIty) and water quahty Open-hole aqUIfer tests In the post-NubIa

Sandstone carbonate aqUIfers should also be conducted The results can be used to better

control the hydrogeologIc database of the NubIa Sandstone aqUIfer system m the Western

Desert ThIs Will sIgmficantly help better descnbmg the hydrogeology of the system and Will

prOVIde more controlled data for the development of regIOnal and local SImulatIOn models for

groundwater resource evaluatIOn

The proposed SItes for the recommended 7 deep test wells are (FIgure 66)

• EI-GIlf EI-Kebir to the northwest of Gebel Kamel, With expected total depth of ±l 000

m

• NorthEast Owemat Proposed locatIOn IS mIdway between East Owemat project area and

EI-Da.lJl1a OaSIS The expected dnllmg depth IS ± 1 000 m

• EI-Kharga - Armant Road Crossmg the NIle Valley western plateau, the recommended

test-dnllmg SIte IS Ill1dway between EI-Kharga and Annant The proposed test well IS

expected to penetrate Eocene - Upper Cretaceous Carbonate and the NubIa Sandstone

formatIOns With an expected total depth to the aqUIfer base (the Pre-Cambnan Basement)

at± 1,500 m

• WadI EI-Qubanlya located to the northwest of Aswan where potentIal land resources for

Imgated agnculture are targeted for future development The test well Will be dnlled m

the NubIa Sandstone formatIon to a final depth of±500 m

• Am Dalla DepreSSIOn SItuated m the known Kufra - Am Dalla structural basm to the

northwest of EI-Farafra OasIS The area IS conSIdered one of the potentIal areas for

honzontal expanSIOn m the Western Desert The expected total depth of the proposed two

test wells IS ± 2,000 m each
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• EI-Bahanya OasIS - Siwa OaSIS Road The proposed SIte for test dnllmg IS located along

the EI-Bahanya - Siwa road and south of EI-Bahrem depressIOn (south penphery of

Qattara DepressIOn) The expected well total depth IS ± 2,500 m

4 1 3 1 2 Groundwater Monztormg Because the eXIstmg observatIOn wells networks m the

Western Desert Oases (see FIgure 15) used to momtonng groundwater levels are located at

50 to 100 km apart, rendenng regular on-SIte observatIOn to be dIfficult (see SectIOn 2 5 4) It

would be more effectIve to establIsh a momtonng well network usmg a telemetry system to

transmIt periOdIC water level records to a central control statIOns m EI-Kharga, EI-Dakhla,

and EI-Farafra Oases

4132 DetaIled Groundwater EvaluatIOn StudIes

DetaIled groundwater resources evaluatIOn studIes are recommended m those areas In the

Western Desert where groundwater IS expected to be explOIted for Imgated agnculture

PnorIty should be gIVen to the areas of Siwa OasIS, Am Dalla and the southern part of the

Western Desert deSIgnated as the "South Valley Development ProJect", where the GGE has

recently mitiated a natIOnal hOrizontal expanSIOn project that mcludes East Owemat, Darb EI­

Arbam and Aswan - Abu Simbel road areas, usmg the NubIa Sandstone aqUIfer groundwater

(see FIgure 43)

4 1 3 2 1 Slwa OasIs The deep NubIa aqUIfer fresh groundwater resource m Siwa OasIS IS

currently bemg mvestigated by the RIGW WIthIn the framework of the study of the dramage

problems m the OaSIS It IS expected that the results of the present hydrogeologIC

mvestigatlOn WIll address the sustamable and econormc groundwater extractIOn rate, whIch

can be utIlIzed Without causmg any enVIronmental adverse Impacts It IS recommended that a

deep test well of± 2,000 m depth be drIlled to fully penetrate the NubIa Sandstone formatlOn

from the top of Lower Cenomaman (Bahanya formatIOn) to the base of the Carbomferous

The dIfferent hydrohthostratlgraprnc umts (the Tenary carbonates, the MeSOZOIC and

PaleOZOIC clastICS) should be tested for groundwater plezometnc and saimity levels ThIs

mformatlOn can be used to develop the appropnate model to SImulate possIble groundwater

qualIty changes, over tIme, agamst groundwater extractIOn from the fresh water aqUIfer
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caused by upward flow of the salme groundwater m the lower PaleozOIc aqUifers or by lateral

movement of the northern saltwater / fresh water mterface towards the OasIs

41 322 Am Dalla Area The Am Dalla depreSSIOn area located m the northwestern vlcmlty

of EI-Farafra OasIs, has been targeted With potentIal land resource development of about

20,000 feddan Two test wells should be dnlled m thIS area Data from these wells and

avaIlable hydrogeologIc data for the NubIa Sandstone aqmfer m EI-Farafra wIll form

sufficIent hydrogeologIc database to evaluate the NubIa groundwater water potentIal m the

Am Dalla area A detaIled groundwater model should be developed for the EI-Farafra OasIS

mcludmg the Am Dalla area to assess the economIC and sustamable groundwater resources

for land reclamatIOn The model should consIder the mteractIOn between the dIfferent present

and future groundwater extractIOn areas m El-Farafra OaSIS

4 1 323 South Valley Regzon

The South Valley regIon mcludes the areas allocated by the GOE for natIOnal honzontal

agrIcultural expanSIOn projects usmg the NubIa aqUifer groundwater as a source m the East

Owemat area (200000 feddan), Darb El-Arbam area (10 300 feddan) and West Nasser Lake

area, alorig the Aswan - Abu Simbel Road (145,000 feddan), as shown m FIgure (43)

Although several geologIcal geophYSIcal, hydrogeologIcal, and groundwater resources

evaluatIOn studIes have been carned out for East Owemat and Nasser Lake areas, a

comprehensIve hydrogeologIc mvestigatIOn and groundwater economIC evaluatIOn study has

not been conducted to assess the sustamable, economIC groundwater extractIOn m the areas

allocated by the GOE to be reclaImed by the pnvate sector

The follOWing plan for addItIOnal groundwater mvestigatIOns m the South Valley regIOn has

been prepared to aSSIst m determmmg the best use for the deep groundwater potentIal by

dIfferent use sectors m the regIon, over tIme

• The Study Area

Although the proposed area for detailed hydrogeologIc study should focus on those areas

where Imgated agnculture projects Will use NubIa groundwater, (1 e, East Owemat, Darb

El-Arbam western shores of the Nasser Lake and WadI EI-Qubanlya areas) the aqUifer

sImulatIOn model to be developed to evaluate and assess the optImum groundwater
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extractIon rate WIll requIre Its boundanes to be extended beyond the actual study area as

shown m FIgure (67) ThIs WIll guarantee credIble results of the aquIfer response to

proposed ehtractIOn, over tIme

• Study ObjectIves

The ObjectIves of the proposed study m the South Valley regIOn to assess the sustamable

and economIC groundwater extractIon plan for the future Imgated agnculture projects are

To establIsh a comprehensIve and well-controlled hydrogeologIc data base of

the NubIa Sandstone aqUIfer system m the study area usmg the results of the

aVaIlable prevIOUS studIes, new mvestIgatIOns and test drIllmg to be conducted

dunng the study

To detenmne the groundwater resource potentIal and Its long term natIOnal

and economIC extractIOn plans WhICh ensure sustamed agncultural

development m the present cultIvated areas (El-Kharga and El-Dakhla Oases)

and m the areas IdentIfied for future honzontal expansIon m the South Valley

regIOn (East Owemat, Darb El-Arbam and Aswan- Abu SImbel road and WadI

El-Qubarnva areas)

• Work Plan

To meet the study ObjectIves the followmg work plan IS recommended

ReVIew analyze and evaluate the preVIOUS hydrogeologIc study reports, data

and mformatIOn related to SOlI, geology, geophysIcs and hydrogeology of the

NubIa Sandstone aqUIfer system and results of groundwater resources

evaluatIOn m the Southern Valley regIOns and the surroundmg areas m the

Western and Eastern Deserts

Cam out geoelectncal reSIStIVIty profiles along the proposed SItes for land

reclamatIOn prOjects along Darb El-Arbam road (9 SItes for a total area of

10,300 feddan) for a total length of 150 kIn and WadI El-Qubamya for a total

profilmg length of 300 Km The analySIS and mterpretatIOn of the conducted

geoelectncal profiles WIll be used m defimng the aqUIfer geometry, saturated

thIckness and SItes for test dnllIng

Dnllmg of three test wells WIth expected assocIated satellIte pIezometers

along Darb El-Arbam road The expected depths of the proposed test wells
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range betv.een ±150 m and ±500 m The wells WIll be pump tested for aqUlfer

hydraulIc parameters transmISSIVIty, hydraulIc conductIVIty, storatIVlty, well­

specIfic capacIty and hydraulIc performance

The results of dnllmg, completIOn and testmg of these test wells together WIth

the test wells to be drIlled at El-GIlfEI-KebIr, north of East Owemat, Kharga­

Annant and WadI El-QubanIya (see FIgure 65) WIll be used to asses the NubIa

Sandstone lIthology, thIckness, hydrogeologIC boundarIes potentIOmetry,

hvdraulIc parameters, well-speCIfic capaCIty and groundwater qualIty

• Based on the results of revlewmg the prevIOUS hydrogeologIC mvestlgatlons, the

groundwater resource evaluatIOn studIes and the results of the new geophySIcal and test

drIllmg campaIgn a hydrogeologIC data base of the NubIa Sandstone aqUlfer system m

the South Valley regIOn WIll be prepared and used to develop a groundwater SImulatIOn

model

• Development of a groundwater model to SImulate the NubIa Sandstone aqUIfer system m

the South Valley area WIth ItS boundarres extended to ItS natural boundary at the Red Sea

mountam ranges and mto northwestern Sudan as shown m FIgure (67) The model WIll be

used, after bemg calIbrated for aqUlfer mItial condItIon, to forecast the aqUIfer long-term

response to dIfferent groundwater extractIon scenarIos reqUITed for the targeted Irngated

agnculture schemes m the study area as well as the mteractIOn between the dIfferent

pumpmg centers m the proposed agnculture honzontal expanSIOn areas over tIme

• The groundwater SImulatIOn model should be bnked to a lmear programmmg model to

assess the optImum crop pattern WIth the hIghest return and to a well-field optImIzatIOn

model to assess the optImum well and well-field deSIgns whIch should ensure the

optImum groundv.ater development schemes for Imgatlon purposes and the mmlmum

cost ofa groundwater unIt

• To study the feasIbIlIty ofutIhzmg solar and wmd energy, as alternatIve low-cost energy

sources for a large-scale groundwater pumpage scheme m the areas of East Owemat,

Darb EI-Arbam PrevIOUS renewable energy studIes IdentIfied the hIgh WInd potentIal m

the area of GIlfEI-KebIr

• The determmatIon of the most economIC, ratIOnal and sustamable groundwater extractIOn

rates for Irngated agnculture development m the East Owemat, Darb EI-Arbam, Aswan ­

Abu Simbel and 'WadI EI-Qubanlya areas FIgure (68) shows the flow chart of the
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recommended plannmg procedure to be followed for proper groundwater development m

the South Valley regIOn

42 Smal

42 1 EvaluatIOn of Lower Cretaceous Groundwater PotentIal

As prevIOuslY dIscussed m 3 4 and due to Its WIdespread, consIderable storage capacIty and

good to faIr groundwater qualIty, the Lower Cretaceous Malhah water-bearmg formatIOn IS

conSIdered to be the mam aqUIfer system In the central and southern parts of Smal The

Importance of the Lower Cretaceous groundwater development IS essentIally related to the

neceSSIty of provldmg baSIC extenSIon servIces (maInly water supply for domestIC purposes

and for small-scale Imgated agnculture) to the eXlstmg nomad trIbes m central and south

SmaI, so they WIll establIsh permanent settlements and not mIgrate north to EI-Salam Canal

project development areas Moreover, as the groundwater m the Lower Cretaceous aqUIfer IS

movmg down gradIent across the eastern border towards the aqUIfer dIscharge area along the

Dead Sea - Gulf of Aqaba nft valley, It IS deSIrable to use thIs water In the Smal before It

gets naturally lost m the nft dIscharge areas

Dunng the last decade, the Water Resources Research InstItute (WRRl) of the Nanonal

Water Resources Center (NWRC), has conducted a comprehensIve hydrogeologIC

InVestIgatIOn program to establIsh a relIable hydrogeologIC data base to be used m the

evaluanon of the groundwater potentIal m the Lower Cretaceous aqUIfer system m central

and south SInaI It IS therefore, recommended usmg thIs data to develop a groundwater

nurnencal model of the lower Cretaceous aqUIfer system m SmaI, to assess the sustamable

and economIC groundwater potentIal whIch can be utIlIzed In dIfferent use sectors

421 1 The Model ConceptIon

• The model WIll sunulate the unconfined and confined parts of the Lower Cretaceous

aqUIfer WIth pOSSIble vertIcal leakage from or to the aqUIfer

• The model study area WIll be e:.\."tended eastward to the aqUIfer dIscharge area along the

Dead Sea - Gulf of Aqaba nft valley, and westward to the Gulf of Suez faulted block
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The model's northern boundary Wlll be represented by the low penneab~lIty carbonate ­

shale complex (FIgure 69)

• The Ragabat El-Naam fault should be sImulated as an mternal boundary Wlth ItS eastern

and western termmus as no-flow boundarIes where the Lower Cretaceous aqUIfer IS

faulted agamst the Pre-Cambnan basement or low penneabilIty carbonate rocks

• The Lov,er Cretaceous aqUIfer system m the two sedImentary basms at WadI Gharandal

and WadI Felran m southwestern SmaI are belIeved to be hydraulIcally separated from the

other part of the system m south Smal

• Recharge to the aqUIfer by mfiltratlon of ramwater occurs along ItS southern and

southeastern outcrops, however, where the aqUIfer IS hIghly elevated above the regIonal

potentIOmetnc surface along ItS southern parts, It IS unsaturated Recharge to the Lower

Cretaceous aqUIfer from the overlymg Upper Cretaceous Carbonate aquIfer by downv,ard

flow IS also possIble

• As the recharge rate to the aquIfer IS lImIted (21 mcmJyear) the groundwater development

Wlll be a mmmg process and therefore, It should be sustainable, ratIOnal and economIC

4212 Model Input Data

• As most of the test wells tappmg the Lower Cretaceous aqUIfer are partIally penetratmg

the aquIfer, the tested aqUIfer transmIssIvIty (or hydraulIc conductIvIty) and storatIvity

should be adjusted to represent the full aqUIfer sectIOn

• EstImates of the aqUIfer recharge rate and natural losses (mflow - outflow pattern) should

be mtroduced to the model as mitial values for model calIbratIOn for the aqUIfer steady

state condltlon

• Present and future plans for groundwater abstractIOn should be IdentIfied m space and

tIme, based on the water reqUIrements for dIfferent use sectors untIl the year 2017

• EconomIc evaluatIOn of groundwater utIlIzatIOn should be made to detennme the cost of a

water urnt for dIfferent uses versus the cost of other sources (transported NIle water,

transported groundwater, desalmated sea or brackIsh groundwater) The evaluatIOn should

also address the maxImum or cntical economIC pumpmg level The same plannmg

procedure shown m FIgure (68) can be applIed
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4213 Model Output

After the model venficatIOn of the aqUlfer mitial condItIon, It Will be used to predIct the long

term aqUlfer response to dIfferent groundwater extractIOn scenarIOS for dIfferent use sectors

m order to select the optlmum scenano wmch wIll satISfy the economIC and sustamabilIty

constramts over a penod of 50 years

4 2 2 Momtonng of Deep Groundwater

The development of deep groundwater has already started m central and south Smal About

50 wells have been dnlled to tap the lower Cretaceous aqUlfer, of whIch only 38 wells are

bemg used at present for agnculture and domestIC purposes

GOE mtends to Implement a large-scale plan for the utIlIzatIOn of deep groundwater m Smai,

so it Will be of vItal Importance for proper management of resources to establIsh a well­

momtonng network to momtor both tIme-dependent groundwater levels and quality WhICh

Will help m predlctmg the aqUIfer long-term hydraulIc and qUalIty response to extractIOn

A momtonng \\ell is proposed to be located m each of the eXIstmg deep well-fields EI­

Hasana, G EI-Halal EI-Bruk, Nakhl, Anf EI-Naga, Shalra, EI-KuntI1la, Sudr EI-Heltan

WadI Watlr and WadI Feiran The network should be extended to the foreseen future well­

fields

Because the deep well-fields m Smal are far apart, and It IS dIfficult to be momtored on a

contmuous basIS It IS recommended that a telemetry system be establIshed to faCilItate data

collectIOn at central control statIOns at Nakhl and EI-Hassana
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5 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

51 Summary

The present report IS an assessment of the hydrogeologIcal settrng of the deep aqUlfer systems

m the Western Desert and SmaI The groundwater resource potentIals of these aqUlfers, the

current status of deep groundwater development and utIlIzatIOn for dIfferent use sectors, and

deep groundwater development pnonty areas are descnbed

AddItIOnal hydrogeologIc mvestigatIOns reqUlred for better descnbrng the deep aquIfer

systems m the Western Desert and Smal are proposed Such InVestIgatIons Will help m the

economIC evaluatIOn of the optImal utIlIzatIOn, over tIme, of deep groundwater resources m

the Western Desert and SmaI

Several Important groundwater resource management arId polIcy Issues have been IdentIfied

as a result of tins technIcal reVIew of the hydrogeology of the aqUlfers and the current status

of resource development and use In the Western Desert, the NubIa Sandstone AqUlfer must

be conSIdered a non-renewable resource AddItIOnally, over tIme the arteSIan condItIons of

thIs aqUIfer can be expected to gradually dIsappear, requmng pumpmg for further

groundwater utIhzatIOn to occur Future development of groundwater m the Western Desert

arId SmaI must be ratIOnal, economIC and sustamable With careful planmng and management

arId mcreased partICIpatIOn ofwater users and other stakeholders

5 2 ConclUSIons

The folIov.;mg conclUSIOns are made as a result of thIs assessment These are separated mto

two subsectIOns, one set of conclUSIOns regardmg the aqUIfers m Western Desert arId one set

regardmg the SItuatIOn In the SinaI

5 2 1 The Western Desert

The "'" estern Desert compnses three plateau areas mterrupted by a north-south onented

cham of natural depreSSIOns, Siwa depreSSIOn m the northern plateau, the New Valley

depreSSIOns of EI-Bahanya, EI-Farafra m the central plateau and EI-Dakhla, EI-Kharga,

the South Kharga depreSSIOn and the East Owemat area In the southern plateau
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11 The hydrogeologIcal framework of the Western Desert compnses three mam aqUifer

systems the Lower MIOcene Moghra sandy aqUifer, the TertiarylUpper Cretaceous

fissured Carbonate aqUifer and the MesozOIc / PaleozOIc NubIa Sandstone aqUifer

III The hydrogeologIc mvestigatIOn of the Moghra aqUifer has been lImIted to the area of

WadI EI-Farelgh located at the desert fnnges of West Delta area, where the aqUifer

contams fresh groundwater (400-1 000 ppm) Test dnllmg dId mdicate however that

groundv-ater salImty mcreases southward and westward (10000 ppm at the Qattara

DepressIOn) A 35 000 feddan land reclamatIOn project has been started m WadI EI­

Fareigh area, utilIzmg the Moghra groundwater at an annual rate of 120 mcm

IV Due to ItS vast extensIOn, hIgh productIvIty, and good water qualIty, the NubIa

Sandstone aqUifer system IS consIdered to be the best potentIal aqUIfer system m the

central and southern parts of the Western Desert The system IS descnbed as a multI­

layered system WIth a thIckness rangmg from 200 m m the south to 3,000 m m the west

central part of the Western Desert It contams a huge non-renewable fresh groundwater

reserve of 200,000 bcrn The results of test dnllmg mdicate that the NubIa Sandstone

aqUifer IS unconfined where It IS outcroppmg, south of the 25° latItude, whIle northward

It acts as a confined to semI-confined aqUIfer under thick, low permeabIlIty cap rocks

The aqUIfer s regIOnal transmIssIvIty values range between 240 rn2/d m Toshka area and

17,000 m2/d m EI-Bahanya OaSIS

V The potentIOmetry of the NubIa Sandstone aqUifer mdicates a groundwater flow from

the southwest to the north-northeast dIrectIOn towards Its final base level along the

Qattara DepreSSIOn - Siwa OaSIS - Glaghboub OaSIS (LIbya) where groundwater of 90

mcm/year IS naturally lost The aquIfer potentIOmetrIc surface map shows closed smks

at the Qattara DepreSSIOn, EI-Dakhla and EI-Kharga Oases due to the long-term

groundv-ater outflow m these areas

VI The NubIa Sandstone aqUifer contams fresh groundwater of 100-1,000 ppm, With no

observed change m salImty WIth tIme North of the 29° latItude the lowest part of the

aqUifer contains salme water whIch mcreases northward to the salt water/freshwater

mterface \\here the aqUlfer becomes fully saturated WIth salme As the NubIa aqUlfer
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groundwater IS hIghly corrOSIve to nonnal carbon steel, the current well desIgn practIces

IS to eqUIp the wells WIth API casmgs and staInless steel screens to prolong theIr hfe

penods

Vll Several regIonal groundwater models usmg dIfferent modelmg technIques, have been

developed to study the NubIa aqUIfer system's hydrodynamIc behavIOr and to adjust ItS

regIOnal h) drauhc parameters A number of detaIled sImulatIOn models were also

developed for dIfferent development areas such as the New Valley Oases, the East

Owemat, Nasser Lake shores area and SIwa OasIs, With the obJectlves of forecastmg the

aqUIfer s long tenn response to groundwater extractIOn plans for agnculture and mmmg,

and to assess the most sustaInable, economIC groundwater extractIOn scenano The

results of these model studIes mdicate that groundwater can be extracted at an annual

rate of 2385 bcm for 100 years from the NubIa sandstone aqUIfer m the New Valley

Oases, Srvva OasIS and East Owemat area, although the economIC groundwater

extractIOn rates m Siwa and East Owemat areas have not been evaluated

Vlll The NubIa groundwater In the Western Desert receIves a very lImIted recharge and IS

essentlalh consIdered a non-renewable resource The utIlIzatIOn of thIs groundwater

resource IS a mmmg process

IX In the areas of EI-Dakhla, El-Farafra and Slwa OasIS, naturally flowmg groundwater at

consIderable pressures occurs In these areas a total of 1,636 uncontrolled and

contmuousl) flOWing wells are dischargmg at an annual rate of 0675 bcm It IS

estImated that almost half of thIs water IS wasted as a result of the Improper utIlIzatIOn

and poor management of groundwater by the users m these areas Dally well shut-off

may cause \\ell collapse caused by water hammer on the well-tapped water-beanng

formatIon If not carefully Implemented by traIned technICIans Such condItIOns create

negatIve enVlfonmental effects such as water wastage, water loggmg draInage problems

and soIl degradatIOn whIch all have senous adverse unpacts on the agnculture

productIon In these Oases

x The deep NubIa groundwater explOItatIOn m the Western Desert Oases started In 1960,

With an annual rate of 0 203 bcm, whIch was progressIvely mcreased to reach 0 679 bern

In 1997 The present annual groundwater dIscharges from the Carbonate aqUIfers m El-
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Farafra and Siwa OasIs are about 0271 bern Nmety two percent of the total

groundwater extractIOn m the Western Desert IS utIlIzed m agnculture (present

reclaimed area IS 105,000 feddan The remamder of groundwater extractIOn IS allocated

for domestIc and mmmg uses

Xl The pnonty areas for future NubIa groundwater development m the Western Desert

were IdentIfied based on the groundwater resource potentIal sustamabIlltv, economIC

evaluatIOn of ItS utlllzatIOn and the avallablhty of land resources The IdentIfied deep

groundwater pnonty areas for future development are EI-Dakhla OaSIS (addItIOnal 83

mcm/year), EI-Farafra OaSIS (addltlonal 220 mcm/year), and EI-Baharlya (addItIOnal 58

mcm/year) The expected total groundwater extractIOn rate from the NubIa Sandstone

aqUlfer m the East Owemat and Siwa OaSIS areas IS 1340mcm/year ThIs extractlOn rate

needs to be economIcally evaluated to assess the realIstIc groundwater potential that can

be effiCIently utlhzed m dIfferent use sectors New areas With land resource potentials

that can also be consIdered for future development If sufficIent groundwater potentIal IS

found avaIlable are Am EI-Dalla - WadI EI-Obeld m EI-Farafra OasIS (20 000 feddan),

WadI El-Qubamya to the northwest of Aswan (10,000 feddan), and Darb EI-Arbam road

(l0 300 feddan)

Xll The mamtenance, operatIOn and replacement of the ImgatIOn wells m the old reclaImed

lands m the Western Desert IS stIll the responsIbIlIty of the MPWWR The new desert

areas are to be reclaimed by the pnvate sector Recently 235,000 feddan were allocated

to pnvate mvestors m East Owemat and EI- Farafra area to establIsh Imgated agnculture

and agro-mdustnal projects

Xlll In the South Valley reglOn (Darb El-Arbam and along the Aswan - Abu Simbel road

areas), the GOE mtends to Implement large scale hOrizontal expanSlOn projects m about

155,000 feddan utilIzmg NubIa groundwater at an annual rate of 1 16 bern ThIS Will

reqUlre a pre-ImplementatIOn, comprehenSIve groundwater resources evaluatlOn study to

confirm the long-term avallabllIty of groundwater to meet ImgatlOn water reqUIrements
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522 Sm8.l.

The SmaI Pemnsula IS charactenzed by the occurrence of SIX deep aquIfers The

Miocene sands, the Eocene hmestone, the Upper Cretaceous Carbonates, the Lower

Cretaceous sandstones, the JurassIc sedimentary rocks and the PaleozOIC sandstone

11 PrevIOus hydrogeologIc mvestlgatlons mdlcate that due to the hmIted extenSIOn of the

MIocene aqUIfer the low productIVity and the poor groundwater quahty of the Eocene /

Upper Cretaceous aqUIfer systems, the Lower Cretaceous sandstone IS consIdered to be

the most Important aqUIfer m Smal wIth the lughest potentIal quantIty and qualIty

groundwater

111 The results of geologIcal, geophySIcal studIes and test dnllmg mdlcated that the Lower

Cretaceous Malha sandstone formatIOn reaches a tluckness rangmg from 150 m near Its

outcrop along the southern plateau to about 1,000 m m the northern foreshore zone of

Smm The aqUIfer transmIsSIVIty ranges between Ilm2/d and 400 m2/d except at the

structurally lugh areas where It ranges between a2 to 0 7 m2/d

The Lov..er Cretaceous groundwater elevatIOns show that the dIrectIOn of flow IS from

ItS southern recharge area to the north and northwest towards Nakhl area, then towards

the central SmaI, where It dIverts east towards the Dead Sea - Gulf of Aqaba RIft valley

and to the v.est towards the Ayun Musa area on the Gulf of Suez RIft valley WIth these

mo nft areas representmg the aqUIfer's final natural outflow areas

IV The Lower Cretaceous groundwater salImty ranges between 500 ppm near Its southern

outcrops, 1 500 ppm In the southern sedImentary part of SmaI, 1,600 to 3,000 ppm In

central SmaI and then progressIvely mcreasmg to reach up to 19,000 ppm m the

northern foreshore zone In the western Sma! coastal area, the salmlty of Lower

Cretaceous groundwater IS of a hyper-salme nature (227,000 ppm) except at Ayun Musa

area where It IS 2 500-3,000 ppm

v Pnonty areas for the development of the Lower Cretaceous groundwater m Smm were

Idenufied based on the aqUIfer hvdrogeologIc charactenstIc and groundwater quality

These are
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Areas of first pnonty The downstream of WadI Gharandal and WadI Felran m

western Smal, El-Mmsherah, Nakhl m central Smal and WadI Watlr m South Smal

- Areas of 2nd pnonty EI-Quselma, Anf AI-Naga, EI-Kuntllla m east Central Smal,

and Sudr EI-Heltan, EI-Thamad m South Central Smal

- Area of thIrd pnonty South of the tunnel- Nuwelba mternatIOnal road covenng EI­

Tlh - EI-Egma - EI-Hazlm plateaux areas

Area of fourth pnonty Glfgafa, EI-Hasana, Talat EI-Badan, EI-Halal, Urn Shlhan,

WadI El-Amro and EI-Khenm m north Central Smal

- Areas not recommended for Lower Cretaceous aqmfer development mcludes area to

the north of Gebel EI-Maghara Gebel EI-Halal zone and the western coastal plaln of

Smal between Port SaId and Ras Mohamed

VI Prehmmary evaluatIOn of the groundwater resources m the Lower Cretaceous aqmfer

system m Smal mdlcates that the total storage capaCIty of the system IS 1,100 bcm The

system contalns 980 bcm WIth a sahruty of::; 2000 ppm of wmch 117 bcm can be used

The total annual InflOW mto the Lower Cretaceous aqmfer was estImated to be 21 4

mcm, wmch IS m balance WIth the aqmfer's natural outflow to the Dead Sea - Gulf of

Aqaba RJ.ft Valley m the east (15 mcm/year) and to the Gulf of Suez RJ.ft valley m the

west (6 mcm/year) A more accurate and rehable evaluatIOn of the Lower Cretaceous

groundwater resource m Smal should be made usmg a groundwater SImulatIOn model

The presently aVailable aqmfer hydrogeologIc data and mformatIOn are qmte adequate

to develop such model

Vll Accordmg to the latest well mventory, the present total extractIOn from the dIfferent

deep aqmfers m Smal IS 3 199 mcm/year of wmch 1 89 mcm/year IS used m agnculture

and the rest IS allocated for domestIc and mdustnal uses Although 31 productIOn wells

have been dnlled and eqmpped WIth pumps to explOIt the Lower Cretaceous

groundwater at a rate of 456 mcm/year, only 12 wells are m use at present yleldmg a

rate of 099 mcm/year ThIS can be attrIbuted to the lack of proper plannmg and

allocatIOn on the use of the groundwater before ImplementatIOn
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Vlll At present, the constructIOn of deep wells, the supply of pumpmg eqmpment, the

constructIOn of water storage reservOir and the operatIon and mamtenance works are the

responSIbilIty of the MPWWR The users are only responSIble for the supply,

mamtenance and operatIOn of the lITIgatIOn networks

5 2 3 Recommended AddItIonal HydrogeologiC InvestIgatIOn Plans

Based on the results of the preVIOusly conducted deep aqUIfer groundwater resources

mvestigatIOns m the Western Desert and SmaI, and for better descnbmg theIr hydrogeologiC

charactenstlcs and/or the evaluatIon of theIr groundwater potentIals, addItlOnalmvestlgatIOns

for the Moghra aqUIfer, the TertIary fissures Carbonate aqUIfer and the NubIa Sandstone

aqUIfer m the Western Desert and the Lower Cretaceous Sandstone aqmfer m Smal are

recommended The work plans of these InVestIgatIOns should mclude geologIcal,

morphostructural analvses, geophySIcal surveys, water balance studIes, hydrochemIcal

studIes, test drIllmg groundwater SImulatIOn modelmg, and the establIshment of groundwater

momtonng networks eqUIpped With data telemetry systems

The followmg plans for addItlonal hydrogeologIc mveStIgations are proposed

Seven deep test wells (depth ± 500 m to ± 2500 m) should be drIlled at SItes m EI-GIlf

EI-Kebrr North East Owemat, El-Kharga - Annant road, Am Dalla, EI-Bahanya - Siwa

road WadI Qubamya

II In the South Valley RegIon (compnsed of the East Owemat, Darb EI-Arbron and Toshka

basm areas) v.here areas are allocated for large-scale honzontal expanSIOn projects usmg

deep groundv. ater resources, the followmg studIes are recommended

Geoelectncal reSIstIvIty soundmgs and drIllmg of three test wells (depth ±150 m to

±500 m) along Darb EI-Arbam road

Preparauon of a hydrogeologIC database of the NubIa Sandstone aqUIfer for the

regIOn

De\- elopment of a groundwater model to assess the most sustaInable and economic

groundwater extractIon plans for agncultural use 10 the areas of East Owe1Oat, Darb

El-Arbron -\swan - Abu SIrobel road and WadI Qubamya The model study area
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should be extended eastward to the aqUIfer's natural boundary along the Red Sea

mountam ranges, and northward to El-Kharga - El-Dakhla Oases

Design the optimum well-fields, wlllch will determme the optimum groundwater

productlOn rates versus the mimmum cost

111 Witrun the framework of the ongomg hydrogeologIC study program bemg carned out by

RIGW m Siwa OaSIS, a deep test well IS recommended to be dnlled to a depth of ±

2,000 m to obtam controlled data regardmg the groundwater sahmties and piezometnc

heads of the dIfferent hydrohthostratigraphic umts ThIS WIll help m the preparatlOn of a

simulatlOn model to determme the maxImum sustamable and economIC fresh

groundwater explOltatlOn rate that can be achIeved WIthout causmg water qualIty

detenoratlOn

IV Two test wells should be dnlled m Em Dalla depresslOn (northwest of EI-Farafra OaSIS)

to IdentIfy fine the Nubia aqUIfer hydrogeologIc charactenstIcs, needed to evaluate the

aVailabIlIty of groundwater to reclaIm 20,000 feddan of arable land usmg a groundwater

simulatlOn model The model study area should cover all of El-Farafra OaSIS and to

address the mteractlOn between the dIfferent groundwater extractlOn areas m the OaSIS

v For future utilIzatlOn of the deep aqUIfers m the northern part of the Western Desert, It IS

recommended to evaluate the groundwater potentIals of the Lower MlOcene Moghra

sandy aqUIfer m the West Delta desert fnnge and the TertIary fissured Carbonate aqUIfer

m northwestern Western Desert (EI-DIffa Plateau) GeophysIcal, morphostructural,

hydrochemIcal and testmg dnllmgs (8 test wells of ±500 m each) and groundwater

modelIng are proposed

VI It IS Important to properly evaluate the groundwater resources m the Lower Cretaceous

Sandstone aqUIfer system m Smal to assess ItS sustainable and economIC explOltatlOn

over tIme for dIfferent use sectors A simulatlOn groundwater model for the Lower

Cretaceous aqUIfer IS proposed to determme the avaIlable economIC groundwater

potentIal, m the dIfferent IdentIfied aqUIfer development pnonty areas An economIC

evaluatIon should be carned out to determme If It IS more cost effectIve to use the

groundY\-ater locally or to be transported for domestIC use m the tounst resort centers
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along the Gulf of Aqaba ThIS should be econoIIllcally compared to optIOns of

transported NIle v,ater or desalmated sea water

5 3 RecommendatIons

AddltIOnal hydrogeologIc and economIC evaluatIOn studIes on the NubIa Sandstone

aqUIfer m the South Valley regIOn, WhICh compnses East Owemat, Darb EI-Arbam and

the area around Aswan - Abu Simbel road, should be carned out before the

ImplementatIOn of the proposed honzontal expanSIOn projects

11 EvaluatIOn of the NubIa aqUIfer groundwater potentIal m .A..m EI-Dalla and WadI EI­

QubanIya should be carned out to determme the possIbIlIty of honzontal expanSlOn

projects m these areas

III Proper groundwater momtonng m the Western Desert and Smal development areas must

be carned out as an mtegral part of the groundwater development, utIhzatlOn and

management process To overcome the remoteness of the well momtonng network and

the lack of technIcal staff to collect penodical records at regular mtervals, It IS

recommended that a telemetry system be establIshed to momtor groundwater response

(groundwater levels, and qUalIty) at central statIOns m EI-Kharga, EI-Dakhla, EI-Farafra

and East Owemat areas m the Western Desert and Nakhl, EI-Hasana m Sma!

IV SpeCIal studIes are recommended to evaluate the sustamabl1Ity and economIC VIabIlIty of

dIfferent groundwater explOItatIOn optIOns Tills mcludes assessmg the present pracTIce

of usmg collectIve and mtensive large-scale groundwater extractIOn versus small-scale,

WIdel) -spaced extractIOn The evaluatIOn should take mto account the related aqUIfer

hydrogeologIc and economIC Impacts WhIch mclude the rate of declme of well

pIeZOmetrIc levels, rapId transfer from flOWing condItIon to pumpmg stage, cost of

mamtenance and operatIon, the economIC lIfetIme of the use sector, the cost of

mfrastructures (roads, extensIOn servIces etc) and the control and management of

well-fields

v To reduce the rate of aqwfer pIeZOmetrIc level declIne and prolong the economIC hfe of

groundv,ater utIhzatIon for dIfferent use sectors It IS recommended that the dIstrIbutIon
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of the groundwater extractIOn among dIfferent aqUifer honzons Instead of concentratmg

on one honzon (as IS the case m EI-Farafra OaSIS) be economIcally evaluated

VI Because the NubIa groundwater In the Western Desert receIves a very lImIted recharge

and IS essentially consIdered a non-renewable resource, the plannmg of ItS development

and utIlIzation should be based on a mmmg process, that results m contmuous lowenng

of groundwater levels Consequently, for proper and lasting utIlIzatIon of such

resources groundwater exploItatIon should be economIC, ratIOnal and sustamable

Vll Due to the contInumg declme m the plezometnc levels of the NubIa aqUifer In the

Western Desert, groundwater extractIOn IS shIftmg from free-flowing condItIOn to

pumped condItIOns Therefore productIOn wells should be deSIgned to accommodate the

reqUired future pumps Long-term groundwater utIlIzatIOn plans should be based on

future pumping condItIons, regardless of the aqUifer's Imtial natural flowmg condItIOns

Expected future water levels should be used to determme well dIscharge, aqUifer future

pumpmg level and to layout the proper well deSIgn It IS also Important to determme the

cntical economIC pumpmg levels m the dIfferent groundwater development areas at

WhICh the benefit obtamed from the pumped water would be equal to the cost of ItS

extractIOn and whIch should not be exceeded dunng the planned groundwater utIhzatIOn

penod

Vlll As a result of the uncontrolled continuously free-flowmg condItIOns m EI-Dakhla, EI­

Farafra and Siwa Oases, and due to the absence of proper groundwater utIhzatIOn and

management m these areas, It IS urgently recommended that the necessary techmcal,

legal and mstltutIOnal measures be taken to mitigate the senous envIronmental Impacts

affectmg agncultural productIOn m these areas

IX At locatIOns where the free-flowmg dIscharges of wells are sIgmficantly less than the

reqUIred ImgatIOn water supply rates, It may be less expenSIve to mstall pumps In these

wells as long as they are structurally fit to be pump-operated, mstead of applymg the

current practIce of dnllmg new deeper wells ThIS should be conSIdered as part of the

ground\\ater development program
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x It IS recommended that the development and explOItatIOn of the NubIa non-renewable

groundwater resources be planned to be a gradual process and In accordance WIth the

aVallabilIty of theIr economIc potentIal, With contmuous groundwater momtonng to

IdentIfy the effect of extractIOn to the full utIlIzatIOn of all avaIlable groundwater

resources WIthIn a planned penod of 5-15 years

Xl To achIeve the benefits of deep groundwater development In SmaI, the allocatIon of

groundv..ater use sector and Its demands should be IdentIfied dunng the planmng stage

XlI The present GOE polley IS to encourage the full mvolvement of the pnvate sector m the

large-scale reclamatIOn projects usmg the deep groundwater resource m the Western

Desert To ensure the proper development, utIlIzatIOn and conservatIOn of these

resources strong coordmatIOn between the MPWWR and the deep groundwater users or

stakeholders IS essentIal The MPWWR should be responSIble for the overall planrung,

follov.. -up and momtonng of all the groundwater development and exploItatIon

actIvItIes The constructIon, operatIOn and maIntenance of the well-fields should be the

responSIbIlIty of the pnvate sector or the water users, m accordance With the techmcal

and legal gUIdelmes of the MPWWR Therefore, It IS recommended to establIsh and

promote ASSOCIatIOns of Groundwater Users and other Stakeholders m the Western

Desert s old and new reclaImed areas These aSSOCIatIOns would, over bme, assume full

or partIal responSIbIlIty for groundwater development, utIlIzatIon, mrontenance,

operatIOn and management WIth contmuous techmcal support from the MPWWR

Xlll It IS recommended to study the feasIbilIty of usmg renewable sources of energy such as

wmd and solar energy for pumpmg groundwater for different use sectors to reduce the

cost of extracbng a groundwater umt

XIV It IS recommended to study the economIC feasIbIlIty ofutIllzmg the thennal groundwater

m the Western Desert OaSIS (EI-BIShmo well m EI-Bahanya OasIS) and m SmaI

(Hamam Faroun Spnngs) for medlcmal tounsm

XV A natIOnal awareness program should be carned out to make the publIc aware of the

scarceness and hIgh cost of groundwater resources m the desert areas
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Ftgure(65)_Location Map of The Proposed Study Area of
Carbonate AquIfer System In The Western Oesert
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Ff9ure (6 51) - Conceptual Model 0 f rjle Lower C re toeeou s AquIfer
System In SlnOI
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