
Potential ground-water resources and decrease in natural
flow of wells in Dakhla Oases, Western Desert, Egypt

Item Type Thesis-Reproduction (electronic); text

Authors El Ghonemy, Hamdi Mohamed Riad,1962-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:09:26

Link to Item http://hdl.handle.net/10150/191977

http://hdl.handle.net/10150/191977


POTENTIAL GROUND-WATER RESOURCES

AND DECREASE IN NATURAL FLOW OF WELLS

IN DAKHLA OASES, WESTERN DESERT, EGYPT

by

Hamdi Mohamed Riad El Ghonemy

A Thesis Submitted to the Faculty of the

DEPARTMENT OF GEOSCIENCES

In Partial Fulfillment of the Requirements
For the Degree of

MASTER OF SCIENCE

In the Graduate College

THE UNIVERSITY OF ARIZONA

1988



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of re-
quirements for an advanced degree at The University of Arizona and is
deposited in the University Library to be made available to borrowers
under rules of the Library.

Brief quotations from this thesis are allowable without special
permission, provided that accurate acknowledgment of source is made.
Requests for permission for extended quotation from or reproduction of
this manuscript in whole or in part may be granted by the head of the
major department or the Dean of the Graduate College when in his judg-
ment the proposed use of the material is in the interests of scholarship.
In all other instances, however, permission must be obtained from the
author.

SIGNED:  i/aLL EtCluattvy 

APPROVAL BY THESIS DIRECTOR

This thesis has been approved on the date shown below: 

zgAri-a_ 	,	 7Y   

STANLEY . DAVI
	

Date
Professor of Hydrology and

Water Resources



ACKNOWLEDGMENTS

I am very grateful to Dr. Stanley N. Davis for his interest,

attention, and advice throughout the course of my study. I also thank

Dr. C. Vance Haynes, Jr., and Dr. Joseph F. Schreiber, Jr., for their

kind attention and valuable guidance.

Special thanks go to Marcia Tiede, who painstakingly edited and

typed the final copy of the thesis.

I am also indebted to the people of Dakhla Oases, who were

generous and helpful during my stay.

Lastly, I thank my mother and father, who have given me endless

encouragement and support throughout my education. They will be the

first to share my happiness. My gratitude also goes to Sonda Eastlack

for her patience, encouragement, and friendship.

111



TABLE OF CONTENTS

Page

LIST OF ILLUSTRATIONS 	  vii

LIST OF TABLES 	  viii

ABSTRACT 	

1. INTRODUCTION  	 1

Purpose and Scope of the Study  	 1
Selection of Dakhla Oases for Study  	 3
Source of Data  	 3
Terminology  	 4

Description of Dakhla Oases  	 4
Location  	 4
Climate  	 4
Population and History  	 6
Agriculture  	 7

Development of the New Valley  	 7

2. POPULATION, LAND, AND WATER IN EGYPT  	 10

Population Growth and Pressure on Land  	 10
Water Resources  	 12

Precipitation  	 12
The Nile  	 12
Ground Water  	 14

The Value of Water to Agriculture  	 14

3. GEOLOGY OF DAKHLA OASES  	 18

Stratigraphy and Depositional Environments of Nubia
Strata  	 19
Six Hills Formation  	 21
Abu Ballas Formation  	 23
Sabaya Formation  	 24
Maghrabi Formation  	 25
Taref Formation  	 25
Mut Formation  	 26
Dakhla Formation  	 27
Tarawan Formation  	 28

iv



V

TABLE OF CONTENTS--Continued

Page

4. THE NUBIAN AQUIFER SYSTEM  	 30

Dakhla Basin  	 30
Hydrogeologic Parameters Controlling Permeability and

Porosity  	 32
Spacing of Joints  	 35
Apertures  	 35

Intergranular Permeability  	 36
Storativity  	 39

Intergranular Porosity  	 41
Fracture Porosity  	 41

Source of Ground Water for the Aquifer in Egypt  	 41
Paleoclimate  	 41

Sources of Recharge  	 46
Recharge from the South  	 49
Local Recharge  	 49
Vertical Flow and Transport  	 50

Conclusions  	 52

5. REVIEW OF PREVIOUS INVESTIGATIONS  	 53

Regional Resistor-Capacity Model (1962)  	 53
First Pumping Program  	 54
Second Pumping Program  	 54
Results  	 54

Kharga-Dakhla Resistor-Capacity Model (1968)  	 55
Method of Investigation  	 55
Model Calibration  	 57
Results  	 57

Kharga-Dakhla "ECAP" Analog Model (1975)	 58
Method of Investigation  	 58
Results of the Model  	 58

Dakhla-Kharga Mathematical Model (1976)  	 59
Purpose  	 59
Method of Investigation  	 59
The Model  	 60
Model Calibration  	 60
Forecast System Responses to Varied Extraction

Patterns  	 61
Discussion of Results  	 64



TABLE OF CONTENTS--Continued

6. DISCHARGE AND HEAD DECLINE IN SHALLOW AND DEEP WELLS

General Description of Wells  	 65
Procedure for Designating Wells to Irrigated Land  	 66
Water Quality  	 67

Total Dissolved Solids in Deep Zones  	 67
Total Dissolved Solids in Shallow Zones  	 67
Water Chemistry  	 68
Quality of Water for Irrigation Purposes  	 68

Corrosion of Wells  	 72
Production of Wells in Dakhla (1960-1970)  	 73

Head Changes  	 77
Head Changes in Outlying Areas  	 77
Similar Conditions in Kharga Oases  	 80

Production and Head Decline in Dakhla (1970-1987)  	 80
Shallow Wells  	 80
Deep Wells  	 82
Decline in Ground-Water Levels  	 82
Vertical Ground-Water Flow  	 85

Discharge of Selected Wells in Dakhla (1970-1987)  	 85
Discharges in the Central Part of Dakhla  	 86
Discharges in the Eastern Part of Dakhla  	 89
Summary  	 89

7. CONCLUSIONS AND RECOMMENDATIONS  	 90

Conclusions  	 90
Ground Water in Dakhla  	 90
Withdrawal Rates  	 90
Pumping of Wells in Future Years  	 91
Implications of the Study to Egyptian Hydrogeology	 92

Recommendations  	 93

LIST OF REFERENCES  	 96

vi

Page

65



LIST OF ILLUSTRATIONS

Figure	 Page

1. Map of Egypt showing oases in the Western Desert  	 2

2. Dakhla Oases  	 5

3. Geologic sections of the Nubian Aquifer System in
Egypt  	 20

4. Schematic outcrop map of major geologic formations in
southwestern Egypt  	 22

5. Location map of the Nubian Aquifer System and its major
basins  	 31

6. Hydrogeologic cross sections and permeability values of
the Dakhla Basin, Egypt  	 34

7. Map of the sampling locations for permeability and
porosity values  	 38

8. General map of the research area indicating the hydro-
graphic features and locations of paleoclimatological
significance  	 45

9. Ground-water contour lines of the Nubian Aquifer System . .	 48

10. Discharge hydrographs for Egyptian depressions in the
Nubian Aquifer System  	 51

11. Nodal system used in Resistor-Capacity model (1968)  	 56

12. Piper Trilinear Diagram of water chemistry for wells in
Dakhla and Kharga Oases  	 69

13. Map of Dakhla Oases with square numbers and pumping
centers  	 74

14. Map showing wells, depth to aquifer, change in artesian
pressure, and villages in Dakhla Oases  

	
78

15. Drawdowns in Dakhla and Kharga Oases (1960-1969)	 79

vii



LIST OF TABLES

Table	 Page

1. Irrigated areas in Dakhla as of 1982  	 8

2. Growth of Egyptian population and cultivated land  	 11

3. Varied situations for Egyptian water supply and demand
by mid-1990s  	 16

4, Average transmissivities and hydraulic conductivities of
the New Valley oases and East Uweinat  	 33

5. Apparent intergranular hydraulic conductivities and
anisotropy  	 37

6. Mean values of apparent intergranular hydraulic
conductivity  	 40

7. Total interconnected porosity values of intact rock  	 42

8. Results of Resistor-Capacity model (1968)  	 57

9. Forecast system responses to alternative extraction
patterns (2025)  	 62

10. Comparison of results of previous studies to the present
situation in Dakhla  	 63

11. Water chemistry analyses for wells in Dakhla and Kharga . .	 70

12. Electrical conductivity and sodium absorption ratio
values  	 71

13. Daily production of shallow and deep wells in Dakhla
Oases (1960-1970)  	 75

14. Withdrawal distribution from shallow and deep wells in
Dakhla Oases (1961-1970)	 76

15. Flowing shallow well extraction pattern in Dakhla
(1970-1987)  	 81

16. Number of flowing deep wells in Dakhla as of December
1987  	 83

v iii



ix

LIST OF TABLES--Continued

Table	 Page

17. Daily production and number of flowing deep wells
in Dakhla (1970-1987)  	 84

18. Description of selected wells in Dakhla  	 87

19. Discharges (m
3
/day) for selected wells in Dakhla

Oases (1970-1987)  	 88



ABSTRACT

The Nubian Aquifer System is the primary aquifer in the Western

Desert of Egypt. The Dakhla Oases are among five other oases relying on

this aquifer as the only source of water.

The water-bearing layers are mainly porous Cretaceous sandstones

overlain by predominantly marine shales and clays of Late Cretaceous to

Lower Paleocene age. Ground water occurs under artesian conditions

causing the wells to flow freely for both human and agricultural needs.

The present annual ground-water discharge in Dakhla is 2.09 x 10
8 

cubic

meters. The natural movement of ground water into the Dakhla area is

negligible in terms of recharge to the artesian zones.

A review of previous investigations indicated a projected draw-

down of up to 75 meters by the year 2025. Extensive extraction from the

deep layers has led to a decrease in the piezometric pressure, causing

vertical flow from the upper layers. The decrease in natural flow of

the artesian wells is due to this decline in natural pressure.

Egypt is in great need of its ground-water supply. In the

context of population growth and greater demands for water, the value of

water in Egypt will rise in the near future particularly in response to

the imminent threat of African drought.

x



CHAPTER ONE

INTRODUCTION

The New Valley consists of three groups of oases in the Western

Desert of Egypt: Kharga, Dakhla, and Farafra (Figure 1). The under-

ground reservoir supplying water to these oases has been mined for

thousands of years. Increased withdrawal from the deep layers of the

aquifer during recent years has resulted in a decline in artesian

pressure. Most wells in Kharga have already ceased to flow and are

being pumped. The situation in Dakhla oases is similar, in that its

wells will have to be pumped in the near future.

Ground water as a natural resource in Egypt is valuable in light

of the severe African drought and decline in Nile water levels. This

resource must be preserved for future generations, and must be managed

in order to meet the greater demands of an increasing population.

Purpose and Scope of the Study 

A considerable amount of hydrogeologic data has been accumulated

as a result of studies undertaken in the oases of the New Valley. Most

work has been done over the last twenty years. Projecting the drawdowns

and estimating the area to be irrigated in the oases have been the main

concerns of these studies. Quite often the recommendations given by

these investigators are not carried out.

The present study is a review of these investigations and their

results, comparing them to the situation today. An attempt to explain

1
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and clarify the reasons for the continued decline in water levels and

cease in natural artesian flow is presented. Recent data on the piezo-

metric pressures are lacking, restricting the extent of the study.

Through visiting Dakhla and Kharga Oases during the winter of

1987-88, a first-hand account of the conditions in the oases is given,

ranging from the selection of well position and design to the bureau-

cratic maze surrounding ground-water development.

Briefly then, this study aims at identifying the potential

ground-water resources in Dakhla, and presenting recommendations for

preserving the underground reservoir. The importance of ground water

as a natural resource in Egypt is emphasized in view of the nation's

economic situation and the declining water levels in Lake Nasser.

Selection of Dakhla Oases for Study

Extensive reports have been published on Kharga Oases, such as

E.G.D.D.O. (1967), LaMoreaux (1976), and LaMoreaux and others (1985).

The recent work on Dakhla is more limited. There are a large number of

wells to choose from for study, and a considerable amount of data avail-

able regarding past patterns of ground-water extraction.

Source of Data

Much of the summer and fall of 1987 involved corresponding with

organizations and individuals who worked in the area, in order to gather

the bulk of data relevant to the study. In most cases the reports and

data were obtained directly from the agencies and organizations.

Visiting the field area and collecting current data in December

and January of 1987-88 was made possible through the help of the
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Governor of the New Valley, Dr. F. Al Tallawy, and with the assistance

of the related departments in Dakhla Oases.

Terminology

The only terms that may appear unfamiliar to the reader are:

"wadi", a valley that is usually dry; "gebel", a term for hill or small

mountain; and "bir", meaning water well.

Description of Dakhla Oases

Location

The Dakhla Oases are in a topographic depression in the Western

Desert of Egypt that lies between the latitudes of 25 ° 25' to 25 ° 45'
North, and longitudes 28° 46' to 29 0 23' East. Oriented in a northwest-
southeast direction, the depression extends from the village of Tineida

in the east to Mawhub in the west, a distance of about 55 kilometers

(34 miles) (Figure 2). A prominent escarpment bounds the oases to the

north, stretching to the northeast in the direction of Fayum. The eleva-

tions in the oases are between 95 and 135 meters (315 and 443 feet) above

sea level. The highest point in Dakhla is a hill in Mawhub village

named Gebel Edmonstone, with an elevation of 459 meters (1505 feet).

Climate

The climate of the area is very arid, with no rainfall. The

average temperatures between May and September range from 30 0 to 32 0

centigrade, with daily temperatures in July reaching well over 40 0 C.

During the winter months, the temperatures are around 200 C during the

day, dropping to around 8° C at night. In the spring, high winds and
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wind storms are common with moving sand forming dunes and drifts. At

numerous places along the Dakhla to Kharga road, the effect of these

mobile sand dunes is visible, and new roads have been paved in an effort

to avoid these drifts.

The average air humidity ranges from 25% to 30% from March to

September, and averages 56% during the winter. As a result of these

conditions, potential evapotranspiration is high. It has been estimated

to range from 10 to 13.5 millimeters daily between May and September,

and from 3 to 8 millimeters per day for the remaining months (F.A.O.,

1977).

Population and History

Total population of Dakhla Oases, which comprises about 18

villages and towns, is 60,754 (New Valley Governorate, 1986). The

residents of Dakhla are a combination of the original settlers of the

oases, the Arab bedouins, and the later immigrants from the Nile

Valley. Mut is the administrative center with a population of 9,352

people. The local people are kind, peaceful, religious, and exhibit a

unique form of hospitality to their guests.

Caton-Thompson (1952) stated that during Paleolithic time, in

dry periods, humans moved into the depressions of Kharga and Dakhla and

inhabited the spring-fed areas. She suggested that Paleolithic man

migrated to these oases as early as 25,000 B.P. In Dakhla there are

ancient wells built around 2,500 years ago by Roman settlers, and in

nearby Kharga Oases, Darius II of the first Persian domination of Egypt

built Hebis Temple in 424 B.C.
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There is evidence of Pharaonic settlers in the oases during the

Early Dynasties (Hodges, 1986), as well as in the Late Dynasties (525-

330 B.C.). Artesian wells were drilled into the sandstone beds to a

depth of about 75 meters, and the oases became a center for human

activity once more. Some of these Roman wells are still flowing and

were constructed with palm logs as casings.

Agriculture

Two types of land are generally referred to in the oases: the

native lands, and the reclaimed lands (see Table 1). The traditional

or native lands were originally irrigated by shallow wells for centuries,

but under the current well replacement program, they are being irrigated

by a growing number of newly drilled deep wells. The reclaimed lands

are those lands that have been reclaimed by the government since 1952.

The main crops grown in Dakhla are wheat, sorghum, rice, and

watermelon, during the summer months. Perennial crops include other

vegetables, date palms, and alfalfa.

Development of the  New Valley

The late President Sadat observed, with good cause, that Egypt's

populace had outgrown the confines of the river valley and must eventual-

ly move into the remote hinterland. The development of the desert areas,

of which the New Valley is the largest, became the theme seized upon by

various ministries. Egyptian planners are inevitably fascinated by the

great deposits of fossil water in the Western Desert. Over the years,

policy makers have envisaged more than one million feddans blooming out

in the desert oases.



Table 1. Irrigated areas in Dakhla as of 1982 (feddan)

Native Lands 
	

Reclaimed Lands	 Total
Cultivated

Irrigated by
	

Irrigated by
	

Irrigated by	 Area
deep wells	 shallow wells
	

deep wells

6,000	 5,300	 10,180	 21,480

From: Agricultural Department, Kharga, New Valley Development
Authority (in Euroconsult/Pacer, 1983)

8
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The string of oases known as the New Valley is underlaid by an

extensive aquifer holding ancient deposits of water. The New Valley is

organized as a governorate, meaning that theoretically it benefits from

all services commonly found in all governorates, though in view of the

small population in this administrative unit, the efforts of the

Egyptian government in the area can only be limited (F.A.O., 1977).

Development of the main part of the New Valley, excluding Bahariya and

Siwa, can be based on agriculture, the phosphate industry, and in the

long term on tourism. Much work has been devoted to the Kharga and

Dakhla Oases due to their large size, proximity to the Nile Valley, and

potential for agricultural development.



CHAPTER TWO

POPULATION, LAND, AND WATER IN EGYPT

Although the present study is primarily concerned with the

ground-water resources of the Dakhla Oases, it is most important to

first consider the value of water to Egypt, in the context of population

growth and expansion of cultivated land.

Population Growth and Pressure on Land

Nowhere among the North African nations are the problems of rapid

population growth more constantly discussed than in Egypt. With a

present population of 51 million and a projected annual growth rate of

2.2 percent (The World Bank, 1986), the population will reach 65 million

before the turn of the century.

The economic future of the nation depends on the race between

population growth and the expansion of economic resources. While some

might argue that the leaders of independent Egypt are a bit late in

facing this problem, they are no more careless than the British them-

selves who were undoubtedly aware of the increasingly unfavorable ratio

of resources to inhabitants, a trend that was statistically visible by

the mid-1920s (see Table 2).

The inhabited and cultivated area of the country is concentrated

on the banks of the Nile and in its Delta, an area of about 35,000

square kilometers (13,600 square miles). This area makes up only 3.5

percent of the total 1,001,000 square kilometers (386,486 square miles)

10



Table 2. Growth of Egyptian population and cultivated land

Year Population Cultivated area
(feddans)*

Cultivated area
per capita

1927 14,187,000 5,544,000 0.39

1947 18,967,000 5,761,000 0.30

1960 26,085,000 5,900,000 0.23

1984 46,000,000 6,000,000 0.13

2000 65,000,000 9,000,000 0.14
(projected) (projected)

* The feddan is the Egyptian measurement of land area, equal to
1.038 acres and 0.42 hectare.

1 1

From: Waterbury (1979) and World Bank (1986)
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of Egyptian territory, with the remainder mainly desert land dotted

with a few oases.

The land resource in Egypt is the largest natural resource

developed to any degree, allowing the use of the land-man ratio to

indicate the dependence of the population on land. In the context of

population growth, the land-man ratio measures the pressure of the popu-

lation on land in terms of the demand for food, and consequently, the

need for water for irrigation. Selecting the 24 year interval from 1960

to 1984, we find the land-man ratio in terms of the cultivated area

decreasing from 0.23 in 1960 to 0.13 in 1984 (Table 2).

Water Resources 

Perhaps no other country of the world depends to such a great

extent upon a single waterway as Egypt. Since the dawn of its history,

the land supply of the country has been a product of the River Nile,

which is 1,532 kilometers (950 miles) long within the national bounda-

ries.

Precipitation

The average precipitation of the country as a whole is only about

one centimeter per year. Cairo receives an average of about 1.7 centi-

meters of annual rainfall, while the wettest part of the Mediterranean

coast receives up to 20 centimeters (7.8 inches) annually.

The Nile

Since Pharaonic times the irrigation methods in Egypt have taken

advantage of the natural seasonal pattern of the Nile's discharge.
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Under the basin irrigation system the flood waters were captured for the

cultivation of a single winter crop. The land was divided into large

basins fed by canals from the river only during the flood season. By

controlling the rates of filling and emptying of the basins, Egyptians

could successfully irrigate the rich lands of the Nile Valley, and

provide food supplies for not only themselves, but also generate sub-

stantial grain surpluses to feed peoples throughout the Mediterranean

(Whittington and Guariso, 1983).

With the construction of the Aswan Dam in 1902 and Aswan's High

Dam in 1970, perennial irrigation was introduced, increasing the produc-

tion of crops notably. The reservoir behind the High Dam, known as Lake

Nasser, has effectively become the source of fresh water for all water

users in Egypt. It is, however, a limited source, and faced with the
•

growing population and expanding food import bills, Egyptian policy

makers now talk seriously of the need to irrigate two to three million

more feddans.

Following eight successive years of drought in Ethiopia, the

water levels in Lake Nasser have reached their lowest since 1968. The

drought is due to global variations in temperature, mainly from increased

temperatures of the oceans in both the southern and northern hemispheres.

Consequently, the air temperatures are warming, probably as a result of

the greenhouse effect produced mainly by increased carbon dioxide in the

atmosphere. Other factors such as removal of vegetation and increased

reflection of solar radiation, reduced soil moisture and increased dust

in the atmosphere, all lead to feedback processes that intensify the

drought (Evans, 1987).
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Ground Water

The ground water in the Egyptian deserts represents an auxiliary

source of water that in the future may help to satisfy the demands of

agricultural, municipal, and industrial requirements. Effective use can

be made of ground-water resources, which exist almost everywhere in the

Western Desert, thereby extending agriculture into this remote area,

and in so doing, attracting settlers from the Nile Valley.

In response to the impending threat of decreasing Nile waters,

increased use of ground water in other areas of Egypt will take place.

The Aswan-Lake Nasser area has a high water table, and there is poten-

tial for drilling water wells for human consumption as well as for

agricultural purposes. These increased ground-water resources have

resulted from lateral subsurface movements from Lake Nasser (Dickinson

and Briggs, 1987).

Northern Sinai is another area with accessible supplies of ground

water, but it is a relatively new area in terms of hydrogeological inves-

tigation by the Egyptians.

The Value of Water to Agriculture 

In order to gain some insight into how the value of water is

likely to change in Egypt in the near future, a brief summary of the

current and projected annual water supply and demand situation is

presented.

The agricultural sector currently accounts for roughly one-half

of the total employment in Egypt and 80 percent of export earnings

(Whittington and Guariso, 1983). Approximately six million feddans are
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cultivated annually, about 5.5 million of which are old lands in the

Nile Valley and .5 million are recently reclaimed areas. The major

winter field crops are wheat and clover, and the major summer crops are

cotton, maize, and rice (Whittington and Guariso, 1983).

Desert reclamation planning and policy have generated enthusiasm

and controversy throughout the post-revolutionary period (starting in

1952) in Egypt. Soil properties are generally poor and land preparation

has taken much longer and has been more expensive than anticipated. One

of the primary benefits of the Aswan High Dam was supposedly to provide

the additional water necessary for the reclamation of 1.3 million

feddans. This goal is not close to being achieved, despite large

investments.

The Ministry of Irrigation has designated three million feddans

for reclamation before the year 2000. Of the three million feddans,

1.1 million are to be reclaimed by 1990. Many observers do not believe

that there are three million feddans in Egypt worth reclaiming (Water-

bury, 1979), but assuming that there are 1.1 million, we may anticipate

enormous water outlays during the reclamation process itself.

Three alternative water supply and demand situations are shown in

Table 3. The worst case scenario incorporates conservative supply esti-

mates with liberal water demand estimates. Ministry projections of

reclamation projects to a maximum of 3.3 million feddans are multiplied

by the current annual water requirement of 8,000 m
3
/feddan. These

demands are not excessive if reclamation projects employ traditional

surface irrigation methods or if the anticipated water savings from new

irrigation techniques prove too optimistic (Hunting Technical Services,
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Table 3. Varied situations for Egyptian water supply and demand by
mid-1990s

Supply/Demand Worst Case	 Best Case	 Probable
(km3 )	 (km3)	 (km3)

SUPPLY 

Available at Aswan

Reused drainage water

Delta ground water

Upper Nile Project contribution

Total

NET (surplus/deficit)

55.5 55.5 55.5

5.0 12.0 8.0

0.5 1.0 0.7

1.9 4.5 2.5

62.9 73.0 66.7

73.6 49.6 60.6

3.0 1.0 2.0

7.0 3.0 5.0
I
i

83.6 53.6 67.6

-20.7 +19.4 -0.9

DEMAND

Direct crop water demand,
plus conveyance and on-farm
water losses

Navigation and power release
above agricultural needs

Municipal and industrial
consumption

Total

From: Whittington and Guariso (1983)
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1980). As indicated, this scenario shows an emerging annual deficit of

over 20 billion m
3

.



CHAPTER THREE

GEOLOGY OF DAKHLA OASES

The Western Desert embraces an area of about 681,000 square kilo-

meters, over two-thirds of the whole area of Egypt. It is part of the

hyperarid Eastern Sahara, and is described by Said (1962) as essentially

a plateau desert with vast flat expanses of rocky ground and numerous

extensive, enclosed depressions. Among other oases, Dakhla lies in the

southwestern quarter of Egypt, known as the Southern Libyan Desert

(Wendorf and Schild, 1980).

Two geomorphic features serve as boundaries for the Southern

Libyan Desert. To the north and east is a high escarpment, over 400

meters high near Dakhla, that separates this southern quarter from the

uplands of the Eocene plateau. Some of the largest oases in Egypt are

found along the foot of this plateau. A massive area of eolian sand

extends southward from the Qattara Depression and along the Egyptian-

Libyan border to beyond the southern edge of the Eocene plateau near

Farafra.

On the western side, the Southern Libyan Desert ends abruptly

against another plateau, the Gilf el Kebir, a vast mass of Nubian sand-

stone rising sharply about 300 meters above the desert floor. The hyper-

arid desert continues as far south as latitude 170 N in Sudan.

Except in a few areas, sand dunes are rare in the Southern Libyan

Desert (Wendorf and Schild, 1980). More common topographic features are

18
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broad, flat sand sheets covered with well sorted granules, a result of

ages of deflation and sorting. There are also numerous steep-sided

gebels with flat tops, surrounded by rubble. In some areas there are

deeply cut wadis, with steep banks that once carried runoff during a more

moist climate. The vastness of the landscape is overwhelmingly empty,

with perhaps a resemblance to that of the moon or Mars.

Stratigraphy and Depositional Environments
of Nubia Strata 

First introduced by Rüssegger in 1847, the term Nubian or Nubia

Sandstone has been applied to a wide range of stratigraphic and sedi-

mentologic sections in southern Egypt and other areas of North Africa.

Nubia strata in southwestern Egypt reach an aggregate thickness of

1,000 to 2,000 meters. The common lithology is medium-grained sand-

stone, though the modal grain size ranges from fine to coarse. Silt-

stone and shale compose a small portion of the exposed section. The

sequence ranges in age from Jurassic to late Cretaceous. The strata lie

unconformably on Precambrian crystalline rocks, and are overlain con-

formably by phosphatic or shaly beds (Klitzsch et al., 1979).

During the Cretaceous, three major transgressions approaching

from the Tethyan sea in the north covered extensive areas of Egypt. The

Dakhla basin formed one of the most prominent centers of deposition at

the time, consisting of the central and southern parts of the Western

Desert. The stratigraphic sequence is divided into lithologic forma-

tions and units indicated in Figure 3. Three major sandy formations

(Six Hills, Sabaya, and Taref) were deposited in alluvial-plain environ-

ments, and include channel, flood-plain, and rare lacustrine or
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marginal-marine facies. These sandy units are separated by two finer-

grained intervals containing considerably higher silt and shale contents.

They were deposited in shallow-marine and shore-line environments (Abu

Ballas and Maghrabi) (Figure 4).

The topmost formation of the sequence is also finer grained and

mainly siltstone and shale (Variegated Dakhla shale) deposited in muddy

coastal plain, lacustrine, and possible marginal-marine environments.

The following is a description of these formations and their depositional

environments.

Six Hills Formation

The Six Hills Formation consists of deposits made up of white,

grey, yellowish brown and red quartzose, cross-stratified, medium- to

coarse-grained poorly-sorted sandstones. Generally, these sediments

show grouped sets with large-scale cross-bedding. Individual sets have

thicknesses of 0.2 to 2.5 meters and are commonly separated by thin con-

glomeratic layers containing angular to subrounded quartz pebbles. These

sets or cycles are capped by a bed of kaolin-rich sandstone, commonly cut

by the succeeding erosional surface, and pebbles or cobbles of this

material are found in the next cycle. The cycles are interpreted as a

sequence of shallow fluvial channels, within which sand waves were the

dominating bed form. The kaolinitic sandstone capping every cycle is

interpreted as interchannel flood plain where clay was included by infil-

tration and root growth and decay. The bedding type resembles that of

Allen (1963) in the pi-cross-stratification (Klitzsch et al., 1979).
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Various plant remains are found in the Six Hills Formation,

including silicified wood logs. Close to the top of the unit, there

are straight vertical tubes or U-shaped burrows similar to Scolithus

and Rhizocorallium (Klitzsch et al., 1979).

Abu Ballas Formation

Overlying the Six Hills Formation, we find the Abu Ballas Forma-

tion which reaches thicknesses of about 100 meters. According to Hend-

riks and Kallenbach (1986), this formation represents a marine intercala-

tion within fluvial, Nubia-type sandstones. These deposits reflect an

extensive transgression of Aptian age inundating the Dakhla Basin from

north to south. Due to this primary transgression of the Tethyan sea

during the Cretaceous, sediments of open and marginal marine provenance

were deposited in the southwest of the basin, in the Dakhla-Kharga Oases

area.

The sedimentary sequence representing the open marine facies is

divided into five units indicating deposition largely controlled by one

single transgressive-regressive event. The sandstones from the lower

transgressive sequence in the formation are of backshore to foreshore

environments, overlain by offshore claystones. The middle portion of the

sedimentary succession is composed of silty and sandy strata attributed

to large-scale redepositional processes due to stronger bottom currents

during the maximum extension of the sea. A gradual regression followed

as indicated by sediments above the middle section consisting mainly of

claystones grading upwards into siltstones and sandstones of transition-
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zone to backshore environments. The Abu Ballas Formation is one of the

two regional formations of low permeability in the aquifer system.

There are abundant small brachiopods (Lingula sp.), gastropods

and pelecypods, as well as plant remains (cf. Aneimidium).

Sabaya Formation

This formation has a thickness of 30 to more than 300 meters

(Klitzsch et al., 1979), and consists of white, gray, yellowish-brown

and red sandstones. The medium- to coarse-grained, partially conglomer-

atic, poorly-sorted psammites are commonly characterized by large-scale

cross-bedding. This formation is comparable to the Six Hills Formation,

both of which are highly permeable formations in the Nubian Aquifer

System. Individual cross-stratified sets are repeatedly separated by

conglomeratic beds of quartz pebbles, 0.5 cm in diameter. The sequence

contains many mottled, truncated paleosols, up to 1.0 meter in thickness,

and destratified by penetrating roots (Hendriks and Kallenbach, 1986).

The deposits from the basal part of the Sabaya Formation repre-

sent accumulation by rivers in a flood-plain environment. The presence

of primary sedimentary structures similar to omikron-cross-stratification

(Allen, 1963) indicates a predominantly migrating train of asymmetrical,

straight-crested megaripples within the stream channels. The numerous

truncated paleosols indicate abundant vegetation in the areas adjacent

to the rivers and a repeated incision of stream channels migrating

laterally into the flood-plain deposits.
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There is a section in the Sabaya Formation with a high kaolinite

content originating from ground water being super-saturated with silica

and aluminum. These solutions are thought to originate in river systems

from continental areas exposed to intense chemical weathering (Hendriks

and Kallenbach, 1986).

Maghrabi Formation

The Maghrabi Formation ranges in thickness from several tens of

meters to approximately 180 meters, and is of Cenomanian age (Klitzsch

et al., 1979). It is generally composed of thin beds of fine-grained

sandstone with wave ripples and burrows. The beds also include red mud-

stones with root traces and lenticular channel sandstone with north- or

northeast-directed cross-strata. The section may also be drab-green or

greenish-gray mudstone and sandstone further east near Kharga Oases,

with more evidence of marine influence. The sequence suggests an abrupt

marine transgression as far south as the outcrop belt (25 0 20' N), and

a regressive stage in the form of small deltas and prograding muddy

flood plains.

Floral remains are abundant, including angiosperms such as

Ficophyllum, Plantophyllum, and Numphae.  Vertebrate remains such as

fish teeth, dinosaur bones, and turtle plates have been recorded

(Klitzsch et al., 1979).

Taref Formation

The Taref sandstone reaches thicknesses of up to 130 meters, and

is of early Maestrichtian age (Klitzsch et al., 1979). It consists

mainly of medium- to fine-grained sandstone with tabular sets of cross-
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strata. Coarser material is present in the form of granules and quartz

pebbles. The majority of this formation is interpreted as being fluvial

and consists of sandy channel deposits and muddy flood-plain or lacus-

trine deposits. Some beds near Abu Tartur, close to Kharga Oases

(Figure 2), have numerous burrows suggesting local marine environments.

Mut Formation

The general term "Variegated Shales" has been used in reference

to this and the overlying Dakhla Formation by several authors in the

past, including Said (1962), Awad and Ghobrial (1966), and Klitzsch,

Harms, Lejal-Nicol, and List (1979). Barthel and Herrmann-Degen (1981)

have since defined the separate sediments in this formation.

Mut is one of the larger villages of Dakhla Oases, and is built

on this formation. The formation is mainly composed of vermilion to

brick-red clays, varying in color from gray to green near the leaching

horizons. Sandstones may occur quite frequently in the upper part,

locally distributed, representing ancient river channel-fills that are

apparently unrelated to the neighboring clays. The depositional envi-

ronment of this unit was probably fluvial to brackish and restricted

marine. The presence of glauconite in the variegated shales and sand

indicate this type of environment.

The position of this unit below the Dakhla Formation, which is of

Late Campanian age, suggests that the Mut Formation was deposited in

Mid- to Early Campanian times (Barthel and Herrmann-Degen, 1981).
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Dakhla Formation

One of the best known units in Egyptian stratigraphy, the Dakhla

Formation was named after the Oases by R. Said in 1961. The lower member

of the formation is the Phosphate, Duwi, or El-Hindaw Member. This con-

sists of whitish sandstones intercalated with greenish to reddish clays

at the base. The main body of the member is made up of alternating

layers of grayish clays and sandstone beds, of 0.3 to 2.0 meters in

thickness. Some of these beds contain glauconite and phosphorite

pebbles. Barthel and Hermann-Degen (1981) described a horizon at the

type area near Mut, consisting of finely laminated limestone on bedding

planes, covered by several meters of buff sandstone. The phosphorite

horizons contain shark teeth, fragments of turtle plates, and vertebrae

of fishes and reptiles.

The phosphorites are mined at the southeast edge of Abu-Tratur

plateau, between Dakhla and Kharga Oases, a project that occupied the

local branch of the Egyptian Geological Survey for many years. The age

of the member must be Late to Middle Campanian, because the overlying

member can be dated as Late Campanian using microfossils.

Above the El-Hindaw Member lie the whitish soft limestones and

chalk-like sediments of the Qur-el-Malik Member. The carbonate deposits

are intercalated by 1 to 2 meters of reddish limestone. Barthel and

Herrmann-Degen (1981) report microfossils of Upper Campanian age in the

Mut area: Globotruncana fornicata globulocamerata, Globotruncana 

mariai, Globotruncana stephensoni, and Globotruncana bulloides.

The Dakhla Shale Member overlies the Qur-el-Malik Member, and is

of Upper Campanian age also. At the base the member is chalky in



28

appearance, continuing upward with alternating bands of marls and clays.

An ammonite fauna is found in the many bands, of Late Campanian age.

Above the ammonite level lie blackish to greenish clays with intercalated

brownish siltstone beds. The section continues with about 100 meters of

gray to greenish clays with occasional bands of phosphorite bearing

glauconitic sandstone. The sandstone contains the ammonite specie Liby-

coceras. Overlying the sandstone beds are silty clays, with another

layer of glauconitic sandstone above that. The uppermost sediments of

the member are gray, red, and variegated clays (Barthel and Herrmann-

Degen, 1981).

Tarawan Formation

This term was used by Awad and Ghobrial (1966) to describe the

white limestones and chalks capping the Dakhla Formation in Kharga

Oases. This formation also forms the top of the scarps to the north of

Dakhla Oases.

In the lower layers of the formation, phosphorite pebbles, sand-

stone, glauconite, quartz, as well as shark teeth, form a conglomerate.

Barthel and Herrmann-Degen (1981) describe a rich fauna including gastro-

pods: Lobostoma ramosum, Palaeopasammia multiformis,  and Caryosmilia 

granosa. There is also a sponge assemblage with Schizorhabdus libycus

and Rhizopoterion poculum, among others.

The Tarawan Formation was dated by planktonic foraminifera in

Dakhla, at Gebel Gifata. Globorotalia uncinata  and Globigerina (Eoglobi-

gerina) trinidadensis give an Early Montian age.
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At the western end of the Dakhla depression, near the village of

El-Qasr and before the village of El-Mawhub, is a well-exposed section

of shale, sandstone, and limestone. The exposure is on the road to

El-Mawhub, before Gebel Edmonstone appears to the left (Figure 2).

Driving west, the road reaches a rise at the outcrop. To the right

there are numerous buttes of Dakhla Shale and heavily-weathered sand-

stone, extending north until the base of the high escarpment. To the

left of the road, beds of shale with thin, discontinuous bands of lime-

stone are present. These beds are probably from the Dakhla Formation,

and are overlain by grayish shale beds about 2 meters in thickness. A

minor local fault extends in a northeast-southwest direction through

this area, previously mapped by Ezzat (1974). This fault may aid in

explaining the occurrence of some sandstones below the road level, lower

than expected.



CHAPTER FOUR

THE NUBIAN AQUIFER SYSTEM

The Nubian Aquifer System of the Eastern Sahara covers an area of

about 2 million square kilometers, comprising two major basins: the

Dakhla Basin of Egypt, and the Kufra basin of Libya, northeastern Chad,

and northwestern Sudan (Figure 5). In addition, the aquifer area in-

cludes the southernmost strip of the Northwestern Basin of Egypt and the

Sudan Platform.

The thickness of the water bearing strata in both basins reaches

2,500 meters, and covers an area of around 700,000 square kilometers

(Shata, 1982) in Egypt. The boundaries of the system are the Red Sea

Hills to the east, the saline-freshwater interface to the north, and the

Gebel Uweinat-Aswan Uplift System to the south. To the west, the system

continues into the Kufra Basin, with the Libyan border assumed as a

boundary for any mass calculations of Egyptian ground water. The Dakhla

Oases are in the Dakhla Basin, which will be the focus of the following

section.

Dakhla Basin 

To the north of the 25th parallel, Paleozoic sediments underlie

the Cretaceous sediments, which are only known through the results of

exploration wells to the northwest (Desouqi, Foram and Ammonite) (Figure

5). These wells indicate that the Paleozoic sediments are formed by

sandstones with minor intercalations of shales, dolomites and limestones.
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They have an approximate thickness of up to 800 meters along the longi-

tude of the oases, Dakhla and Bahariya. Further north of the same

parallel, marine shales and clays overlie the Cretaceous sandstones.

These sediments of the Campanian Mut Formation and the Campanian to

Lower Paleocene Dakhla Formation, respectively, are several hundred

meters thick and compose the confining bed of the aquifer in Egypt.

Hydrogeologic Parameters Controlling
Permeability and Porosity

"Due to the presence of a distinct joint fabric on one hand, and

relatively high intergranular porosities on the other hand, ground water

motion in the Nubian Aquifer System has to be characterized as a combina-

tion of both fissure flow and intergranular flow" (Hesse et al., 1987,

p.419). The permeability of a rock mass is reflected from the pumping

test results, but a better understanding of the relative significance of

the intergranular permeability and hydraulic conductivity of jointed

rock is needed. Numerous aquifer tests have been carried out in the

past by development projects in the New Valley, but most of the wells in

the area are only partially penetrating wells, resulting in aquifer

tests leading to transmissivities above the real value. Table 4 shows

the average transmissivities of the oases of the New Valley and the East

Oweinat area, and the hydraulic conductivities obtained by dividing the

transmissivity by the screen length only, so that consequently the re-

sults are above the real conductivities as well. However, representa-

tive cross sections for the different hydrogeologic units in and around

Dakhla Oases are shown in Figure 6.
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Spacing of Joints

The mean spacing values of adjacent, subparallel joints are used

in hydraulic conductivity calculations of a discontinuity system. Quite

commonly the spacing of joints is assumed to be closely related to the

magnitude of tectonical stress and to the mechanical properties of the

rock during the development of discontinuities.

The spacing of non-tectonic tension joints depends upon the

intergranular permeability of intact rock, as a parameter to transmit

excess fluid pressure (Snow, 1965). Accordingly, joint spacing increases

corresponding to the permeability. The spacing of discontinuities within

the Six Hills Formation is almost identical to that within the Sabaya

Formation. The mean values of 0.46 and 0.48 meters for the respective

formations (Hesse et al., 1987) correspond to large similarities in

lithology and intergranular permeability of both aquifers.

Apertures

Permeability is greatly controlled by the distribution of aper-

tures within the saturated zone at greater depths. Direct observation

of discontinuities at relevant depths through the use of a TV bore hole

camera resulted in a mean joint aperture of 0.59 mm (arithmetic mean) at

a depth of 129 to 171 meters, as reported by Hesse and others (1987).

However, on the basis of known rock joint spacing and intergranular and

total permeabilities, the hydraulically effective apertures were deter-

mined to be within 0.2 - 0.5 mm.

Lithology and grain size can affect directly the variation in

regional apertures. In the case of the Nubian Aquifer System, the main



36

joint sets seem to be independent of the lithology (Hesse et al.,

1987).

Intergranular Permeability 

Water permeability tests with distilled water in the laboratory

resulted in hydraulic conductivity values of cylindrical rock samples

from individual formations, shown in Table 5. The values are for the

major water-bearing formations in the aquifer, including the less

permeable shale member, the Maghrabi Formation. Figure 7 shows the

sampling locations.

The anisotropy of the various hydraulic conductivities, due to

the stratification, is increased in location 1 (Six Hills), indicating

heterogeneity of interlayering in the formation. Location 3, in the

Sabaya Formation, appears to be homogeneous in permeability with an

anisotropy of 1.3:1, (K f(h) :Kf(v) ), a ratio of horizontal to vertical

permeability.

Aquifer test data from Dakhla Oases (Barber and Carr, 1976)

_
resulted in an average permeability value of k f = 6.1 x 10

-5 
m/sec.

Comparing this value with the horizontal intergranular permeabilities

illustrated in Table 5 does not show significant differences. Thorweihe

(1986) suggested that the permeabilities obtained from pumping tests

are too high, because most of the wells are only partially penetrating

wells. However, aquifer test data indicate isotropic formation permea-

bility; thus a comparison with intergranular permeabilities must include

the vertical hydraulic conductivity of intact rock. This is expressed

by the isotropic intergranular permeability k f (RI)' which is the
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Table 5. Apparent intergranular hydraulic conductivities and anisotropy

Location Stratigraphy

Apparent hydraulic conductivity

k f H (m/sec)	 k f V Cm/sec)

Anisotropy

k	 •	 kf H	 '	 fV

1 Six Hill Formation 6,09	 • 10-5 1,19	 • 10 -8 5117,6	 : 1

4 7,99	 • 10-s 4,68	 • 10 -7 170,7	 : 1

9 6,60	 • 10 -7 4,16	 • 10-8 15,9	 : 1

10 5,10	 • 10-5 1,37	 • 10- 5 3,7	 : 1

12 2,20	 • 10 -s 5,21	 • 10 -6 4,2	 : 1
--_
kf - 4,3	 • l0 • 10-6 11,0	 : 1

3 Sabaya Formation 3,46 10 -5 2,58 10 -5 1,3	 : 1

5A 1,85 10-6 4,92 10-9 376,0	 : 1

5 B 3,73 10-s 8,41 10-9 4435,2	 : 1

6 1,35 10 10 : 1

7 2,24 10 -5 2,86 10 -7 78,3	 : 1

11 5,82 10-5 2,28 10 -5 2,6	 : 1
•

kf - 4,8	 • 10 -5 8,2	 • 10 -6 5,9	 : 1

14 Maghrabi Formation 2,63	 • 10 -6 7,63	 • 10 : 1

8 Taref Formation 3,60	 • 10-5 2,65	 • 10 -6 13,6	 : 1

13 4,53	 • 10 -5 2,74	 • 10 -s 1,7	 : 1
--_
k
f

- 4,1	 • 10 -5 1,5	 • 10-5 2,7	 : 1

From: Hesse et al. (1987)
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geometric mean of apparent horizontal and vertical hydraulic conductivi-

ties of intact rock (Hesse et al., 1987):

k
f(RI) 

=	x k
f(H) 

x k
f(V)

More obvious differences are evident in this comparison with

data for the Dakhla area (Table 6). A possible cause for such differ-

ences is assumed to be fissure flow across discontinuities intersecting

the screened part of the test wells. Although the lithological composi-

tion as well as the hydrogeologic rock characteristics of the inter-

sected Six Hills and Sabaya Formations are similar, the permeabilities

from the shallow wells in Dakhla are higher than the values from the

deeper wells. A relationship between increasing depth and a general

decrease of joint apertures may exist. "Since fracture permeability is

strictly controlled by the openness of discontinuities, it has to be

expected that the fracture permeability will be higher in shallow wells

than in deep wells" (Hesse et al., 1987, p.432). Accordingly, the

jointed rock permeability diminishes with depth, and eventually the rock

mass permeability equals the hydraulic conductivity of intact rock.

Storativity

The storativity of a confined aquifer can be defined as the

volume of water that an aquifer releases from storage per unit surface

area of hydraulic head normal to that surface (Freeze and Cherry, 1979,

p.60). The storativity depends on the elastic properties of the aquifer

system, the compaction of the aquifer system, and leakage through the

confining beds. Storativity of a rock mass reflects the effective



Table 6. Mean values of apparent intergranular hydraulic conductivity
(m/sec) for water-bearing formations in the Dakhla area

Formation	 kf(H)	 kf(V)	 k
(RI)	 I

Six Hills	 4.3 x 10
-5	

3.9 x 10
-6	

1.9 x 10-5

Sabaya	 4.8 x 10
-5	

8.2 x 10
-6	

2.7 x 10
-5

Taref	 4.1 x 10
-5	

1.5 x 10
-5	

2.9 x 10-

From: Hesse et al. (1987)
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interconnected void volume of a porous and/or fissured medium (Hesse et

al., 1987).

Intergranular Porosity

The intergranular porosity of intact rock samples determined by

means of water saturation and buoyancy techniques (Brown, 1981) is consi-

derably uniform for all tested formations (Hesse et al., 1987). The

values have a total range of 18.4% to 33.8% and a mean value of 28% for

the Dakhla-Kharga area. Corresponding to the intergranular permeability,

total porosities within the Six Hills and Sabaya Formations are similar

(Table 7).

Fracture Porosity

The accumulative action of fissures is important where the rock

has a low intergranular porosity. Porosity of fractured material is

dependent upon the frequency, spacing, openness, and surface texture of

the conductors. The results obtained by Hesse et al. (1987) from esti-

mating the fracture porosity through a method by Voltz (1975) proved

negligible. For wells of shallow depth, fracture permeability could

contribute moderately to the storage coefficient, but the range of

experimental error of a pumping test for a deeper well would greatly

exceed the intensity of fracture permeability.

Source of Ground Water for the Aquifer in Egypt

Paleoclimate

Though the climate is hyperarid with less than 5 mm/year average

precipitation, several thousand meters of saturated sandstones are in
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Table 7. Total interconnected porosity values of intact rock

Sample number Total interconnected
porosity (%)

1B/1

1B/2

1B/3

30.55

18.65

29.45

7/1 31.39

7/2 23.59

7/3 26.37

8/1 33.54

8/2 30.56

13/1 32.36

13/2 29.58

14/1 23.64

14/2 29.62

Samples are from the locations in Figure 7. Samples from location 1
are from the Six Hill Formation; location 7 is from the Sabaya Forma-
tion; locations 8 and 13 are from the Taref Formation; location 14
is from the Maghrabi Formation.

After Hesse et al. (1987)
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the center of the basin. Doubtless no recent recharge has taken place

in most parts of the system, as was concluded by Haynes and Haas (1980).

Investigations into the Late Quaternary climate of the Eastern Sahara

have been carried out in order to obtain further data on ground-water

recharge (Pachur et al., 1987; Haynes, 1987; Haynes and Mead, 1987;

Ritchie and Haynes, 1987). Much of the work by Pachur is based on

results obtained between 1965 and 1980 in the Libyan and Chadian parts

of the Sahara, in particular the depressions of Tibesti and Calanscio,

the Rebiana Sand Sea, Gebel Eghei, and Kufra Basin (Figure 8).

In comparison to the present hyperarid climate, the entire area

was characterized by considerable climatic change during the Pleistocene

and Holocene. Most of the evidence lies within the range of the radio-

carbon dating method. For the Pleistocene period, evidence is mainly

from phreatogenetic deposits, such as calcareous crusts, lake chalk,

mud, rhizoliths, and calcareous nodules. A high water table is indicated

by lake chalk at Brema, Kufra Basin (24,310 + 365 B.P., Hv 14239), cor-

responding to ground-water dates reported by Edmunds and Wright (1979).

In the Tarfawi area, Haynes (1980) reported calcareous substrata, some

of which were found at artesian ground-water outlets believed to be

greater than 44,000 years old. Lake Chad reached a level of 400 meters

above sea level between 30,000 and 22,000 B.P. (Pachur et al., 1987),

showing that the youngest Pleistocene wet phase extended far to the

south with heavy rainfall.

There is palynological evidence showing that savanna and desert

grassland occupied the plantless hyperarid region of northwest Sudan.

Ritchie and Haynes (1987) suggested that these pollen records from Selima
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and El Atrun demonstrate a steep vegetational gradient in the eastern

Sahara during an early to mid-Holocene pluvial.

The discovery of lacustrine beds in the Darb el Arba l in Desert,

which is the most hyperarid region of the Sahara (Haynes, 1982), has

resulted in a new understanding of the climatic cycles that character-

ized the early and middle Holocene of North Africa (Mehringer, 1982;

Ritchie et al., 1985).

Increased precipitation in the early Holocene was due to a

northward migration of the monsoonal circulation (Wickens, 1975). The

southern wetting front moved northward down the hydraulic gradient of

the Nubian aquifer, and increased the gradient ahead of itself by re-

charge through depressions and wadis in the path of the front (Haynes,

1987). Sandford (1935) suggested that Wadi Howar (Figure 8), an extinct

river which forms the southern boundary of the Arba'in Desert, was a

major recharge area for the shallow aquifers. The wadi is more than

500 kilometers long, and during pluvials undoubtedly extended farther to

the northeast. Once the wetting front reached the southern catchment of

the Wadi Howar, the recharge would have increased, causing a "recharge

front" to advance northward (Haynes, 1987).

The discovery and radiocarbon dating of the large achatinid land

snail Limicolaria kambeul chudeaui in northwestern Sudan provides evi-

dence that 6,000 years ago the Sahelo-Saharan transitional zone (ca. 300

mm annual precipitation) shifted south of 20° N latitude for the last

time during the Holocene as the trend toward hyperaridity continued

(Haynes and Mead, 1987). This group of species, Limicolaria, generally
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"prefers" forest or forest-savanna areas, and will survive as long as

there is a minimum of 300 mm rainfall. No Limicolaria were found north

of the Kemal El Din sand sheet (Haynes and Mead, 1987), extending from

Wadi Hussein northwestward. This suggests that the rainfall north of

ca. 20 ° N latitude after around 6,000 years B.P. did not exceed 300 mm
and may have been less than 200 mm. A decrease in precipitation for the

period between 6,000 and 4,500 years B.P. in comparison to the period

between 10,000 and 6,500 years B.P. is evident from the pollen record at

Oyo, Sudan; and since 4,500 years B.P. there has been a hyperarid

climate (Ritchie et al., 1985).

Sources of Recharge 

Two main concepts have been introduced by Brinkman, Heinl, Hol-

lander, and Reich (1987) regarding the origin of the ground water. The

older one suggests large-scale flow from mountainous recharge areas in

the southwest (Tibesti, Ennedi) to discharge areas in the northeast

(Western Desert). A generally steady state and present recharge are

assumed in this concept. Such a state is likely to have existed some

8,000 years ago, with a filled aquifer, meaning that the water-bearing

sandstones were saturated up to the surface (Brinkmann et al., 1987).

A filled aquifer is considered to be under steady-state conditions a

soon as the annual precipitation exceeds a certain amount. The lowest

possible steady state is considered to be the initial condition for

transient calculations.

The second concept formulates local recharge in the areas of

present discharge, such as the Egyptian oases, during a more humid
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climate. Under these conditions, artificial ground-water discharge would

be considered mining under unsteady conditions. Through the use of

numerical models of the system, much can be understood about the ground-

water flow and transport in the region, as has been done by Brinkmann

and others (1987).

The Nubian aquifer is considered unconfined in the areas south of

the 25th parallel and confined under shale beds in the north, where the

aquifer dips in a northerly direction. Kharga and Dakhla Oases are in

the confined part of the aquifer. Ground-water flow in the aquifer on

a regional scale is small compared to flow within sub-regions. The flow

is mainly between locally-defined recharge and discharge areas, such as

small oases, springs, and birs (wells). Large-scale flow from the

Ennedi or Tibesti mountains in Chad and Libya to the Qattara depression

is of minor importance during pluvial times. Under the steady-state

initial conditions simulated in the finite-element network, a general

gradient from southwest to northeast was interpreted, as can be seen in

Ball's (1927) contour lines (Figure 9 ). Ball concluded that flow was

unidirectional in the system, while the model indicates flow in several

directions from recharge to discharge areas.

The majority of the water from the Chad highlands discharges from

the aquifer in the Chad basin, and only a small percentage leaves the

area towards the Sudan (Brinkmann et al., 1987). The Ennedi rains are

considered relatively insignificant in a large-scale perspective.

Ground-water flow from southwestern Egypt in central mountains like

Gebel Oweinat and the Gilf Kebir area is more significant in recharging

the Egyptian depressions.
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Figure 9. Ground-water contour lines of the Nubian Aquifer System

From: Ball (1927)
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Recharge from the South

According to the model of steady-state with recharge solely from

the southwestern highlands, the present situation with oases and wells

could not exist. Therefore, some of the water extracted at the present

time must be taken from storage, which renders the concept of steady-

state with flow from the south quite unrealistic.

Local Recharge

Alternatively, the concept of local recharge in the surroundings

of the present discharge areas during a more humid climate is investi-

gated. The simulation of this situation involves the initial filled-up

conditions of the aquifer. Due to a lack of information on the time dis-

tribution of precipitation, a complete halt in infiltration was assumed

at the beginning of the simulation. Downward leakage from Postnubian

sediments (see Figure 3) occurs during recharge and is included in the

simulation for the confined part of the aquifer.

Following the end of recharge about 6,000 years ago, rapid draw-

downs occurred in the elevated areas of recharge (Tibesti and Ennedi

Mountains). Under transient conditions of aridity, the water from

storage parts of the aquifer provides a source for discharge (Brinkmann

et al., 1987). In the confined areas of the aquifer, where the oases are

found, water is released by leakage and thus by draining the upper layers

of the Postnubian formations. The storativities used are determined from

a few pumping tests conducted in previous studies on the New Valley

(Ezzat, 1974): 0.0005 for the confined parts, and 0.01 for the Post-

nubian. Therefore the greater amount originates from Postnubian storage.
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The discharge hydrographs for the Egyptian depressions are shown

in Figure 10. After a transition to a hyperarid climate, discharge

would continue for over 8,000 years, except for Bahariya, due to the

deviation of ground water to the lower depressions. The transient simu-

lation illustrates that the Nubian Aquifer System was already in an out-

flow state before the recent development of the oases began in the New

Valley and other areas. A decline in the ground-water levels began

during early Holocene time, but was interrupted by local infiltrations

in the central highlands and other points of recharge.

Vertical Flow and Transport

A vertical flow and transport model was designed by Brinkmann and

others (1987) to provide a better understanding of the diffusive effects

in the aquifer. By using representative values for model parameters,

the mixing process and its dependence on the stratification of the

Nubian system was illustrated. The results were used to verify the

accuracy of the radiocarbon ages determined from ground-water samples in

the Western Desert. The simulation showed that the ground-water flow is

influenced by the climatic changes down to the deepest layers of the

aquifer. A change in climate takes a much shorter time than the exchange

of the ground-water body, however. The apparent age of a ground-water

sample, taken from a certain depth in the aquifer, is not only affected

by the flow time from the recharge area, but to an even greater extent

by the diffusive and convective processes in the aquifer and of mixing

in the well. In conclusion, the apparent age of a sample can be 20,000-

30,000 years by the C
14 

method (Thorweihe, 1982), and simultaneously
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appear to be one million years old by the helium-argon method (Himida,

1967).

Conclusions 

The exact development of the ground-water situation cannot be

simulated due to the lack of climatic data. However, the results can

provide a more comprehensive understanding of the aquifer system.

There has always been an alternation of humid and arid phases, with the

latest changes occurring several thousand years ago. The Nubian aquifer

is a continuous system, with recharge over large areas. The majority of

the flow occurred within sub-regions, as opposed to regional flow.

Paleorecharge also occurred in the confined part of the aquifer. A high

vertical gradient exists in the confining layer which compensates for the

low permeability. The aquifer probably has never been entirely depleted,

and variations in ground-water level occurred only in the upper tens or

few hundred meters. Hesse and others (1987) concluded that "the over-

whelming part of the ground water was not recharged 8,000 or 20,000 years

ago, but over millions of years" (p.514).



CHAPTER FIVE

REVIEW OF PREVIOUS INVESTIGATIONS

The ground-water reserves of the New Valley oases have been ex-

ploited on a large scale over the last 30 years. During the early

stages of artificial extraction, the aquifer was not understood and much

work was based on older studies completed prior to 1960. Various models

have been constructed since then, and the results reported in an effort

to proceed in the best possible manner to preserve the reservoir. A

review of these investigations is necessary in order to fully comprehend

the present situation, and to compare the results and predictions with

what is taking place today.

Regional Resistor-Capacity Model (1962) 

The first Resistor-Capacity (RC) models constructed for the

Nubian Aquifer of Egypt were by Salem (1962). Of the two models he

designed, the first model was made to simulate the artesian conditions,

and the second one represented the water table conditions. The response

of the aquifer system was studied for both conditions through the

results of two pumping programs simulated for a period of 50 years.

Development programs were assumed to begin in 1963 and to end in 1981,

with a maximum extraction rate of 12.5 MCM (million cubic meters) per

day.

53
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First Pumping Program

The first pumping program was an exploitation program with a

yearly increasing rate of 228 MCM (0.625 MCM/day) through the period of

1963-1981. After 1981, exploitation was to be constant, at an annual

rate of 4562.5 MCM (12.5 MCM/day).

Second Pumping Program

The second pumping program increased the exploitation of ground

water at two pumping rates. From 1963 to 1970, pumping would be in-

creased annually at the rate of 82.1 MCM (0.225 MCM/day). From 1970 to

1981 an annually increasing rate of 302.9 MCM (0.830 MCM/day) would

occur. After 1981, the exploitation was to be constant at an annual

rate of 4562.5 MCM (12.5 MCM/day).

Results

The results are tabulated in Table 10, and the main conclusions

are as follows:

a. Under the first program, all wells will stop flowing after

6 years, with maximum drawdowns to occur after 40 years.

b. In the second program, the flowing wells are expected to stop

flowing after 12 years. Steady-state conditions in the

reservoir are expected to be reached 60 years after the ini-

tiation of development.

c. Recharge to the ground-water reservoir is estimated to be

about 4.67 MCM/day.
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Kharga-Dakhla Resistor-Capacity Model (1968) 

Extensive drilling in the oases proved the Nubian Aquifer System

to consist of several water-bearing horizons (Ezzat et al., 1962).

Borelli and others (1968) designed a two-layered RC model for Kharga

and Dakhla Oases, with the following assumptions:

a. The upper layer is penetrated by shallow wells (native and

Roman wells), and has been continuously exploited for several

centuries.

b. Due to pressure drop in the upper layer, ground water will

seep upward from the lower aquifer through the less permeable

layers.

Method of Investigation

In order to study the boundary conditions of the Kharga-Dakhla

area, two regional models were constructed, covering an area of

43,200 km
2
. One model represented the upper layer of the aquifer, and

the second presented all the other layers as one single aquifer. The

models had 2,600 nodes each, with each node representing 6.25 km
2

,

increasing to 25 km
2 
outside the pumping centers. A description of the

nodal system is in Figure 11.

Transmissivity values for Dakhla Oases were determined by using

a physical dielectric pilot model applied to solve the inverse problem.

The inverse problem involves determining the transmissivity values from

the piezometric level and discharge data. The values obtained were

3,000 - 4,200 m
2
/day. Values for the storage coefficient were within

the range of 0.00056 - 0.0061.



Figure 11. Nodal system used in Resistor-Capacity model (1968)

From: Borelli et al. (1968)
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Model Calibration

The model was calibrated for the steady-state condition before

1960 and for the non-steady condition which was induced by drilling deep

wells and by increased extraction from 1960 to 1967. Three development

programs were tested, and maximum permissible drawdown after 50 years

was calibrated as 100 meters.

Results

The results of the programs within the permissible range were as

follows, in Table 8 . Drawdown in lower layers after 50 years of ex-

traction was expected to range between 60 - 75 meters in Dakhla Oases.

With an average water requirement for crops of 27 m
3
/day/feddan, the

ground-water supply could irrigate 61,629 feddans.

Table 8. Results of Resister-Capacity Model (1968)

Area	 Layer	 Production	 Irrigated Area
(m3 /day)	 (feddan)

Dakhla Oases	 Upper	 1,281,000	 47,000

Lower	 395,000	 14,629

	

1,676,000	 61,629  

From: Regional Development Plan for New Valley, Vol. 2, 1983, Eurocon-
sult/Pacer Consultants, Cairo
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Kharga-Dakhla "ECAP" Analogue Model (1975) 

This model was designed to study the possibility of securing an

adequate supply of ground water for a phosphate project at Abu Tartur

(about 80,000 m3/day). Abu Tartur Plateau is between Dakhla and Kharga

Oases, and is the location of the thickest phosphate-rich unit of the

Dakhla Formation. Ezzat (1975a) designed the two models using the

"Electronic Circuit Analysis Program" (ECAP).

Method of Investigation

A semi-detailed ground-water model for the Kharga-Dakhla area was

constructed, covering an area of about 10,000 km
2
. The model was

designed on a Honeywell time-sharing electronic circuit analysis program

in Rome. It consisted of 28 nodes and 79 branches, with each individual

node covering 2,500 km
2

.

Results of the Model

As the model was calibrated under steady-state conditions, daily

recharge was determined to be about 1.209 MCM/day. The water balance for

Dakhla Oases was as follows:

a. recharge	 0.655 MCM/day

b. discharge

shallow wells	 0.218 MCM/day

deep wells	 0.084 MCM/day

natural losses	 0.015 MCM/day

total outflow	 0.317 MCM/day

c. net inflow	 0.338 MCM/day
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Dakhla-Kharga Mathematical Model (1976) 

Barber and Carr (1976) constructed a digital two-layer model of

the Nubian Aquifer of the Dakhla and Kharga area, as part of the

UNDP/FAO-assisted project, "Groundwater Pilot Scheme in New Valley,

Egypt." The model covered an area of about 86,000 km
2
. The investiga-

tion was probably the most extensive study of the ground-water resources

in the oases to date.

Purpose

The study was carried out to provide credible forecasts of the

response of the Nubian Aquifer to ground-water extractions in the Dakhla

and Kharga Oases, in order to support various irrigation programs. The

scope of study included the water requirements for proposed industriali-

zation and the domestic water needs of the population. At the time of

the study, it was assumed that the recharge to the area was on a minor

scale, and that extraction would mean controlled depletion of the

reservoir.

Method of Investigation

Separate shallow and deep production zones can be identified in

the aquifer. The upper zone includes that section of the aquifer pene-

trated by wells dug prior to the development of wells on a large scale

in 1959. All drilled wells subsequently constructed penetrated the

lower production zone. Any transfer between the two zones was simulated

as "leakage" determined by the governing vertical head difference.
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The Model

The model used for the investigation was based on an integrate

finite difference method (IFDM) commonly known in hydrogeology as the

Tyson-Weber approach, and is described by Nurasimhan and Weatherspoon

(1976). The main concept of this approach to ground-water simulation

is the discretization of space into elemental volumes and the evalua-

tion of the mass balance for each elements. The network of elements

designed for the model consists of 222 internal model polygons. The

polygons have an upper and lower layer in accordance with the afore-

mentioned division of the aquifer into two zones. The total area of the

Dakhla Oases encompasses 50 polygons,with areas ranging from 51 to

303 km
2 

for each polygon. The approximate limit of confinement by the

Variegated Shales (Mut and Dakhla Formations) was delineated by polygon

facies.

Model Calibration

Recharge through the areas described below are assumed for cali-

bration. The recharge was also assumed to be in balance with discharge

at the oases during the period of quasi-equilibrium lasting until 1956.

This suggests a closed system in steady state.

The hydraulic parameters used for the simulation of the regional

piezometry were as follows:

--horizontal permeability
	

3.5 m/day

--leakage coefficient
	

2.5 x 10
-1
 day

-1

--artesian storage coefficient
	

10
-3
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Flow through the recharge fronts were:

--southwestern front (Dakhla)	 122.4 MCM/year

--north front (Kharga)	 3.0 MCM/year

The model was also calibrated for non-steady conditions over the

period 1956-1975. The input data used for this calibration were as

follows:

--horizontal permeability

--leakage coefficient

--specific yield

--artesian storage coefficient:

upper zone

lower zone

3.5 in/day

2.5 x 10
-6 

day
-1

10
-1

Forecast System Responses to Varied Extraction Patterns

Five alternative patterns of ground-water extraction were tested,

through the use of the model to predict changes in the water level for

the period of 1976-2025. The alternative programs were outlined as

follows:

a. Continued pumping at the rate of 1975 (197 MCM/year).

b. Increase the 1975 rate of extraction to support the Abu Tartur

Phosphate Plan.

c. Alternative 1: maximum area of priority class 1 land.

d. Alternative 2: maximum area of priority class 1 and 2 land.

e. Alternative 3: maximum area of priority class 1, 2 and 3

land.
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The classification of agricultural land into priority classes is dis-

cussed in Barber and Carr (1976).

Table 9 shows the forecast system responses to alternative

extraction patterns and the final accepted development program. Accord-

ing to The Food and Agriculture Organization (F.A.O.) of the United

Nations, it is common in ground-water development to pump when the

depth to water is less than 50 meters (F.A.O., 1977).

Table 9. Forecast system responses to alternative extraction patterns
(2025)

Development
program

Irrigated area
(feddan)

Year 2025 
Depth to water	 Decline rate

table	 (m)	 (cm/yr)

1975 rate 16,459 4 - 6 6 - 10

1975 + phosphate 16,459 4 - 6 6 - 10

Development Plan 1 28,623 30 - 40 25

Development Plan 2 40,441 24 - 79 30

Development Plan 3 42,441 30 - 85 30

After Barber and Carr (1976)
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Table 10. Comparison of results of previous studies to the present
situation in Dakhla

Model and
	

Ground-water	 Irrigated	 Projected
organization	 extraction	 area	 drawdown

	

(MCM/yr.)	 (feddans)

Regional model by	 648	 90,000	 50 m
Salem (1962)	 after 50 yrs.

Resistor Capacity model	 612	 61,629	 65-75 m
by Borelli (1968)	 after 50 yrs.

ECAP Analogue model	 123.4
(1975)

Mathematical model by	 509.3
	

42,441	 30 cm/yr.
Barber and Carr (1976)	 decline in level

New Valley Development	 209.3	 26,063	 --

Authority collected data
(1988)

ECAP data from Ezzat (1975a)
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Discussion of Results 

The investigations reviewed were urgently needed in the mid-1950s

as the basis for the New Valley Project, aiming at expanding the culti-

vated area in the oases.

Predicted drawdowns by most models ranged between 0.30 and 0.40

m/year over a period of 50-75 years. Most of the recommended withdrawals

for Dakhla are greater than the actual extractions as of December 1987.

This is generally due to the exaggerated areas designated for irrigation,

which are rarely reached within the planned time period.

The model by Barber and Carr (1976) is the most realistic in that

it involves various extraction and irrigation patterns. The study also

takes into consideration the energy requirements for pumping water 50

meters below ground surface, in wells that will cease to flow freely.

This is an important aspect of ground-water development in Dakhla, be-

cause power is generated locally, and until the hydroelectric power is

relayed from Aswan, the costs have to be taken into account.

Compared to most analog techniques of aquifer simulation, digital

techniques, such as the finite-difference method, are more flexible in

their ability to handle pumping schemes that vary through time and space

(Prickett and Lonnquist, 1968).

It is a simple matter to recommend methods of irrigation and water

management through the use of large computers. The application of these

recommendations by the authorities and engineers in the New Valley, in

the midst of a complex governmental bureaucracy, is not a realistic

assumption.



CHAPTER SIX

DISCHARGE AND HEAD DECLINE IN SHALLOW AND DEEP WELLS

General Description of Wells

Irrigation began in Dakhla Oases through the use of water from

natural springs. For centuries the construction of shallow wells in-

volved an early method of man-powered percussion, initiated by the Roman

occupants. Described by Beadnell (1901), it consisted of a palm log

frame sunk by hand to the bottom of the surface clay, and a central

acacia wood casing. In later years, a smaller water conducting pipe

made of hollowed palm tree logs was sunk to the base. The drilling

equipment used involved a windlass, a timber framework with a pulley

wheel, and a set of rods and augers. Similar drilling equipment and

casings have been observed by the writer in 1988.

Most of these shallow wells were free flowing, though some wells

have stopped flowing and are fitted with water wheels or "sakias",

commonly found in Egypt, operated by farm animals. The construction

technique of the shallow wells excludes the possibility of installing

pumps to improve or maintain production.

Deep wells were drilled to compensate for the decrease in produc-

tion in the shallow wells. There are no control valves on the flowing

wells, allowing them to flow continuously throughout the year.

All the wells drilled by the Ministry of Rehabilitation (public

sector) that tap the lower production zone have been drilled by the

65
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rotary technique. As the wells were expected to be free flowing,

8-5/8 inch steel casings (21 cm) were used as the upper production

casing. Due to the continued decrease in flow rates, the diameter of

the production casing was gradually increased to 16 inches (40.64 cm)

(Euroconsult/Pacer, 1983).

The typical down-hole construction sequence includes 15 in of

12-3/4 to 14-3/4 inch (31-36 cm) diameter surface casing, 8-5/8 to 9-5/8

inch (21-23.6 cm) intermediate casing to screen height and 6-5/8 inch

(16/25 cm) screen (filter pipe). According to Clarke (1979), boreholes

are large enough to provide annuli of 2.5 - 7.5 cm for cementing around

the casing.

Procedure for Designating Wells to Irrigated Land 

All the wells were designed to satisfy the water requirements of

the cultivated lands surrounding them. Commonly the farmer will inform

the Department of Agriculture in Mut (Dakhla's administrative center) as

to how much water is needed to irrigate the crops. The Department of

Agriculture informs the Office of Ground-Water Resources, who in turn

advise the drilling company, who plan and drill the well, accordingly.

Once the well is no longer producing sufficient volumes of water

under artesian pressure, a replacement well is designed and constructed,

adjacent to the former one. These operations are the responsibility of

the Department of Agriculture, and are generally provided free of charge

for the farming community.
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Water Quality 

The quality of ground water is just as important as its quantity,

if not more. The quality required of a ground-water supply depends on

its use and purpose. The standards for drinking water, industrial water,

and irrigation water vary widely. The distribution of total dissolved

solids (TDS) from both shallow and deep wells facilitates the under-

standing of the different water bearing zones and their relation to

ground-water movement (see Pocket, Plates 1 and 2).

Total Dissolved Solids in Deep Zones

In Dakhla Oases the amount of total dissolved solids increases

from 150 ppm in the West Mawhub area to 800 ppm in Tineida to the east.

The Budkhulu Anticline (Ezzat, 1974) intersects the zone of best quality,

i.e., lowest salinity (150 ppm) in the central part of Dakhla. In the

direction of Kharga, the TDS increase to about 900 ppm in the Zayat area.

Total Dissolved Solids in Shallow Zones

Total dissolved solids increase from 175 ppm in West Mawhub to

about 500 ppm in the Tineida area, with the same anticlinal intersection

as above.

The Tineida Syncline intersects an area where shallow wells tap

the least desirable water in the whole Dakhla area. This is due to the

minimum thickness of the confining shale beds in Tineida, which increases

the effects of evaporation on the shallow water-bearing layers. Ezzat

(1974) explains the higher TDS of the upper layers as the result of pro-

longed exploitation of the shallow aquifers, upward movement of the

ground water due to pressure changes, and closeness to the ground surface.
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Water Chemistry

The Piper Trilinear Diagram is one of the most effective tools

for representing and comparing water quality analyses with respect to

common characteristics of different areas. The diagram in Figure 12,

from Clarke (1979), is based on data collected from five wells in Dakhla

(Table 11). In these percentage plots of principal ions and ionic com-

binations, the waters are consistently sulfochloride types, and except

for Balat 6, have more calcium and magnesium than sodium and potassium.

The following conclusions may be reached from these diagrams, and

from the water quality map of the deep aquifers:

1. The Mut and Balat areas are similar, as can be seen by their

increasing amounts of Ca and Mg, and decreasing Na and K.

2. The water in Gedida-Budkhulu-Ezab el-Qasr wells is character-

ized by increasing amounts of SO4 and Cl ions, and increases in Ca and

Mg ions.

Quality of Water for Irrigation Purposes

The quality of irrigation water is measured by the Electrical

Conductivity (EC) and Sodium Absorption Ratio (SAR), results of which

are shown in Table 12.

According to the water quality classification developed by Ayers

and Westcot (F.A.O., 1976), the quality of the water does not present

special problems when used for irrigation, provided that adequate

drainage is provided.

Irrigation applied over thousands of years has not led to chemical

soil deterioration. Data on trace elements such as boron, which might
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Figure 12. Piper Trilinear Diagram of water chemistry for wells in
Dakhla and Kharga Oases

From: Clarke (1979)
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Table 11. Water chemistry analyses for wells in Dakhla and Kharga Oases

Field tests
	

Cations (mc!L)

gcll	 Temp.	 CO2	 Eh	 pH	 MCV	 Ca	 Mg	 Na	 K	 Al	 Fc	 Mn	 Cu

designation	 ( °C)	 (61g/E)	 (mV)	 (cm/yr)

gharga Oasis

Saris	 11 36 - 2.0 25 17 48 25 0.0 2.4 0.07 0.1YJ

gulag 4 4 34 -- -- - 0.4 66 31 77 31 0.1 5.1 0.34 0.00

Carmashin 1 36 17.4 -141 7.0 >2.0 31 17 40 2 5 0.1 2.7 0.17 0.04

El	 gharga	 IA 39 32.8 -	 3.4 6.9 1.0 14 4.9 22 27 0.0 2.6 0.03 0.00

El	 Mahariq 2 38.5 89.5 .125 6.6 >2.0 19 8.8 77 24 0.0 1.0 0.00 0.00
Nasser	 1 33 31.7 - 21.8 6.7 0.4 34 2E 36 36 0.1 4.2 0.48 0.00

Nasser 3 38 24.5 - 28.4 6.9 0.05 IS 11 27 27 0.0 2.1 0.31 0.05

Dakhla Oasis

Bala;	 6 37 30 -- 6.4 3,4 II 8.3 23 16 0.0 5.8 0.07 0.04
Masara	 I 36 32 -- 6.3 4, 1 25 9.7 26 5.3 0.0 5.9 0.26 0.06
Muc	 1 (31) 42.6 • 99.7 6.33 - 20 7.5 25 8.6 0.0 0.24 0.28 0.00
Rashda	 1 34 36 • 64.7 6.38 - 23 8.8 25 6.5 0.0 5.8 0.45 0.04
Rashda 2 36 32.4 -- 6.3 - 29 9.5 28 5.1 0.0 5.8 0.07 0.00

Maximum corrosion rates

Anions tngiL) Other data
gell

designation
CO 3 mcn 3 804 Cl 1.0 3 S EC

(cSicm)
TUS

(mg/L)
SiO,
(m021.)

Kharga Oasis

Earls	 II -- -- 52 102 0.0 0.85 0.583 321 12
Bulaq 4A -- 133 225 0.0 1.36 0.120 664 12
Carmashin	 1 104.5 31 117 0.1 1.36 0.625 361 13
El	 Kharga	 IA -- 104 12 34 0.3 2.2 0.304 177 15
El	 Mahariq	 2 205.5 27 65 0.2 1.36 0.507 346 14
Nasser	 I 89.5 III 116 0.1 1.7 0.748 463 12
Nasser 3 -- 110 II 59 0.0 0.9 0.405 223 14

Dakhla Oasis

Balat 6 -- 27 49 42 0.0 2.39 0.323 181 13
Masara	 1 -- 24.5 56 62 0.1 0.17 0.389 223 I:
Mut	 1 -- 55.5 47 45 0.0 0.00 0.338 209 14
Rashda	 1 -- 53 53 62 0.1 0.34 0.377 217 12
Rashda 2 -- 39.4 64 70 0.1 0.34 0.430 246 12

From: Clarke (1979)



affect yield levels of the crops, could not be obtained. The well-

drained and deep residual soils of Dakhla belong to the best soils in

the New Valley (H. Youssef, Department of Agriculture, Dakhla Oases,

1988, oral communication).

Due to the level topography and the presence of continuously

flowing water from wells, however, the soils of some areas in Mut have

been subjected to intense salinization and some alkalinization.
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Table 12. Electrical conductivity and sodium absorption ratio values 

=H
iMean EC	 SAR	 90% of reading less than

(ms)	 EC (ms)	 SAR

0.33	 1.5 0.4	 1.8

From: Euroconsult/Pacer (1983)
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Corrosion of Wells 

Reports by workers as far back as the turn of the century have

included observations of the general corrosiveness of well waters in

the Western Desert. Inhabitants of the oases have been aware of the

corrosiveness of the waters since ancient times.

If the water contains sufficient calcium bicarbonate, calcium

ion attracted to the cathodic areas reacts with the hydroxyl ion, forming

a concentrate of calcium hydroxide. This in turn will react with bi-

carbonate ion, resulting in a precipitate of protective calcium carbonate

scale on the metal. None of the predominantly sulfochloride waters ana-

lyzed in the Dakhla area have a calcium bicarbonate content great enough

to deposit a protective scale (see Figure 12) (Clarke, 1979).

As opposed to the action of calcium carbonate, sodium chloride

yields nonscaling sodium hydroxide at the cathode which increases pH of

the cathode in relation to that of the anode, which causes corrosion.

Chloride ion attracted to anodic areas does not inhibit corrosion, but

actually tends to increase solubility of the metal (Clarke, 1979).

Water with particularly low pH values reacts as an acid by dis-

solving metal and releasing hydrogen gas. For a solution of carbon

dioxide in water (carbonic acid), this attack may be significant at a pH

value of 6 or more, and it is influenced by increasing temperatures,

doubling in rate for each increase of 100 C.

These pH values are found in ground water collected at the well

heads in Dakhla Oases, and it is expected that lower pH values exist in

the carbonic-acid-rich spaces of carbon dioxide bubbles that contact the

metal surfaces.
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According to a stability field diagram for ion species by Hem and

Cropper (1959), waters from Dakhla Oases plot in the ferrous iron (Fe
+2

)

field, indicating water capable of dissolving iron from either geologic

formations or steel well components. This is in agreement with the fact

that dissolved iron is found often in native desert wells without metal

parts.

Production of Wells in Dakhla (1960-1970)

The maximum number of shallow wells in 1964 were around the

villages of Balat and Tineida, in the eastern part of the oases. Ezzat

(1974) reported 366 wells of shallow depth in these villages. The

highest average discharges have always been recorded around the villages

of Oalamun, Rashda, Hindaw, and Ismant (Figure 13).

After 1960, numerous deep wells were drilled in the oases to

satisfy the growing needs for irrigation. These wells were drilled in

an effort to compensate for the decrease in flows from the shallow

wells, as indicated by Table 13. Production declined gradually . from

about 84 MCM in 1960 to 60 MCM in 1970, and to about 50 MCM in 1975.

During the period of 1960 to 1970, a total of about 1,147,201

m3
/day was withdrawn from the shallow wells, which comprises about 40%

of the total extractions from both shallow and deep wells in Dakhla

(excluding West-Mawhub area). Table 14 illustrates the extraction

regime for shallow wells in 10-km squares during this period. About 65%

was withdrawn from the area within the squares 9, 10, 11 and 12.

(Figure 13).
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Table 14. Withdrawal distribution from shallow and deep wells in
Dakhla Oases (1961-1970)

Square Shallow
(0/day)

Deep
(m3/day)

Total
(m3/day)

6

7

141,209

94,505

141,209

94,505

9 92,033 302,198 394,231

10 348,901 107,643 456,544

11 3,912 248,489 252,401

12 530,769 230,769 761,538

13 140,624 54,945 195,569

14 30,962 214,011 244,973

15 168,956 168,956

16 149,176 149,176

Total 1,147,201 1,711,901 2,859,102

Total for
1961-1970

417,581,164 623,131,964 1,040,713,128

From: Ezzat (1975)
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Head Changes

The highest piezometric levels for the shallow wells were in

Tineida (132 m), while the lowest levels were in Rashda (96 m). The

difference in levels is 36 meters, causing a pressure gradient from all

directions in the area toward the village of Rashda. Figure 14 shows

the areas of minimum artesian pressure values that have resulted from

only ten years of deep well production.

The cumulative drawdowns of both Dakhla and Kharga Oases from

1960 to 1969 are shown in Figure 15. It may be concluded that in

response to changes in extraction regimes from the deep aquifers, de-

pression cones expanded rapidly in Dakhla.

Head Changes in Outlying Areas

Barber and Carr (1976) stated that the rate of decline at con-

siderable distances from the oases indicate that head change released

only relatively small amounts of water from storage. This suggests that

the head decline should be interpreted as pressure relief in confined

aquifer conditions rather than drainage from a free water table.

Hydrographs of water levels recorded from wells outside the oases

such as Zayat, Beleiza, and South Mut indicate the effect of extraction

in Dakhla. The longest record is for Zayat well (1964-1975). Zayat is

an agricultural project designed by the New Valley Development Authority

with about 2,500 feddans of land suitable for cultivation. It lies be-

tween Kharga and Dakhla in an anticlinal structure, dividing the two

cones of depression.
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Similar Conditions in Kharga Oases

Exploitation of the shallow and deep aquifers in Kharga has pro-

ceeded in a similar fashion as in Dakhla. Extraction from deep wells

began in 1959, and rapidly exceeded the production from shallow wells.

As in Dakhla Oases, when the production from shallow wells decreased,

the number of deep wells was increased rapidly.

P. E. LaMoreaux and others (1985) conducted an investigative

study of the ground-water reserves in Kharga Oases. Though the piezo-

metric levels as well as the total ground-water extractions have never

been as high as those in Dakhla, the situation is similar in terms of

the planning for agricultural development.

The difference between the situation in the two oases is that so

far the wells in Dakhla are still flowing, though flow rates have de-

clined considerably. As of 1975, all the deep wells in Kharga had

ceased to flow freely, and pumping wells have been drilled to compensate.

Production and Head Decline in Dakhla (1970-1987) 

Shallow Wells

About ten shallow wells are drilled each year in Dakhla to replace

wells that are becoming unproductive. Table 15 shows the number and

total production of the shallow wells in Dakhla Oases in 1970, 1980, and

1987. A large number of wells were constructed between 1970 and 1980,

but as a result of the decrease in piezometric pressure in the upper

layers, the natural flow decreased in many wells. The flow actually

ceased in about 300 shallow wells by 1987, and production dropped from

163,162 m
3
/day in 1970 to 137,178 m

3
/day in 1987.
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Table 15.	 Flowing shallow well extraction pattern in Dakhla (1970-1987)

Zone
1970

Total	—Flowing Total
1980 1987

Flowing

Balat 87 129

Budkhulu 26 29

Gharb el-Qasr 75 83

Gedida 31 31

Hindaw
Sheikh Wall 72 92

Ismant 20 21

Masara 85 95

Mawhub }	 63 64
Qasr

Mosheya 27 27

Mut 65 65

Qalamun 61 63

Rashda 22 25

Tineida 70 80

TOTAL NUMBER
OF WELLS

695 517 804 630 501

Production
(m 3 /day)

163,162 140,171 137,178

From: Ground Water Department, Ministry of Rehabilitation, Dakhla,
Jan. 1988
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Deep Wells

Tables 16 and 17 show the production and number of deep wells in

Dakhla from 1970 to 1987. Production generally increased from 1973

until 1980. The daily production dropped in 1987 to 436,216 m
3 . Many

of these deep wells were drilled as replacement wells for older (1960s)

wells that have deteriorated due to corrosion of the casings and

screens, which causes a decline in the production and pressure in the

well. The average expected lifetime of the wells in Dakhla is 15-20

years (B. Rashid, Office of Ground Water, Mut, Dakhla, 1988, oral com-

munication). Replacement wells are typically drilled quite close to the

original well, so that the irrigation water may reach the crops easily.

This was the case with some of the wells selected for study, discussed

in the following section.

Decline in Ground-Water Levels

The drawdown resulting from the extensive extraction from the

wells in Dakhla during the period 1960-1969 has already been mentioned

(Figure 15). The observation wells in Dakhla Oases are not always

monitored on a regular basis. Water level data for the wells in the

area were not available, and apparently the latest measurements were

taken in 1975.

Hydrographs of water levels of Masara-2, in the east-central part

of Dakhla (square 14), indicate a decline of about 18 m from 1963 to 1975

(Barber and Carr, 1976). In light of the increased extraction rates from

deep wells since 1975, it is realistic to assume that the drawdown is



Table 16. Number of flowing deep wells in Dakhla as of December 1987

Zone Number of
wells drilled

Number of
wells flowing

Initial
discharge
(m3/day)

Discharge
in 12/87
(m3/day)

Balat 42 25

Budkhulu 8 7

Gharb el-Qasr 12 11

Gedida 17 15

Hindaw 5 5

Ismant 7 7

Masara 17 17

Mawhub 13 12

Mosheya 6 5

Mut 31 27

Oweinat 5 5

Qalamun 14 8

Qasr 17 12

Rashda 7 7 58,267 38,407

Sheikh Wall 2 2

Tineida 17 14 47,817 19,339

TOTAL 220 179

From 	 Ground Water Department, Ministry of Rehabilitation, Dakhla
Oases, Jan. 1988
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Table 17. Daily production and number of flowing deep wells in Dakhla
(1970-1987)

Year
	

Daily production
	

Total number of wells
(mi / day)

1970

1980

1987

434,620

473,825

436,216

101

145

179

1

From: Ground Water Department, Ministry of Rehabilitation, Dakhla
Oases, Jan. 1988
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still occurring. Hydrographs of other wells in the area also indicate

declines over the same period.

The water levels for South Mut were collected for the period

1977-1987. South Mut is about 7 kilometers south of Mut village in

Dakhla. A decline of about 3.0 meters was observed.

Brinkmann and others (1987) illustrated that extensive drawdown

cones do exist in Dakhla and Kharga, though they are not necessarily

connected.

Vertical Ground-Water Flow

Upward leakage from lower to upper layers in the confining part

of the aquifer has been reported by Barber and Carr (1976) and by

Brinkmann et al. (1987). In Dakhla Oases, where all of the wells are

only partially penetrating, ground water has been extracted from the

upper part of the system over some thousands of years. Freeze and

Cherry (1979) state: "The partial penetration of wells in a confined

aquifer creates vertical flow gradients in the vicinity of the well"

(p.329). Closed sinks have developed around these wells together with

a vertical hydraulic gradient along which water flows from the deep to

the shallow part of the system.

Discharge of Selected Wells in Dakhla (1970-1987) 

To illustrate the consequences of extended ground-water withdrawal

from deep wells, eight free-flowing production wells in Dakhla were

chosen for study. The wells were chosen according to depth of penetra-

tion, production, position in the oases, and their value to irrigated

land.
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Two of the wells are considered shallow wells, penetrating the

upper production zone: Rashda lb ("Drinking Well"), and Gedida 1.

Tineida 3a is slightly deeper but may be considered shallow. The re-

maining five are deeper wells penetrating the lower production zone:

Rashda 1, Balat 5, Balat 7, Mut 3, and Masara 3. All eight wells were

completed between the years 1959 and 1964. This is the period during

which large-scale development of free-flowing wells tapping the aquifers

began. Figure 14 illustrates the positions of the different wells in

the area. Table 18 shows the depths of the individual wells.

Discharges in the Central Part of Dakhla

Table 19 illustrates the discharges of the selected wells in

m
3
/day. As Table 14 indicates, the greatest production from 1960 to

1970 took place in squares 9, 10, 11 and 12. These squares include the

villages of Gedida, Rashda, Qalamun, and parts of Mut, and their respec-

tive wells.

Gedida 1 is an example of a shallow well with a rapidly diminish-

ing flow rate throughout the period given. Daily production dropped

from 3,592 m
3 
in 1970 to only 887 m3 in January of 1987, with an average

annual decrease of 90 m
3

• At this rate, the well will cease to flow in

less than ten years.

Mut 3 is one of the deepest wells in Dakhla Oases. In 1970 the

daily discharge was 7,005 m
3
, while when measured in 1987, it was 3,894

m
3
. The cultivated land that depends on Mut 3 for irrigation is about

400 feddans. The average daily requirement for one feddan of cultivated

crop in Dakhla Oases is 22 m
3 

of water (H. Youssef, Office of
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Agriculture, Dakhla, 1988, oral communication). Less than one-half of

the cultivated land can be irrigated, which means that a replacement

well is needed in the vicinity of Mut 3.

Discharges in the Eastern Part of Dakhla

Measurements of the artesian pressure surface in 1970 indicate

values of 135 meters above sea level in the area of Balat and Tineida.

The greatest number of shallow wells in Dakhla during the 1960s were

concentrated in this area. The water bearing layers are thinner here

(1,100-1,350 m) than in the central and western parts of the oases.

The deep wells Balat 7 and Balat 5 both illustrate steeply de-

clining flows. Tineida 3a is a replacement well with a daily discharge

of 2,809 m3 in 1970. Latest discharge measured in January 1987 was

zero. The artesian pressure in the upper layers has dropped and may

reflect the extensive removal of ground water from the deeper layers.

Summary

The principal reason for the decline in natural flow in the wells

is the drop in piezometric pressure. The wells flowed freely without

control. The construction of the wells did not permit the installation

of pumps. In addition, the cost of installation and operation of the

pumps is high. The electric power source is not the Aswan High Dam,

but local generators. It must also be recognized that the efficiency

of most wells was even further reduced by corrosion of casings.



CHAPTER SEVEN

CONCLUSIONS AND RECOMMENDATIONS

Conclusions 

Ground Water in Dakhla

Ground water in an arid area such as the Western Desert, and the

natural blessing of flowing wells, have allowed many a generation to

cultivate their land without the worries of drought. The farmers in

Dakhla have always considered the underground reservoir as an endless

supply of water. Unfortunately, the artesian behavior of the aquifer

was not understood by the early settlers of the oases. The villages

were closely spaced in small areas, as were their farms and their shallow

wells for irrigation.

The deeper wells drilled in the 1960s were allowed to flow freely

without control valves to regulate the natural pressure. A decline in

pressure resulted in lower water levels.

Withdrawal Rates

The ambiguous term "safe yield" has often been used in reference

to the ground-water withdrawal rates in the New Valley. The concept is

certainly pertinent, as one of the foremost objectives of a ground-water

resource study is the determination of the maximum possible extraction

rates that can be sustained without causing an unacceptable decline in

the hydraulic head in the aquifer.
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Increased extraction from the deep layers of the aquifer began in

response to greater demands for water in a growing population. In addi-

tion to this, the Egyptian government recognized the need to increase

its cultivated land area, and to develop such parts of the desert as the

New Valley. Optimistic agriculturalists hoped for millions of feddans

of irrigated land to support the greater needs of the inhabitants of the

Nile Valley.

Numerous development projects were proposed by international

organizations, under pressure by the government to present the most

favorable plans. Quite often the plans were not correctly implemented

and the designated funds were not properly utilized. If an area of 1,000

feddans was intended for irrigation and cultivation within 5 years, for

example, only 300 feddans would be prepared in that period. The water

used for the irrigation could satisfy three times as much land, however.

Pumping of Wells in Future Years

Most predictions for the water levels in future years indicate

that all the wells in Dakhla will cease to flow within the next 10 years,

before the year 2000. The costs of pumping water for irrigation are

high and the New Valley Governorate has access to a restricted budget,

one of the smallest of the entire nation (Development and Environment,

1987).

The running water in the faucets in Mut town in Dakhla is turned

off nightly to conserve water. By 1995, with lower water levels in the

area, greater restrictions on water use and consumption will be imposed.
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The anticipated lowering of the water level as a result of future

exploitation will require deep well pumps and a dependable power supply.

Ironically, the greatest power supply in North Africa is only 400 kilo-

meters to the east. Unfortunately, a project to extend the hydroelectric

power from the Aswan Dam to Kharga and Dakhla was never completed.

Implications of the Study to Egyptian Hydrogeology

With the serious threat of the African drought so close, the value

of water in Egypt is soaring. Should the levels of Lake Nasser remain

as they are or drop further, the dependence on ground water everywhere

in Egypt will increase.

Not all basins yield water that is useful in agriculture and for

human consumption. Though the present salinity of 1500 ppm in ground

waters of the coastal plain in Egypt is considered good for drinking

purposes, the salinity is expected to rise to a point where the water

will become undrinkable, unless regenerated by new rain (Shahin, 1987).

The ground-water reservoir underlying the Nile Delta area is about

12,000 km
2 
in size. The reservoir has been estimated to supply water for

domestic purposes at a rate of 0.9 billion m
3
/year by the year 2000.

There is a danger of saltwater intrusion inland into the Delta area as a

result of continuous pumping (Shahin, 1987).

The increasing growth of the Egyptian population and the general

tendency to increase the share of water per inhabitant make the supply

of water each year a pressing demand. Increasing the river flow of the

Nile in Egypt requires the completion of a number of water conservation

schemes on the Upper Nile in Sudan. The matter is presently in dispute,
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and the solution needs time and regular financing. Egypt has contributed

yearly to the Sudanese government in hope of lessening the loss of valua-

ble water supplies that may cause grave consequences to future genera-

tions.

Recommendations 

The preservation of the aquifer in the New Valley through con-

trolled methods of exploitation will depend upon the extraction patterns

planned for the next 50 years. The results of ground-water withdrawal

from deep layers have provided a basis upon which better decisions can be

made for the future. Scientific facts and realistic assumptions are the

tools available for remedial steps towards better management of the

ground-water resources. The following are recommendations for avoiding

further misuse of the reservoir:

1. Improved understanding of the hydrogeologic conditions govern-

ing the Nubian Aquifer System is needed by the authorities involved in

the development of ground water. It is their responsibility and concern

to correctly plan the irrigation projects and the extraction regimes.

2. Communication between the various departments of the New

Valley Development Authority and the Ministry of Rehabilitation is lack-

ing. This is where the mismanagement begins and where the recommenda-

tions by the experts are often poorly interpreted and implemented.

Bureaucracy plays a large role in Egypt, and commonly the decision-makers

are not willing to be influenced by their subordinates. There is a large

gap between what takes place in the offices of these departments and what

is taking place outside on the farms.
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3. The existing observation wells in and around Dakhla Oases

should be pumped and tested, and their well head elevations recorded.

A method of regular water-level measurements should be resumed. More

observation wells should be drilled around the area of the New Valley

and in the nearby oases.

4. The water chemistry in the wells is not regularly monitored.

Monitoring is necessary in order to be aware of increasing levels of

contaminants introduced by the use of fertilizers and pesticides. A

large man-made basin exists in Mut town in Dakhla, holding drainage

waters from surrounding land. This water may infiltrate downward to the

water table, carrying nitrigen (N), phosphorus (P), and potassium (K).

Nitrogen in the form of nitrate (NO
3
) is a common contaminant of ground

water beneath agricultural lands (Freeze and Cherry, 1979).

No analyses have been conducted to test for radioactive materials

in the water. Minimum work towards observing the quality and standards

of drinking water has been completed and must be improved for the well-

being of the coming generations.

5. To avoid interference between deep wells, correct well spacing

must be observed. Well fields should be designated in accordance to the

piezometric pressures and the demand for water. Cones of depression

surrounding the wells may overlap if wells are poorly spaced.

6. All wells designed to flow freely under artesian conditions

must be capable of being fitted with electric pumps in preparation for

the eventual declines in flow,
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7. The corrosiveness of the water causes serious damage to

casings and screens. Alternative materials have to be tested for better

results and lower costs.

8. Areas of land to be irrigated should be spaced according to

the productivity of the wells supplying the water. Excessive flow from

wells must be avoided and maximum efforts directed toward the conserva-

tion of the water for irrigation.
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