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ABSTRACT

The evaluation of Riyadh water supply in relation to water

demand has been made. The sources of water that contribute now and are

expected to contribute in the foreseeable future are essentially three.

The shallow aquifers were of great importance in the past. They are

not dependable now. The two deep sandstone aquifers of Minjur and Wasia

are considered prolific aquifers and contain considerable reserves of

water. The Minjur aquifer has been used since 1956 to supply Riyadh

with water. The Wasia aquifer is expected to contribute to Riyadh water

supply by 1982. The third potential source of water is the water

desalination and the utilization of effluent.

The water demand is increasing sharply due to rapid development

and expansion of Riyadh. The average daily water consumption in 1980

and 1990 will be 360,000 and 600,000 cubic meters, respectively, based

on the anticipated population of 1,200,000 and 1,800,000 in 1980 and

1990, respectively.



CHAPTER 1

INTRODUCTION

Water is the life-blood for mankind, plants, and anim21s.

Where water is available, civilizations flourish, settlements are

created, and stability is attained. The importance of water increases

in the arid areas where water is scarce and very valuable and, there-

fore, proper conservation and sound management are required to achieve

maximum utilization. "Water is more precious than gold and more explo-

sive than dynamite," in arid and semi-arid areas. In the Holy Koran,

the God said: "We made from water every living thing."

Riyadh, the capital of Saudi Arabia, is expanding rapidly. This

expansion is due to the high increase of government revenues and the

royalties of oil. With the advent of oil discovery in Saudi Arabia,

many developments in many fields and of cities, towns, and villages have

come into existence. With the development of economics, cultural and

social situations, water supply for the City of Riyadh has been given

much consideration by the government, represented by the Ministry of

Agriculture and Water.

There is a direct proportionality of demand with the expansion

of Riyadh City. The more the city expands, the more demands arise. These

demands for water for the expanding Riyadh have reached a stage where a

real crisis is threatening the city.

1
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These physical and social developments inevitably necessitate

that certain requirements have to be met. There are other problems in

addition to water demand or the quantity of water needed, such as water

contamination, air pollution, and treatment of water containing iron,

hydrogen sulfate, and manganese. Together with these problems, water

management arises as a serious problem.

The problem of water supply and demand of the City of Riyadh

should not be dealt with in isolation of existing institutions and pre-

vailing rules and regulations governing water use. The water problem

does not always lie in real water shortage, but rather is due to ineffi-

cient institutions and the absence and use of obsolete rules.

Essentially, there are two areas in which investigations for

water supply for the City of Riyadh have been made:

1. The shallow groundwater aquifer.

2. The deep groundwater aquifer.

However, other potential water resources in the fields of water desali-

nation, demineralization of brackish water, and reuse of water disposal

are considered.

There are about four institutions, each of which has a part of

the responsibility of furnishing Riyadh City with water. These institu-

tions will be evaluated and their responsibilities and nature of their

functions will be discussed. The coordination, cooperation, and contra-

dictions among them will be discussed also. The types of responsibil-

ities involved relate to planning, geological investigations, well

construction and development as well as water management.
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There are two main ministries which are eligible to handle the

water affairs of the City of Riyadh. The Ministry of Agriculture and

Water assumes the responsibility of implementation of all technical

matters, such as hydrological, geological, and meteorological investiga-

tions, as well as the execution of water projects. On the other hand,

the Ministry of Municipality and Rural Affairs handles the local

administrative matters.

The Scope and Objective of the Study 

The objective of this thesis is to make an evaluation of the

water supply in the vicinity of Riyadh and the relation of this water

supply with the demands of the city.

As the City of Riyadh is witnessing an extraordinary expansion,

physically, economically, and in population, the sources of the existing

water supply will be investigated in order to determine its reliability

for meeting the water demands of the city. The immediate and urgent

demand is the need for water for domestic use, industrial use, construc-

tional projects, and for recreational public parks.

If the available water in the existing sources in the Riyadh

area is not sufficient to meet the required demands, then the water

desalination from the Arabian Gulf in the Eastern Province of Saudi

Arabia is another potential water supply for the city. The study is

limited to two main aquifers:

1. The shallow groundwater aquifer: this includes Wadis Hanifa,

Hayir, and Nisah.
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2. The deep groundwater aquifer: Minjur and Wasia are the two main

formations that are considered in this study.

The Methodology of the Study 

In order to get the necessary materials pertaining to this

thesis on Riyadh City water supply and demand, the author went to Riyadh

for the purpose of collecting all possible available reports, data, and

documents. This visit was for a duration of four months, and government

agencies and consulting firms responsible for planning, designing, and

operating water supply for the city were consulted.

Since the study deals with water demands also, contacts were

made with government agencies responsible for industrial sector and

agencies studying the water requirements for various industries and con-

structional purposes.

The author has gathered pertinent reports and data that pertain

to Riyadh water matters. These reports, data, and documents were

evaluated and put together in a mosaic form so that the overall problem

is quite clear and the appropriate solutions to the problem are sug-

gested. Several interviews were made with officials in charge, dis-

cussing with them some points which needed clarification. The author

made field studies of contaminated wells which are used for furnishing

construction projects with water.

Previous Investigation 

During the past three decades, several investigations have been

made of water resources available for use in Riyadh. Most of the
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investigations were concentrated on Wadi Hanifa (Figure 1). In January

1959, Mr. Richard S. Davis, Senior Water Resources Engineer of the

Ralph M. Parsons Engineering Company, wrote "Review of Wadi Hanifa Water

Resources." The company was undertaking water resources studies for the

Ministry of Agriculture and Water. Davis (1959) made an excellent

review of the earlier investigations; a summary of each is presented in

the following information.

In September 1948, Aramco, which stands for the Arabian American

Oil Company, submitted its report, "Water Supply of Riyadh," containing

the following recommendations:

1. Control consumption of present resources of underground water.

The rate of withdrawal must be controlled and the following

should be done:

a. Stop digging additional wells.

b. Stop installation of new or larger pumps.

c. Stop cultivation of additional land.

d. Stop any waste or unnecessary use of water.

2. Increase replenishment of underground sources. A subsurface dam

should be constructed a short distance below the junction of

Wadi Batha and Wadi Hanifa.

3. Prevent injury to sources by contamination.

In December 1950, Dr. Glen F. Brown, Director of the United

States Geological Survey Mission to Saudi Arabia, submitted his report,

"The Water Supply of Riyadh, Saudi Arabia," containing several solutions

to the water problem as follows:
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1. Substitution of a new well in place of the one drilled to

supply the power plant at Shumaisi. (A new well, 22B, was

successful in producing water from the gravel zones.)

2. Undertake engineering studies for groundwater dans in the Wadi

Hanifa.

3. Drill a test hole in the vicinity of Rahiah Harma, northeast of

Riyadh.

4. Drill a test hole west of the Tuwaig Escarpment.

5. Protect and conserve the present supply.

6. Consider the use of air-conditioning, cooling, and bath water

for irrigation.

In January 1951, the International Bechtel, Inc., wrote the

report "Subsurface Dam at Riyadh, Saudi Arabia," considering that the

savings of water from an underground dam in the Wadi Hanifa would not

justify the cost of construction. Instead, Mr. Niederhoff, Water

Resources Specialist for the company, recommended the construction of

two surface check dans upstream from the city in Wadi Hanifa. In June

1951, a supplementary report, "Riyadh Domestic Water Supply and Sewer

System," was published by International Bechtel, Inc., which recommended

the drilling of wells at Hayir and piping the water to Riyadh for dis-

tribution from a central reservoir. A sewage system to prevent contami-

nation of wells producing from the fractured limestones within the city

was suggested. Withdrawal of water from Hayir will negate much of the

usefulness of the proposed dans upstream from Riyadh.
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Mr. Donald Dougherty from the United States Geological Survey

and Mr. George R. Wilson from Michael Baker Company submitted a report

on "The Water Supply of Riyadh, Saudi Arabia" in February 1953.

Mr. Dougherty points out the infeasibility of building check dams at the

sites recommended previously at Wadi Qaddiyah and across Wadi Hanifa

below Wadi Wubair, because of the high siltation rates. Mr. Wilson

recommends:

1. Dam across Wadi Qaddiyah be abandoned.

2. Dam across Wadi Hanifa be postponed for 5 years and that basic

data be collected in the meantime.

3. Dam across Wadi Hanifa be of overflow type.

A brief report, "Preliminary Report on Water Resources in Wadi

Hanifa, Neighboring Wadis and New Water Supplies in Riyadh," which

recommends underground dams, was prepared by Mr. Ali Shafi in coopera-

tion with F. D. Carrestons. A pipeline to the wells in Jubaylah to

supply Riyadh with water is recommended. The report also suggests the

construction of a series of check dams in Wadi Hanifa and other

tributary wadis.

In June 1953, Mr. Wilson, from Michael Baker Company, made a

comprehensive review in his "Report on Riyadh Water Resources." In

reviewing previous reports, Wilson points out the following:

1. Subsurface dams are not considered practical in the light of

recent data concerning the character of the wadi fill.

2. Check dans were shown to be economically questionable until

adequate hydrological data are collected.
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3. Dahl Hit, as a source of water for the city, is impractical

because of the cost of treatment.

Mr. Wilson's recommendations are as follows:

1. Control of water in the Riyadh area including cessation of well

construction and abandonment of many wells being used for

irrigation.

2. Produce 2.5 million gpd from Hayir plus 1.5 million gpd from

Riyadh and reduce consumptive use to that figure by limitation

of irrigation and curtailment of wasteful practices.

3. Investigate water potentials at Dhruma and Muzahimiyah.

4. Investigate water potential of the area between Riyadh Airport

and the Hit Escarpment.

5. Collect hydrologic data to determine feasibility of check dam in

Wadi Hanifa.

6. Curb wasteful irrigation practices.

In December 1954, Dr. K. A. Reul, from West Germany, conducted a

stratigraphical study in the immediate vicinity of Riyadh which is

described in his report "Explanation of the Geological Map of Riyadh

with Hydrological Report for Riyadh, Saudi Arabia." Dr. Reul points out

the occurrence of groundwater in synclinal depressions.

In December 1954, a mission from Pakistan studied the resources

of Saudi Arabia from many aspects, including water resources. In the

"Report of the Pakistan Technical Survey Mission to Saudi Arabia," the

mission recommends that construction of surface dams, underground dams,

check dams, and drilling are not considered feasible. A detailed
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recommendation for a water resources organization was set down,

including a hydrological unit and a geophysical unit.

In February 1958, the report "Preliminary Report on Hayir Water

Supply," written by S. J. Meyerhofer and R. S. Davis of the Ralph

Parsons Engineering Company, covered the history of the Hayir water

system (Figure 2). The relation between Riyadh Watershed on Figure 1

and Hayir Basin on Figure 2 is shown on Figure 10 (in pocket). Prelimi-

nary safe yield based upon water levels, streamflow, and pumping rates

was estimated to be about 2.5 million gpd. The following redommenda-

tions were made.

1. Building overflow type check dams and low earthfill dams and

spreading basins at Hayir in the tributary wadis at Bu'ayja,

Ha', and Hanifa to increase the yield of the well field.

2. Expanding the system to include Wadi Nisah, provided that

exploratory wells are successful.

3. Deepening existing wells.

From the review of the previous investigations, it is quite

obvious that the primary recommendations in these reports concern the

regulation and limiting of water production to a total amount equal to

the average yearly replenishment from rainfall. The controlled produc-

tion within the limit of replenishment has been emphasized.

Wolfart (1961) investigated the hydrogeology of Wadi Nisah to

determine the water capacity of the wadi as a part of Riyadh water

supply. Based on an infiltration rate of about 5 percent of the annual

rainfall (estimated to be 90 mm) and a catchment area of about 1500 to
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1800 square kilometers, he concluded that the extractable quantity of

water is estimated at a minimum of 5 million cubic meters per annum.

However, based on the given parameters, the annual recharge is esti-

mated to be 8 million cubic meters.

Brown and Lough (1963) studied the area and submitted their

report, "Water Supply for Riyadh." They recommended that groundwater be

produced from Wadi Nisah and Hayir at a rate of about two million

gallons per day from each plate with no production for irrigation of

crops in the area of the well fields. They also recommended that the

additional water needed should be taken from the Minjur Sandstone in

wells already drilled but no further drilling of wells in the Minjur

Sandstone in the vicinity of Riyadh.

Burdon and Otkun (1967) studied the groundwater potential of

karst aquifers in Saudi Arabia. The outcrops of the formations of

Triassic, Jurassic, and part of Cretaceous are in the Riyadh area, such

as Minjur Formation, Tuwaiq Mountain Limestone, Jubailah Limestone, Arab

Formation, and the Hith Formation. The results of studies of these

formations, of course, affect Riyadh water supply either positively or

negatively. They concluded that these formations will need intensive

study and investigations before they can be developed, and this should

be carried out and tested by exploratory drilling.

Edington (1967) studied the annual runoff and storage capacity

of the main tributary wadis to Wadi Hanifa and he recommended construc-

tion of additional and higher surface dans on the Wadis Numar and Leban

and high dans or alternatively a number of small dams on either or both



13

of Wadis Baija and Ha' in order to take full advantage of the available

underground storage in each wadi. His calculations were somewhat

exaggerated.

Sogreah (1968) studied Wadi Hanifa from Jubailah to Hayir to

determine the possibility of furnishing Riyadh with water from this

area. Sogreah concluded that the recharge to the Wadi Hanifa water

table is approximately 17 million cubic meters per annum and that the

annual consumption is, on the average, 28 million cubic meters after

deducting the part which returns to the aquifer. The difference of 11

million cubic meters is supplied by the reserves as follows:

1. Three million cubic meters from the Wadi Hanifa aquifer.

2. Eight million cubic meters from the water table in the limestone

formation of the Tuwaiq mountains.

Sogreah does not recommend construction of an underground dam at Hayir

but rather an impounding dam.

Sir M. MacDonald & Partners (1975) made a comparative study to

determine whether additional supplies of water for Riyadh should be

drawn from the Minjur to the west of the city or from the Wasia to the

east. The studies called for a survey in detail of the Wasia and Minjur

aquifers as additional sources of water for Riyadh. Selection of the

most feasible well field to supply 100,000 cubic meters per day, prepa-

ration and submission of a pre-investment report in the light of

investigations was made. A comparison between Minjur, Wasia with

desalination, and Wasia without desalination was made. The scheme of

Wasia without desalination was not recommended in spite of being the
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least expensive. Sir M. MacDonald & Partners finally recommended the

development of Wasia.

Abdulrazzak (1976) wrote a master's thesis on groundwater system

evaluation for Wadi Nisah. Inasmuch as Wadi Nisah contributes to the

Riyadh water supply, Abdulrazzak concluded that the Biyadh aquifer in

Wadi Nisah is suitable for large-scale development of groundwater which

will satisfy part of the water demand of the City of Riyadh. He sug-

gested that the production rate of each well of ten wells in the new

well field is 1000 gpm without causing harmful effects because of the

aquifer's saturated thickness.

The United States-Saudi Arabian Joint Commission of Economic

Cooperation (1977) made a comparative study of alternative sources of

additional water supply for Riyadh and its metropolitan area and

described patterns of extraction, transport, treatment, and use. The

specific alternatives considered were:

1. Groundwater from the Minjur aquifer.

2. Groundwater from the Wasia aquifer.

3. Seawater from the Arabian Gulf.

The guidelines for the study were:

1. The water delivered to Riyadh should contain less than 700

milligrams per liter (mg/1) of dissolved solids and have a hard-

ness less than 6.0 milliequivalents per liter (meq/l).

2. The quantity of water delivered to Riyadh, after desalting,

should be 200,000 cubic meters per day.
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3. The economic analysis of the alternatives should be made for a

project life of 20 years.

The final conclusion arrived at by the Joint Commission was that the

best source for the development of 200,000 cubic meters per day of water

supply for Riyadh is the Wasia aquifer.



CHAPTER 2

PHYSIOGRAPHY, GEOLOGY, AND CLIMATE

Physiography 

Riyadh is situated in the Central Province of Saudi Arabia at

latitude 24 ° 38' N and longitude 46 ° 43' E on a plateau, 600 meters above

mean sea level, constituting a part of the Nejd Plateau. This plateau

extends to the Tuwaiq Mountains on its western edge, to the Awanid Scarp

on the northern edge, to the Kharj rise on its southern edge, and to the

Dahna sand belt on its eastern edge. However, this whole tableland is

broken by protruding long cliffs that are formed by the fault scarps

near the Awanid Mountains and also by the Hit Scarp between Riyadh and

Kharj.

The southwest-facing cliff of the Tuwaiq Mountains is the most

prominent topographic feature in the area, interrupting a surface which

slopes very gently to the northeast. The Wadi Hanifa drainage pattern

extends to the top of the cliff in most cases and only short channels

drain southwesterly from this upland surface toward and down the cliff

face. The gentle northeast slopes of the Tuwaiq Mountains have been

highly dissected by intermittent streams which have cut canyons as much

as 200 meters deep and 2,000 meters wide. These include Wadi Hanifa

above Al Unaina, Wadi Ammariyah, and Wadi Qaddiyah, which are

16
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characterized by wide, flat bottoms that extend to the bordering cliffs

and have few terraces along their sides (Aramco, 1948).

The Riyadh plateau is largely a sedimentary plateau, composed of

silt and associated fine sediments including caliche-like and gypsiferous

deposits in undrained depressions, covered with alluvial deposits.

Small flows often collect in local depressions called Sabkhahs where

the fine sediments settle and prevent infiltration of the water. These

areas are characterized by extremely low infiltration rates and, as a

result of high evaporation rates, excessive salinity makes both the land

and the water unusable.

Geology 

Riyadh area is situated in the Central Najd Plateau in the

interior of the Arabian Peninsula. This plateau consists of Mesozoic

sedimentary rocks. These sediments were deposited on the flanks of the

Arabian Shield or the basement complex (Figure 3). The types of the

exposed rocks are made up of shallow-water marine limestones, interbedded

with few shales and sandstones. The Jilh and Minjur Formations of the

Triassic age and the Cretaceous age, respectively, are two interruptions

in this marine succession. Dips are generally low, of the order of 1 °

to 3 0 , in a general eastward direction. The area has been subjected to

alternating periods of erosion and sedimentation. Due to tilting of the

Arabian Shield, many unconformities and disconformities took place

(Figure 4). The resulting stratigraphical succession of sedimentary

formations lying on the Arabian Shield is generalized in Figure 5.
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COMPOSITE STRATIGRAPHICAL COLUMN
FOR SAUDI ARABIA

PERMIAN TO QUATERNARY

AGE FORMATION LITHOLOGY
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Figure 5. Composite Stratigraphical Column for Saudi Arabia, Persian
to Quaternary.
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Erosion has been greatest on the west and has also reduced pres-

ent thickness of the formations in their outcrop areas. The present

relief is a result of differential erosion and the effect of changing

Quaternary period, during which the deposition of wadi alluvium

occurred. The gravels and other unconsolidated deposits in the wadis

are much younger than the limestones. Silt terraces rising above the

present wadi alluvium represent the most recent sedimentation.

Climate 

General

The climate of Saudi Arabia is generally influenced in the

northern portion by Mediterranean winter precipitation, while in the

south summer monsoonal rains are of importance; both are modified by

local factors, in particular the relief and distance from the sea. The

northern part of Saudi Arabia is influenced by the Mediterranean

depressions with their associated cold fronts. The effect of the south-

west monsoon is not clear as to how far to the north it affects Saudi

Arabia. In Central Saudi Arabia, the limits seem to vary from year to

year. Philby, according to Al-Blehed (1975), recorded great summer

storms in the oases of Central Najd, up to the latitude of Riyadh, where

hail has stripped the branches from the date palsm, and water has

destroyed the roofs or washed away the walls of houses.

Uniform climate prevails in all the Najd Plateau, of which

Riyadh is a part. The nights are comfortable, even during the summer

season. Drops in temperature at night give much relief from the high
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daytime heat, which begins one or two hours after sunrise and lasts

until sunset.

Riyadh has a very dry climate, which makes the summer heat

bearable. Precipitation at Riyadh is influenced by Mediterranean

winter, which results from a frontal system that moves toward the east

along the Mediterranean Sea from the Atlantic Ocean and then travels

inland, reaching the Najd Plateau. In the eastern part of Saudi Arabia,

along the Arabian Gulf, the type of precipitation is of cyclonic rain or

sporadic shallow convectional rainfall. There are no marked topographi-

cal features in the area that would give rise to significant increases

in rainfall. Table 1 compares the amount of rainfall for twenty years

between Riyadh and Dhahran. The annual average over the twenty years

for the two cities is 114.46 mm and 71.59 mm, respectively.

Precipitation

The amount of rainfall that falls on the Riyadh area shows

extreme variation from year to year. In some years, the amount of

precipitation is very little, while in others torrential rains take

place, creating flash floods which are very dangerous to some of the

inhabitants of the city and to the farms in the area. For instances, in

1965 and 1970, the amount of precipitation was 13.5 mm and 14.8 mm,

respectively, while in 1967 and 1972 the amount of rainfall was 216.2 mm

and 229.7 mm, respectively. Thus, the occurrence of precipitation is

irregular and varies very much from one rainy season to another.

The rainy season in the area starts from the month of November

and extends through May. It rarely rains in the months of June through
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Table 1.	 Amount of Rainfall for 20 Years for Riyadh
and Dharan.

Year Riyadh (mm) Dharan (mm)

1954 222.7 177.0

1955 263.9 108.2

1956 64.1 88.4

1957 122.0 93.2

1958 100.0 105.7

1959 66.0 147.8

1960 49.6 17.3

1961 53.3 80.0

1962 68.0 37.0

1963 96.0 42.7

1964 148.0 34.5

1965 80.5 18.0

1966 13.5 39.7

1967 216.2 33.2

1968 107.4 92.4

1969 172.5 174.1

1970 14.8 4.4

1971 131.7 47.2

1972 229.7 77.1

1973 69.3 13.9

Yearly Average 114.46 71.59
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October. Table 2, according to the records of the Ministry of Finance

and National Economy (1974), shows that for ten years the maximum rain-

fall occurs in April, March, and January, while the months of February,

November, May, and December represent the least in the rainy season.

The table shows also that the maximum monthly average is 37.15 mm during

the month of April and the minimum monthly average is 4.81 mm during

February. It also shows that, for a period of ten years (1964-1973),

the annual average rainfall is 118.78 mm. Figure 6 is a plot of the

same monthly data. Table 3, according to the records of the Ministry of

Finance and National Economy (1974), shows that, in a period of seven

years (1967-1973), the maximum number of rainy days is 36 in 1972 and

the monthly maximum of that year is 11 days in April. On the other

hand, the minimum number of rainy days is 9 in 1970. In comparing this

table with Table 2, we find that in 1972 a considerable amount of rain-

fall (229.7 mm) occurred in that year.

Air Temperature

The air temperature ranges from 11 ° C in winter to 36 °C in summer

as shown on Table 4, for a period of ten years (1964-1973). Figure 7 is

a plot of the same period for the same area. The average monthly tem-

perature ranges from 14 °C to 35 °C. The annual average is 25.8 °C. The

hot months start from May and extend to September. In winter, however,

the cold months are from December through February. The table shows

that the January average temperature for the same period is the lowest

temperature; that is, 14°C.
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Relative Humidity

The monthly average relative humidity for the period from 1964

to 1973 ranges from 15% to 51%. Table 5 shows that the highest relative

humidity averages are in the winter season, which extends from November

through April. Figure 8 is a plot for the same period for the same

location. During summer, the relative humidity is very low. The mean

annual relative humidity for the period 1964-1973 is 32.5%, thus proving

that Riyadh has a very dry climate.

Many factors, such as the construction of dams in the area, the

establishment of national recreational parks, the increase of water con-

sumption, the growing of trees and watering of gardens, affect the per-

centage of humidity by increasing the evaporation. Such factors may

cause microclimatic changes.

Evaporation

Evaporation losses from water surface in the area of Riyadh is

very high due to the kind of climate, which is hot and dry. The records

of the hydrological station at Riyadh show that the mean monthly evapora-

tion rate from a Class A evaporation pan is 9.1 inches. Table 6 shows

that the total annual evaporation rate is 108.6 inches. The table also

shows that the maximum evaporation rate occurs during July, while the

minimum evaporation rate takes place in December (Abdulrazzak, 1976).

Wind

The prevailing wind is primarily from the northeast and also

from south-southeast as shown on Table, 7, for the year 1965. For the
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Table 6. Class A Pan Evaporation.

Month	 Rate of Evaporation (in inches)

January	 3.8
February	 5.1
March	 8.1
April	 9.3
May	 12.2
June	 14.1
July	 14.9
August	 13.8
September	 11.0
October	 8.0
November	 4.8
December	 3.5

Total	 108.6

Average	 9.1

Table 7. Riyadh: Prevailing Wind Direction
and Maximum Velocity in Knots in
1965.

Month	 Wind Direction and Velocity

January	 SE /40
February	 NE/20
March	 NE/24
April	 SSE/25
May	 SSE/38
June	 NE/20
July	 NW/30
August	 NE/22
September	 Var./25
October	 SSE/20
November	 Var./25
December	Var. /20
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same year, the maximum speed of the wind was 40 knots (48 miles per

hours), from the southeast in the month of January, while the minimum

speed was 20 knots (24 miles per hour) at different months of the year,

and also from different directions.



CHAPTER 3

WATER SUPPLY

No surface water is available in the vicinity of Riyadh for

development and, hence, the city depends on groundwater. It has been

mentioned previously in Chapter 1, under previous investigations, that

many studies were conducted with the hope of obtaining sufficient

quantities of water to satisfy the expanding demands of the city.

Supplying Riyadh with water has been and is a major concern of the

officials in the Ministry of Agriculture and Water.

Riyadh water supply comes from the shallow aquifers in the wadi

channels, the karst aquifers of the carbonate-sulfate formations which

extend from the Lower Jurassic to the Lower Cretaceous and the sandstone

aquifers of Minjur and Wasia formations (Shaheen, 1973). The people of

Riyadh for many years have depended upon Wadi Hanifa for their water

supply (see Figure 1). It is only in the last two decades that the two

other sources of water have begun to contribute to the water supply

system of Riyadh. In the foreseeable future, it is expected that utili-

zation of the treated sewage water disposal will be a supplementary

source of water to be utilized for special uses. Water desalination

from the Arabian Gulf is considered a supplementary source of water for

Riyadh.
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Shallow Aquifers 

The water in the shallow aquifer is tapped exclusively in the

gravels of the wadi channels. The recharge of water in the shallow

aquifer is a function of the precipitation that occurs locally and is

unlikely that water comes from outside the watershed. The gravel

aquifer extends from the surface of the present wadi channel to the bed

of solid limestone. The amount of water stored in the gravel aquifer

depends on its thickness. The water concentrated in the gravel moves

downstream through the gravel due to a differential in elevation and

also may escape from the gravel into the fissures of limestone in the

wadi beds. It is quite possible, however, that water moves from a

neighboring limestone to the gravel aquifer if the alluvium is lower

than that of the saturated limestone.

Wadi Hanifa

The part of Wadi Hanifa of concern is that portion which extends

from Jubailah to Hayir, for this part of Wadi Hanifa contributes to the

water supply of Riyadh (Figure 9). Figure 9 shows Riyadh watershed,

Hayir basin, and Wadi Nisah, together with the well locations. On the

whole, Wadi Hanifa flows southward from its source near the town of

Uyanah until it empties into Wadi Sahba, a distance of about 150

kilometers. There are several tributaries to Wadi Hanifa, the most

important of which are those that join it from the west. Wadi Hanifa

is considered the main channel until it joins Wadi Sahba, where it is

considered a tributary.



SALBOUKH 40W

SALBOUKH 3 DW

SALBOUKH 20W

SALBOUKH I DW

SALBOUKH 50W

NASSIR1YAH 
2 DW

ARGAH DW

NA IRIYAH

KOULIYAH DW

AIRPORT DW

MALEZ TP

,.MALEZ 20W
MALEZ I DW	 WATER TOWER 

RAILROAD I DW

RAILROAD 2 OW
MANFOUHA TP 

KHARJ DW I

NUMAR
HARJ

SW DWI	
DIN 2

IJAZ DW 3

HIJAZ DW 2 \

JIZAHtDW

MANSOURIYAH DW

KHARJ DW 3

KHARJ DW 4
KHARJ DW 5

DAGNAH DW 2

1	  

+(\z„DAGNAH DW I

t
DAGNAH 0W3

S

e

tioessa;10
BEIJAH DW I

414

.

BEIJAH DW 2

NISAH I-S SW	 NISAH 6-11 SWWADI NISAH	 411111111\impoo.

O
	

5

BADIYAH DW 
NO DW 2 

NQ OW 3 NO OW I

H

HAYIR DW HAYIR PIP

HAYIR SW

DW DEEP WELL
	

MILES
SW SHALLOW WELL
TP TREATMENT PLANT

Figure 9. Area Well Locations. -- After El-Khatib (1974).
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The configuration of Wadi Hanifa drainage area is the result of

the erosion of the softer sediments which has left the more resistant

rocks exposed. The Tuwaig Mountains and the Hit Escarpment are the most

conspicuous of these hard members. The attitude of the geomorphology of

the area is downward to the east and thus, all water flows from west to

east.

For hundreds of years, the inhabitants of Riyadh have depended

on Wadi Hanifa for their water supply. Until the past three decades,

Wadi Hanifa has been the main source of water on which Riyadh depended.

Moreover, Wadi Hanifa was, and still is, the principal water supply for

farmers' agricultural activities (El-Khatib, 1974). They extract water

for irrigation from wells drilled on the wadi terraces adjacent to the

main channel. The importance of Wadi Hanifa to the inhabitants of

Riyadh is thus twofold. Direct utilization of water for drinking pur-

poses comes first. The water extracted annually for domestic purposes

represents about 6 percent of the volume of water withdrawn from Wadi

Hanifa within the specified area (Table 8). The other 94 percent is

used for irrigation. It has been estimated by Sogreah (1967) that the

irrigated surface areas total 1260 hectares and that annual water appli-

cation was 37,800 cubic meters per hectare. It was estimated that

evapotranspiration was 18,600 cubic meters per hectare per annum. The

average annual volumes extracted by pumping was 47,500,000 cubic meters

per annum. Second, the inhabitants of Riyadh obtain their fruits,

vegetables, and other foodstuffs from the cultivated land which consumes

water from Wadi Hanifa.
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Table 8.	 Wadi Hanifa Water Balance. -- After Sogreah
(1968).

Volume Out

(m
3
)

Volume In

(m
3
)

Annual average infiltration
produced by floods 16,300,000

Pumping from Wadi Hanifa:
For farming 47,430,000
For Riyadh water supply 2,970,000

Irrigation water returning
to the water table 23,700,000

Riyadh sewage water
returning to the Wadi
Hanifa water table 1,700,000

Withdrawal from reserves
alluvium and immediate
limestone 3,100,000

Total 50,400,000 44,800,000
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The steady decline of water level in Wadi Hanifa is a serious

tin:eat of depletion. In fact, withdrawal rates have exceeded replenish-

ment and water level decline was noticed almost three decades ago, due

to increase in the number of wells and the increased pumpage. The

earliest records of water levels in the Riyadh area were reported to be

9 meters below ground surface in 1935. In 1956, it was reported that

water levels had reached an average depth of 29 meters. In 1967, water

level was about 35 meters. Such a decline in water levels made it

imperative to draw water from the reserves. During heavy floods, water

levels rise a few meters, depending upon the size of the flood, but this

rise in water level does not last for a long period. In fact, the fluc-

tuation in water level is a manifestation of the balance between the

amount of water consumed and the replenishment from rain.

The aquifer is replenished after the occurrence of rainfall,

provided that it is sufficient to cause runoff. The volume of replen-

ishment is directly related to the volume of the floods that flow

through the wadi channel. The watershed area of Wadi Hanifa from

Jubailah to Hayir is estimated to be 4300 square kilometers and the

average yearly precipitation is approximately 12 centimeters (Table 2).

Different figures have been given for aquifer recharge from rainfall.

While Aramco (1948) used 25 percent of rainfall as annual recharge in

its calculation, Davis (1959) used 5 percent and suggested that the most

reasonable figure is between 1 and 3 percent. Based on an empirical

calculation, Sogreah (1968) considered the recharge rate to be 4 percent

of the volume of the runoff. Using 5 percent as a basis for the
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author's calculation, the annual effective recharge would be the product

of the area of the catchment, annual precipitation, and the selected

percent rate of infiltration. Using an area of 4.3 x 10
9 
m
2
, an annual

rainfall of 0.12 m and a percentage of 5, yields an annual recharge of

2.58 x 10
7 
m3 . The different results of water recharge obtained by the

different water specialists are summarized in Table 9. It should be

mentioned here that the figure given by Sogreah includes the seepage

from Riyadh water supply. Otherwise, 14.8 x 10 6 cubic meters are con-

sidered to be the annual average recharge produced by floods. The dis-

crepancies in all the given figures resulted from the different esti-

mates given to the area of the catchment, amount of rainfall, and the

percent recharge.

When comparing the annual extraction (Table 8) with the annual

recharge (Table 9), it seems quite obvious that the withdrawal rate is

exceeding replenishment. The bulk of withdrawal goes to irrigation of

farmlands. It has been estimated that about 50 percent of applied

Table 9. Wadi Hanifa Annual Average Water
Recharge.

Aramco (1948)	 33,750,000 cubic meters

Davis (1959)	 21,211,900 cubic meters

Sogreah (1967)	 17,000,000 cubic meters

The author	 25,000,000 cubic meters

Average	 24,000,000 cubic meters
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irrigation water goes back to the aquifer as a recharge. Because of the

high demand for water to meet the city water requirements (see

Chapter 4 on demand), the entire effective replenishment which is on

the average of 24 million cubic meters each year is far below the annual

consumption. Two things should be mentioned here.

First, the extraction of water for agricultural consumptive use

should be reduced to the safe yield level which is equivalent to the

annual recharge. Second, inasmuch as the water quality is degrading due

to contamination and also the insufficiency of water, potable water

supply for the City of Riyadh ought to be sought from other sources.

Part of Wadi Hanifa that is close to Riyadh is being contami-

nated with city sewage water. Nevertheless, part of Riyadh water supply

has come from Suwaydi and Wadi Numar, at the outskirts of the city.

Since 1973, no more drinking water has been brought from Suwaydi because

of contamination. Wadi Numar is a small tributary to Wadi Hanifa, with

a small dam. The water in Wadi Numar has not been contaminated yet and

it is anticipated that a sewage treatment project now underway will be

completed before Numar's water is contaminated. The water quality in

Wadi Numar- is considered excellent, since the total dissolved solids is

400 parts per million. Downstream from Numar Dam, six wells now furnish

potable water to Riyadh. These wells supply a maximum average yield of

50 liters per second (Table 10). Table 10 shows the annual water pro-

duction from wells shown on Figure 9 that supply Riyadh with water.

Edington (1967) calculated the annual runoff and storage

capacity of Wadi Numar and found that the former was 13.5 million cubic
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Table 10.	 Annual Water Production from Wells Supplying Riyadh.
After Vattenbyggnadsbyran [VBB] 	 (1976).

--

Wells

Yearly Production (10 3 m3 )

1970 1971 1972 1973 1974 1975

Deep Well

Malez 1 1,008 1,712 1,678 1,493 1,440 1,180
2 593 1,256 1,290

Airport 1,519 1,631 1,563 593 1,256 1,290

Railroad 1 1,418 1,518 1,495 1,745
2 1,198 1,501 1,373

Kouliyah 907 1,188 1,152 989 879 934

Argah 1,661 1,249 1,330 1,536 1,516 1,466

Shemessy 657 1,595 1,259 1,444 5

Nasiriyah 1 1,314 1,224 1,135 1,172
2 835 1,481 1,472 1,187 1,396 1,333

Royal Garage 836 1,326 1,034 1,315 1,486 1,443

Salbukh 1 1,102 1,476 1,710
2 1,131 1,333 1,316
3 310
4 1,086 1,640 1,614
5 565

Jiza 1,070 1,616 1,335 1,722 1,690 1,227

Mans ouriyah 308 1,557 1,392 1,681 1,618 575

Dagnah 1 470 1,334 1,505 1,706 1,773 1,891
2 746 1,619
3 1,114

Hayir 177 1,746 1,764 1,639 1,447 1,212

Beija 1 1,652 2,015 1,636 1,760 1,676 1,458
2 776 1,750 1,772 1,515
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Table 10, Continued.

Yearly Production (10 3 m3) 

Wells	 1970	 1971	 1972	 1973	 1974	 1975

Hejaz 1 104 952
2 185 1,533
3 587

E Deep well 11,100 19,171 9,628 28,736 30,092 32,531

Shallow Wells

Swedi 2-3 746 198

Numar 1-4 375 1,771 1,995 319 2,556 3,445

Hayir 1-10 415 2,672 8,018 882 2,149 3,257

Nisah 1-9 1,521 3,013 3,164 4,691 6,271 8,077

E Shallow well 3,057 7,456 8,375 5,892 10,976 14,779

Grand Total 14,157 26,627 29,003 34,628 41,068 47,310
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meters (3000 million gallons) and the latter was 12.5 million cubic

meters (2750 million gallons). The water capacity of Wadi Numar dam is

only 200 million gallons. He recommended construction of additional and

higher surface dans on the Wadis Numar and Leban and higher dams or

alternatively a number of small dams on either or both of Wadis Baija

and Ha' in order to take full advantage of the available underground

storage in each wadi. Edington also calculated the annual average flow

in those tributary wadis of the Wadi Hanifa drainage system (Wadis

Baija, Ha', Numar, and Leban), a total area of 1650 square kilometers,

and came up with 24,550 million gallons per year. Edington's calcula-

tions were disputed by a committee, consisting of Mr. Shamin Ahmed,

Dr. G. Otkun, and Dr. F. Vinck, which was appointed by His Excellency,

the Deputy Minister of Water, to comment on Mr. Ralph Edington's pro-

posal. Ahmed, Otkun, and Vinck (1968, pp. 1-2) said that:

the quantity of surface water available for storage in the Wadi
Hanifa Drainage System as calculated by Mr. Edington is
exaggerated. In fact, we may expect only one fifth of it.
Therefore, instead of 24,750 million gallons per year, only
about 5,000 million gallons of surface water may become avail-
able in an average year. In order not to lose this water and to
make it available for the Riyadh water supply, there are, in
principle, three methods:

1. To extend the time available for infiltration (retaining
dams, special structures in the wadis to extend the total
distance of water flow).

2. To increase the area available for infiltration (water
spreading).

3. To increase the infiltration rate (removal of silt, arti-
ficial infiltration by wells, pits, basins, or channels
especially designed for this purpose).
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Hayir Basin

Hayir Basin is located about 30 kilometers south of Riyadh, at

the confluence of the Wadis Hanifa, Ha', and Baija. The Riyadh Water

Supply Office has 10 wells in the Hayir Basin. The production of these

wells contributes to Riyadh City water supply. The mean yield extract-

able from the Hayir aquifer is between the following values:

Minimum 1/sec Maximum 1/sec

Riyadh Water Supply 120 130

Private wells 90 110

Total 210 240

The average annual production is 7 million cubic meters, which is more

than double the safe yield. Sogreah (1967) estimated the volume of

annual recharge to be 2,300,000 cubic meters per year. Under such condi-

tions, the overdraft is estimated to be 4,700,000 cubic meters. About

56 percent of the draft is being used for Riyadh water supply. It has

been estimated that 50 percent (3.5 million cubic meters) of the water

pumped comes from the reserves in the area close to the wells and the

rest (1,200,000 cubic meters) comes from the upper part of the various

wadis within the Hayir Basin. The alluvium in the Hayir Basin contains

groundwater which is mainly recharged by floods resulting from precipita-

tion. In the production area, water mineralization varies between 435

and 1980 parts per million depending on the well position in the basin.

The groundwater at Hayir area has not been contaminated by Riyadh
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sewage. Under such circumstances, it is not recommended to drill more

wells in order to increase the yield extracted in Hayir for Riyadh water

supply.

Wadi Nisah

The Wadi Nisah area is situated about 40 kilometers south of

Riyadh and about 10 kilometers south of Hayir. Water from Wadi Nisah is

delivered to Riyadh via the Hayir pumping station. Groundwater in Wadi

Nisah has been used since 1963 to supply the City of Riyadh.

Wadi Nisah follows a long and narrow graben which cuts the

Tuwaiq Mountains in an east-west direction, from Al-Kharj in the east to

the Muzahimiyah basin in the west. The length of the Wadi Nisah graben

from east to west is about 110 kilometers and has an average width of

2.5 kilometers. This situation is an adjustment to earth movements in

the crystalline basement, below the sedimentary formations (Figure 3).

This tectonic movement has an effect on the underground water movement

in the neighboring area to Wadi Nisah, but in Wadi Nisah a block of

porous sandstone, the Lower Cretaceous Biyadh Sandstone, is dropped down

in the graben to form a groundwater reservoir (Brown and Lough, 1963).

The formations which outcrop on both sides of Wadi Nisah are the lime-

stone and marly limestone of the Jurassic age (ruwaiq, Hanifa, Jubailah,

and Arab Formations) and of the early Cretaceous (Sulay Formation).

These formations have been dealt with in the succeeding section on karst

aquifers.

The Biyadh sandstone and sand outcrop on the graben flanks or in

the middle of the graben at Suwaidah. The Biyadh aquifer acts as a
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reservoir confined on all sides by relatively impermable boundaries,

except downstream, where it opens towards the Kharj plain and the water

is brought to the surface at Salamiyah.

Wolfart (1961) studied the hydrogeology of Wadi Nisah and con-

cluded that it was possible to obtain a safe yield of 5 million cubic

meters per year without jeopardizing the reserves of the storage.

Sogreah (1967) estimated the annual recharge to be between 1.5 and 3.5

million cubic meters and anticipated a drawdown of 50 meters over the

next thirty years. Abdulrazzak (1976) estimated the mean annual infil-

tration to be 7.15 million cubic meters (5800 acre-feet). The 30 years

drawdown represents about 25 percent of the available saturated aquifer

thickness, which is estimated to be 200 meters. The probable depletion,

if the present conditions are not changed, will be in 120 years.

Abdulrazzak concluded from a groundwater model analysis that the pumping

rate for each of ten wells which could furnish Riyadh with water should

be 1000 gpm. From his analysis, he also estimated the aquifer trans-

missibility to be 92 x 10 3 d/ft and the storage coefficient as

2.7 x 10 -2
. On the basis of this analysis, an annual yield of 20

million cubic meters could be obtained from Wadi Nisah. The production

of nine wells as shown on Figure 9 and Table 9 in 1975 was 8,077,000

cubic meters.

The water levels in the Wadi Nisah well field range between 170

and 200 feet below surface gable 11)1—The total depth of the wells

ranges from 377 feet to 1033 feet. The drawdown in a period of 6 years

is about 20 feet, which is about 3.5 feet per year. This drawdown



Table 11. Water Levels of the Wells in Wadi Nisah. --
After Abdulrazzak (1976).

Well
No.

Elevation
above Sea

Level
(ft)

Depth
(ft)

Water Level (ft)

1968 1974

X.1 1833.5 541.4 1654.0 1640.9

X.12 1860.5 721.8 1689.7 1676.6

WP.1 1866.2 836.7 1653.6 1640.5

WP.2 1847.2 830.1 1650.1 1630.8

WP.3 1844.3 492.2 1655.8 1628.3

WP .4 1853.3 529.0 1658.5 1638.2

WP.5 1853.3 792.0 1626.9 1606.2

N.1 1878.7 521.8 1723.5 1716.1

N.2 1852.2 838.1 1675.7 1662.5

N.3 1838.8 377.3 1662.8 1646.3

N.4 1807.0 698.8 1610.5 1599.6

N.5 1738.9 515.1 1490.9 1485.9

N.6 1664.6 922.0 1465.5 1459.9

N.7 1633.2 1033.2 1463.7 1457.7

49
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matches well with the anticipated drawdown in thirty years. The water

quality in Wadi Nisah is considered excellent for the total dissolved

solids range from 404 to 456 parts per million gable 12).

Wadi Nisah has a potential capacity to furnish part of Riyadh

water supply requirements provided that conservational measures are

taken by the government. These should include keeping the present pro-

duction level as it is and prohibiting further drilling of wells for

agricultural purposes. Furthermore, the present production for agricul-

tural purposes should be put under supervision by the government so that

observation of the changing situations could be monitored. Where

necessary, the farmers should be compensated for their lands in an

attempt to utilize the water in the area exclusively for Riyadh water

supply.

Karst Aquifers 

The karst aquifers extend over a large area in Saudi Arabia.

The carbonate-sulfate rocks are the main constituents of the karst

aquifers. The carbonate-sulfate formations are of marine origin,

ranging from Permian to Recent in age, with a total thickness of 2400

meters. However, the author is concerned with the formations that are

exposed in the Riyadh area and which might contribute to the Riyadh

water supply system. Those lithologic units which range from Lower

Jurassic to Lower Cretaceous which outcrop in the Riyadh area from

upward succession are Tuwaiq Mountain Limestone, Hanifa Formation,

Jubailah Limestone, Arab Formation, and Hith Formation with a total

thickness of 650 meters (Figure 5).
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The geology of the karst aquifers is complicated. The carbonate

and sulfate formations have remained almost undeveloped because zones of

jointing, fissurization, and karstification have not yet been fully

located. Tectonics and karstification have opened up the carbonate and

sulfate formations and converted them into potential aquifers. These

aquifers are not fed only by infiltration through their outcrop areas,

but also by groundwater moving from the overlying and underlying sand-

tones of lower transmissibility into karstified rocks of extremely high

transmissibility (Burdon and Otkun, 1967).

The studies of the karst formation have shown that the fissuriza-

tion of the limestone is very irregular. Many boreholes and wells were

abandoned and considered unproductive because they did not encounter the

fissures. Sogreah (1967) reports that three boreholes were sunk within

a 200-meter radius near a well west of Hayir and only one of them turned

out to be productive. The areas around Riyadh are not all unproductive,

although it happens that a borehole sunk near a pumped well did not

encounter any fissures in the formation and had to be abandoned. About

one-third of the boreholes sunk at Riyadh and its surrounding areas have

been abandoned because they did not encounter any large cracks.

The limestone bedrock is not impermeable and the groundwater in

the fissures can commute with that of the alluvium of adjoining wadis.

The creviced limestone underlying Riyadh is of two types. The vertical

crevices are caused by fractures probably due to settlement of the rocks

or movement of the earth. Due to the action of the weather and solution

by groundwater, these fractures have been opened up locally or near the
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surface. The horizontal crevices have been formed and enlarged by

groundwater working along the cracks or joints of weakness between the

layers of limestone. The vertical fissures carry more water than the

horizontal cracks. Some of the wells which derive their water from the

creviced limestone go dry. The possible causes are:

1. A gradual filling of the crevices by materials carried in the

water.

2. Lowering of the water level in the gravel aquifer.

3. Intersection of the crevice by a dug well between it and the

intake will make the water go to the new well.

Tuwaiq Mountain Limestone

The Tuwaiq Mountain Limestone is named for Jabal Tuwaiq which

extends from near latitude 17 0 30' N to latitude 27 0 30' N, a distance of

more than 1200 kilometers (Powers et al., 1966). The Tuwaiq Mountain

Limestone is the oldest formation exposed within the Riyadh watershed

and forms the major cliffs of the Tuwaiq Mountains along the western

boundary of the watershed. The most striking physiographic feature of

the Central Najd is the north-south trending Tuwaiq Mountains, an

impressive cuesta, formed by the massive limestones of the Jurassic

Tuwaiq Mountain Limestone. The thickness of the Tuwaiq Limestone is 200

meters. Tuwaiq Mountain has been breached from south to north by

through-cutting channels at Wadi Dawasir, Wadi Faw, Shaib Haddar, Wadi

Birk, Wadi Nisah, Wadi Hanifa, and Wadi Atk. Drainage systems at these

wadis were formed which contribute to the groundwater in those areas.
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Tuwaiq Mountain Limestone is a massive limestone with a basal many unit

and few calcarnite layers. It is cream and white in color.

Hanifa Formation

The Hanifa Formation derives its name from Wadi Hanifa. The

Hanifa Formation is exposed along a narrow southwest trending zone

through the center of the Hanifa watershed. The Hanifa Formation is

underlain by Tuwaiq Mountain Limestone. The thickness of the Hanifa

Formation is 115 meters. The thickness of the formation is uniform. It

is almost a carbonate unit with some recrystallized and well-cemented

calcarnite. It is less dense than the Tuwaiq Mountain Limestone with

minor interbedded marl and clay shales. The known hydrogeological prop-

erties of Hanifa Formation is similar to the overlying Jubailah lime-

stone. It is cream and tan in color. In the middle and upper portion

of the formation there are colonial corals (Powers et al., 1966).

Jubailah Limestone

The Jubailah Limestone takes its name from the village of

Jubailah. The thickness of the Jubailah Limestone is approximately 120

meters, with great variations in thickness from one area to another.

Lithologically, Jubailah formation is compact limestone with some inter-

bedded calcarnite and several beds of dolomite. Near-vertical jointing

in the upper layers show strong solution effects along the open frac-

tures which do not continue down into the less compact beds of the lower

half of the unit. The City of Riyadh lies on the edge of the Jubailah

Limestone outcrop and the Arab Formation. Jubailah Limestone forms the
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plateaù which extends to the west of Riyadh where Wadi Hanifa has cut a

deep bed, but to the east of Riyadh Jubailah Limestone is overlain by

the many and gypsiferous limestone of the Arab Formation. The forma-

tion dips eastwards as a whole (about 1 0 ), but steeper dip angles are

observed locally because the underlying gypsum layers dissolved and

collapsed. Hand-dug wells in the Riyadh area are bottomed in both the

Arab and Jubailah formations. Water in Jubailah Limestone comes from

openings and fissures resulting from weathering and jointing (McCann,

Willis, and Erdman, 1959).

The Jubailah Limestone is permeable on a large-scale where

cracks exist, and the borehole yields depend on the size of these

cracks. The top few meters of the formation are cracked almost every-

where. Cracks in wells at Umm Al Hammam in Wadi Alaysin, where the top

3 meters of limestone underneath a 12-meter alluvium bed are in cracked

condition. The water table throughout Wadi Alaysin and Wadi Batha is now

below the very cracked zone.

Groundwater level depths underground vary in the different bore-

holes in Riyadh. In the upper basins of Wadis Alaysin and Batha and in

the west of the plateau beside Wadi Hanifa, the water level ranges

between 40 and 45 meters. From Malez to Manfouhah, the water level

ranges from 30 to 35 meters. In general, the groundwater level in the

Jubailah Limestone underneath the City of Riyadh is fairly shallow. The

water which circulates near the surface is sewage from the pits and

septic tanks all over Riyadh. It is estimated that 40 percent of the

water consumption ends up as sewage in pits and septic tanks. This
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sewage flow recharges the Jubailah Limestone water table and raises the

level, The Riyadh limestone water table, which is recharged by infil-

trating sewage, merges with the Wadi Hanifa water table below the Wadi

Alaysin confluence upstream and Massana downstream. All the supplies

pumped from this part of Wadi Hanifa are contaminated and unfit for

domestic use and should be used only for irrigation.

Arab Formation

The Arab Formation is composed of limestone, mainly calcarnite

with some aphantic facies, and in part dolomitized. To the east of

Riyadh, the Jubailah limestone is overlain by the many gypsiferous

limestone of the Arab Formation, i.e., the low hills to the north and

east of Riyadh. Two tributaries of Wadi Hanifa, Wadi Alaysin and Wadi

Batha, have dug shallow beds partly into the Arab Formation. Solution

of the sulfate and some carbonates in groundwater produce collapse struc-

ture and closed drainage basins in the outcrop area. The water is

saturated with calcium sulfate. The chloride content is low (Sogreah,

1967).

The thickness of the Arab Formation is about 125 meters. The

outcrop of the Arab Formation is of the order of 20,000 square

kilometers and, in view of this, the quantity of water can be assumed to

be large. However, the Arab Formation is thin at Riyadh. Therefore,

the Arab Formation limestone underneath Riyadh is not water-bearing, in

spite of its more weathered and broken-down condition. East of Malez,

several boreholes ran into a perched aquifer only a few meters below

ground, but it is too small to be of any practical use. All these
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boreholes have been abandoned, but others are being used to pump water

from the underlying Jubailah water table. The Arab Formation limestone

may contain small aquifers further away to the east of Riyadh City. The

small perched aquifers in the Arab Formation east of Malez are less than

10 meters underground. In a trench in the Arab limestone in Malez,

water is at a depth of 1.7 meters below ground level. This water,

which circulates near the surface, is sewage from pits and septic tanks.

As far as the contamination is concerned, the situation of the Arab

Formation is similar to Jubailah Limestone which has been discussed

previously.

Hith Formation

The Hith Formation derived its name from Dahl Hit. Dahl Hit, 30

kilometers southeast of Riyadh, is the farthest north of caverns and

exposed solution pits which extend intermittently southward to Al-Kharj,

Ayn al Dil, Khafs Daghrah, and the Aflaj, along the toe of an escarpment

which has been formed by the solution of anhydrite in the Hith

anhydrite. The anhydrite is exposed west of Khashim al An and south-

ward. When the water flowing from the Tuwaiq Mountains crossed it, the

anhydrite was dissolved and the water became saturated in calcium sul-

fate. In some places, the roof of the cavern collapsed to form pits

(Brown and Lough, 1963). The thickness of the Hith Formation is 90

meters. Its outcrop is limited and has been subjected to intensive

solution in groundwater, causing a collapse zone and basins of closed

surface drainage.
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The water quality varies greatly from one place to another,

depending on the water well location. If the well is in an inhabited

area, contamination due to seepage is much more than those that are at a

distance from populated areas. A complete chemical analysis from differ-

ent parts of the Riyadh area is found in Table 13.

Under the present situation of the karst aquifers of unavail-

ability of water in some and contamination in others, the contribution

of the karst aquifers to the Riyadh water supply is insignificant; it is

not advisable to consider it a source of water supply to the City of

Riyadh. After the completion and operation of the Riyadh sewage treat-

ment plant, the situation may be reconsidered. Special emphasis should

be given to water chemical analyses to be sure that the water is free

from harmful substances.

Sandstone Aquifers 

The sandstone aquifers considered in this study are those which

belong to the Mesozoic age, in particular the Minjur and Wasia aquifers

(Figure 10, in pocket). For the past two decades, Minjur aquifer has

played a major role in supplying Riyadh with water (Otkun, 1969). At

present, about 75 percent of Riyadh water supply is withdrawn from

Minjur (Table 10). The Minjur sandstone aquifer was tapped in 1956

where the first deep well was drilled at Shemessy in the center of the

city. Since then, about 34 deep wells have been drilled to the Minjur

aquifer in the locality of Riyadh.

The Wasia aquifer has not yet been developed as a source of

water for Riyadh; nevertheless, it is considered to be an additional
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source of water for Riyadh in the foreseeable future. Recent investiga-

tions have shown that Wasia aquifer is one of the most prolific aquifers

in Saudi Arabia and contains huge reserves of water, in hundreds of

billions of cubic meters. The Arabian American Oil Company (Aramco) has

relied heavily on the Wasia waters for the injection of the oil wells to

maintain the pressure. The Ministry of Agriculture and Water is now

undertaking a gigantic and integrated water project at Wasia about 100

kilometers northeast of Riyadh. It is expected that, by 1981, a daily

production of 200,000 cubic meters will be withdrawn from Wasia aquifer

to supply Riyadh with water.

Minjur Formation

This is an important aquifer, not only because of its water-

bearing properties, but also it is a main source of supply to the water

requirements of the City of Riyadh. The Minjur Formation is of Triassic

age and consists of the sequences of sandstone and shale limited by

oolitic limestone of the Jilh formation at the bottom and the gray to

tan limestone of Marrat formation at the top. The Minjur formation is

of continental origin. No marine fossils are found.

The major supply of water consumed in the City of Riyadh comes

from wells in the Minjur formation. Over the past two decades, the deep

sandstone of the Minjur has been tapped and has yielded most valuable

quantities of deep groundwater.

The thickness of the aquifer is variable -- it differs from one

place to another. The average thickness at Riyadh is 120 meters.

According to Brown and Lough (1963), the transmissibility is on the
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average of 29,500 gpdift and the coefficient of storage is 7.6 x 10 -5 ,

while Sir M. MacDonald & Partners (1975) calculated the transmissibility

as 0.004 m2/sec. Sogreah (1967) has estimated the volumes of water

stored in the Minjur aquifer to be 600 billion cubic meters. Otkun

(1970) has estimated the total reserves of the Minjur water, not only in

Riyadh, but in an area of 150 miles north and 150 miles south of Riyadh

to be 700 billion cubic meters. The wells drilled in this formation

vary in depth from 1200 meters to 1500 meters (Otkun, 1969). There are

about 34 deep wells in the vicinity of Riyadh, each of which produces an

average of 800 gallons per minute (4300 cubic meters per day).

The recharge to the aquifer is somewhat different in the north

from that in the south. In the northern region, the Minjur outcrop

covers large areas of sandstone mantled partly by sand dunes. The

recharge occurs either through direct rainfall or runoff from the

precipitation which falls on other formations and flows toward the

Minjur outcrop. Despite these two favorable conditions, the recharge is

insignificant, due to a decrease in rainfall to 75 mm per year. Prior

to 1967, it was believed that no recharge was occurring. Observations

made during the last ten years, however, have shown that the runoff

occurs only over a short distance, even after rainfall, and the water

accumulates in certain depressions (Otkun, 1972). The existence of

relatively impermeable soil layers at the bottom of these depressions

create an adverse condition for infiltration. Studies concluded that

only 1.5% of the rainfall is infiltrating underground during average and

wet years. From the percentage of infiltration and the average
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precipitation, it is estimated that the recharge is approximately 1500

cubic meters per year per square kilometer (Otkun, 1972).

The water quality of Minjur varies greatly, depending upon pre-

vailing conditions, between 1000 and 5000 parts per million. The total

dissolved solids in the water of the Minjur aquifer, which is being used

now by the City of Riyadh, ranges from about 1100 parts per million to

nearly 1500 parts per million (Figure 11).

The United States-Saudi Arabian Joint Commission of Economic

Cooperation (1977) says that, during 1978, the projected daily produc-

tion from the Minjur aquifer will be 215,000 cubic meters (Figure 12).

The Joint Commission also used the model of the Minjur aquifer in con-

junction with a linear optimization program and found that, in addition

to the projected 1978 pumpage of 215,000 cubic meters per day at Riyadh

and Salbukh, a total of about 230,000 cubic meters could be drawn from

the Minjur aquifer in the vicinity of Riyadh (Figure 13 and Table 14).

This daily production is supposed to be withdrawn from the aquifer

within a radius of 40 kilometers of Riyadh, such that, by the year 2010,

the potentiometric surface within this area would not decline to an

altitude of less than 300 meters above mean sea level or about 300

meters below land surface. The limitation of 300 meters below the land

surface is required probably due to limitations in well technology,

where it is difficult to obtain lifts in excess of 300 meters with the

well pumps normally used at present.

As a result of the investigations of the Minjur aquifer, it

seems that the aquifer is capable of furnishing 415,000 cubic meters per
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Figure 11. Salinity of Water in the Minjur Aquifer in the Vicinity of
Riyadh.
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Table 14. Average Pumping Rates Required for Maximum
Withdrawal from the Minjur Aquifer in the
Vicinity of Riyadh, and Water Levels that
Would Result in Pumping Wells by the Year
2010.

Sub area*

Pumping Rate

(1,000 m3
/d)

Altitude of
Water Level
(m above MSL)

1 10.5 331
2 9.6 324
3 9.6 308
4 12.2 334
5 8.7 334
6 8.7 323
7 8.7 318
8 8.7 324
9 11.2 323

10 10.5 325
11 10.5 325
12 10.5 320
13 11.2 315
14 12.2 315
15 12.2 318
16 14.7 324
17 16.4 334
18 11.2 322
19 12.2 300
20 12.2 305
21 8.7 316

Total 230.4

*Location shown in Figure 13.
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day. When this volume of water is developed from the Minjur aquifer and

adding to it the present volumes of water produced from the Biyadh

aquifer at Wadi Nisah and volumes withdrawn from the shallow aquifers at

Hayir and Numar, it will satisfy the water demand of the City of Riyadh

until 1990 (see Chapter 4 on water demand).

Despite the fact that water is available for the City of Riyadh,

there are some problems which are encountered in the exploitation of

the Minjur water:

1. The cost of drilling is very high, being 1.5 million Riyals

($.5 million) for each well, including pump and engine.

2. The life of the distribution system and the well is short due to

the corrosiveness of its water.

3. The high cost of water treatment (Table 15).

Due to the fact that water is very valuable in a city like

Riyadh, heavy production from one source is not practical. It is, then,

essential that the Wasia aquifer be considered for contributing supple-

mentary supply for the City of Riyadh.

Wasia Formation

The Wasia formation is a thick regional hydraulic unit of Upper

Cretaceous age which consists of sandstone, siltstone, and shale units

of continental origin. The Wasia formation outcrops at about 50

kilometers northeast of Riyadh and extends in a narrow belt for about

1500 kilometers from Wadi Dawasir in the south to Sakaka in the north.

The thickness of the Wasia aquifer increases irregularly from south to
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Table 15.	 Comparative Cost of Water Treatment for Minjur, Wasia, and
Seawater. -- After the United States-Saudi Arabian Joint
Commission of Economic Cooperation (1977).

Alternative
Treatment
Process

Total
Present
Value
(MSR)

Equivalent
Annual Cost

(MSR)

Cost of
Water

(SR/m3)

Minjur ED 1439 167.9 2.30
RO 1399 163.2 2.24
IX 1302 151.8 2.08

Wasia ED 1221 142.4 1.95
RO 1142 133.1 1.82
IX 1117 130.3 1.78

Seawater MSF 3622 422.4 5.79
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north, from 25 to 30 meters only at Wadi Dawasir to almost 300 meters at

Sakaka (see Figure 10, in pocket). However, its thickness at about 100

kilometers east and northeast of Riyadh ranges from less than 100 meters

near the outcrop to 250 meters west of Khurais (Figure 14). It dips

gently eastward, maintaining its water-bearing characteristics at least

as far as Bahrain.

The Wasia and Biyadh formations of the Cretaceous, together with

the Jilh and Minjux formations of the Triassic age, are interruptions in

the shallow-water marine limestones which were discussed in a preceeding

section. The Wasia formation is underlain by the Shu'aiba shale and

dolomite unit which separates it from the Biyadh formation. At the out-

crop, however, the Wasia and Biyadh are considered as one hydrogeologi-

cal unit, but farther east the two are separated into distinct aquifer

systems by the Shu'aiba unit (Figure 15). As shown in Figure 15, the

Wasia-Biyadh water-bearing zone is that part of these formations under

the static water level. The free surface of the water table of these

two formations is about 45 kilometers wide (28 kilometers for Biyadh and

17 kilometers for Wasia).

Aramco (1960) has estimated the annual recharge of the entire

Wasia aquifer to be 283 million cubic meters, while Sogreah (1967) has

estimated the annual recharge for that part which is accessible to

Riyadh to be between 9,360,000 and 15,600,000 cubic meters. Although

the recharge of Wasia is insignificant, the reserves are very huge,

which can be evaluated in billions of cubic meters. The transmissibil-

ity of the Wasia aquifer is considered by Sogreah to be 3.4 x 10
-3 

m2 /sec
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Figure 14. Thickness of the Wasia Aquifer at the Proposed Well Field.
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based upon the fact that the thickness of the aquifer is 170 meters and

the average permeability is 2 x 10 -5 
m/sec. At Abqaiq area, an oil

field in the Eastern Province, about 2 million cubic meters per day of

water are being injected into the oil reservoir to maintain the pressure.

This water is presumably of high salinity. Otkun (1972) considers the

best water quality of Wasia to have a salinity of 602 parts per million;

however, near the border of Kuwait, it becomes brine, containing

200,000 parts per million of salts (Table 16). The United States-Saudi

Arabian Joint Commission of Economic Cooperation (1977) considers large

areas in which the total dissolved solids is less than 1500 parts per

million and two areas in which it is less than 1000 parts per million

(Figure 16). According to Thatcher, Rubin, and Brown (1961), two out of

six samples were collected from the Khurais-WW8 and Abqaiq WW32 wells

14and were analyzed to determine the age of the Wasia water by their C

content. The former is located 70 kilometers, and the latter 250

kilometers, east of the outcrop. The age of the first sample is

20,760 ± 500 years and the second is 22,500 ± 500 years.

The United States-Saudi Arabian Joint Commission of Economic

Cooperation (1977) studied the possibility and feasibility of with-

drawing 200,000 cubic meters per day for Riyadh from the Wasia aquifer.

The Joint Commission (1977, p. SC-2) reported that:

calculation of the volume of water stored in the Wasia aquifer
indicates that the aquifer would be a dependable source of
water supply for Riyadh for hundreds if not thousands of years.
The water stored within a 1,900 km2 area around the well field
could sustain the proposed pumping rate for more than 400 years
yielding water with an average salinity of about 1,500 mg/L.



Table 16. Water Quality in Some Localities of Wasia. -- After Otkun
(1972).

Locality
Well
No.

Total Dissolved Solids (ppm)

TDS HCO
3	 Cl SO4 Ca Mg Na pH

Eastern 2547 1,470 305 156 531 67 14 377
Province 5107

3202

Khurais 2447 602 128 170 130 56 12 126 7.8
0736
3509

Khurais 2548 1,316 171 206 550 188 49 152 7.1
0101
2615

Al Hassa 2549 17,651 94 10,124 491 466 132 6,344

Abgaict A-WW-34 8,651 55 4,189 1,209 640 63 2,495 7.8
UthW-21 3,405 275 1,392 551 268 49 970 7.7
UthW-31 2,262 -- 462 810 20 13 777 11.5
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Figure 16. Salinity of Water in the Wasia Aquifer at the Proposed Well
Field.
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In this rectangular strip of land (1900 km2), the volume of water has

been calculated to be 34 billion cubic meters. In fact, the Joint

Commission has estimated the volume of water stored in Wasia aquifer in

an area of 15,000 square kilometers to be 426.7 billion cubic meters,

but the quality of this water stands as a limiting factor.

The depth to the water table near the outcrop and as far east as

Khurais area ranges between 250 and 300 meters. The water levels at the

center of the well field would decline about 60 meters and the pumping

lifts would be about 325 meters. The Joint Commission reports that

there are no major pumping centers that could be affected near the Wasia

well field, and the water-level decline in Khurais where some minor

development exists would be about 5 meters.

The reserves in the Wasia aquifer seem to be considerable and

may last for many years; but again, the exploitation is difficult due to

the high costs of drilling, operation and maintenance, conveyance, and

distribution systems— The combined reserves of Minjur and Wasia aquifers

would furnish a dependable water supply for Riyadh, provided that the

present production from private wells be kept at its present level and

that no further drilling of new private wells occurs.

Potential Water Supplies 

In the previous sections, the available water sources were dis-

cussed and it was seen that the deep sandstone aquifers, beneath and

around Riyadh, contain huge reserves of water. However, due to the

increasing population, together with the expansions in industries, con-

struction, and agricultural developments, other sources of water are
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being considered. Water desalination and the utilization of sewage

effluent are two additional sources of water which could contribute to

the solution of the Riyadh water supply problem. These two potential

water supplies will not only help in furnishing Riyadh with water, but

also will alleviate the pressure of withdrawal on the water aquifers.

The Utilization of Effluent

A sewage treatment plant having a capacity of 40,000 cubic

meters per day was completed in 1970 to serve Riyadh. The capacity of

the plant is designed to increase to a maximum capacity of 80,000 cubic

meters per day (Cansult Limited, 1975). According to the Riyadh daily

newspaper (Al-Riyadh, 1978), a contract for new expansions of the plant

to accommodate 200,000 cubic meters per day has been signed by His Royal

Highness, the Minister of the Ministry of Municipality and Rural Affairs

with a consulting firm. The studies are expected to finish within one

year.

Since the sewage treatment plant is not in operation to receive

the waste water disposal, the shallow aquifers beneath Riyadh are con-

taminated. In addition to the benefits of the treated sewage water

disposal, it is a means of preventing the underground aquifers from con-

tamination. There is no suitable sink, such as a lake, river, or ocean,

in which to discharge the effluent. Thus, the treatment of sewage water

becomes a necessity for the City of Riyadh.

Sewage consists mainly of water which acts as a transport

medium for a very small amount (0.02% to 0.05% by weight) of waste

materials (Cansult Limited, 1975). The function of sewage treatment is
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to separate the waste materials from the water. The Riyadh treatment

plant is designed to remove organic materials plus those inorganic

solids that will settle by gravity.

The utilization of effluent is considered, here, as a source of

water. Otherwise, it has many uses which will be discussed further in a

succeeding chapter, under water demand. The United States-Saudi Arabian

Joint Commission of Economic Cooperation (1977), considering the situa-

tions in Riyadh, where less gardening and lawn water is expected to be

used, concluded that about 70 percent wastewater return would be reason-

able in Riyadh. This means that, if the production of water that is

used in the City of Riyadh is 300,000 cubic meters per day, an amount of

210,000 cubic meters per day will be available for special uses. In

reality, this is a big source of water and could satisfy water require-

ments other than for domestic use. This volume of water is comparable

to that obtained from the Minjur aquifer and the projected production

from the Wasia aquifer.

Water Desalination

Saudi Arabia has two coasts: one on the west along the Red Sea

and the other on the east along the Arabian Gulf. Thus, the poten-

tiality of conversion of seawater exists for increasing the water

supplies through desalination. The shortest distance from Riyadh to the

Arabian Gulf is about 400 kilometers. The use of desalted water in the

Riyadh water supply system is technically possible, but the cost of the

project stands as a limiting factor in the utilization of desalination.
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After a comparative feasibility study made by the United States-

Saudi Arabian Joint Commission of Economic Cooperation (1977) on

Minjur, Wasia, and seawater conversion, it was concluded that Wasia has

the priority and that desalination is not practical due to the high

cost (see Table 15). In spite of this, and according to the Riyadh

daily newspaper (Al-Riyadh, 1976), the Ministry of Agriculture and Water,

represented by Mah'd Faisal, the ex-governor of the Desalination Agency,

has signed a contract with the American Company (Sanderson and Porter)

for its consulting services, which includes the studies, designs, and

supervision of the second and third stages of the desalination plant in

the Eastern Province on the Arabian Gulf. Upon completion of these two

stages, a daily production of 175 million gallons (660,000 cubic meters)

will be obtained.

The way in which the author evaluates the utilization of the

seawater desalination depends on many factors. Although the cost will

probably be high due to the high salinity of the water, this factor

could be overcome. However, the most important factor, as the author

perceives it, is the water policy of the government, and in particular

that which deals with the two main important aquifers: Minjur and

Wasia. If these two aquifers will be exploited exclusively for Riyadh

water supply, the decision will not be to proceed with the project. On

the other hand, if agricultural activities depend on the Minjur and

Wasia aquifers for water requirements, then, in order to avoid water

crises in the City of Riyadh, the scheme of seawater desalination is

very essential.



CHAPTER 4

WATER DEMAND

Water supply, the first side of the equation of the water prob-

lem of Riyadh, has been discussed previously, and in this chpater the

other part of the equation, water demand, will be discussed with an

attempt to attain the equilibrium between both of them. On each side of

an equation there are variables that are subjected to addition or elimi-

nation to keep the validity of the equation. The variables on the

demand side which are susceptible to interchangeability are the munici-

pal users, the industrial users, the agricultural users, uses in con-

struction, and recreational purposes. , To meet the requirements of these

variables, different sources of water supply have been investigated in

Chapter 3.

In the past, the water supply-oriented policy has been given the

most attention when evaluating the water problem without due regard for

water demand. Such a policy has created substantial problems for the

people and the water aquifers of Riyadh. The people have faced water

shortage since 1950, and some of the aquifers have been depleted, while

others are contaminated.

The water should be treated as a commodity which could be

imported or exported directly as raw water or indirectly in the form of

available products (Finster, 1971). Pricing of water in this case will
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play a major role in deciding which of the products that will be pro-

duced locally and which will be imported from some other areas within

the country or from abroad. The value of water has to be emphasized in

all stages of planning and implementation.

For a city like Riyadh, it is difficult to predict its rate of

expansion because it is in a vital state of development. Requirements

for water are functions of two major problems -- demands for products

and services obtainable from water, including the broad social and

economic impacts of water resource developments.

There are five main fields in which the City of Riyadh needs

water to meet the requirements of the physical and social developments:

1. Municipal uses.

2. Industrial uses.

3. Agricultural uses.

4. Uses for construction.

5. Recreational purposes.

Municipal Uses 

Usually, the planning of a municipal water system considers the

following:

1. Determining the present and estimated future population of the

community, and studying local conditions, to determine the

quantity of water which must be provided.

2. Locating a reliable source of water of adequate quality.
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3. Making provision for the necessary storage of water and

designing the works required to deliver the water from its

source to the community.

4. Determining the physical, chemical, and biological character-

istics of the water.

5. Designing the necessary water treatment facilities.

6. Designing the distribution system, including distribution reser-

voirs, pumping stations, elevated storage, layout and size of

mains, and locations of fire hydrants (Linsley, 1972).

The quantity of water required for municipal use is generally

considered in terms of the number of population and standard of living.

With respect to the population, Riyadh is growing very fast. In order

to estimate the future population in a community, it is usual to study

the changes in annual increases or decreases of the population in the

past (VBB, 1964). Considering the statement which says "a trend is not

destiny," such considerations for Riyadh are quite misleading because the

rise in population over the last thirty years is due to immigration from

villages and towns to Riyadh, where the government offices and institu-

tions are established. Table 17 gives a good example of the misleading

calculations arrived at by different authorities. Estimated population

and water consumption are shown on Figure 17. The Bedouins, who used to

roam from place to place searching for better pastures for their camels,

goats, and sheep, found it more convenient to settle in Riyadh and

assume jobs with the government. There is also quite an appreciable

number of non-Saudis who work for the government or with the many
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companies operating in Riyadh. Within three or four years, the foreign

embassies will be transferred from Jeddah to Riyadh. This new situation

will, inevitably, increase the population of Riyadh and will also stimu-

late economic activities. Moreover, cultural and social interactions

will, presumably, take place. There are other factors, such as many

marriages and better health care, which, when combined together, have

caused the high rise in the population of Riyadh.

According to Abu Butain (1977), the population of Riyadh as of

1977 is 1,050,000. This estimate is based on a letter from the Deputy

Minister of Interior. Assuming that this figure represents the popula-

tion of Riyadh as of 1977, the author would anticipate that, due to the

above-mentioned factors, the rise in population would be sharp within a

decade from now. In order to determine the amount of water needed for

domestic purposes in Riyadh, the author would suggest that the population

would be 1,200,000 and 1,800,000 in 1980 and 1990, respectively.

The water consumption varies during different periods of the

year, different days in the week, and different hours of the day. These

factors should be taken into consideration when determining the per

capita consumption. On the whole, the following factors affect water

use:

1. Climate: More water is used in warm, dry climates than in humid

climates for bathing, lawn water, air conditioning, etc. Need-

less to say, Riyadh, with its hot, dry climate, needs more water

per capita than does London, for example.
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2. Standard of living: Water use is influenced by the economic

status of the consumers. Therefore, the per capita consumption

in the poor areas is much less than that in the high-class

residential areas.

3. Industry and commerce: Manufacturing plants consume much water,

depending on the extent and type of manufacturing plants.

4. Size of city: The per capita consumption in large cities is

more than that of small towns. It is expected to have greater

industrial use and more loss and waste of water in the large

cities.

5. Water rates and metering: The use of water depends upon the

cost imposed; lavish and careless uses result from cheap cost,

but if the cost is high, the consumers will be more conservative

in their water use. If the water is metered, customers will be

careful not to waste water because waste of water in this case

is a waste of money.

In order to determine the daily per capita consumption of water,

the various purposes of the water use are estimated (Table 18). Differ-

ent estimations were given as daily per capita consumption by various

authorities (Table 19). When the daily per capita consumption of water

is known together with the number of people, the total daily water con-

sumption can be calculated. Hence, the average daily consumption for

the year 1980 would be 360,000 cubic meters (Table 20). Abu Butain

(1977) mentioned that the Ministry of Agriculture and Water has plans to

provide 310,000 cubic meters per day in 1980. The expected shortage



Table 18. Total per Capita Consumption.

Liters/Capita/Day

Domestic consumption	 150

Irrigation, general use
and losses	 70

Special uses:
Industries	 20
Institutions	 20
Recreation	 15
Air conditioning	 25

Total	 300

Table 19.	 Various Estimations of per Capita Consumption by
Various Authorities. -- In liters/capita/day.

1965 1975 1980 1985 1990 1995 2000

VBB (1964) 160 240 280

VBB (1976) 200 220 240 260 300

Sogreah (1967) 250

Saline Water
Desalination Cor-
poration (Jeddah)
(in VBB, 1976) 232 325 355 380 400

Abu Butain (1977) 330 350 380 400

This study 300 340 380
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Table 20. Total Water Consumption.

Consumption

Year

1980 1990

Population 1,200,000 1,800,000

Per capita consumption, L/d 300 340

Average daily consumption:

M3/d 360,000 600,000

M3/h 15,000 25,000

Maximum M3/d 468,000 780,000

M3/d 19,500 32,500

Maximum hourly demand, M3/h 33,000 55,000

Yearly consumption, 10 6 M3 /year 130 300
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will be 50,000 cubic meters per day in 1980, but Abu Butain also men-

tioned that, by 1982, the total production will reach 510,000 cubic

meters per day, creating a surplus. This surplus is temporary because

in 1990 the expected water demand is 600,000 cubic meters per day. A

relation of 1.3:1 between the maximum and the average daily water con-

sumption is assumed. In this case, the maximum daily demand would be

468,000 cubic meters. The average daily consumption for the year 1990

would be 600,000 cubic meters and the maximum daily demand would be

780,000 cubic meters. To account for the hourly variations, it is

assumed that about seven percent would represent a maximum hourly

demand. The considerations of these yearly, daily, and hourly variations

would enable the planner to design the different parts of the water dis-

tribution system, such as the pumping stations, the distribution net,

and the reservoirs.

Industrial Uses 

It is not the policy of the government to establish new

industries which are large users of water in Riyadh and other inland

towns unless these industries are economically and socially feasible

(Dove, 1976). These industries, which are large users of water, will be

restricted to coastal locations where water will be supplied from the

desalination projects and for this reason there are two gigantic petro-

chemical complexes: one at Jubail at the eastern coast and the other

at Yanbu at the Red Sea coast. However, several authorizations have

been issued by the Ministry of Industry and Electricity to establish
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many new factories in the vicinity of Riyadh. Presumably, these fac-

tories are of economic and social feasibility.

The industrial water requirements are projected to increase by

about 217 percent by 1980 in contrast to a projected increase in irri-

gated agriculture of about 30 percent (Dove, 1976). In order to meet

the projected expansion of industry, sufficient quantities of water have

to be made available. Since the available water supply in the City of

Riyadh, now, is not sufficient even to meet the domestic demands, the

establishment of factories in Riyadh should have to be tied with the

projections of water development in the area. One of the sources which

will contribute to meeting the industrial water requirements will be the

utilization of treated sewage effluent from the Riyadh Sewage Treatment

Plant, which is expected to be in operation within one to two years.

Cansult Limited (1975) reports that treated effluent is suitable for

some industrial uses and could be made available to industry. On the

other hand, Berger, Al-Humaidan, and Al-Ibrahim (1977), after reviewing

the analysis of the anticipated treated water from the sewage treatment

plant, believe that this type of water can be used only for watering of

lawns and gardens. Its high content of organic matter and chlorides,

sulfates and nitrates, makes it unsuitable for most other purposes,

including its use for boiler feed and for preparation of concrete.

Regarding this point, Cansult believes that softening processes will

remove organics and hardness and, therefore, sewage effluent containing

some organics and of low hardness should be more desirable than

unpolluted hard water.
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Sinotech Engineering Consultants, Inc. (1977) made a study of

the Riyadh Industrial Estates water requirements. Sinotech believes

that the effluent water from the Riyadh Sewage Treatment Plant may not

be good enough for industrial processing use and, therefore, recommended

a water treatment plant in the Estates in case the effluent water needs

further treatment. Sinotech estimated the requirements of industrial

water (excluding the requirement of the food industries) and of potable

water (including water for the food industries and for consumption by

workmen) in 1980 and 1985 in Tables 21 and 22, respectively.

In a preceding section, it has been estimated that about 60 per-

cent could be obtained as effluent after treatment. This percentage is

proportional to the per capita consumption. According to Table 20, the

quantity of effluent that could be obtained in 1980 and 1990 would be

200,000 and 360,000 cubic meters per day, respectively. This amount of

water, the author believes, will be sufficient to meet the water require-

ments for industrial uses, recreational purposes, and some of the agri-

cultural consumptive use.

Agricultural Consumptive Use 

Although the agricultural development and its consumptive

requirement is beyond the scope of this study, it could be said

generally that the irrigated agriculture is the largest consumer of

water. The usage is high because of the high temperature and low

humidity. Farming is concentrated in Wadi Hanifa and its tributaries.

The effect of agricultural irrigation on the water supply for Riyadh

City is quite obvious, since Wadi Hanifa and its tributaries are



Table 21. Estimate of Riyadh Industrial Estates
Requirement of Water in 1980. -- In M3/day.

Description
Average Daily	 Maximum Daily
Requirement	 Requirement

Requirement of
industrial water	 12,000	 14,000

Requirement of
potable water	 2,000	 2,400

Table 22. Estimate of Riyadh Industrial Estates
Requirement of Water in 1985. -- In M3/day.

Average Daily	 Maximum Daily
Description
	

Requirement	 Requirement

Requirement of
industrial water	 36,000	 43,000

Requirement of
potable water
	

3,400	 4,000
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considered one of the sources of shallow groundwater as previously

mentioned.

It has been previously estimated that the irrigated surface

areas were 1260 hectares (in the area of study) and that the annual

water applications were 37,800 cubic meters per hectare per year,

amounting to a total of 47,500,000 cubic meters per hectare per year.

Also, it has been estimated that about 50 percent of the applied irriga-

tion water goes back to the aquifer as recharge.

The irrigated lands could be doubled in the vicinity of Riyadh

without consuming water from Wadi Hanifa. Cansult Limited (1975) esti-

mated the area of the lands to be 2750 hectares that could be irrigated

with a total effluent of 260,000 cubic meters per day (95 x 10 6 m3/yr)

by the year 2000. This is the projected time for the completion of the

whole project with all of its expansions. This amount of water is

exactly double the amount extracted from Wadi Hanifa for agricultural

activities. The author believes that, provided the whole sewage treat-

ment plant is completed and has the capacity of receiving more water for

treatment, an amount of 180 million cubic meters per year (this is

double the amount projected by Cansult for the year 2000) could be

obtained in 1990 (see Table 20). The author uses a conservative per-

centage (60 percent) in contrast to what has been estimated by the

United States-Saudi Arabian Joint Commission of Economic Cooperation

(1977).
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The effluent is suitable and desirable for the irrigation of

shrubs and plants and for the irrigation of forage crops for animal pro-

duction (Cansult Limited, 1975). The yields of crops irrigated with

sewage effluent are generally reported to be similar or higher than

crops grown with natural water supply. There are factors which affect a

project for agricultural utilization of sewage effluent such as the

availability of land with topographic features and soil conditions suit-

able for farming and located within a reasonable distance of the

effluent source. Cansult Limited (1975) gives a wide range of possible

agricultural crops that could effectively utilize the sewage effluent

from Riyadh Sewage Treatment Plant. These include date palms, alfalfa,

sorghum, Sudan grass, maize, millet, and gains such as wheat and barley;

various vegetable crops such as tomatoes, beets, cauliflowers, cabbages,

melons, and peppers.

The author believes that it is a necessity to take the sewage

treatment project with more seriousness and take all necessary measures

to put the project into operation. The project will produce many pro-

ducts and save lots of water from unnecessary waste. The Riyadh area

could be more productive, green, and beautiful.

Construction Uses 

In every city, usually a small percentage of the water supply is

accounted for by constructional purposes. In Riyadh City, however, the

situation is quite different. For the past six years and probably con-

tinuing for another ten years, the expansion of Riyadh horizontally and

vertically will require an appreciable quantity of water. Myriad houses
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as well as manifold story buildings are under construction. The specu-

lation of land is incredible. The land trade (land speculation) has

reached a stage where it is detrimental to the national economy.

According to Newsweek (1975, p. 51), "inflation has reached an annual

rate of 50 percent, and real-estate prices have risen by 1900 percent in

just two years."

In such a situation which is happening in Riyadh, plans have to

be made to make water available. By and large, there is heavy demand on

water which makes it imperative for the government to search for water

to meet pressing needs. Since the water needed for this purpose is not

necessarily of good quality, tens of wells are drilled in various parts

of the city to the aquifer beneath Riyadh and which is contaminated by

Riyadh water sewage disposal. This process, in a way, serves two pur-

poses. At present, the production from the contaminated water (before

the completion of the sewage treatment project) contributes to cleaning

of the contaminated aquifers. Secondly, it furnishes the construction

processes with the required water. Had this water not been provided,

the rate of construction would have been very slow. Consequently, the

number of available houses would not be as much as it is now. Moreover,

there is an encouraging factor which triggers the expansion of building

private houses. The Real Estate Development Fund was established in

1975. Its objective is the granting of loans to individuals or organi-

zations for setting up real estate projects for private or commercial

use (Industrial Studies and Development Centre, 1977). This fund gave

the chance for many individuals to build houses to live in or rent for
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high rents. This paradox of many houses and high rents at the same time

is fading because the supply is exceeding the demand for renting houses.

In addition to the building of private houses and foundations,

many governmental institutions are under construction which require

water. Furthermore, the Ministry of Foreign Affairs will be transferred

from Jeddah to Riyadh in the very near future and, consequently, all

foreign embassies presently stationed in Jeddah will move to Riyadh,

where housing will be furnished. At present, the source of water for

building processes is the contaminated water in the aquifer beneath

Riyadh, but in the future the author believes that such water will be

furnished from the effluent of the treated sewage water.

Recreational Purposes 

As a part of the planning of the City of Riyadh, green parks,

boulevards, and flowering gardens are extremely important. This view-

point has been considered by almost all consultant firms which studied

the reorganization and planning of Riyadh. In almost every new wide

street, there are trees and flowers in the middle and on each side.

Some of the old residential areas have been exappropriated by the govern-

ment and the owners of the houses have been compensated. These resi-

dential areas, together with the lands of the public domain, will be

designed for public parks.

The Ministry of Municipality and Rural Affairs is undertaking the

execution of the circular green belt. This project is included in the

second five-year plan. In order to have pleasant recreational areas,

swimming pools and artificial lakes are deemed necessary. The
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recreational parks, swimming pools, and artificial lakes require the

availability of water. The two regional parks (Cansult Limited, 1975)

mentioned in the Master Plan prepared by Doxiadis (VBB, 1976) are the

100-hectare National Athletic Center on the Dammam Road and a 460-

hectare Regional Park to the northwest of Riyadh along Wadi Hanifa; a

total of 560 hectares of regional parks will be established. Cansult

established the average quantity of effluent required to be 35,000 cubic

meters per hectare per year. The total quantity of water required per

year will be 19,600,000 cubic meters or 54,000 cubic meters per day. At

present, it is inconceivable to obtain this amount for public recrea-

tional purposes due to the need for water for domestic purposes. The

only possible way to obtain this amount of water is to speed up the

completion of the sewage treatment project, which will provide suffi-

cient water for recreational areas as well as other pertinent uses.

The recreational use includes the irrigation of parks, play-

grounds, and green belt areas, and the creation of ponds and lakes.

Utilization of sewage effluent for irrigation conserves available potable

water for other higher values. The use of potable water for domestic

and industrial purposes may be increased to allow additional growth of

the city. With the rapid social developments in Riyadh, there is an

immediate demand for recreational areas and, therefore, the use of

effluent for the creation and irrigation of public parks and green belt

areas should receive top priority (Naseer, 1978).



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

Conclusions 

Riyadh is undergoing a tremendous and rapid development, physi-

cally, socially, and economically. There are many requirements and con-

sequences of such developments. Water stands as a very decisive factor

in such a situation. The availability of sufficient water contributes

to the expansion of the city and, conversely, limits its growth when it

is not sufficient to meet requirements. Therefore, evaluation of water

quality and quantity from time to time is very essential in order to

maintain a constant rate of growth. Otherwise, an unbalanced develop-

ment with associated problems will continue.

The evaluation of the studies and investigations which were con-

ducted on the water supply for the City of Riyadh is important. Some of

these studies are out-of-date and do not apply to existing situations.

Although some of the studies are recent, the trend curve shifts upward

sharply, creating an anomaly. Many of the projects do not cope with the

prevailing developments because the planned capacities of these projects

are below the present requirements. All of Riyadh's utilities, such as

water, electricity, telephone and sewage treatment, are good examples of

inefficiency and insufficiency.
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Historically, the people of Riyadh depended for hundreds of

years on the water supply from Wadi Hanifa. However, the quality of

water that contributes to the Wadi Hanifa aquifer is controlled by

almost fixed parameters. The most important of these parameters is the

amount of precipitation, which is very meager. The occurrence of

precipitation is irregular and precarious. The average annual recharge

is about 24 million cubic meters, while the extracted amount of water

for agricultural purposes (in the area of study) is about 50 million

cubic meters. Although some of this water goes back as recharge, the

annual production is obviously exceeding the safe yield and the over-

draft is obtained from the reserves of the alluvium and the immediate

limestone.

Some parts of Wadi Hanifa and its tributaries (Wadis Batha and

Alaysin) are already contaminated by Riyadh sewage water disposal. Wadi

Numar, a tributary to Wadi Hanifa, is still not contaminated and the

water quality is good. Some of the water in this wadi is used as a

domestic supply for Riyadh, but it is of a small percentage when com-

pared to the other sources of water supply.

Hayir basin is another shallow, water-bearing aquifer, which

contributes to the Riyadh water supply system, but the annual production

has already exceeded the annual replenishment, creating an estimated

overdraft of 4.7 million cubic meters per year. The contribution of

Hayir basin to the Riyadh water system is similar to Wadi Numar, i.e.,

about 6 percent of the total production for Riyadh domestic water use.
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Wadi Nisah has a potential capacity that could contribute to the

Riyadh water supply because the thickness of the saturated aquifer is

fairly thick, about 200 meters. The Biyadh sandstone, which is of Lower

Cretaceous age, is a block of porous sandstone that has been dropped

down in the graben to form a groundwater reservoir. The graben system

affects the groundwater movement in the area except Wadi Nisah. An

annual amount of 20 million cubic meters of water could be obtained

which would represent a good percentage (17%) of the total water

requirements of Riyadh.

The karst aquifers within the area of Riyadh have a considerable

total thickness of 650 meters, which presumably contain large quantities

of water. However, due to the geologic complexities of the karst

aquifers, detailed investigations are required to determine the quality

and quantity of the water in these aquifers. The formations that con-

stitute the karst aquifers are the Tuwaiq Mountain Limestone, Hanifa

Formation, Jubailah Limestone, Arab Formation, and Hith Formation. The

most important of these formations is the Jubailah Limestone, which is

situated beneath the City of Riyadh. Unfortunately, this aquifer is now

contaminated by Riyadh sewage water disposal, which makes the utiliza-

tion of the water restricted for irrigation -- except in the upper parts

of Wadi Hanifa, where the water from the Jubailah aquifer is used for

domestic purposes by residents in those areas. In contrast to sandstones

which are thick and contain great volumes of groundwater uniformly or

semi-uniformly distributed through the whole mass of sandstones, the

waters in the karst aquifers are found in fissures and joints. These
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crevices are either horizontal or vertical. The vertical fissures carry

more water than the horizontal cracks. If these fissures and joints are

not encountered, the site is abandoned, but that does not mean that

there is no water in the area. It simply means that the cracks have not

been encountered.

The third source of water which Riyadh depends on is the sand-

stone aquifers of the Mesozoic age. These aquifers are the Minjur and

Wasia. The Minjur sandstone aquifer was tapped in 1956. Now, there are

34 deep wells drilled to the Minjur aquifer. About 70 percent of Riyadh

water supply is provided from the Minjur aquifer.

The Minjur formation is of continental origin. Its thickness

differs from one area to another. At Riyadh, the average thickness is

120 meters. The reserves of the Minjur aquifer are estimated to be 700

billion cubic meters. The depth of the wells in this formation varies

from 1200 to 1500 meters. The piezometric level of the Minjur water

body, i.e., the height to which water rises in boreholes which penetrate

the water-bearing formation was, before production began, close to 550

meters above sea level. The recharge to the Minjur aquifer differs from

north to south. It is more in the northern region because the Minjur

outcrop covers large areas of sandstone mantled partly by sand dunes.

The water quality of Minjur varies from 1000 to 5000 parts per million.

At Riyadh, the total dissolved solids is about 1200 parts per million.

The projected daily production from the Minjur in 1978 is 215,000 cubic

meters.
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The Wasia formation is a thick regional hydraulic unit of Upper

Cretaceous and consists of sandstone and shale of marine and non-marine

origin. The Wasia formation outcrops at about 50 kilometers northeast

of Riyadh. It extends in a narrow belt for a distance of about 1500

kilometers from Wadi Dawasir in the south to Sakaka in the north. The

thickness at Wadi Dawasir is about 30 meters, while it is 300 meters at

Sakaka. The average thickness near Riyadh at the outcrop is less than

100 meters. The Wasia formation is underlain by the Shu'aiba shale and

dolomite unit, which separates it from the Biyadh formation. At the

outcrop, however, the Wasia and Biyadh are considered as one hydro-

geological unit.

The Wasia aquifer is one of the most prolific aquifers in Saudi

Arabia, and contains huge reserves of water in hundreds of billions of

cubic meters. It dips gently eastward, maintaining its water-bearing

characteristics at least as far as Bahrain. The total volume of water

stored in the Wasia aquifer in an area of 15,000 square kilometers is

426.7 billion cubic meters, but the quality of this water is a limiting

factor. In a small rectangular strip of land (1900 km
2
), the volume of

water has been estimated to be 34 billion cubic meters, sufficient to

supply Riyand with a daily production of 200,000 cubic meters for more

than 400 years. The daily production of 200,000 cubic meters is sup-

posed to be effective in 1982. The quality of water ranges from less

than 1000 to 200,000 parts per million. The quality of water at the oil

fields is of high salinity and Aramco uses about 2 million cubic meters
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of water per day, which is injected into the oil wells to maintain

pressure.

In addition to the available water sources -- shallow and deep

aquifers -- the exploitation of the water desalination and the utiliza-

tion of sewage effluent are taken into consideration. There are some

factors that affect the utilization of water desalination, such as high

cost and water policy regarding the Minjur and Wasia aquifers. If no

agricultural developments are initiated in the area of study (Minjur and

Wasia), the author believes that these two aquifers are dependable

sources of water supply for Riyadh. However, it is the author's opinion

that agricultural development will take place and, therefore, under such

assumed conditions, it is advisable to proceed with the water desalina-

tion project to avoid the future water crises in the City of Riyadh.

The utilization of sewage effluent is very beneficial for many

uses and, therefore, the completion of the whole project is strongly

recommended. About 60 percent of water return could be obtained, which

constitutes a large source of water. On the condition that the water

project is completed and has the capacity to receive the disposed sewage

water, an estimated amount of 78 and 180 million cubic meters could be

obtained in 1980 and 1990, respectively. These amounts will not only

meet the recreational needs and industrial uses, but also will contrib-

ute to the irrigation of lands for forage and agricultural crops.

The water supply has been considered concurrently with the water

demand so that the planning of these two water dimensions could be made.

This procedure gives an overall perception of the water problem and
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indicates easily where excess or shotrage may lie. The water is

demanded to satisfy municipal uses, industrial uses, irrigation of

gardens and lawns, uses for processes of construction, and recreational

purposes. The daily per capita consumption has been calculated to be

300 and 340 liters for 1980 and 1990, respectively. The corresponding

populations for the same periods are 1,200,000 and 1,800,000 persons,

respectively. The calculations revealed that 360,000 and 600,000 cubic

meters of water per day are required for the same period. If things go

according to plans and assumptions, there will be a shortage of 60,000

cubic meters per day in 1980. By 1982, it is anticipated that there

will be a surplus because the supply will reach 510,000 cubic meters per

day.

Recommendations 

The evaluation of water supply versus water demand should be

made from time to time to maintain an equilibrium between them in order

to avoid abrupt and unexpected problems. This study revealed that the

demand for water by the City of Riyadh is incredibly high and, there-

fore, the necessary supplies have to be provided to keep the existing

momentum of development.

Until the planned water supply projects are completed, it is

recommended that certain areas be declared restricted for Riyadh

domestic water supply. The water in Wadi Nisah should not be used for

agricultural purposes, at least temporarily, for a period of five years

from now. During this period, the water in Wadi Nisah should be used

exclusively for Riyadh water supply because it will help greatly in
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solving the water shortage. On the other hand, certain areas should be

used for agricultural purposes only because of water quality problems.

Because the water in the Jubailah limestone aquifer and Wadi Hanifa in

the vicinity of Riyadh is contaminated with Riyadh sewage water disposal,

it is recommended that the water from these aquifers not be used for

domestic purposes.

Although the Minjur and Wasia aquifers contain considerable

reserves and are considered prolific aquifers, heavy production from

them is harmful in the long run. In order to achieve a safe and con-

tinuous rate of production from these two aquifers, supplementary

supplies of water are required. In order to alleviate heavy production

from Minjur and Wasia aquifers and to assure a continuous supply of

water for the City of Riyadh, it is recommended that water desalination

be carried out and conveyed to Riyadh from the Arabian Gulf.

A progressive charge rate should be imposed on individuals after

a specified quota of per capita consumption has been exceeded. This

factor will help eliminate an unnecessary waste of water. All outlets

should be metered except public faucets. It is recommended that all

faucets should be of the self-closing type, which would furnish water

only as long as the valve is held open by manual efforts. The types of

toilets which require a minimum amount of flushing water are recommended.

It is recommended that the Riyadh Sewage Treatment Plant with

sufficient capacity be completed. This project should have first

priority, so that wasted water could be saved. The utilization of the
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effluent will provide a considerable amount of water which could be used

for many purposes other than domestic use.

Within the framework of the Islamic Sharia (Islamic jurisprudence

applied in Saudi Arabia), it is recommended that a water law should be

made available to regulate the water uses, and define and classify water

rights.
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