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ABSTRACT

The objective of water resources planning is the satisfaction of

the growing requirements of a population for usable water. For long-

term planning, it is essential to know the resources available and the

anticipated demand in the future. Should this demand create a shortage

in the supply, then a water policy is necessary to make the optimal and

efficient allocation of the scarce resource.

The area of study is Kuwait, an arid country with total depen-

dence on desalination plants for the supply of fresh water, and limited

brackish groundwater resources for agriculture, and irrigating private

and public gardens. Desire for brackish water is assumed to follow a

linearly rising trend for a finite period into the future. The expected

population for this period is projected, using three growth rates. Past

consumption and future development plans provide the base for calculating

the future demand using the three population growth rates.

A general inventory of the present and potential brackish water

supplies reveal an expected shortage in the future.

It is recommended that the Government of Kuwait adopt and imple-

ment a water policy that can be utilized to retard the growth in demand

for brackish water and prolong the life of the resources available.

ix



CHAPTER 1

GENERAL INTRODUCTION AND OBJECTIVES

Background 

The decision making process in the area of planning of water re-

sources has gone through extensive development and refinement during the

past two to three decades, and has become a sophisticated scientific

technique for sound planning. The development of large-scale water re-

sources projects as a direct result of the influence of local demands

has become the exception rather than the rule (Shuhaibar 1972).

The planner has become concerned with the multiple objectives

covering the socioeconomical and technological aspects of water resources

on a regional or national basis. The major water supply system such as

rivers and reservoir complexes with seasonal variations in flow can no

longer be counted on for their availability for further expansion and

development. However, the growing population and economic demands have

to be met somehow. In arid-regions where such surface water systems

are nonexistent and the groundwater resources experience negligible

natural recharge, the desire arises to have a sound water development

policy in order to utilize these groundwater resources to the highest

beneficial use in meeting the water needs of the growing society.

One such example of an arid-region is the state of Kuwait. It

is an independent state of about 6882 square miles (17,818 Km
2 ), situated

on the northeastern part of the great Arabian Peninsula. The Arabian
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Gulf outlines its eastern borders and a vast, gently rolling desert ex-

tends throughout the state and across its borders into its northern and

western neighbor, Iraq, and its southern neighbor, Saudi Arabia (Fig-

ure 1).

Being an arid zone with an average annual rainfall of four

inches, Kuwait has suffered largely from a shortage of natural water and

prior to 1950 had to depend on importation of fresh water from Shatt Al-

Arab, the outlet of the Tigris and Euphrates Rivers, as a source of

water supply. Since 1950 when the first sea water desalting plant was

built by the Kuwait Oil Company with a capacity of 100,000 gallons per

day, the country has gradually turned to sea water desalination and pres-

ently depends on it as its sole source of fresh water. The present de-

salination output from three plants has reached a total of 52 million

imperial gallons per day.

Groundwater 

To alleviate the demand on potable water, Kuwait began to

develop a groundwater supply as early as 1951 when exploratory drilling

in Sulaibiyah, 15 kilometers (9.3 miles) southwest of Kuwait City dis-

covered a brackish water field with an average quality of 3500 parts per

million (ppm) of total dissolved solids (TDS). By 1953 a controlled

supply of brackish water began with the opening of eight wells and con-

struction of a three million gallon reservoir in Shuwaikh. The number

of wells reached 80 by 1962 and at the end of 1963, the total number

reached 105. Presently the Sulaibiyah field can produce up to 27 MGD

of brackish water (Figure 2).
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Figure 1. Location Map of Kuwait.
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Since fresh water produced by desalination has a low salinity of

approximately 30 parts per million of total dissolved solids (TDS), it is

blended with brackish water at a rate of 10 to 15 percent in order to

raise the mineral and salt content to 500 parts per million (TDS), in

accordance with health standards.

In 1960 fresh groundwater was discovered in Rawdatain, 104 Km

north of Kuwait City by Parsons Corporation of Los Angeles who was doing

exploratory drilling under a contract with the Ministry of Electricity

and Water (Figure 2). The water salinity was 600 parts per million (ppm)

of total dissolved solids (TDS). Further exploration led to the dis-

covery of another fresh water field at Um-Al Aish near Rawdatain and it

was estimated by the Parson Company in their report to the Ministry of

Electricity and Water that the two fields could produce at a rate of 4

and 2 MGD for 20 years (Parsons Corporation 1964). This, however, proved

to be an overestimate because the salinity of the water started to rise

in 1971 and since then production has dropped to less than one MGD of

water with a salinity of 1000 parts per million (PPM) of total dissolved

solids (TDS).

Also during the 1950's, the Kuwait Oil Company developed the

brackish field of Abdulia, southwest of Ahmadi City for its own usage,

and the field produces a total of 8 MGD at the present time.

With the increase in oil revenues and the high rate of the

country's development, the population of Kuwait started to rise sharply

and by 1964 the demand for brackish water which is used mainly for ir-

rigation of small farms, house gardens, recreation parks and minor house

cleaning, was threatening to cause overpumping of Sulaibiya field. This
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led the groundwater section at the Ministry of Electricity and Water to

plan an exploration program in the western part of Kuwait. A number of

foreign experts including H. E. Thomas of the U.S.G.S. and D. J. Burdon

of The Food and Agricultural Organization of the United Nations (FAO)

were invited by the Kuwaiti government to supervise this program. After

a few wells were drilled, the decision was made to make a geophysical

survey of an area covering 5000 square kilometers (1930 square miles)

southwest of Kuwait, including geophysical logging of existing wells.

The surveys were done in 1967 under the supervision of Dr. M. Ahmed, a

geophysical expert from the United Nations. The geophysical company con-

ducted a survey of an area of 1100 square kilometers (425 square miles)

along the extreme southwestern part of Kuwait and gave its conclusion in

a report to the Ministry of Electricity and Water in 1968.

As a result of the survey many wells were drilled and tested in

that section of the country. The results with the recommendation of

Dr. Ahmad led to the shifting of exploration to the east and southeast

of the previous area. Results were encouraging and in order to evaluate

the water aquifers quantitatively the groundwater section appointed in

addition to Dr. Ahmad, Dr. Mandi Hantush as consultants to perform the

task. In his report submitted to the groundwater section, Hantush (1969)

indicated that it is possible to mine a 50-year brackish water supply at

a peak rate of about 50 million gallons a day from well fields located

as in Figure 2 and designed as set forth in the subsequent recommenda-

tions. The average water quality will be about 3500 parts per million

(ppm) of total dissolved solids (TDS). Of the five fields suggested by

Dr. Hantush, three (A, B and C) were drilled by the groundwater section



7

by 1973 and the remaining two (D and E) are expected to be completed by

1978 (Figure 2).

The Aquifer System 

The aquifer system was described by Hantush (1969) as composed

of the water-bearing portions of the Dammam Limestone and the overlying

sediments of the Kuwait Group. The continuity of individual aquifers of

this system is relatively poor, but each of these aquifers is connected

above, below and laterally with one another. They are joined effec-

tively to provide a relatively continuous hydraulic system from the

southwestern edge of the outcrop areas of the Dammam Limestone in Saudi

Arabia to at least as far downdip as the front of natural discharge.

The Kuwait Group water-bearing sediments, known as the Kuwait

Group aquifer, is divided roughly into two aquifers separated by an

aquitard. They are known as the upper and lower aquifers. These two

aquifers, including the Dammam aquifer underlying them, are believed to

extend under most parts of Kuwait and may outcrop in the Arabian Gulf to

the east and northeast. The upper aquifer ranges in thickness from 80

to 150 feet and consists mainly of alternating red and yellow sandstones,

red and green clays, and minor beds of gypsum and calcareous limestone.

The lower aquifer ranges in thickness from 50 to 125 feet and consists

of current-bedded, coarse-grained to pebbly sandstone with minor green

clay beds. The aquitard is mainly of sandy clayey beds, calcareous

clayey beds and minor sandstone beds (Al-Hajji 1976).

The Dammam Limestone aquifer consists of 600 to 700 feet of

soft chalky, shelly and porous limestone and hard, crystalline dolomitic
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limestone. This aquifer is divided in Kuwait by The Kuwait Oil Company

into three main units on the basis of sedimentary cycles. They are from

top to bottom:

Unit III: Shelly, chalky to granular, porous limestone with
hard, siliceous limestone at the top.

Unit II:

Unit I:

Chalky, locally shelly limestone with thin siliceous
cherty limestone at the top and siliceous limestone
with sandy beds at the base.

Dense, dolomitic limestone, with lower fossiliferous
(mimulitic) dolomitic limestone, thin anhydrite beds,
and green shale in the lower part.

These units, however, are treated as one aquifer in spite of the fact

that Unit I appears to be more productive than the other two, and the

existence of siliceous beds separating these units.

The Dammam aquifer is believed to be of Middle Eocene Age while

the Kuwait Group aquifers are of Miocene, Pliocene and Pleistocene Ages.

Movement of Groundwater 

The origin of water in the Dammam Aquifer, which is the main

brackish water aquifer in Kuwait, is from recharge and infiltration at

the outcrops of the Dammam Formation in the southern desert of Iraq

west of Kuwait, and in Saudi Arabia, approximately 400 kilometers (248

miles) south of Kuwait, where the exposure of the aquifer covers an

area of 1200 square kilometers (464 square miles).

Studies of piezometric surface maps of the groundwater in both

the Kuwait Group and Dammam aquifers indicate that pressure declines

toward the northeast which implies that water in both aquifers generally

moves in a northeasterly direction and water may be discharged into the

Arabian Gulf to the east and northeast.
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The Dammam aquifer usually has a higher piezometric surface than

the Kuwait Group aquifer, but there are places where the reverse is true.

Where the siliceous or cherty layer that "caps" the Dammam aquifer is

either absent or fractured, water moves upward from the Dammam to the

overlying Kuwait Group aquifer. This, however, does not imply that all

the water in the Kuwait Group is the result of upward flow from the

Dammam aquifer. When the piezometric head of the Dammam aquifer is suf-

ficiently reduced by pumping, the flow of water is reversed and there is

a drainage from the Kuwait Group aquifer back into the Dammam aquifer

(Burdon 1966).

Presently brackish water is supplied through a network of pipe-

lines and water towers to all parts of Kuwait City and most of its

suburbs. However, there are at present restrictions on demand due to

the inadequate supply available for delivery and the practice adopted by

the Ministry of Electricity and Water is to supply each district on

every other day.

Objectives 

With the standard of living rising every year in Kuwait, more

inhabitants are adopting the practice of having a private garden at

their homes. Since the brackish water price is relatively low as com-

pared to fresh water (a monthly flat rate of $3.45 as compared to $3.45

per 1000 gallons), the demand for brackish water is increasing every

year. This has revealed the need for a comprehensive brackish water

supply policy and planning to be adopted by the Ministry of Electricity

and Water in order to provide for the future needs of the population.
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The objectives of this study are:

1. To make future projections for the population and develop-

ment of Kuwait through the year 2000.

2. Calculate and estimate the anticipated demand for brackish

water resulting from these projections.

3. Outline and describe a water resources policy and develop-

ment program which can be adopted by the Ministry of Electricity and

Water in order to provide the adequate supply of brackish water accord-

ing to the anticipated future demand.



CHAPTER 2

THE FUTURE POPULATION

Recent Population Trends 

The large inflow of wealth from oil revenues and the subsequent

high rate of development in Kuwait attracted a large number of foreigners

as far back as the early 1950's. Many came from poor countries such as

Egypt, Jordan, Syria, Iraq, Iran and India where large populations and

high unemployment prevailed. Immigration laws were relaxed due to the

fact that a large labor force was needed to build up the country. This

influx of labor resulted in a high rate of increase in the population of

Kuwait over the following years.

The first population census was performed by the Kuwaiti Govern-

ment in 1957, when the population was estimated at 221,840 persons, of

which 45.8 percent was non-Kuwaiti. Over the next 13 years the popula-

tion climbed steadily at an annual rate of 10 to 12 percent and by 1970

the total number reached 766,390 of which 53.3 percent was non-Kuwaiti

(Kuwait Government 1973). Since 1970 more strict immigration rules were

established and this along with the fact that more families began to

realize the advantages of birth control and family planning, forced down

the population growth rate to an average of 6.1 percent according to the

1975 census. The past population increase is outlined in Table 1 and

shown graphically in Figure 3.

11
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Table 1. Population Growth, 1957-1975.

Year	 Population	 Increase	 Annual Rate

1957 221,840

1960 309,750 87,910 11.8

1965 496,330 186,580 9.9

1970 766,390 270,060 9.1

1975 1,031,300 264,910 6.1
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Figure 3. Population of Kuwait, 1957-1975.
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Future Growth 

The demographic structure of Kuwait is unique in the world. It

is probably the only country where the national citizens are a minority.

According to the 1975 census, of the total population of 1,031,300 per-

sons, only 43.8 percent are Kuwaitis. This situation no doubt is a

direct outcome of the overwhelming dependence on non-Kuwaitis for the

supply of a labor force to develop the country. According to the 1970

census, the Kuwaiti contribution to the labor force was 26.6 percent of

a total employment of 230,000. These peculiar conditions make it ex-

tremely difficult to determine a long-term population growth for Kuwait

with a high degree of accuracy.

The Planning Board of Kuwait, following the 1975 census has used

the practice of applying three different population growth rates, namely

3.5%, 5% and 6.5% to make their projections. These rates represent the

influence of several varying and unpredictable factors such as rate of

migration of non-Kuwaitis, natural growth of the Kuwaiti population,

naturalization policies and the projected rate of growth of the Gross

National Product (GNP) (Kuwait Government 1975). It is expected that

the high growth rates of the late 1950's and the 1960's will not repeat

itself mainly due to the following facts:

1. A general slowdown in the rate of development in the country

is gradually forcing an unemployment rate to increase because

of the large number of people performing the same tasks.

2. There is a tendency to believe that immigration and naturaliza-

tion policies will become more strict as time goes by in order

to reduce the influx of foreigners.
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3. Many of the countries where these foreigners come from are

undergoing rapid development which demands an expanded labor

force and increased employment, thus forcing the immigrants to

stay in their own countries.

4. More families are realizing the benefits of birth control and

family planning so that it is expected that there will be less

children per family in the coming years.

Projections of the population for the years 1976-2000 were

estimated using the above-mentioned growth rates of 3.5%, 5%, and 6.5%.

The results are shown in Table 2, and graphically in Figure 4. The fol-

lowing equation was used to make the calculations:

P	 = P (1 + r)
n	 o	

n

where: Pn 
= projected population

Po = 
population base (1975 population)

r = growth rate

n = number of elapsed years

The results in Table 2 show that the values of the projected

population tend to become more widely spread apart as we advance far

into the future. This will no doubt make the task of selecting an

average population projection more difficult for the purpose of future

planning and development strategies.



Table 2. Projection of Kuwait Population.

Year
	 Projected Population At

3.5% growth 5% growth 6.5% growth

1975
(Population Base) 1,031,300 1,031,300 1,031,300

1980 1,225,000 1,316,000 1,413,000

1985 1,455,000 1,680,000 1,936,000

1990 1,728,000 2,144,000 2,652,000

1995 2,052,000 2,736,000 3,634,000

2000 2,437,000 3,492,000 4,979,000

16
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CHAPTER 3

BRACKISH WATER CONSUMPTION

Existing Demand 

Over the years there have been basically six categories of demand

for brackish water in Kuwait. The quantities demanded by each of these

categories has varied as the years went by and the country with its popu-

lation grew at an extremely rapid pace. These categories can be de-

scribed as follows:

1. Internal domestic demand. Although fresh water is used, in

certain areas brackish water was originally used for toilet

flushing; however, due to problems of corrosion and related

complications this is no longer practiced and fresh water is

used instead.

2. Private gardening demand. This is the water used by private

individuals for watering their gardens and other external uses

such as washing floors.

3. Public open space demand. This is the demand for watering of

public parks, gardens and other recreational places which are

under the control of the State.

4. Agricultural demand. This is the water used to grow fodder for

livestock and vegetables and other crops for human consumption.

5. Afforestation demand. This is water used to grow tree belts in

the streets and picnic and camping grounds.

18
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6. Industrial demand. Although most of the limited industries in

the country use fresh water, there are some which use brackish

water, but since they are very few, their demand is usually in-

cluded in the local demand for the areas in which they exist.

Of the above demand categories described, private gardening has

grown the most, due to the change in social conditions. The population

of Kuwait can be broadly classified by income into four groups and the

proportion of the population in each group will change as the years pass

reflecting the general improvement in living standards. As more new and

bigger houses were built, more private gardens were created, thus demand-

ing more water.

Water Quality 

When the brackish water aquifers were first reached in the

Sulaibiyah Field, back in 1951, the water quality was approximately 3500

parts per million (ppm) of total dissolved solids (TDS). Since then,

however, the quality of the water has been reduced and the water salinity

is about 5000 parts per million (ppm). On the other hand, water from

the Shigaya Field has maintained a quality of 3000 parts per million

since 1973 when production started.

Although the two fields are widely separated, their waters are

gathered in the main reservoirs at Sulaibiyah, where they are blended

together and then pumped into the main distribution system. The resul-

tant quality reaches an average of 4000 parts per million (ppm), of total

dissolved solids (TDS). The water is distributed without treatment to

the consumers.
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Past Production and Consumption 

The brackish water in Kuwait is produced by two separate author-

ities, the Kuwait Oil Company and the Ministry of Electricity and Water.

While Kuwait Oil Company supplies only the residents of Ahmadi City

where most of the company employees are located, the Ministry of Elec-

tricity and Water is responsible for all of Kuwait City and related

suburbs. Thus while the oil company has generally kept its production

of brackish water at a constant level over the past 20 years, the

ministry had to increase its production by approximately 16 times in

order to cope with the sharply rising demand. This is clearly described

in Figure 5. The average rate of annual increase in production of

brackish water in Kuwait over the past 20 years has been about 13.2

percent.

The per capita consumption has varied over the past 20 years,

having the highest values during the period of 1962-66. Following that

period, it has fluctuated up and down, but never reaching the previous

high values. In 1962 the annual and daily per capita consumption

reached 11,890 (gpcy) and 33 (gpcd), respectively. This represents

a doubling of the values for the year 1957. In 1972 the consumption

started to climb again and by 1975 the annual and daily per capita con-

sumption reached 10,072 (gpcy) and 28 (gpcd) (Ministry of Electricity

and Water 1976).

This fluctuation was due mainly to the fact that, during the

period of 1962-66, the production of brackish water jumped sharply in

Kuwait, thus providing more water to the consumers. However, this was

not enough to cope with the sharp increase in the number of consumers,
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who forced the per capita figures to drop after 1966. It is important

to keep in mind that only two brackish water fields were providing the

supply to the population, the Abduliya Field, run by Kuwait Oil Company,

and Sulaibiyah Field which is run by the Ministry of Electricity and

Water. The total capacity for both fields was approximately 28 million

gallons per day.

By 1972 production was started from the new Shigaya Field and

during the same year a large section of the brackish water distribution

pipeline system was in operation. This undoubtedly provided more water

to the population, which in turn led to the per capita figures rising

again. Annual and daily per capita values for brackish water consump-

tion in Kuwait are shown in Figures 6 and 7. The figures exhibit an

average annual rate of increase of 3.8 percent.

Data gathered from the Ministry of Electricity and Water records

shows that over the years since 1964, the figures for the production and

consumption of brackish water have corresponded fairly close to each

other, as shown in Figure 8. The records also show an average rate of

increase of 7.9 percent in consumption annually, and that since the

commencement of production from Sahayah Field in late 1972, the rate

has jumped to 14.8 percent over the last three years. Thus consumption

increased from a daily average of 10 million gallons in 1964 to 22

million gallons in 1975. Figure 9 describes the average daily con-

sumption for the peak month of August, for the period of 1964-75. An

average daily rate of increase of 8.8 percent is shown, while for the

last five years an average of 12 percent shows the sharp rise in demand.
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Current Consumption 

From the latest consumption and population figures for the year

1975 the calculated daily per capita consumption of brackish water in

Kuwait is approximately 28 (gpcd). This figure includes consumption for

domestic, industrial and public purposes. This figure which is extremely

low is expected in view of the fact that many consumers have not yet been

connected to the main distribution system, having to resort to trans-

porting the water by tanker trucks from filling stations. Those who are

connected have to go through the ordeal of being supplied on alternate

days caused by the high rate of demand. Figure 10 shows the production

and consumption of brackish water for Kuwait City and its suburbs during

1975.

A review of the data of brackish water consumption indicates a

definite variation in the average daily consumption taken on a monthly

basis (Figure 11). Beginning in January, the average daily rate is

about 47 percent of the yearly average. A maximum of about 140 percent

of the yearly average is reached during the month of August. This be-

havior is a natural effect of the weather on the consumptive needs of

irrigation required by private gardens, public parks and the limited

agriculture present (Shuhaibar 1972). The variation in consumption over

the day is influenced by the relation between the irrigation consumption

and the daily rhythm of the life of the community. Figure 12 illustrates

a representative hourly, brackish water consumption graph for the city

of Kuwait.

In 1975, the highest maximum day factor, which is the ratio

between the highest daily consumption during a year and the average daily
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consumption over the same year, had the value of 1.56. There is a pro-

nounced tendency to reach this figure during the months of June, July

and August (VBB [Vattenbyggnadsbyran] 1967). The maximum and average

daily consumption of brackish water is illustrated in Figure 13 for

the year 1975.

Present costs of producing and distributing the brackish water

to consumers are 123 Fils per thousand gallons ($0.42), and 365 Fils per

thousand gallons ($1.26), respectively, giving a total of 488 Fils

($1.68). The consumer is charged a monthly flat rate of one dinar

($3.45), if he is connected to the supply system (Kuwait Government

1971). However, at the tanker truck filling stations, the brackish

water is free. Thus should the consumer who is connected to the supply

system consume more than two thousand gallons during any given month,

then the Ministry of Electricity and Water would be subsidizing him.
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CHAPTER 4

FUTURE DEVELOPMENT PLAN

In 1969, the Government of Kuwait engaged the services of Colin

Buchanan and Partners Firm of London to investigate and devise a national

physical plan and a master plan for developing the urban areas of the

country during the next 20 years. As a result of that investigation,

the Government of Kuwait adopted a Master Plan which is divided in two

parts. The first part, called The Short Term Strategy, involves develop-

ing 30,000 acres of urban land for a population of 1.3 million, expected

to be reached between 1978 and 1984. The second part called The Long

Term Strategy, calls for developing 74,000 acres of urban land for a

population of two million, expected to be reached between 1885 and

1995 (Buchanan 1971a and 1971b).

In addition to the above, the Government, in the hope of achieving

self-sufficiency in some agricultural crops and products, has adopted an

Agricultural Plan for the period of 1975 to 1990. The first five years

are again called The Short Term Plan, and the later ten years are called

The Long Term Plan. Both plans involve creating farms, public parks and

tree belts in undeveloped parts of the country. In this chapter, atten-

tion will be devoted mainly to the Agricultural Plan, due to the fact

that it will highly affect the shape of demand for brackish water

irrigation.
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The Short Term Agricultural Plan 

Prior to the last few years, the economic importance of agri-

culture has been very limited in Kuwait, contributing only a meager 0.03

percent to the economic output of the country. This was caused mainly

by scarcity of irrigation water and the short supply of manpower trained

in agricultural skills. Recently, however, agricultural production has

expanded sharply, as more manpower was brought into the country and

numerous wells began to produce more water for irrigation. In 1975

local vegetable output represented 13 percent of the local demand, milk

6 percent, eggs 20 percent and poultry about 45 percent. An area of

1,480 acres was occupied by vegetable and crop production and another

250 acres with orchard trees (Kuwait Government 1975).

The Short Term Plan adopted by the Government allows for the

allocation of irrigable farm land to the production of vegetables,

fodder, public gardens and dairy and poultry farms, over the period of

1975 to 1980. The total land will be allocated in equal annual incre-

ments for the period covering the five years as described in Table 3

(Kuwait National Housing Authority 1976a and 1976b).

This land will be divided in small farms and given to the citizens

to utilize in return for an annual fee paid as rent by them to the

Government. The irrigation water can be purchased by citizens from the

brackish water fields controlled by the State or produced within the

farms with the use of private wells drilled by the citizens, in which

case the water will be free. In the case of the dairy and poultry farms,

fresh water for drinking would be purchased from the Ministry of Elec-

tricity and Water filling stations by each farm owner.



Table 3. Short Term Plan (1975-1980).
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Product Total Land for
Five Years
(acres)

Annual
Increments

(acres)

Vegetables 2,469 494

Fodder 2,469 494

Public Gardens 494 100

Dairy Farms 1,111 222

Poultry Farms 370 74

TOTAL 6,913 1,384

Source: Kuwait National Housing Authority (1976a and 1976b)
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The fees charged by the Government are extremely low and tech-

nical advice is provided free of charge by the Agricultural Department

of the Ministry of Public Works and by the Groundwater Department of the

Ministry of Electricity and Water, to each citizen upon request. This

is provided in order to encourage citizen participation in the agricul-

tural program.

The Long Term Agricultural Plan 

This plan is basically the same as the Short Term one, except

that it covers a period of ten years, from 1980 to 1990, with a total

land allocation of 9,679 acres. Table 4 illustrates the various lands

allocated to each product in the plan.

Currently most of the farms are located in Sulaibiya and Wafra,

with very few in Jahra, Fintas and Abdaly (Figure 14). This is mainly

a result of available brackish water quantities in the above-mentioned

locations. Since most of the future water supplies are believed to be

close to Sulaibiya and Wafra, a large portion of the lands allocated

will also be in these two locations.

Afforestation 

Over the years sand and dust have been a familiar nuisance over

most parts of Kuwait. The higher the wind velocity the more dust is air-

borne and although some of the dust is carried over the border from Iraq

or Saudi Arabia, most of it originates locally.

Trees have proven to be very beneficial in holding back sand

creeping, blown dust and lowering local temperatures in many parts of

Kuwait. In addition to that many existing tree belts have provided good



Table 4. Long Term Plan (1980-1990).

Product
	 Total Land for	 Annual

Ten Years	 Increments
(acres)
	

(acres)

Vegetables 3,457 968

Fodder 3,457 346

Public Gardens 691 69

Dairy Farms 1,494 149

Poultry Farms 580 58

TOTAL 9,679 968

Source: Kuwait National Housing Authority (1976c)
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leisure and recreation places for many of the citizens and also provide

a different view that interrupts the monotony of the desert look.

Along with the two previously mentioned plans the Government of

Kuwait has adopted a Forestry Program which involves planting 2,965 acres

of land with trees during the period of agricultural development. The

total area will be divided in equal annual increments over the 15-year

span. These tree belts will be located along the northern shores of

Kuwait Bay, north of Jahra City, and south and west of the urban areas

along the coast. These trees will be of the types that tolerate saline

water and require little irrigation. Water will be provided either by

local wells or by tanker trucks. Figure 15 illustrates the proposed

forestry belts for Kuwait.

The proposed tree belts are also part of a recreational develop-

ing program, that is designed to provide four recreation areas in the

country. These will include sea clubs, marinas, picnic grounds, amuse-

ment parks and beaches (Figure 16).

The Master Plan 

As mentioned earlier, the Master Plan with its two phases was

designed for a population of 1.3 and two million, respectively. The

absence of real opportunities for urban development in the interior of

the country meant that the great majority of future development would

be located within a few kilometers of the coast. The existing urban

areas would continue to exert an attraction for new development and many

advantages could be gained by being located close to them. Several

factors limited the land potentially available to accommodate future
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Figure 15. Proposed Forestry Belts.
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needs, including military areas, oil fields and areas reserved for agri-

culture. Other factors taken into account were movement costs, acces-

sibility, and ease of implementation (Buchanan 1971a and 1971b).

Figure 17 illustrates the Master Plan for developing urban areas in

Kuwait.

It is essential to keep in mind that the above master plan and

the Agricultural Plan were devised for a population of not more than 2

million to be reached by 1987 (Buchanan 1971a and 1971b). However, if

the population of the country does increase at a faster rate, the need

for revision of the Master Plan and the Agricultural Plan should be

highly considered by the planning authorities.
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Figure 17. Kuwait Master Plan.



CHAPTER 5

FUTURE DEMAND FOR BRACKISH WATER

One of the major difficulties of making reliable estimates of

future demand for brackish water in Kuwait, a long time in advance is the

fact that there are three important, separate variables, which largely

control the magnitude of demand for brackish water. These are:

1. the rate of growth of population;

2. the rate of growth of per capita consumption; and

3. the rate of growth of agricultural development.

The rate of growth of total consumption is the product of the

three separate rates, and the effect of a change in circumstances which

affect these rates could be relatively great. In addition to that, con-

sumption of water varies widely from high income to low income groups

and an unexpected increase in the proportion of high to low income group-

ings could have a significant effect on the actual demand which will

occur. Experience has also shown that a noticeable change in demand for

brackish water annually is directly related to the amount of rain that

falls over the country in a given year.

For these various reasons, the figures given for the future

demand in this chapter must necessarily be regarded as approximate. It

is believed, however, that they are a fair indication of the future

trends. It is also essential to note that these figures are average
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values for each year and that the peak demand which usually occurs dur-

ing the months of June, July and August may be considerably higher.

The Population Demand 

The annual increase in per capita consumption of brackish water

in Kuwait over the past 20 years, had an average rate of 3.8 percent,

as mentioned previously. This rate although relatively low, will

probably not change considerably over the next 20 years, mainly due to

the increase in the number of consumers and the various factors that

restrict the demand, as described previously. Therefore the rate of

3.8 percent will be used to make the future projections for the annual

per capita consumption, which in turn will be used to calculate the an-

nual demand for brackish water.

To calculate the annual per capita consumption for the years

(1976-2000), the same equation used in Chapter 3 was utilized:

P
n 

= P
o
(1 + r) n

where: P
n 

= projected per capita consumption

Po = per 
capita consumption for base year (1975)

r = annual growth rate

n = number of elapsed years.

The values calculated were then used to calculate the annual

population demand for each given year by applying the following mathe-

matical relationship:

Annual Demand = (annual per capita consumption)(total population)
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Demand was estimated using the three projected population

estimates, namely with the growth rates of 3.5, 5 and 6.5 percent,

in order to define a range for the annual demand figures to be expected.

Table 5 illustrates the projected per capita consumption and consumer

demand over five-year intervals.

Table 5 shows that the range within which the projected demand

fluctuates grows wider every year. This undoubtedly will make the ef-

fort of providing the adequate supplies extremely difficult, if not im-

possible, without close observation of future population trends in the

country. The projected annual and daily demand for brackish water is

shown graphically in Figures 18 and 19.

In order to check the validity of the calculated demand figures

above, a projection of future demand was calculated using the average

rate of growth in annual consumption for the period of 1964-1975. The

rate of 7.9 percent representing the total period and the rate of 14.8

percent, representing the last three years when part of the Shigaya

Field was producing, were both utilized using the previously mentioned

equation. Table 6 illustrates the calculated results for five-year

intervals.

Comparison of the figures in Tables 5 and 6 reveals that using

the consumption rate of 7.9 percent results in projections that approach

those obtained for the slow population rate, namely with 3.5 percent

growth rate. The consumption rate of 14.8 percent reveals figures which

are close to the fast population rate projections during the first ten

years, but they diverge as we move farther into the future. This indi-

cates that the expected rate of annual growth in brackish water
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Table 5. Projected Annual Demand for Population (1976-2000).

Year
Per Capita 	Demand with Population at 
(gallons)	 3.5% Growth	 5% Growth	 6.5% Growth
	 billion gallons 	

1975	 10,072
(base year)

10.4 10.4 10.4

1980	 12,137 14.9 16.0 17.1

1985	 14,625 21.3 24.4 28.3

1990	 17,623 30.4 37.8 46.7

1995	 21,235 43.6 58.1 77.1

2000	 25,588 62.4 89.4 127.4

Table 6.	 Projected Annual Demand for Consumption (1976-2000).

Demand with Consumption Rate Growth at:
Year 7.9%	 14.8%

	 billion gallons 	

1975 (base year) 7.9 7.9

1980 11.6 15.8

1985 17.1 31.6

1990 25.0 62.9

1995 36.6 125.5

2000 53.6 250.3
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Figure 18. Projected Annual Population, Agriculture, Parks and
Afforestation Demand, 1976-2000.
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consumption over the next 20 years may have a magnitude between these

two limits, depending on how the population trend progresses. Figure 20

shows this relationship graphically.

Agricultural Demand 

As mentioned earlier in the preceding chapter, the Government of

Kuwait has the goal of achieving self-sufficiency in some agricultural

products over the next 20 years. It is hoped that this goal will be

accomplished through the implementation of the Agricultural Plan pro-

posed as part of the Master Development Plan for the country.

In calculating the annual demand for irrigation water, the as-

sumption is made that only those species which can tolerate the salinity

present in the available brackish water and the weather conditions, will

be planted. Also it is assumed that the cost of producing those products

will be lower than the cost of importing them. The following equations

were used to calculate the irrigation requirements for each plant

species:

[(I)in/day)( - ft)(43560 ft 2 )] = (W) cu-ft/acre-day

[(10 cu-ft/acre/day)(6.25 gal/cu-ft)(365 day/yr)] = (W) gal/acr/yr

[(W) gal/acre/yr)(total area in acres)] = (T) gal/yr

where: I = irrigation requirement in inches per day

W = water requirement per acre

T = total acreage requirement

Vegetable Demand

Since the major crops including tomato, radish, melon, onion and

garlic are the types which have proven to be the most suitable for the
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Figure 20. Projected Annual Demand, 1976-2000.
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weather conditions and water quality in Kuwait, it will be assumed that

these will be the only species adopted in the program. Also that the

area allocated annually for vegetables, will be divided equally among

the five major species throughout the duration of the Agricultural Plan.

Thus the area allocated for each species will be 99 acres during the

First Phase, i.e., 1975-1980, and 69 acres in the Second Phase, i.e.,

1980-1990. Table 7 illustrates the projected demand for vegetable

irrigation annually during both phases of the Agricultural Plan. The

daily irrigation requirement for the given species was estimated from

information contained by the Agricultural Experiment Station (1965).

Due to the salinity of the irrigation water, an increase of 20

percent in volume should be allowed for leaching requirement. Although

most of the soil is sandy and highly porous, the high evaporation rate

during the summer leads to salt accumulation near the surface, forcing

the need for leaching practices. Thus the annual demand during both

phases would reach 1,692 and 1,178 million gallons, respectively.

It is essential to note that this calculated demand is only for

each new area that is allocated during a single year and that the total

demand in any given year will be a cumulative demand of that year and

all the preceding years in the program.

Fodder Demand

Clover has proven to be the only type of fodder species that can

tolerate the water and weather conditions in Kuwait. It is also the

only animal feed that is produced in commercial quantities locally.

Therefore, it will be the only species considered to generate a demand



Table 7. Annual Vegetable Irrigation Demand.

Species Phase I	 Phase II
	  million gallons - - -

Tomatoes 336 234

Melon 320 223

Onion 303 211

Garlic 303 211

Radish 148 103

TOTAL 1,410 982
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for water. The annually allocated area for clover during the First

Phase is 494 acres and in the Second Phase is 346 acres. The resulting

annual demand is calculated to be 1,596 and 1,118 million gallons for the

two phases.

Again allowing for leaching requirements will increase the

volume to 1,915 million gallons for Phase I and 1,341 million gallons

for Phase II.

Public Gardens

Approximately 500 acres of public gardens are planned for the

First Phase and 691 for the Second Phase, giving an annually allocated

area of 100 and 69 acres, respectively. The Agricultural Section at the

Ministry of Public Works, gives a peak demand of 0.2 gallons per square

feet per day for public gardens in Kuwait. Based on this figure, the

annual demand for the two phases would be 293 million gallons and 202

million gallons for each yearly allocated area.

Afforestation

During the agricultural development program, the government plans

to grow trees on 2,965 acres of land for public use. This will be

achieved by allocating 198 acres every year to be newly planted with

salt tolerant trees, throughout both phases of the plan. The Agricul-

tural Section of the Ministry of Public Works gave an annual average

application rate of 0.04 gallons per square foot for tree belts in

Kuwait. Assuming that trees will be spaced such that only half of each

acre needs to be irrigated, the calculated annual demand for each new

area would be 65 million gallons.
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The total annual irrigation demand for the duration of the Mas-

ter Plan is illustrated in Table 8, and graphically in Figure 21.

Total Brackish Water Demand 

Based on the above projections, the annual combined demand for

brackish water in Kuwait may vary from approximately 35 billion gallons

in 1980 to 200 billion gallons by the year 2000, depending on how the

population trend advances into the future. Table 9 illustrates the

total annual demand projected for the three population growth rates.

Figure 22 shows the total demand graphically.

Using a maximum day factor of 1.5 we can calculate the projected

peak daily demand for brackish water which is encountered during the

peak months of June, July and August. The calculated results are il-

lustrated in Table 10 and shown graphically in Figure 23.

Past experience has shown that many government programs are not

always implemented within the time limit set for them and that overlaps

and delays do occur in a given year. In the event that such uncontrol-

lable difficulties do arise, the projected demand figure may become un-

reliable and a revision may be unavoidable during the course of the

program.
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Table 8.	 Projected Annual Irrigation Demand.

Year Demand
(billion gallons)

1976 4.0

1980 19.8

1985 32.6

1990 45.5

1995 58.3

2000 71.1

Table 9. Total Projected Demand.

Population Growth Rate
Year 3.5% 5.0%

billion gallons 	
6.5%

1976 15.1 15.3 15.4

1980 34.7 35.8 37.0

1985 54.0 57.2 61.0

1990 76.0 83.2 92.2

1995 101.9 116.4 135.4

2000 133.5 160.5 198.5
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Table 10. Projected Peak Daily Demand.

Population Growth Rate
Year 3.5% 5.0%

million gallons 	
6.5%

1976 62 63 64

1980 143 147 152

1985 222 235 250

1990 312 342 379

1995 419 478 557

2000 549 659 816
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CHAPTER 6

AVAILABLE WATER RESOURCES

The following estimates of present and potential brackish water

resources are a result of extensive and detailed surveys and analysis

performed by the staff of the Groundwater Section of the Ministry of

Electricity and Water in Kuwait (Groundwater Department 1976). As

mentioned earlier, these surveys were performed under the guidance and

supervision of Dr. M. Ahmed of the United Nations and Dr. Mandi Hantush

from New Mexico Institute of Technology. The subsequent design and pre-

dicted production capacity of the Shigaya Fields were the subjects of

Dr. Hantush r s report, submitted to the Ministry in 1969. The estimates

given in this chapter are based on the information contained in that

report, and additional surveys performed by the Groundwater Section

during 1973-1975, in the Neutral Zone.

Present Resources 

These resources are included within fields that are producing

water and have been connected through a pipeline system to main reser-

voirs and ultimately to consumers in urban areas.

Sulaibiya Field

With 125 wells operating at the present time the daily produc-

tion for this field is approximately 20 million gallons. Although this

figure can be increased slightly with more secondary development of
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existing wells, it is estimated that a figure of 20 million gallons per

day (mgpd) is a safe production capacity that can be maintained for more

than 30 years. These wells are producing from the Dammam Formation only.

Shigaya Fields

Of the proposed five fields in Dr. Hantush's report of 1969,

only three have been completed and are producing presently. The other

two are expected to be in operation by 1980. The operating fields are:

1. Field "A" consisting of 13 wells that produce water from both

the Kuwait Group and the Dammam Formation aquifers. Production

capacity is 8 million gallons per day (mgpd) for a period of 50

years or more.

2. Field "B" consisting of 16 wells, 13 of which produce from the

Dammam Formation only and the remaining three produce from both

aquifers. The yield is 8 million gallons per day (mgpd) for 50

years or more.

3. Field "C" consisting of 32 wells producing from the Dammam

Formation. The field can yield a total of 20 (mgpd) for 50

years or more.

Abdulia Field

This field operated by Kuwait Oil Company has a daily production

capacity of eight million gallons per day and supplies the company

employees in Ahmadi City. Although estimates of future capacity are

not available, it is believed that this present capacity can be expected

to prevail for many years to come.
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Potential Resources 

Potential resources are resources which are known to exist as a

result of surveys performed by the Groundwater Section. However, with

the exception of Field "D" which is being constructed presently, and

Field "E" to be constructed soon, no programs have been proposed for

utilization of these resources.

Shigaya Fields

The remaining two fields which are scheduled to be in operation

by 1980 are located north of the presently producing fields. The two

fields are:

1. Field "D" consisting of 24 wells which will produce from both

Kuwait Group and Dammam Formation aquifers. The yield is

estimated at 12 mgpd for a period of 50 years or more.

2. Field "E" consists of 30 wells also producing from both Kuwait

Group and Dammam Formation aquifers. Estimated yield is 15

mgpd for 50 years or more.

Western Kuwait

Usable brackish water stored in the Dammam and the overlying

sediments can be produced from zones beneath this area. It is estimated

that a total of 20 mgpd can be produced for a period of not less than 30

years.

Central Kuwait

Additional supplies of brackish water can be extracted from the

upper aquifer of the Kuwait Group at several locations north of Field
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"E." A figure of 20 mgpd for a period of more than 30 years has been

estimated for this area (Hantush 1969).

The Neutral Zone

Studies have shown that the western and southern parts of this

area, including the area known as Wafra, contain adequate supplies of

usable brackish water in both Dammam and Kuwait Group Formations. It

is estimated that in the western part, the Dammam Formation can yield

a minimum of 20 mgpd for more than 30 years and that the Wafra area can

yield a total of 30 mgpd from the Dammam and Kuwait Group Formations

for a period of 20 years or more (Groundwater Department 1976).

It is essential to realize that the above given estimates are

subject to reexamination as more data becomes available and that the

estimates for Western and Central Kuwait along with the Neutral Zone are

neither definite nor final. These estimates should be checked as more

basic data become available during and after executing the "Shigaya

Project." Figure 24 shows the location of present and potential

brackish water resources in Kuwait.

Treated Sewage Effluent 

Although treated sewage effluent cannot be used for domestic

consumption due to religious and sanitary reasons, it could be utilized,

under close government control, for irrigation trees and other similar

crops, in areas close to the treatment works. About 70 percent of the

water used for internal domestic purposes can be available for reuse

in areas served by treatment works.
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Presently there is only one sewage treatment center in Kuwait,

located in Sulaibiya. The output of this sewage works is approximately

7 mgpd and is used for irrigating Government established tree belts in

Sulaibiya. It is estimated that total output of proposed sewage works

may reach 22 mgpd by 1980 and ultimately a total of 66 mgpd by 1990

(Kuwait National Housing Authority 1976a). Table 11 illustrates the

present and potential brackish water and sewage effluent resources in

Kuwait.

Figure 25 shows graphically the relationship between the total

projected annual demand for brackish water and the estimated annual

supply available from present and potential resources. Figure 26 shows

the relationship between the supply and the projected peak daily demand.

Undoubtedly the life of the above-mentioned resources can be

extended even further into the future with adjustment in production

capacity. It is estimated that the life of the Shigaya Fields alone can

be extended to more than 100 years with a change in required daily output.
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Table 11. Present and Potential Water Resources.

Source Present After Implementation
of Present Schemes Ultimate

	 million gallons per day 	

Sulaibiya Field 20 20 20

Shigay Fields

A 8 8 8

8 8 8

20 20 20

D 12 12

15 15

Abdulia Field 8 8 8

Western Kuwait 20

Central Kuwait 20

Neutral Zone 50

Sewage Eff. 7 22 66

TOTAL 71 113 247
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Figure 25. Total Annual Supply and Demand for Brackish Water, 1976-
2000.
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CHAPTER 7

GENERAL RECOMMENDATIONS AND CONCLUSION

The information described in Chapters 5 and 6 clearly indicate

that in the near future we should expect the demand for brackish water

to surpass the supply available in Kuwait. How soon will this problem

be encountered will depend upon factors such as:

1. The population growth rate.

2. The rate at which the Agricultural Plan is implemented.

3. The rate of expansion of the distribution network.

4. Increase in standard of living.

5. Availability of daily supply.

6. How soon are the potential resources developed.

Should the population grow at the fast rate, while per capita

consumption stays at the projected rate mentioned earlier, then average

demand could surpass supply as early as 1989 (Figure 25). This would

be the case, assuming that the potential resources will be developed

before 1990 and that treated sewage effluent will react a total of 66

million gallons per day by the year 1990 also. If the per capita con-

sumption should increase rapidly, due to a large expansion of the dis-

tribution network and supply being available every day, then demand may

grow so large that supply would never have the capacity to equal it

after 1976.
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Undoubtedly agriculture will be competing for the water with

the population and the more it expands, the less will be left for the

population to consume. The government will definitely be faced with

the decision of proper allocation among the two sectors in the near

future.

Since brackish water is also blended with fresh water from de-

salination plants in order to raise the total dissolved solids (TDS)

content from 30 to 500 (ppm), it is imperative that future expansion of

the fresh water sources would also mean a larger share of brackish water

for blending purposes.

Recommendations 

The preceding facts, along with the direct relationships between

the two distinct demands for fresh and brackish water in Kuwait, clearly

indicate the urgent need for a national water policy aimed to conserve

and prolong the life of groundwater resources on one hand, and efficient

allocation of these resources on the other. This water policy should

also be aimed at reducing the future needs for building more desalination

plants through a program for fresh water conservation.

The following recommendations and suggestions should constitute

the main part of a water policy pertaining to the management of the

brackish water resources in Kuwait. They are prescribed mainly as recom-

mended actions to be taken by the Government of Kuwait in order to in-

sure a long lasting and adequate supply of brackish water for the years

to come. Some of these recommendations may call for more extensive re-

search to determine the proper magnitude of their implementation; others
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may well be related to social and economic factors that may retard their

adoption and implementation.

Priorities in Use

In considering priorities in the use of brackish water, a dis-

tinction should be made between demands which are desirable and those

which are essentially amenity demands. Consideration should also be

given as to whether a particular demand benefits the community as a

whole or merely the individual. Based on these facts, it is recommended

that the following priorities be regarded as the right order of impor-

tance by the Government in allocating the brackish water among consumers:

1. Public gardens

2. Afforestation

3. Agriculture

4. Private gardens

In ordering the above priorities, items 1 and 2 have been placed

above items 3 and 4 because they both place relatively little demand on

the water system and provide considerable happiness to the population.

Trees provide a pleasing form of shelter from the sun and at the same

time serve to prevent undesirable encroachement of windblown sand from

the desert as mentioned earlier.

In developed parts of the country, public gardens enable the

population to find relief from the man-made environment in which it

spends most of its time, thus they are of considerable importance.

Private gardens are considered last mainly because they only

benefit the private owner and the fact that they are only for decorative
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purposes with very little utilization during the course of the year.

Also, it is desirable to force the owners to use fresh water instead of

brackish water.

Reducing Future Demand

The demand most suitable for reduction practices is the private

garden demand which presently places a heavy burden on the supply system.

The process of reducing this demand should involve two aspects. First,

action should be undertaken to reduce consumption of brackish water.

Second, consumers should be encouraged to switch to fresh water. The

question that arises at this point, however, is whether there will be

adequate supplies of fresh water available to stand this transfer.

Currently the desalination plants in Kuwait are not being utilized

to their full capacity at any time in the year, which indicates an over

capacity. The policy has been to maintain a production surplus of 20 to

30 percent of capacity as standby and it is believed that this will con-

tinue into the future (Figure 27) (Ministry of Electricity and Water

1975). Operationally these plants should be run at full output for

about 90 percent of the year and down-time of one month per annum is

considered adequate for routine servicing (Kuwait National Housing

Authority 1976a). Thus, it is possible to provide adequate supplies

for private gardening with the utilization of storage techniques. Many

private garden owners do in fact use fresh water for irrigating a large

portion of their gardens nowadays, mainly because of the superior re-

sults as compared with brackish water.
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The following recommendation if implemented properly, should re-

duce the private garden demand for brackish water.

Pricing Policy. A number of recent reports indicate that the

demand for water is, in fact, a function of the price paid for the water

and that a change in price for water results in a change in the quantity

of water demand. This implies that water might be treated as if it were

a good sold in a market economy.

The form of a demand function for water is similar to that used

for other economic goods. An individual will pay a very high price for

the first unit of water he receives. When the level of consumption

which he considers necessary for life is reached, the price he is willing

to pay for additional units for water decreases. The individual will

only accept more units at lower and lower prices as he consumes more

water. The concept of diminishing marginal utility thus underlies the

demand for water just as it underlies the demand for other scarce goods

(Grunewald et al. 1976).

Based on the above, it is believed that the demand for brackish

water by private gardens can be reduced through a price increase to con-

sumers. Referring to Figure 28, we can see that at the price Pl,

consumers will demand a quantity equal to Ql. If the price should be

increased to P2, then the concept of diminishing marginal utility will

force the consumers to reduce their demand to Q2, thus resulting in the

saving of a quantity of water equal to (0Q1-0Q2) (Mansfield 1976). As

mentioned earlier, the consumers presently pay a monthly flat rate of

one dinar ($3.45), while the cost of providing him with a thousand gal-

lons is 488 fils ($1.68). It is recommended that the price should be
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increased at least to cover the cost of supply. If universal metering

should prove inefficient due to scaling and corrosion caused by the

salinity of the water, then the flat rate can be raised with the addi-

tion of a service charge to cover the cost.

Should the price of brackish water rise, the consumer may find

that he can increase his utility or satisfaction by using more fresh

water since its price will be closer to the brackish water price (800

fils per thousand gallons). This is what is called the substitution

effect as illustrated in Figure 29. The line AB represents the con-

sumers budget line which shows all the quantities of fresh and brackish

water he can buy, given his income. Point El, which is the point of

tangency for his indifference curve (line representing points of equal

utility) and his budget line is called his maximum utility point. At

this point he will buy OB1 brackish water and °Al fresh water. When the

price of brackish water increases, his budget line will shift to AC and

he will go to a lower indifference curve at point E2 where he will buy

0B2 and 0A2. Thus, he decreased his brackish water demand by (0B1-0B2)

and increased his fresh water demand by (0A2-0A1) (Mansfield 1976).

Distribution System. Naturally as the distribution system ex-

pands, there will be more consumers to supply and demand will rise.

Therefore, it is recommended that any plans for the extension of the

brackish water distribution network to newly developed areas be aban-

doned in the future and the demand from these areas be satified by fresh

water only. This should only apply to private gardens while public gar-

dens and afforestation should still be supplied with brackish water in

these new areas.
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Figure 29. Effect of Change in Price of Brackish Water.
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Restricting Supply. Increasing the price of brackish water and/

or eliminating the expansion of the distribution system may result in

political pressure being brought to bear on the Government. If the de-

sire is to avoid this, then the only alternative would be to restrict

the frequency of supply to the various districts of the country. Pres-

ently this is practiced during the peak months of the year with every

district getting water once every two days.

Public Awareness. Essential to any conservation program is the

public being aware of the facts related to the program and their sub-

sequent participation. It is recommended that the Government should

create an organization whose sole duty would be to make the public under-

stand the content of the National Water Policy and the reasons for

adopting it, along with a clear picture of the water supply problems.

The organization should use all the available means of information,

including radio, television, public speeches, newspapers, etc. In addi-

tion to that, conservation of water should be part of the education pro-

vided in schools for children and adults (Overman 1969).

Sewage Effluent. A potentially large supply of irrigation water

for afforestation purposes can be recovered by treatment of sewage ef-

fluent. It is recommended that rapid progress should be made in imple-

menting the currently proposed treatment projects and future expansion of

the number of plants be carried out if economically feasible. 
This not

only would provide more water, but also will reduce coastal pollution

caused by the discharge of raw sewage at the present time.
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Agriculture

It may be desirable for the State to become self-sufficient in

some produce in order to reduce its reliance on other countries for the

supply of basic foodstuffs. However, the cost of home-produced crops is

unlikely to be less than imported produce and it would probably be more

economical to import the produce which would reduce the agricultural

demand for water. This should also reduce the future capital expenditure

on new desalination plants that will be required, if agriculture was al-

lowed to expand rapidly.

Assuming that the Government has the desire to achieve some agri-

cultural development and growth in the production of some 'produce, it is

recommended that only the Short Term Plan (i.e., 1975-1980) be adopted in

relation to the production of vegetables and fodder crops. The Long Term

Plan (1980-1990) should allow only for the development and growth in pub-

lic gardens and afforestation. Since most of the presently developed

vegetable and fodder farms are in Sulaibiya and Wafra, it is also recom-

mended that no further expansion be allowed in Sulaibiya, and that all

the future expansion for crop production be located in the 
Neutral Zone,

in areas of potential brackish water (Figure 24).

Although this may not eliminate the anticipated future shortage

in brackish water, it would definitely reduce 
the anticipated burden on

the supply system and make the problem more 
tolerable (Figure 30). This

would mean that both the Shigaya and Sulaibiya Fields 
would only supply

water to the population, agriculture in Sulaibiya 
and related recreation

parks, while new crop production would get its water from wells drilled

in the Neutral Zone. As mentioned earlier, the 
Neutral Zone would
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provide the bulk of future potential resources of brackish water and

would be the logical choice for agricultural expansion.

In order to prolong the life of the brackish water resources to

be used for irrigation in the Neutral Zone and obtain the largest bene-

fits from it, it is recommended that the Government adopt and implement

the following.

Irrigation Practices. It is essential that the most efficient

irrigation methods and practices be adopted in every farm utilizing the

groundwater resources. The high intake rate of the soil in Kuwait and

the limited quantity of water provide the ideal conditions for using

sprinkler irrigation, which is considered to be the most efficient method

of conservation irrigation. However, economic factors such as crop

returns, cost of equipment and power, may retard its adoptation by every

farm (Wiersma 1962). Nevertheless, its use should be encouraged when-

ever possible. Also, each farm should be equipped with a water measuring

device which tells the irrigator how much water he is using, in order

for him to determine the right amount to use.

To retard the effects of high salinity on crops, it is generally

recommended that each farmer should adopt the following practices (Ful-

ler 1965):

1. Place the seeds away from high salt spots when using the

furrow-irrigation method.

2. Take regular soil samples from various depths in the soil pro-

file to measure salt accumulation near the root zone.

3. Perform leaching practices such as at the time of pre-planting

and early in the growing season. Should salt accumulation be
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excessive, then it may be necessary to leach during the cropping

season also. Leaching should be carried out when the soil is

driest.

4. Perform minimum tillage of irrigated land in order to avoid

soil compaction and impairment of internal water movement.

5. Keep the land level to avoid salt concentration in high spots

and ridges.

6. He should know the salt tolerance of each crop to be planted.

In addition to the above, it should be the duty of the Agricul-

ture Section of the Ministry of Public Works to provide the farmers with

the right information, knowledge, and advice concerning all the aspects

of proper irrigation and crop production.

Groundwater Management. To insure the proper management and

allocation of water to farms in the Neutral Zone or any potential new

area generally, it is recommended that complete control over the ground-

water resources be exercised by the Government and implemented through a

water code which should be part of the National Water Policy (Overman

1969). This water code should stipulate the following:

1. Imposition on every farmer of the obligation to conform to all

rules and regulations in force issued by the Ministry of

Electricity and Water.

2. Any person wishing to have a well drilled on his land must ob-

tain prior authorization from the Ministry.

3. The number, location, spacing and type of well to be drilled

will be determined by the Groundwater Section of the Ministry.
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4. Any subsequent deepening or secondary development of a well

must be reported to the Ministry.

5. Wells must be drilled and built according to certain specifica-

tions with respect to diameter, casing, depth and material used.

6. Drillers and owners of wells must submit to the Ministry in the

course of drilling operations and their completion, the fol-

lowing material when possible.

a. Drilling logs.

b. Detail regarding, total depth, diameter and casing.

c. Depth of water horizon and static water level.

d. Discharge rates and drawdown.

e. Chemical analyses of the water.

7. The maximum amount of water that can be withdrawn by any farmer

on any given day should be defined.

8. Artesian wells must be capped or regulated by suitable devices

to prevent waste; the specifications of these devices would be

prescribed by the Ministry.

9. The Ministry has the right to designate areas where severe draw-

downs exist, as restricted areas of use.

10. Regular water samples should be taken by the Ministry from wells

in every farm to insure the preservation of water quality.

11. No discharge of any refuse or waste above or underground which

is likely to pollute the groundwater supply should be allowed,

and no animal watering should be allowed near any well.
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12. Special provisions whereby courts could settle any dispute on

water rights, which the Ministry might prove unable to solve on

an administrative basis.

13. The penalties for failing to comply with the rules governing the

use of the groundwater resources.

It is imperative that these regulations be strictly enforced by

the Government in order to insure the efficient use of the water re-

sources and the enhancement of the national economy.

Artificial Recharge

Tests performed by the Groundwater Section of the Ministry of

Electricity and Water have shown that it is possible to inject excess

water back into the Dammam Formation at Sulaibiya Field and recover a

large portion of it. It may therefore be desirable to inject the excess

supply of fresh water during the low demand period of the year into the

aquifer and recover it during the peak demand period in the summer. Al-

though some may argue that it would be more economical to reduce output

in the winter, the point to be considered is whether we should continue

to build desalination plants in excess capacity of peak demand or have a

capacity equal to average annual demand, and store the excess in the

winter to be used in the summer. Nevertheless, it is recommended that a

thorough examination and analysis be carried out soon to evaluate this

promising possibility.
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Conclusion 

The discussion presented formerly illustrated a situation where

a linearly rising demand for groundwater resources, which is expected to

surpass the supply available in the near future, could be optimally

managed through the creation and implementation of a national water

policy.

The area of study was the State of Kuwait, located on the Arabian

Gulf, with complete dependence on desalination production for the needed

fresh water supplies, and brackish groundwater for irrigation of house

gardens, agriculture, and public parks. After a brief background intro-

duction of the brackish water resources historic development and related

groundwater geology, the objective of this study was defined as to pro-

ject an estimated future demand for brackish water, based on a linear

population projection and to propose a water resources policy aimed to

optimally manage this projected demand, through the year 2000.

The population projection was performed by using past growth rate

rates as a basis for determining a future rate. It was found that it

would be extremely difficult to choose one single rate of growth. Con-

sequently, three different rates were chosen reflecting a boundary within

which the future population of Kuwait is expected to grow. Following

that an analysis of past and present consumption 
trends of brackish

water was carried out in order to determine 
an average per capita con-

sumption rate and its yearly growth, to be used 
in our projections.

A brief outline of the Future Master Plan for 
Kuwait was then

described, and the plans that required brackish water 
allocation were
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defined (i.e., Agricultural Master Plan), including the first and second

phases of the Plan.

In projecting the future demand for brackish water, the three

population growth rates were used, in order to calculate a high, medium

and low demand for the population. In addition to that irrigation re-

quirements were also calculated for the planned annual growth and

development of the agricultural program which is part of the Master Plan.

Thus, a total annual average and peak demand was calculated for the

period of 1976-2000.

When compared to the present and potential supply of brackish

water available in Kuwait, it was found that a large deficit in the sup-

ply would be encountered in the future, depending on how the population

grows, and that this deficit could be reached much sooner if peak demand

was to be satisfied in the summer.

Finally, in order to handle the anticipated demand it was pro-

posed that the Government of Kuwait adopt and implement a national water

policy aimed at conservation and efficient allocation of the water re-

sources. This policy should include various actions designed to lower

the demand for brackish water, such as raising the price of brackish

water, restricting the supply and eliminating any additional growth of

the distribution network. In addition to that, a program for public

awareness of the water problem should be initiated and expanded as soon

as possible.

It was also recommended that only Phase I of the Agriculture

Plan be adopted in relation to production of vegetables and fodder crops

and all future agriculture be located in the Neutral Zone only. This
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should be followed by adoptation and strict enforcement of a Water Code

designed to eliminate excessive overdraft of the groundwater by the

present and future farms.

Regardless of how the population growth progresses in the future

in Kuwait, the shortage of brackish water supply will be a reality in

the near future. How soon will we be faced with it will depend on the

factors prescribed earlier. The only solution that we can think of would

be for the Government of Kuwait to have a sound and optimal National

Water Policy through which the problem can be handled and the sooner

this policy is implemented, the better would be the outcome.



APPENDIX A

=VERSION TABLE

1 mile

1 square mile

1 U. S. gallon

1 cubic foot

1 acre

1.609 kilometers

2.589 kilometer square

0.807 Imperial gallon

6.25 Imperial gallon

0.4045 hectar
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