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support was shown through application of Geo-textile and environmen-
tally friendly materials rather than plantation by using native plan‘ts to
some of the main wadis and channels in the study area. The plan also
concentrated in localizing all the flood cuts in the fence of Shouaiba In-
dustrial area where terms of references was submitted client to redesign
the fence in order to minimize the flood effect.
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4 - Implementation of immediate Action Plan

Based on detailed field survey and interpretation of 2003 aerial
photographs, recent satellite images and topographic maps, an im-
mediate action plan for flood control in the area of study was imple-
mented. Flood control was based mainly on the establishment of
check dykes (about 2 m high ) in the course of two wadis ( Fahahil
and Shouaiba) .In addition at set of check dykes was constructed at
the lower reaches of the main open drain at Mina Abdallah
area(port) as shown Fig (6 ). An environmentally friendly materials
represented by palm leaves, cutted plant materials, tires were used to
stabilize the soil in the wadi flanks and sides. Also Geo-textile was
used to cover one of the main dykes in the northern wadi in Faha-

heel area.
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Fig ( 6 ) The main drainage systems and facilities in the study area.
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Analyses and interpretation of aerial photos (2003), satellite images
(2005) and topographic maps (1995) .A set of maps was prepared for
the study area including drainage basins, landforms, land use and
others. Ground truthing for the information and data of the aerial
photos and satellite images were conducted.

Field Trips

During the reporting period, about 40 field trips were arranged to
the area of study (2 field trips /week). In addition several field trips
were arranged immediately after rainfall events, e.g. November 2005
& February 2006 .The main objectives of the field trips were:

- To identify the magnitude of the drainage problem in the study
area. (Cause and effect approach)

- To evaluate the hydrologic setting of the area.
- To assess the efficiency of adopted measures of flood control.
- To identify the sites of field tests and experiments.

- To locate the runoff cuts influencing the security fence of Shouai-
ba -Mina Abullah area (using GPS)

Field tests and measurements (initial infiltration rate& surface hy-
drological measurements):

During November 2006 - February 2007, the most appropriate sites
for field measurements including infiltration tests and surface hydro-
logical measurements were selected. 27 representative sites for these
tests were selected in three wadis (northern, central and southern).
Selection of the test sites was based on morphologic and hydrologic
characteristics of the wadis .Field sheets were designed for data re-
cording for both the infiltration rate and surface hydrological mea-
surements.

The morphological characteristics of wadis at the sites of infiltration
tests were identified .The width and depth of wadis in addition to
cliffs and terraces height were measured.
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Table( 1) Amount of rainfall in representative wadis (106mm/annual)

Wadi location Area (m2) Amount of rainfall (m3)
Northern (Fahahel) 4036000 403,600
Central (Shouaiba) 4265000 426,500
Southern(Um Al Hayman) 4177000 417,700

Landuse

In the study area , four land use types are identified .These are built
up industrial ( about 60 % of the area ) ,rangeland ( about 30% of the
area ) ,quarry ( about 5 % of the area) and wooded parkland /afforesta-
tion (about 5 % of the area ).

Magnitude of the problem

The Shouaiba industrial area is subject to flash floods during inten-
sive rain fall of 30 - 40 mm in one storm , e.g. , rainy season of 2004 .The
hilly terrain(40 to 105 m above sea level) ,which is located 5-6 km to the
* west of the industrial area acts as a watershed area . This water shed area
is dissected by a set of drainage basins of different morphologic and hy-
drologic characteristics. In addition the industrial area receives direct pre-
cipitation which sometimes produces runoff water.

The floods cause intensive damage to the physical infrastructures in-
cluding roads, drains, security fences and other facilities. Recent field ob-
servations in the industrial area( during February, 2006) indicated that
ground collapses ,severe soil erosion ,drains and roads blocking by out
washed materials ,traffic problems take place during floods .The current
measures of flood management and control besides some types of land
use are environmentally inappropriate causing complications for control-
ling the floods in the concerned area.

Achievements

During November, 2005 -March, 2006, the following achievements
were realized:
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2 - Moderate wadis (between 2 and 3 square km) constitute 2 wadis (7

% of total wadis)

3 - Small wadis (between 1 and 2 square km) constitute 6 wadis (21 %

of total wadis)

4 - Very small wadis (less than 1 square km) constitute 17 wadis (61

%of total wadis)

Morphologically these wadis exhibit two forms, i.e. elongated and

circular .Elongated wadis constitute 89 % of the studied wadis, while cir-
cular wadis form 11 % of the total wadis dissecting the area.

The amount of received rain fall in three represented wadis was es-

timated on the basis of 100 mm annual rain fall (Table 1).
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Geomorphologically ,several landforms are identified in the area of
study( Al Dousari and Misak ,2005) .These include inland (desert ) and
coastal features . Al Ahmadi hilly terrain(about 110 m above sea level)
,Al Ahmadi slopes(40 to 100 m above sea level) and the set of dry wadis
(drainage basins) are the main desert land forms .The coastal features are
represented by sandy beaches and tidal flats.

Physiographically ,the area of study is differentiated, from east to
west, into three units .These are the eastern ,central and western .The
eastern unit (Al Shouaiba industrial area and Mina Abudallah ) varies
between 2 to 3.5 km width . The ground elevation of this unit ranges be-
tween 5 and 35 m above sea level with a surface slope of about 11m /km.
The central unit ( extending between Fahahil and Al Maghreib high
ways, roads 30 and 40 respectively) varies between 2.5 and 3.5 km in
width .The ground elevation of this unit ranges between 40 to 70 m
above sea level with a surface slope of about 12m/km.The western unit
( extending between Road 40 and Al Ahmadi -Al Zunaif hilly terrains
) varies in width between 1.5 and2.5 km in width .the ground elevation
of this unit ranges between 75 and 110 m above sea level with a surface
slope of about 15 m/km.

Drainage Basins

There are 116 wadis and attributes within the study area with
240,520 km as a total length covering '1944701 m2. But, About 28 are
the main wadis of different sizes and morphologic characteristics dissect
the area of study ( Figs 5) .The size of the wadis ranges between more
than 4 square km to less than 500 square meter. Their length varies be-
tween 3 and 8 km. Based on the size of the wadis, the following groups
are identified:

1 - Large wadis (more than 3 square km) constitute 3 wadis (11 % of
total wadis).
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Introduction

In Kuwait , some parts of the country are subject to flash floods
when intensive rainfall takes place on the local watershed areas .General-
ly floods in Kuwait occur during heavy rainstorms with rainfall amount
of 30-40mm in one storm lasting between 6-8 hours, e.g. February 1993
(40mm within 6-8 hours) , December 1995 ,November 1997( 105 mm
* within 3-4 hours) ,and January 2004 .Fig ( 1 ) shows the total amount
of rainfall (mm ) during the period from 1957 to 1997 .During this per-
iod the amount of seasonal rainfall fluctuated between 28 mm(1963-1964)
to 260.5 mm (1975-1976).

300

(B}

2450 1 “en

200 S — (]

nrea

-Blin  {um

150 i ' S | U

.E ver o | TR I

r L ou

LA R
M nt

SELEEFL L ELLELEFF LS F TP

Fig (1) Amount of rainfall in mm (1957 - 1997)

- The flash floods cause intensive damage to the physical infrastruc-
tures such as roads, fences, water wells, oil facilities and others (Fig 2).
Moreover during floods traffic problems, ground collapses and death
cases take place such what had happened on 11 November 1997.
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FLOOD MANAGEMENTS
IN SHOUAIBA INDUSTRIAL AREA - KUWAIT

) Ali M. Al-Dousari,
*JR. Misak, H. Al-Gamily
““and T. Al-Asfour

-

ABSTRACT

Flush floods are causing repeatedly damages to Shouaiba Industrial
area. There are 116 wadis and attributes within the study area with
69,143 km as a total length covering 1944701 m2. This paper summary
the achievements on the flood management in Shouaiba area during
the period from November, 2005 to August, 2006. These achievements
included activities involved analyses and interpretation of aerial photos
and satellite images of different dates and identifying the morphologic
and hydrologic characteristics of drainage basins in the area of study.
The main objectives of the field trips were to collect data and informa-
tion on the current design and specifications of floods control measures
and to assess the hydrologic setting of the area of study. In addition, the
project team participated in designing the immediate and long term ac-
tion plans of controlling flash floods in the area of study. This plan in-
cluded the establishment around 35 check dams in the main channels
of three active wadis and in the lower reaches of the main drain in
Shouaiba area. Also Geo-Textile and environmentally friendly methods
were applied successfully in number of check dams and channels.

Keywords: flood management, flood control measures aerial
photos, satellite images, immediate action plan, check dams

(*) KISR, Kuwait,
(**) Geography Dept., Kuwait University.
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Table 1

year magnitude Suggested reason for the earthquakes

1975 5.2 Sudden population growth as a result of initiation
of the country in 1972

1977 5.1

1980 5 Population growth and agriculture growth

1986 5.4 Population growth and agriculture and number of
mine growth

1994 53 Population growth and agriculture and number of
mine growth and number of bottled water factories
growth

1995 4.8

1997 3.6

1998 4.6

2000 4.7

2002 5.5 Over pumping of the groundwater from Massafi
wells to export it to U.S.A. army in Afghanistan

Main 4.4

Table 1: Earthquakes magnitudes in the northern UAE between 1975 and 2002, according
to army force in Al Fujerah. And suggested reasons for earthquakes high magnitude in-
volve; groundwater over-pumping resulted of either population growth or number of
farms growth or combination of both (For more details see Figure 3 and the text).
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accentuate the damage causes by the earthquakes.

In summary, the high magnitude of earthquakes which have oc-
curred in the northern UAE, is not related to major or sudden changes
in the earth’s crust, but may have been accentuated in response to

ground water over-pumping together with an increase in mining activity.
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Richter scale (4.8, 3.6 and 4.6 respectively). This may indicate a similar
growth of all previous factors. However, the earthquakes in 2002 were
between 5.1 and 5.5 on the Richter scale. In that year there was massive
over-pumping from bottled mineral water companies which were export-
ing water to the US army in Afghanistan. In addition, water consump-
tion per person per day in the UAE is one of the highest worldwide
(90 gallons per person) (Al Bayan Newspaper, 2\8\2000). This sudden
consumption of the groundwater may have accentuated earthquake
strength and magnitude. This is different from what had occurred else-
where (Denver and Nasser Lake) where injection of water into the
ground caused earthquakes. This means that any change in groundwater
volume, whether an increase or decrease, may cause accentuation of the
magnitude in the earthquakes.

The rock mining industry in the northern UAE may have a negative
impact on bedrock stability, through the use of mining explosions. These
induce cracks in the rocks and cause pressure release. However, this im-
pact may be still small and may not have as direct an influence on earth-
quakes as groundwater over-pumping. But, combining both factors
together would make the situation worse.

6. Conclusion

Although major Tertiary fault lines divide the terrain of the north-
ern UAE, they play only a minor role in the earthquake magnitude of the
area. The major earthquakes are generated along the plate boundary in
Iran, but it appears that human activity may play a role in earthquake
accentuation within the UAE. Groundwater over-pumping especially
seems to have a direct relationship with earthquake events during the
past three decades. This indicates that any change in groundwater condi-
tions may accentuate earthquake magnitudes. This may act together with
the minor impact of rock mining. Building age and poor quality materials
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would have occurred. It is highly likely these earthquakes were by the
impact of human activity including possibly groundwater over-pumping
and mine explosions. The affects were accentuated by the building age
and bad quality building materials.

Table | and figure 3 show the direct relationships between ground-
water over-pumping and the earthquakes. This is in accordance with the
literature. For instance, Bosl and Nur (2000) suggested that the fluid acts
as a shock absorber (Walder and Nur, 1984). This means that the evacua-
tion of water may lead to stronger shocks being felt, as a result of the
absence of groundwater to absorb the shock. This can be related to all
high magnitude earthquakes in the area over the past 30 years.

Figure 3 shows strong relationships between earthquake events and
groundwater over-pumping, the results of population growth, agriculture
expansion and industrial development. For instance, the strength of the
earthquakes in the years 1975, 1977, 1980 ranged between 5 and 5.2 on
the Richter scale. The major change in this period was overdrawing of
groundwater as a result of popuIation growth and increasing farm num-
bers (See Figure 3). By 1975 the population had tripled from 180,000 in
year 1968 to 560,000. By the same year farm numbers tripled from 1600
in 1968 to 5000 in year 1975 (Ministry of Agriculture, 1975). The popula-
tion doubled and farm numbers were tripled again during the period
from 1975 to 1980 (See Figure 3).

In 1986 the strength of the earthquakes was 5.4 on the Richter scale.
Although population growth had slowed down as had the increase in the
number of the farms between 1980 and 1986, there was growth of rock
mines and bottled water factories. In 1994 the strength of the earth-
quakes was 5.3 on the Richter scale. During the period between 1986
and 1994 there was growth in all of the previous mentioned factors.
Earthquake magnitudes in 1995, 1997 and 1998 were less than 5 on the
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groundwater protection itself. Article 39 states: "The concerned parties
shall consult and coordinate with the agency and competent authorities
in all matters related to drinking and groundwater including the preser-
vation and development of water sources"

Cracks and rock mines

There are about 20 rock mines in the area under the risk of earth-
quakes. At least 3 rock mines were initiated between years 2000 and
2003. They are located directly on the Tertiary fault line at the western
side of the mountain front. The increase in the number of mines may
have accentuated the earthquakes of March 2002. Rock mines may have
a direct affect on earthquakes in two ways. First by pressure release by
moving the rocks away, and second the rock explosions may have ampli-
fied the earthquakes shocks.

Response to the earthquakes affect of Building age and materials

The buildings which were effected by the earthquakes and spread
fear among the people are old and have expired their life time. Further-
more, the materials which were used in the buildings were substandard
and only suitable for temporary buildings with a life time not more than
15 years. This means that any ground shock may cause the buildings to
collapse easily. This happened in March 2002. In other words, the impact
of earthquakes would have been lower if the building did not collapse.

5. Discussions

Although the fact that the earthquakes in northern UAE mainly oc-
cur as a result of the movement of the Arabian Plate towards Iran, hu-
man activity seems to have played a major role in the accentuation of the
recent earthquakes. It is highly unlikely that sudden natural changes in
the physical setting (e.g. rock nature and fault zones) of the study area
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proximately equal to groundwater recharge. However, from the early
1970s with huge immigration into the area, together with industrial devel-
opment and agricultural expansion, the consumption of groundwater
greatly increased. In addition there is the activity of water companies
which produce water not only for local needs, but for export overseas.
There are 30 bottled mineral water companies in the UAE. At least
33% of them export water to countries which are not within the arid
zone, such as Japan and France and other 20 countries in Asia, Africa
and Europe (Federal Electricity and Water Authority, 2003). During
the war in Afghanistan in year 200112002 some of these bottled mineral
water companies were exporting water to the US army in Afghanistan. In
the summer of 2002, the problem of groundwater wells drying up was
exposed, when the farmers in the northern UAE complained about the
lack of groundwater on their farms. Exploitation of groundwater gives

huge profits for water companies, but causes huge damage to the envir-
onment.

The over-pumping of the groundwater does not simply cause a lack
of water, but it also causes a rise in salinity. The salts dissolved from the

limestone had caused high salinity of 85% of the groundwater by the year
1997 (Al Mulla, 2001).

In addition, groundwater over-pumping now seems likely to have
caused an increase in the magnitude of earthquakes. The over-pumping
of the ground water would cause pressure release (Bolt, 1993), and the
absence of water would reduce the fluid absorbance of earthquake
shocks (Bosl and Nur, 2000).

Despite the emergence of water problems during the 1980s there are
no rules or laws to protect the groundwater. The Federal Law No 24 of
1999 for the protection and development of the environment has a gen-
eral role, mainly for protection of water resources rather than for
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In the early morning of 12" March another series of strong earth-
quakes occurred in the area. Four of them were in Massafi; they were
the strongest (5.5 in Richter scale) and caused damage to some buildings
(Schools, Mosques), and rock falls on the roads. The rest were weaker
and only felt by the people.

4. Human activity as a potential intensifier of the earthquakes

Low magnitude earthquakes occur in the UAE related directly to
the Arabian plate moving towards Asia and to fault zones in the effected
areas. However, these sudden higher magnitude earthquakes cannot be
related to this broad picture. It may be that changes have occurred in
the magnitude and weight of the rock and groundwater in the area. Be-
cause changes in the physical characteristics of the study area are unli-
kely, it is highly likely that such changes are the result of human

activities, involving groundwater over-pumping and\or mining.

There are two main possible reasons which could be suggested as
causes of earthquake accentuation; 1) groundwater over-pumping,
2) rock mines and explosions affected the rock cracks, and one possible
reason for the severity of the effect: building age and materials.

Groundwater over-pumping

The groundwater sources in the UAE date back to late Quaternary
wetter\pluvial periods. At present the UAE is part of the arid zone, with
an annual rainfall of <200 mm. This amount of rain is mainly lost by
evaporation (72%) and 14% reaches the sea. Another 14% only, infil-
trates and feeds the groundwater table. This only accounts for the 30%
of the groundwater consumed in the area (National Atlas of United Arab
Emirates, 1993). The rest is effectively depleting late Quaternary water.

Before the 1970s the water drawn from the groundwater was ap-
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3. March 2002 earthquakes

Between the 10'" and 12" of March 2002 a series of seismic shocks
occurred in different areas of the northern UAE. According to the record
of earthquakes centres in Oman and Iran, 12 earthquakes and seismic
shocks occurred between 10'" and 11" of March in the Arabian Gulf
and Gulf of Oman; 4 in the Oman Gulf, 3 in the Straits of Hurmuz
and 4 in the north and centre of the Arabian Gulf. These earthquakes
were concentrated in the middle and north of the Gulf of Oman. They
passed through the Strait of Hurmuz to the middle and north of the Ara-
bian Gulf, for a distance of 1000 km perpendicular to the movement of
the Arabian plate (Al-Khaleej Newspaper, 17\3\2003 p10). This resulted
in a series of earthquakes which occurred in several areas in the northern
UAE, with a maximum magnitude of 5.5 on Richter scale. The foci of
these earthquakes were along the fault lines within the UAE.

On 10'"" March the first earthquakes occurred at Al Nahwah south
of Khor Fakan. It happened for a few seconds only. No damage occurred
but it was felt by people. Late at night another earthquake occurred at
Massafi, for a few seconds. This repetition of earthquakes forced some
people to leave their homes. The fears among the people resulted in tens
of telephone calls made to the Newspapers and to the Meteorology Cen-
tre in the UAE.

On 11" March an other series of earthquakes occurred with a
strength of 5.1 on the Richter scale. These earthquakes resulted in da-
mage to 2 schools, 2 police stations and to the fire department at Massa-
fi. In addition, rocks fell on the road between Dibba and Massafi. All
damages were to the walls and ceilings of old buildings. About 180
houses were damaged by the incident. The main damage was the fear

among the people in the affected areas, which led them to spend a week
in tents.
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2. Physical setting

The northern UAE Mountains are part of the Oman Mountains
(Fig. 1), which extend from Musandam to the southwest part of the Sul-
tanate of Oman. This mountain range is the only tectonically active area
in the UAE. It is still undergoing uplift as a result of Arabia-Asia inter-
action. Thus, it is subjected to minor earthquakes whose epicentres lie
along the suture between the Arabian and Asiatic plates in Iran, in the
Arabian Gulf and in the Gulf of Oman (Fig.2).

This mountain area is formed primarily of four types of rocks of
Mesozoic age, formed on the margins of the Tethys Ocean. The four
groups of rocks include; the Musandam carbonates, the Hawasina
Schists, the Sumeini group and the Semail ophiolites (Lees, 1928; Hud-
son et al, 1954; Hudson and Chattan, 1959; Hudson, 1960). These four
groups of rocks formed over the same period of time but in different en-
vironments. The Musandam carbonates were deposited in shallow water
on the continental margin. The Hawasina schists were deposited as muds
on the ocean basin floor prior to their metamorphism. The Sumeini
group were deposited on the continental edge and at the foot of the con-
tinental slope. The Semail ophiolites are part of the oceanic crust. During
the Late Cretaceous external parts of the continental shelf and adjacent
Tethyan deep-sea floor were overthrust onto the continental margin (Al-
leman and Peters, 1972; Glennie et al, 1973;-1974; Ricateau and Riche,
1980; Searle, 1988; Searle et al, 1983). They are now exposed as a series
of thrust sheets. These four rock groups form distinctive units within the
Musandam Mountains, separated by major fault zones (Fig.3).

Today the UAE is on the flank of the Arabian plate, some distance
away from the major modern earthquake epicentres. It normally experi-
ences only minor earthquakes whose epicentres lie along the suture be-
tween the Arabia and Asiatic plates.
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the pore fluid flow effect on the strength of the rock. Rice and Rudnick
(1979) have reported two mechanisms to stabilize earthquakes by pore
fluids. These mechanisms are based on dilatancy strengthening and on
an increase of elastic stiffness for undrained as opposed to drained con-
ditions. Chengmin (1985) has illustrated the relationships between
groundwater levels and earthquakes prediction in China. Byerlee (1993)
put forward a model for episodic flow of high pressure water in fault
zones. Roeloffs (1996) studied earthquakes that related to hydrologic
phenomena. Peltzer, et al, (1996) suggested that the strain induced by
large crustal earthquakes produces changes in pore fluid apertures that
dissipate with time and result in surface deformation. Rock in undrained
and drained conditions behaves differently. Bosl and Nur (2000) have put
forward suggestions and evidence of positive fluid action on earthquakes,
where the fluid acts as a shock absorber (Walder and Nur, 1984).

The northern United Arab Emirates (UAE) usually experiences only
minor earthquakes. It is too far away from any important focus. Earth-
quake magnitudes in the northern UAE rarely exceed 4.4 on the Richter
scale (Table 1); normally the intensity values are up to III. This means
there is normally no serious damage to structures from earthquakes of
this fnagnitude. However, in March 2002 a series of earthquakes of mag-
nitude of 5.5 on the Richter scale made the scientists in the UAE start to
consider the phenomena intensively. For example, the Universities of
Sharja and UAE initiated earthquake monitoring stations in Sharja
and on the East Coast to record seismic shaking in these areas. The
Weather Forecast Centre put forward a project of earthquake monitor-
ing stations to cover the whole of the UAE.

This study aims to examine the possible causes which made these

earthquake events stronger than usual. It will consider the possible im-

pact of human activity, as an agent in accentuating earthquakes in the
study area.
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1. Introduction

Before the middle of the 20" century earthquakes were seen as an
"act.of God". However, today at the beginning of the 21st century it is
seems to be possible that some earthquakes could be as the result of an
"act of man".

The causes of earthquakes have been summarized in the literature
into three reasons, one related two physical theory of fault zones and
plate tectonics, and to related to human activities which disturb the nat-
ural setting and the nature of the rocks (e.g.; Boit, 1993; 1999; Stein and
Wysession, 2003). The first type is a tectonic earthquake, which occurs
when rocks break suddenly in response to different geological forces, in-
cluding plate movements, faults and volcanic activities. There are two
types of human-induced earthquakes; collapse-induced and explosion-in-
duced earthquakes. Collapse-induced earthquakes occur in regions of un-
derground mining and caverns. The instantaneous cause of ground
shaking is either the collapse of the roof of the mine, or a landslide-pro-
duce seismic wave. Such collapses have occurred in Canada and Peru
(Bolt, 1993). In addition, to pressure release which may induce col-
lapse, there are also effects on ground water due to a sudden reduction
in the confining pressure (p160, Bolt, 1993). Explosion-induced earth-
quakes are produced by the detonation of chemical or nuclear devices.

Furthermore, water in bedrock has been considered to have an influ-
ence on earthquakes. There are some earthquakes which occur either as a
result of water accumulation behind dams as in Lake Nasser (on the Nile
River), or as a result of water injected into the ground as in Denver Col-
orado (Bolt, 1993). Since these incidents back in the 1960s there have
been many investigations of the influence of water/fluids. During the last
three decades there have been intensive studies on the effects of ground-
water on earthquakes. For instance, Nur and Booker (1972) have studied
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Groundwater over-pumping and Recent earthquakes
in the northern United Arab Emirates: A natural hazard
accentuated by human activity

L “)Dr. Asma Al-Farraj

ABSTRACT

At the present day the United Arab Emirates (UAE) is on the flank
of the Arabian plate, but some way away from the major modern earth-
quake epicentres. It normally experiences only minor earthquakes whose
epicentres lie along the suture between the Arabian and Asiatic plates in
Iran, the Arabian Gulf and the Gulf of Oman. In March 2002 a series of
earthquakes occurred in several areas in the northern UAE, with foci
along fault lines within the UAE. What made these earthquakes differ-
ent from earlier earthquakes was their strength and frequency. For the
first time in the area, earthquakes of a magnitude 5.5 (on the Richter
scale) occurred, and continued over a period of three days. The causes
appear to involve more than fault zone and plate tectonics, and may
be related to human activity. Tracing the earthquakes during the past
three decades indicates that the earthquakes followed major ground-
water over-pumping, itself a result of population growth, growth in the
number of farms and number of bottled water factories.

Key words: Groundwater over-pumping, earthquakes, Northern
UAE, human impact.

(*)  Geography Program, College of Hurmanities, U.A.E. University, U.A.E.
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Wastewater Treatment and Reuse Costs: A Middle-East Case. Presenta-
tion and Proceedings. 31st WEDC International Conference on Maxi-
mizing the Benefits from Water and Environmental Sanitation.
Kampala, Uganda. October 31- November 4, 2005.

Shahalam, A. (2005). Monitoring and Assessment of an Operating
Municipal Wastewater Treatment System: An Activated Sludge Process
in Kuwait - A Case Study. Final Report submitted to Kuwait Institute
for Scientific Research.
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Table 6. Gross Water Use Rate at Wafra Farms

FARM SOURCE OF MAIN CROP DAILY WATER
WATER USE gal/1000msq
Al Mubarakia Al Watanyah Groundwater Tomato/Cucumber 600
Sh.Fahad Malik Al Subah Groundwater Grass/Pumpkins 160
Jasem Budai Groundwater Barley 363
Latifa Al Dabous Groundwater Tomato/Cucumber 526
Dr.Adel Al Ebrahiem Groundwater Cucumber/Onion 1,288
Dehaim El Hajri Groundwater Tomato/Lettuce 1,038
Abdulwahab Ali Naqi Groundwater Dates _
Ahmad Mubarak Al Fajji Groundwater Grass/Tomato 688
Abbas Ali Al Hazem Groundwater Tomato/Pepper 4,300
Fahad Snan Groundwater Tomato 7000

Table 7. Gross Water Use Rate at Abdali Farms

FARM SOURCE OF MAIN CROP DAILY WATER
WATER USE gal/1000msq
Falah Al Hawas Groundwater Grass/Tomato 11
Abd Alrahman Al-Falah Groundwater Onion/Potato 115
Khaled Alkandiri Groundwater Grass/Potato 250
Fahad Al-Duwailah Groundwater Grass 80
Ahmad & Talal Alajmi Groundwater Tomato/Potato 160
Khaled Alhajaj Alajmi Groundwater Grass/Tomato 320
Hamed Abd Alrazag Alomani | Groundwater Grass/Onion NA
Jamal Alkathmi Groundwater Dates/Tomato 1,252
Abdul Alrahman Al Nassar Groundwater Tomato/Cucumber 733
Mohammad Bu Hindi Groundwater Grass 250

Table 8. Gross Water Use Rate at Sulaibiya Farms

FARM SOURCE OF MAIN CROP DAILY WATER USE
WATER gal/1600msq
z3 Treated Wastewater Grass 65.991
Abdallatif Treated Wastewater Grass 482
Jasem Treated Wastewater Grass 500
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Table 5. Present Treated Wastewater Use for Irrigation

PLANT | INFLOW | TREATED EFFLUENT To ON-SITE + REMARK
m3/d DMC STORAGE or To LANDSCAPING
DIERECT IRRIGATION |DIRECT USE, m3/d
USES, m3/d

Jahra 90,000 42,000 (46.7%) 1,125 -

Ardiya 280,000 -- 1,100 Abandoned, 2005
Sulaibiya 325,000 59,220 (18.2%)* Not known Operating Since,

Oct.2005
Riqqa 180.000 135,000 (75%) 45,000 -
Total 595,000 236,220 47,225

* Assumed previous Ardiya amount is continued to be sent to DMC.

Major farms surveyed in three main zones of agriculture amounted
to 11.5 x 106 msq. This major areas are distributed among Wafra, Sulai-
biya and Abdali as 1.8 x 106 msq, 0.8 x 106 and 1.8 x 106 msq respectively
(based on main farms only).

Due to limited scope, comprehensive data collection with the separa-
tion of farm areas cultivated during winter and summer were not avail-
able. Based on annual total water-use and size of the farms, an estimate
of water-use per 1000msq each year is estimated. Table 6, 7 and 8 show
the estimated water-uses in farms at Wafra, Abdali and Sulaibiya respec-
tively. As the data on amount of land irrigated is not available these ta-
bles do not reflect crop utilization of water or rate of water-use per
irrigated-area. Besides, most of the crops except grass are not grown
year-round. The data, however, reflected the huge variations of water-
use per gross area of 1000 msq in various farms. For through the year
activity, naturally the water-use rate is higher for grass farms. The fig-
ures, however, vary widely. It is evident that where groundwater is irri-
gant; the water-use in average is low. The wide variation of water-use
per 1000 msq also reflects the use of non-uniform practices in applying
irrigation water.
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Ardiya plant is shut down from October 2005. Sulaibiya wastewater
treatment plant commissioned under built-operate-transfer (BOT) con-
tract is operative from October 2005. Average capacity of this centra-
lized wastewater treatment plant serving Kuwait is about 375,000m3/d
(Peak 525,000 m3/d) (MPW, 1995).

Regarding the agricultural region in Kuwait, data collected from
farms located in Wafra, Abdali and Sulaibiya are illustrated in tables
2-4. Data were collected on size, activity, water source etc. Tables in-
clude number of workers, water metering systems, groundwater wells
or other water sources, winter and summer demands for irrigation water
and sanitation facilities if any. Most of the farms have summer water-de-
mand about double of that in winter. Farmers at Wafra and Abdali water
palm trees and ornamental plants by water extracted from ground-wells.
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Data Monitoring Centre (DMC) located in Sulaibiya has four sto-
rage tanks, and each tank designed to hold 87,500 cubic meters with com-
bined storage capacity of 350,000 cubic meters. Wastewater treatment
plants of Sulaibiya and Jahra are sending significant portions of their
treated effluent to DMC while effluent from Rigqa is mostly used by
on-site irrigation and supplying irrigation water for coastal villages.
From DMC, treated wastewater is mainly sent to three farms, which
are Z1, Z3 and Sheikh Saad Al-Abdullah Farm at Sulaibiya. It is esti-
mated that three farms covers an area of about 500,000 msq. Table
5.shows the present distribution of treated wastewater that is sent to
DMC or direct uses for irrigation. Nearly 48% of total plants effluent
appears to be used for irrigation at treatment plant site, farms, coastal
villages and greeneries.
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Discussion and Conclusion

Table 1 shows all treatment plants in Kuwait. Table.2, 3 and 4 depict
information on'major agricultural activities in farming in Kuwait. Total
treatment capacity of the treatment plants is about 624,000-684,000 m3/
d. The potential availability of treated wastewater may be estimated to be
around 523,000 m3/d assuming availability as 80% of plant inflow. Main
wastewater source is of domestic original. No major industries dispose
industrial wastewater into domestic sewer lines. All plants of Table 1
are in operating condition except Wafra treatment plant. Wafra plant
is established between year 2000-2003, and it will be ready to operate
after years of test and maintenance.

Regarding the produced effluent of treatment plants, major operat-
ing plants end up supplying at least a part of the effluent of treated waste-
water to DMC wastewater storage for irrigation. It is noted that more
than 50% of total wastewater effluent, is generated from Sulaibiya
plant. It provides treatment beyond tertiary level with process of Ultra
filtration and Reverse Osmosis System. Quality wise this portion of efflu-
ent should be ready for unrestricted irrigation. Jahra and Rigga plants
treat wastewater up to tertiary level. Tertiary effluent is suitable for re-
stricted irrigation.

The following information on uses of Jahra effluent was collected
through personal contact of plant engineer:
* 46.7% goes to DMC (Data Monitoring Centre).
* 0.93% goes to Agricultural and Greenery Organization tanks.
* 0.32% goes for on-site irrigation.

* 51.9% goes into the sea.

Due to unavailability of both sufficient storage and/or direct connec-
tion to agriculture regions, an amount of 51.9% of Jahra effluent goes
into the sea.
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Agricultural Land: A draft master plan developed by John Tailor
and Sons (John Tailor and sons, 1978; Ergun, 1966; S.C.E.T., 1970) in
1978 for wastewater reuse for agricultural purposes in Kuwait provided
extensive data on soil types and their suitability for wastewater irrigation.
A soil survey completed in 1999 by Food and Agriculture Division of
KISR included a detail survey of soil in Kuwait (Samira, 1999). The sur-
vey delineated the soils in the State of Kuwait with identification of their
suitability for various agricultural uses. The report presented detail land- '
use maps. The data contains valuable information on present and poten-
tial land uses in Kuwait and can be utilized in identifying potential areas
where treated wastewater may be applied for agricultural activity particu-
larly for the purposes of greenery and plant irrigation.

The findings of the above reports supported restricted irrigation by
wastewater in Kuwait. According to the report (John Tailor and Sons,
1978), out of total area of 17,318,000 m2 in Kuwait, cropland, trees-land
and unused cultivable lands are 54452, 22210, and 121,818 m2 respec-
tively. Overall pastureland counts for 17,179,100 m2. An incremental ad-
dition of 22% per year was observed in the cultivable areas since 1994. It
appeared that most of the potential cultivable lands are limited to Ahma-

di and Jahra areas.

Agricultural Master Plan developed in 1995 by KISR (Razzaque et
al., 1995a, 1995b) indicated that main agricultural activity in Kuwait was
limited to Wafra, Abdali and their surrounding areas. As of 1995, most
of the agriculture in these areas was dependent on groundwater Accepta-
ble groundwater withdrawal was estimated to be 455,000 m3/day.
Groundwater was reported to be having a salinity of 9000 ppm at Wafra
and 2000 ppm at Abdali. The master plan recommended discouragement
of extraction of Wafra groundwater. It also recommended for possible

use of wastewater in future.
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2005). Further refinement of effluent by reverse osmosis following ultra
or micro filtration costs about KD 0.124 per cubic meter at 2004-05. It
is noted that desalinated seawater cost about KD 0.617 per cubic meter
in 2003. The state of Kuwait took bold step in its effort to reclaim total
wastewater effluent for reuse. Towards this goal, in years 2000-2003, total
amount of 41.56x106 m3/yr of effluent was supplied as irrigation water
from centralized effluent-storage facility at Sulaibiya, maintained by the
Ministry of Public Works. The amount was about 23% of estimated po-
tential wastewater in the country.

For a successful implementation of the reuse program, however, the
concerned authorities need a well planned scheme to collect and distri-
bute the reclaimed water for proper reuse. For agricultural uses, location
of farms, their size, type of crops and water needs are basic data those are
necessary for developing an effective scheme. Recently Wastewater Re-
search Plant (WRP, Sulaibiya) of Kuwait Institute for Scientific Re-
search (KISR) has surveyed agricultural farms in three main areas of
Wafra, Abdali and Sulaibiya collecting data on major farms on existing
source of water, main crops, daily water uses and distribution of uses in
winter and summer months (Safar, 2004). Ten major farms from each
area were selected for collecting information. This paper summarizes
the data obtained during this survey.

Wastewater and Agricultural Activity in Kuwait

The collected data comprise of three main types of wastewater treat-
ment plants, past information on agricultural activity and potentials of
agriculture, and particulars of ten main farms from each of the areas
of Wafra, Abdali and Sulaibiya.

Wastewater: Main wastewater sources as of 2004 were the effluents
generated in five treatment plants of Jahra treatment plant, Ardiya treat-
ment plant (Abandoned since 2005 replaced with Sulaibiya treatment
plant), Um-Al Hayman treatment plant, Rigqa treatment plant, and Wa-
fra treatment plant. The plant at Ardiya is abandoned in 2005. Its influ-
ent is diverted to a new advanced treatment plant at Sulaibiya. Figure 1
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Introduction

Agricultural activity in Kuwait is restrained due to its extremely arid
climate and shortage of irrigation water. In the past country mainly relied
on scanty groundwater for irrigation. Groundwater source is approach-
ing exhaustion rapidly. Because of insufficient rainfall and rapid flow of
surface-runoff into the sea, annual infiltration of runoff into aquifers is
minimal in comparison to annual irrigation-need for groundwater. Inno-
vative processes for replenishment and recharge of aquifers with surplus
waters or treated recycled water are urgently needed to sustain future
agricultural activity in the country.

Alternative sources of irrigation water are desalinated seawater and
recycled once-used water. On cost consideration, desalinated seawater is
still not at feasible range. Recycled treated wastewater, however, can
meet a substantial portion of country’s irrigation demand. Kuwait pre-
sently generates nearly 500,000 m3 (Angelakis, 2006) of treated waste-
water effluent per day. As the country has very good wastewater
collection system with centralized treatment facilities, physically all of
this water can be reused with proper utilization plan. The quality and
additive property of soil-fertilization of this water makes it even more
attractive for reuse for irrigation purposes. In a recent study (Shaha-
lam, 2005) on the performance of one of the main treatment plants in
the country showed average concentrations of dissolved nutrients of to-
tal nitrogen, phosphate (PO4) and potassium (K) of 16.4, 12.9 and 12.7
mg/l respectively in tertiary effluent water. Total recycling of available
effluent for irrigation is equivalent to applying each day about 8.2, 6.45
and 6.35 ton of total nitrogen, phosphate and potassium respectively on
irrigated soil.

Improved treatment technology and resulting reduction in costs of
treating wastewater up to recommended standards for uses as irrigant
provide additional incentive to reclaim wastewater effluent for agricul-
ture. In Kuwait, an estimate indicated that treating wastewater up to ter-
tiary level (sand-filtration following secondary treatment of activated
sludge) costs about KD 0.058 per cubic meter at 2003 (Shahalam et al.,

- 82 -



Major Agricultural farms and sources
of Irrigation water in Kuwait

™) Abulbasher Shahalam
™) Abdallah Abusam
“)and Husain M. Safar
. /

ABSTRACT

Kuwait is in a zone of extremely arid climate with an annual rainfall
of nearly 120mm only. Its main source of water supply is desalinated sea-
water for potable use and groundwater and treated wastewater effluent
for irrigation and other uses. Recently outstanding development took
place in the farming area. Deserts are turned to greeneries and cash-crop-
ping fields. The future of this development and its sustainability depend
on reliable and dependable sources of irrigation water. Treated waste-
water effluent can satisfy a portion of irrigation demand with consistent
and reliable supply. A survey indicated that nearly 48% of wastewater
effluent from main wastewater treatment plants is presently diverted to
a centralized storage facility that distributes water for irrigation use in
greeneries and farms.

This paper presents the summary of data on farm size, type of crops,
water need during winter and summer, and sources of irrigation water in
30 selected large farms located at main farming areas of Sulaibiya, Abdali
and Wafra in Kuwait. The larger potential of utilizing all wastewater ef-
fluent is assessed.

(*) Water Technologies Dept, Water Resources Division, KISR, Kuwait.
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* Potentials of light grey water reuse at household level and community
level in Kuwait need further investigation.

Conclusions reached to in this study are preliminary conclusions.
Therefore, it is recommended to carry a large-scale study in order to
arrive at grey water generation rates that represent the various house-
hold types in Kuwait.

* To avoid the human and environmental health risks associated with
grey water reuse, it is reccommended to develop guidelines for grey
water reuse in Kuwait before encouraging grey water reuse in the coun-
try.
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irrigation or yards irrigation may not be acceptable. The acceptable reuse
options in such case seem to be toilet flushing and garden irrigation. But
garden irrigation is practically not an option for those who live in apart-
ments, unless a community grey water reuse scheme is established for

apartment-buildings.

Despite the great potentials for reuse and potable water savings,
grey water reuse in Kuwait and in many other countries in the region,
is not regulated. Without legislations and guidelines, reuse of grey water
may create more public health and environmental problems than bring
benefits. It is important that the general public be advised about which
grey water stream to divert for reuse, how to do that, what treatment
technology to use and what health precautions to take. These things
are usually specified in the reuse guidelines. Further, grey water reuse
should be considered as an integral part of sustainable water manage-
ment schemes. Unplanned large-scale grey water reuse schemes may cre-
ate operational problems to the existing central wastewater treatment
plants. Abu Qdais and Halalsheh (2004) predicted that with excessive re-
use of grey water, existing wastewater treatment plants in Jordan can be
organically over loaded to a degree that they can not meet the effluent
standards. Similar things may also occur in Kuwait, if grey water reused
in large scale without predefined plans. Thus, before encouraging people
in Kuwait to reuse. grey water, legislations and guidelines must first be
developed.

Conclusions and Recommendations:

* Kuwait seems to.have a very high potential for potable water savings
from reuse of light grey.

* Unlike Western countries, grey water reuse for toilet flushing at house-
hold level in Kuwait will save only about 15% of household potable
water consumption.
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Figure 1 show that about 85% of total household wastewater for the
three houses studied in Kuwait in Kuwait is grey water, and 84% of it is
light grey water (shower and hand basin wastewater). Therefore, a very
significant savings (up to 85%) in potable water consumption in these
households can be made from the reuse of only light grey water. How-
ever, obtdined results also indicate the insignificant contribution of toilet
flushing (about 15%) to total household wastewater (about 15%) in these
houses. As discussed below, this means that reuse of grey water in toilet
flushing alone will not contribute significantly in potable water saving at
household level in Kuwait.

For having an idea about grey water generation rates in Kuwait re-
lative to other countries, average values presented in Figure | were pre-
sented (Figure 2) against grey water generation rate in for Oman, USA
and Australia, obtained from literature. Figure 2 shows clearly that the
highest generation rate of light grey water is in Kuwait. In fact, such a
result was expected because of the very hot climatic conditions prevail-
ing in Kuwait. Another thing to be noticed from Figure 2 is that kitchen
wastewater in Kuwait contributes by only 12% to total household waste-
water. This puts, unexpectedly, Kuwait closer to USA and Australia than
to Oman which is in the same region. The reason for that may be Kuwai-
ti’s carry in the kitchen less activities that demand water (e.g. more often
order food from restaurants) than the people in Oman do. Further, it is
can also be noticed from Figure 2 that contribution of laundry waste-
water is negligible in both Oman and Kuwait, in comparison to that in
USA and Australia.
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Table 2: Average number of usage of water closet, hand basin, and shower

per day.
Water Closet (WC) Hand Basin Shower
Houschold Working | Weekend | Working | Weekend | Working | Weekend
Day Day Day Day Day Day
1 25.25 24.5 26.50 26.25 4.50 4.5
2 20.75 29.5 29.25 34.00 2.25 3.0
3 29.05 35.0 43.70 64.00 11.2 8.0

Table 3: Dish-washing and cloth-washing patterns.

Household

Dish-Washing Patterns

Cloth-Washing Patterns

1

Hand-washing: three times a day,
each time 10 minutes at rate of 8.0
liters per minute.

Three times a week, each time
about 47 liters of water will be con-
sumed.

Hand-washing: three times a day,
each time 7 minutes at rate of 8.0
liters per minute.

Two times a week, each time about
100 liters of water will be con-
sumed.

Hand-washing: three times, each
timel0 minutes at rate of 8.0 liters

Four times a week, each time about
80 liters of water will be consumed.

per minute.

Table 4 presents the contributions of the various household waste-
water streams to the total wastewater generated in the three monitored
households. From this table, it is apparent that the per capita generation
rate of wastewater for household No.2 is much less than the other two
households. Reasons for that might be: (i) household No. 2 is using smal-
ler volume of WC cistern (7-8 liter) than the other two households (10-11
liters), (ii) residents may have forgotten to register some of usages of the
sanitary appliances and (iii) number of children is the highest in House-
hold No.2 (4 children: 1-12 years olds). Normally, very young children do
not contribute significantly to wastewater generation. Nonetheless, the
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Table 1: Basic information about the houses studied

Household | Type Location | Number of Number of Type and
occupants toilets capacity of
cloth-washing
machine
1 Apart- Salwa 2 adults and 4 but only 3 5-kg
ment 2 children were in use. Front-loading
(5-8 years) One of them .
Machine.
has no shower
(guest toilet).
2 Flat Rumaithiya [ 2 adults and 3 all with 10-kg
4 children. showers. One Top-loading
(1-12 years) was not moni- | machine
tored (servant
toilet).
3 House Mishref 6 adults 4 but one of 7-kg Top-load-
them has no ing
shower (guest Machine.
toilet). .

Results and Discussions:

Table 2 presents the average usage frequency of WC, hand basin and
shower, while Table 3 presents the average usage frequency of dish-wash-
ing and cloth-washing. As expected, there is clear weekend trend for the
data obtained from households No. 2 and 3. However, such weekend
trend is not clear for the data collected for household No. 1. This per-
haps because residents of house No.l have forgotten to register some sa-
nitary appliance usages, or may be for a reason or another their usage
rate of the sanitary appliances in weekend days was the same as in work-
ing days. The important thing to notice here is that it is not possible to
generalize the average usage frequencies shown in Table 2 or 3 for whole
Kuwait from such a small-scale study. A large-scale survey such as that
carried out by Butler (1993), in fact, is needed in order to reach at a ty-
pical sanitary appliances usage in households in Kuwait. Nonetheless,
results of this study give a preliminary idea about the flow rate of the
various household wastewater streams in Kuwait.
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mate of the average domestic per capita water consumption rate. This is
because potable water per capita consumption rate is usually calculated
by adding the agricultural and industrial water demands to the domestic
water demands and then dividing by the total number of population. This
study attempted to estimate the generation rate of the various household
wastewater streams in three households in Kuwait, through monitoring
the frequency and duration of usage of the sanitary appliances.

Methods:

Frequencies of sanitary appliances usage were monitored for a
month by residents of three households located at Salwa, Rumaithiya
and Mishref areas of Kuwait. Table 1 gives basic information about
these houses. After collection of the basic information, the residents
were provided with forms that helped them to register the number of dai-
ly usage of all the household sanitary appliances. In fact, they were re-
quested to monitor the usage of the sanitary appliances twice a week:
one working day and one weekend day. For the water closet (WC), cloth
washing machine and dish washing machine, the residents were asked to
monitor only the usage frequency. But for other appliances they were
asked to estimate also the duration of usage duration and the average
of water flow rates.

Information provided by the residents was then used to calculate the
average daily usage of the various sanitary appliances and consequently
the generation rates of the various household grey water streams.

The method followed in this study is the same as that used by Ghisi
(2006) and Butler (1993). However, the latter was not interested in esti-
mating the flow rates of grey water streams. In fact he was wanted to
estimate the combined discharge rate of household wastewater, in order
to optimize the design of municipal drainage and sewerage systems.
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ment. In fact, the level of grey water treatment depends on the reuse op-
tion. In most of the cases, grey water treatment processes can be limited
to primary or secondary conventional treatment level, with or without
disinfection step (Jeffeson, 1999). For example, reuse of light grey water
in toilet flushing usually requires only primary treatment plus disinfec-
tion, while reuse of dark grey water in garden sub-soil irrigation requires
secondary level of treatment without disinfection.

There are many onsite (at household level) grey water reuse options.
For example, grey water is often reused in toilet flushing, garden irriga-
tion, yards watering, car washing, or cloth washing. But garden irrigation
and toilet flushing have proved to contribute significantly in potable
water saving. In Western countries, potable water savings from toilet
flushing alone reaches 30-40% at household and 60-70% or more in com-
mercial building (Lazarova et al., 2003, Jefferson et al., 1999). However,
benefits of grey water reuse are not limited to only savings in potable
water resources. Benefits of grey water reuse include also reduction of
the operational costs of wastewater treatment plants, relief of waste-
water treatment systems from organic and hydraulic over loads, and uti-
lization of the otherwise wasted nutrients (nitrogen, phosphorus and
potassium).

In general, wastewater is considered to be an important water re-
source for Kuwait because of the very limited amounts of fresh water
resources. For planning environmentally efficient and economically vi- -
able domestic grey water reuse schemes in Kuwait, reliable information
on the generation rate of the various household wastewater streams is
needed. However, such information is not available not only for Kuwait
but also for many of the countries in the region. Further, it is not possible
to accurately estimate household wastewater generation rates from the
available potable water per capita consumption rates. In fact, potable
water per capita consumption rate may not give even an accurate esti-
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growing demand on fresh water within the actually limited available re-
sources, water management policies in many part of the world are now
putting more emphasis on reduction of water consumption rates, water
recycling and water reuse. Main goals of such policies are to achieve sus-
tainable water supplies and at the same to protect the environment.

As the reuse of urban wastewater has proven to be the most effective
way to reduce the demand on potable water, interest in urban wastewater
reuse is nowadays increasing all over the world (Patterson, 2004). Urban
wastewater can broadly be classified as industrial wastewater, agricultur-
al wastewater, and domestic wastewater. Because grey water generally
represents 50-80% of the domestic wastewater, grey water reuse has re-
ceived great attention in the last decades. In general, grey water reuse
is a significant method for recycling domestic water, reducing pollution
and conserving resources. Although attention has been paid lately to it,
in fact, grey water reuse is not new. It has been practiced for centuries in
many parts of the world. A good example here is the reuse of bathroom
wastewater for garden irrigations.

Grey water is commonly defined as all households wastewater ex-
cluding toilet wastewater, which is usually called black water. Domestic
grey water is often divided further into light grey water and dark grey
water. Light grey waters are wastewaters that come from showers, hand
basins, and bath tubes, while dark grey water are wastewaters that are
generated in kitchen and laundry rooms.

In comparison to ordinary wastewater, grey water contains less con-
centration of pollutants (Eriksson, et, 2002; Mullegger et al. 2003). For
this reason grey water can be treated and reused more easily than ordin-
ary wastewater. Simple low-cost treatment technologies are usually quite
sufficient for the treatment of grey water. However, conventional and/or
advanced treatment technologies are nowadays used in grey water treat-
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ABSTRACT

This paper presents results of a preliminary study conducted to es-
timate the generation rates of household wastewater streams in Kuwait,
in order to enable future assessment of potable water savings potentials
from grey water reuse at household level. For a month, frequency and
duration of usage of the sanitary appliances in three households in Ku-
wait were monitored. Accordingly, flow rates of the various household
wastewater streams were estimated. Analysis of the obtained results indi-
cated the followings: (i) On average, 85% of household’s wastewater in
Kuwait is grey water, and (ii) Approximately 84% of household’s grey
water in Kuwait comes from showers and hand basins (i.e. light grey
water). These findings clearly indicate that there are great potentials
for potable water savings in Kuwait from reuse of light grey water.

Keywords: Wastewater, Grey water, Reuse, Potable water saving,
Households, GCC.

Introduction:

Although fresh water resources are scarce, demand on them is
world-wide steadily increasing due to the exponential growth in popula-
tion, urbanization and changes in life-style patterns. To meet the ever-

(*) Water Technologies Dept. Water Resources Division, KISR - Kuwait.
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CONCLUSIONS

Water is the most limiting factor in the agricultural production sys-
tems within the GCC countries. It is most likely that an increasingly less
volume of water will be available in this sector due to high demands
placed by municipal and industrial use. To overcome the problem, devel-
opment of science-based best management practices for satisfying crop
water demand using appropriate irrigation methods is needed under
the growing water scarcity and low water quality conditions. Concur-
rently, crop water demands need to be reduced by selecting appropriate
cropping patterns suitable for the region. Thus an integrated approach
for (i) increasing available water supply (including use of marginal qual-
ity waters), (ii) reducing crop water demand, and (iii) increasing water use
efficiencies, is the right solution for sustainable irrigated agriculture. In
addition, more investment in scientific research is needed to improve irri-
gation water management systems throughout the region.
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Often, surface or subsurface drainage systems are essential in main-
taining the salt balance in the rootzone especially under saline/sodic con-
ditions. The drainage system produces large volume of effluent that could
be reduced by design and operation of irrigation water application meth-
ods. The agriculture drainage effluent, however, needs to be reused for
crop/halophyte production or proper disposal of effluent is essential for
avoiding environmental/pollution hazards.
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Figure 3. Areas under Irrigation in the GCC countries during the year 2000 and 2001
(source: FAO AQUASTAT)

ICBA has been working with the national research programs of the
region in developing sustainable and productive saline irrigation and
drainage systems. In fact, research in the water sector in the region is
challenging considering growing scarcity and declining water quality sce-
narios. To cope up with this situation, ICBA’s research program has been
focused on an integrated approach for decreasing irrigation system losses
in crop and forage production systems and to develop management prac-
tices under marginal water quality conditions for facilitating sustainable
agricultural production systems.
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IRRIGATION WATER MANAGEMENT SYSTEMS

Figure 3 presents the areas under irrigation in the GCC countries.
The total irrigated area is 2105 thousand ha based on 2000 and 2001 es-
timates. There is a scope in increasing the irrigable areas in all the GCC
countries if water availability can be ensured. In terms of the present le-
vels of water use, about 76% is being diverted to agricultural sectors fol-
lowed by the domestic sector. The agriculture sectors of both Oman and
Saudi Arabia receive a greater share than any other GCC countries (Ta-
ble 1).

The present irrigation methods include traditional surface irrigation
(furrow and basins), sprinklers, and low-pressure micro-irrigation meth-
ods (i.e. bubbler and drip) methods. It is very difficult to achieve high
application and distribution efficiencies in surface irrigation methods.
‘Modern irrigation methods such as sprinkler, bubbler and drip, how-
ever, have been found to be more efficient in decreasing irrigation water
losses. It is a well-established fact that the drip method is preferable for
vegetables and agro-forestry. In the case of forage and grasses, sprinkler
method has advantages over the others. The bubbler method, however, is
better suited for fruit trees and ornamental plants.

The irrigation system planning in the region should be based on the
growing water scarcity, declining water quality and possible appropriate
cropping patterns. In fact, existing cropping intensity in the region is
comparatively low; <1 for Saudi Arabia, Bahrain and Kuwait, 0.66
for Qatar, 1.15 for Oman. It is very difficult to economically justify an
irrigation project where the cropping intensity is lower than 1. Thus irri-
gation water needs to be conserved by utilizing appropriate irrigation
method(s) so that cropping intensity can be increased. In addition, salt
accumulations in the rootzone that develop through evaporation or eva-
potranspiration depend mostly on the water distribution pattern inherent
with the irrigation method. Applying a well-planned and appropriate ir-
rigation method is crucial under water scarcity situations.
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secondary treatment plant. Presently the GCC countries utilize about 40
percent of treated wastewater for irrigation of non-edible crops, fodder
and greening (i.e. landscaping). In fact, it would be a worthy investment
in the research and development of wastewater treatment processes for
reducing the treatment cost further from its present approximate cost
of US$0.50 per cubic meter of water. This would also help in minimizing
environmental hazards by protecting degradation of water/aquatic eco-
systems.

Table 2. Desalinization capacity of the GCC countries in 2000

Country _ Capacity (million m3 per year)
Bahrain 104
Kuwait 522
Oman 60
Qatar 178
Saudi Arabia 1278
UAE 1081
Total 3223

Source: ICBA, 2006
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Figure 2. Total and per capital renewable water resources in the GCC countries
(Source: FAO AQUASTAT, 1997 and ICBA, 2006)

- 64 -






Due to the high population growth in the region, demand for fresh
water has been increasing in such a way that there will be a tremendous
strain on the water resources in the near future. This has been reflected in
the International Water Management Institute (IWMI) Global Water
Scarcity Study. The study projected that the GCC countries (are in red
color) are already now or will not have enough renewable water re-
sources to meet their water needs by 2025 (Figure 1). Thus, the GCC
countries fall into the "severe level" of water scarcity in terms of present
water use, possible options for future expansion or alternatives of renew-
able water resources. The map also shows that the GCC countries (cross-
hatched areas) are now importing over 10% of their cereal consumption.

Table 1. Total water availability and usage in irrigation

Country Total water availability % use in irrigation
(Bm3/year)

Bahrain 0.25 71
Kuwait 0.88 60
Oman 1.74 93
Qatar 0.17 74
Saudi Arabia 493 90
UAE 1.29 67

Total availability includes renewable water resources, desalinated water and was-
tewater reuse (Source: ICBA, 2006)

The major obstacle in the sustainable agricultural development of
the GCC countries is the lack of renewable water resources. The overall
picture of the available total and per capita renewable resources in the
GCC countries are presented in Figure 2. Saudi Arabia has the highest
renewable water resources (2.4 km3/year), and the least for Kuwait
(0.02 km3/year); whereas in terms of a per capita basis, Oman has the
highest renewable resources. ICBA (2006) presented per capita annual
renewable water resources by regions and found that the GCC countries
fall under the least available categories in comparison with other regions
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INTRODUCTION

All the GCC countries are situated in arid and semi-arid zones. Such
climatic conditions are characterized by low and variable precipitation
with high evaporation, limited renewable water resources, increased
groundwater salinity and absence of surface water bodies. The total agri-
cultural production area is 2.13 million ha with a total arable land of
about 4 million ha. In the region, agriculture represents a little share of
the total GDP and contributes only about 12 percent to total employ-
ment. On average, agricultural imports are more than 10% while exports
are very negligible. In some parts, agriculture and fishing are sources of
income especially for local inhabitants. In the past, local people of these
countries had adjusted their life to water shortage conditions. The huge
hydrocarbon resources in the region resulted in rapid socio-economic de-
velopment and also urbanization. This development has increased per ca-
pita water consumption and has resulted in acute shortages of water
resources throughout the region.

Agriculture uses 85-90% of the groundwater withdrawn in the re-
gion but such quantities are insufficient to grow all of the region’s food
needs, given the relatively low adoption of high-efficiency irrigation
methods. This paper evaluates the water availability for agriculture and
irrigation water management systems in the GCC countries.

WATER RESOURCES AVAILABILITY

Conventional Water Resources

Table 1 presents the total water availability in the GCC countries.
The total available water is about 9.26 billion m3 per year that includes
renewable water resources, desalinated water and wastewater reuse. All
GCC countries except Bahrain and Qatar have already initiated steps
for wastewater reuse for irrigating non-edible crops/grasses. In terms of
~ water quality, water in the region contains varying degree of salinity.
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ABSTRACT

This paper presents an overview of the available water resources in
the agricultural production systems of the Gulf Co-operation Council
(GCC) countries (i.e. Bahrain, Kuwait, Oman, Qatar, Saudi Arabia
and the United Arab Emirates). Available water sources include surface
and groundwater, in addition to non-conventional sources such as desa-
linized and treated wastewater. In fact, limited precipitation and its varia-
bility along with higher evaporation rates have led to severe regional
water shortages. With increasing populations, urbanization and indus-
trial growth in these countries, a large quantity of water supplies will*
be diverted away from agriculture sectors to domestic water supply
and industrial use.

Recent advancements in the development of irrigation methods and
management techniques facilitate the use of saline water with minimum
adverse effects on crop/forage production, soil productivity and the en-
vironment. It may be necessary to add drainage systems to maintain a
threshold level of salinity in the root zone. These drainage systems, how-
ever, may generate a large quantity of poor quality effluent unless appro-
priate irrigation methods are selected to reduce drainage volume. Further
research is needed for drainage effluent reuse in crop or aquaculture pro-
duction, in addition to the disposal of final drainage effluent.

(*) International Center for Biosaline Agriculture Dubai, U. A. E.
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Table 7. Microbiological Results of Run-off Samples from Rumethiya Site.

Rain Events Date T.C. F.C.
No. (cfu/100ml) (cfu/100ml)
1 13.11.05 86 20
2 16.11.05 185 6
3 24.12.05 1278 1278
4 25.12.05 1480 1283
5 08.01.06 31 5
6 11.01.06 1213 0
7 13.01.06 107 102

Note: T.C and F.C. are total coliform and fecal coliform bacteria, respectively.
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Table 4. Trace Elements Results of Rainwater Samples from Rumethiya Site.

Rain Date F Cu Fe Ni Pb v Zn
Events (mg/1) | (mg/1) | (mg/1) | (mg/1) | (mg/1) | (mg/) (mg/l)
No.
3 24.12.05 <0.I | <0.05]| <0.05| <0.05] <0.1 | <0.05] 0.07
4 25.12.05 <0.1 | <0.05| <0.05| <0.05| <0.01 | <0.05 | <0.05
5 08.01.06 <0.1 | <0.05| <0.05 | <0.05| <0.01 | <0.05| <0.05
6 11.01.06 | <0.10 | <0.05 | <0.05[ <0.05| <0.01 | <0.05| <0.05
7 13.01.06 <0.1 | <0.05| <0.05( <0.05 | <0.01 | <0.05| <0.05

Table S. Trace Elements Results of Run-off Samples from Rumethiya Site.

Rain Date F Cu Fe Ni Pb v Zn
Events (mg/1) | (mg/l) | (mg/1) | (mg/1) | (mg/l) | (mg/1) | (mg/1)
No. :
1 13.11.05 2 0.30 <0.05| 1.80 18.4 6.20 <0.05
2 16.11.05 0.10 <0.05 | <0.05| <0.05| <0.05| <0.05 | <0.05
3 24.12.05 | <0.10 | <0.05| <0.05| <0.05| <0.10 | <0.05| 0.06
4 25.12.05 | <0.10 | <0.05| <0.05| <0.05| <0.01 | <0.05] <0.05
5 08.01.06 | <0.01 | <0.05| <0.05] <0.05| <0.01 | <0.05| <0.05
6 11.01.06 0.10 <0.05 | <0.05| <0.05 | <0.01 | <0.05| <0.05
7 13.01.06 0.10 <0.05 | <0.05| <0.05] <0.01 | <0.05 | <0.05

Table 6. Microbiological Results of Rainwater Samples from Rumethiya Site.

Rain Events Date T.C. F.C.
No. (cfu/100ml) (cfu/100ml)
2 16.11.05 420 0
3 24.12.05 0 0
4 25.12.05 2419 0
5 08.01.06 0 0
6 11.01.06 1120 0
7 13.01.06 10 0

Note: T.C and F.C. are total coliform and fecal coliform bacteria, respectively.
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Table 1. (Cont.)

Parameter Guideline Value

Cl (mg/1) 250
NH3 (mg/l) 1.5
NO2 (mg/] 3.0
NO3 (mg/l) 50.0
Zn (mg/1) 3

F (mg/) 1.5
Cu (mg/l) 1.0
Fe (mg/l) 0.3
Ni (mg/l) 0.02
Pb (mg/l) 0.01
Total Coliform Bacteria (cfu/160ml) 10
Faecal Coliform Bacteria (cfu/100ml) .0
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* The treatment required for the run-off generated to make it usable for
different uses should investigated.
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Table 1. World Health Organization Drinking Water Standards.

Parameter Guideline Value
pH 6.5-8.5
TDS (mg/l) 1000
Turbidity (NTU) 5
Alkalinity (mg/l) 100
T. Hardness as CaCO3 (mg/l) 100
H2S (mg/1) 0.05
C12 (mg/l) 0.2-0.5
Ca (mg/l) 75
Mg (mg/l) 150
Na (mg/l) 200
K (mg/l) 10
S04 (mg/l) 200
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Conclusions

In general, the rain water samples collected at Rumethiya site indi-
cated high levels of turbidity and total coliform bacteria whereas, the run-
off samples including the first cycle of rain event on 13 November
indicated high levels of TDS, total hardness, TOC, trace elements, total
coliform and fecal coliform bacteria. These high values of turbidity and
bacteria in the rainwater was due to the presence of dust and fine sand in
the air, and on the surfaces of these particles, bacteria were adsorbed, and
all dissolved in the rainwater and formed muddy rain. On other hand, the
high values of contaminants in the run-off samples were due to flushing
of the accumulated sediments and dust on the roof of the house.

The water quality parameters (turbidity, TOC, bacteria) for both the
rainwater and runoff samples were above the recommended limits set by
WHO drinking water standards. This means that this water should not be
used for drinking purpose unless it is treated for these parameters using
techniques such as sand filter, activated adsorbed carbon and disinfec-
tion. Application of sand filtration through adsorption by activated car-
bon and chlorination should remove turbidity, TOC and bacteria from
both the rainwater and the run-off. Also, this water can be used without
treatment for other applications such as irrigation and washing.

Recommendations

Based on the results of the study, following recommendations re-
garding quality and quantity of run-off are made:

* Pilot study is needed to determine the quality of the run-off from the
roof of buildings in several residential areas and for the maximum rain-
fall period.

* Meteorological station including rain gauge should be installed within
the residential areas to estimate rainfall and monitor run-off quantity
better.

* Design for a storage tank is needed to capture the roof run-off in the
houses.
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Fig. 7. Trace elements concentrations of run-off samples at Rumethiya site.
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Fig. 8. Bacteria content in rainwater and run-off samples at Rumethiya site.

The total coliform and fecal coliform bacteria values for the run-off
samples collected at the same site. ranged between 31 and 1480 cfu/100
ml, and between 0 and 1283 Cfu/100 ml, respectively.
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Fig. 5. Nitrate, nitrite and ammonia concentrations of run-off samples at Rumethiya site.
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Fig. 6. TOC concentrations of run-off samples at Rumethiya site.
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Total organic carbon (TOC) paraineter was used in this study to de-
termine the levels of rainwater and run-off samples polluted with organic
compounds. American public Health Association (APHA, 1989), sug-
gested that the maximum limit of TOC value should be 25.0 mg/1 for
drinking purposes. The average TOC value for the rainwater samples col-
lected at Rumethiya site was found to be 1.9 mg/l, while the average value
of TOC for run-off samples was found to be 9.1 mg/l (Fig.6).

The results of the trace elements are shown in Tables 4-5. These ele-
ments compared with the world health organization guidelines for drink-
ing water standards. Drinking water values of 1.5 mg/l, 2.0 mg/l, 0.3 mg/
1,0.02 mg/l, 0.01 mg/l and 5.0 mg/l were set by WHO, for F, Cu, Fe, Ni,
Pb and Zn, respectively. All the trace element results of the rainwater col-
lected in Rumethiya area were below the values of WHO drinking water
standards. On other hand, the run-off samples collected at the same site
revealed that trace element concentrations were below the values of
WHO drinking water standards, with the exception of the run-off sam-
ples collected on 13 November 2005, where relatively high concentra-
tions of fluoride (2.0 mg/1), nickel (1.8 mg/l) and lead (18.4 mg/l) were
detected as demonstrated in Fig. 7.

Total coliform bacteria (TC) and fecal coliform bacteria (FC) para-
meter were used in this study to determine the bacterial contamination in
both the rainwater and run-off samples (Tables 6-7). The drinking water
standards set by WHO, recommended upper limits of 10 colony forming
unit (cfu) per 100 ml and 0 cfu/100 ml for total coliform and fecal coli-
form bacteria, respectively. The total coliform bacteria values for the
rainwater samples collected in Rumethiya site ranged between 0 and
2419 cfu/100 ml (Fig. 8). These bacteria probably adsorbed by the dust
or sand particles during rainfall period. The bacteria analysis revealed
absence of fecal coliform bacteria in these samples.
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Fig. 3. Turbidity concentrations of rainwater samples at Rumethiya site.
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Fig.4. Total hardness concentrations of run-off samples at Rumethiya site.

The average values of nitrate, nitrite and ammonia for the rainwater
samples were found to be 25.4 mg/l, 1.1 mg/l and 0.53 mg/l, respectively,
while the average values for the same parameters for the run-off samples
was found to be 12.1 mg/l, 3.4 mg/l and 0.8 mg/l, respectively (Fig. 5).
Nitrate is the dominant nitrogen form in the rainwater.
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Fig. 1. pH values of run-off samples at Rumethiya site.
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Fig. 2. Salinity concentrations of run-off samples at Rumethiya site.
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for run-off samples ranged between 5.5 and 7.2 with an average value of
6.6 and plotted in Fig.l. These data indicate that rainwater found in
slightly acidic to neutral media. For the same site, the salinity values of
the rainwater expressed as TDS ranged between 35.0 mg/l and 104.0 mg/I
with an average value of 64.0 mg/l. Those for the run-off samples ranged
between 41.5 mg/l and 1097.0 mg/l with an average value of 234.0 mg/l
(Fig.2). In general, the TDS values of the rainwater were lower than the
TDS values of the run-off. The average values of TSS and turbidity for
rainwater at Rumethiya site were found to be 40.0 mg/l and 25.4 nephe-
lometric turbidity unit (NTU), respectively (Fig.3). In general, the turbid-
ity values of the run-off were higher than those of the rainwater.

Based on the concentrations of the major cations and anions, the
rainwater and run-off in the study area is characterized by two water
types (Tables 2-3). These are CaSO,, and HCO; water types. The concen-
trations of the cations (Na, Ca, K and Mg) and anions (Cl, SO4 and
HCO3) of CaSO,, and CaHCO; water types increased in the following
order: Ca > Na > Mg > K and SO4 > Cl > HCO3, and Ca > Na
> Mg > K and HCO; > SO, > Cl, respectively. Total hardness
(HT) expression is related to presence of calcium (Ca) and magnesium
(Mg) ions in the water. The average total hardness value of the rainwater
samples collected at the site was found to be 14.0 mg/l, while the average
value of total hardness for run-off samples was found to be 141.0 mg/l
(Fig.4). Based on the available data, the rainwater for this site was clas-
sified as soft water (hardness < 75 mg/).

Three nitrogen forms were studied for the rainwater and run-off
samples. These are nitrate (NO3), nitrite (NO2) and ammonia (NH3).
These compounds can be found in the rain water mainly naturally
through oxidation and reduction process for the nitrogen gas in the at-
mosphere, and may also be formed by industrial processes which pro-
duce vapors of nitrogen compounds, that pollute the air and rainwater.

- 48 -



area was selected to represent collection of run-off samples from a small
roof with area of 215m2. At the same site, direct precipitation was col-
Jected to determine the differences in the levels of pollution between the
direct precipitation and the run-off.

Samples were collected during heavy rain fall and run-off periods.
The samples were transferred from the containers by hand pump to ster-
ilized bottles. The runoff samples form the site was collected directly from
the drainage outlet. All samples were collected in sterilized glass bottles
and without adding preservatives and were kept cool with ice bricks in
the ice box, until these were delivered to the laboratory. Two to three
liters of water samples was gathered from the site.

Water samples were analyzed for several parameters for the determi-
nation of both rainwater and run-off water quality. The water samples
were analyzed for the following parameters; turbidity, Ca, Mg, Na, K,
NH3, SO4, Cl, NO3, NOz, HCO3, C03, F, Zl’l, Fe, Cu, Ni, V, Pb, TSS,
TDS, total hardness, total organic carbon (TOC), chemical oxygen de-
mand (COD), petroleum hydrocarbon (TPH), total coliform bacteria
and fecal coliform bacteria. These parameters were analyzed according
to standard methods for the examination of water-and wastewater
(APHA, 1998). These water parameters were selected based on the natur-
al and man made pollution sources and international practice.

Results and Discussions

The chemical, organic and bacterial analysis results for rainwater
and run-off samples were compared with the world health organization
(1984) guidelines for drinking water standards (Tables 1-7). The water
parameters such as pH, salinity, turbidity, major ions, total hardness, ni-
trogen compounds, organic compounds, trace elements and bacteria con-
tent for the site are discussed in separate sections.

The pH values of the rainwater samples collected in Rumethiya site
ranged between 6.0-7.8 with an average value of 7.1, while those values
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Introduction

Although the collection of rainwater for potable purposes is an an-
cient practice and is widespread in many parts of the world today, rain
water harvesting systems have largely been viewed as a black box. Re-
search has neglected many important facts of rainwater harvesting in-
cluding the critical area of process understanding with regard to water
quality changes and treatment mechanisms.

In arid areas like Kuwait, with absence of natural water resources
such as rivers, lakes and springs, the rainwater, run-off water should be
utilized to the maximum extent. Although the amount of rainfall is small,
heavy run-off can create severe environmental problems for human,
plants and soil displacement. Intense rainfall during winter season can
create strong run-off water, and this run-off can produce flooding espe-
cially if the stormwater manhole system was not designed properly as de-
monstrated in the run-off flooding in 16 December 2004, Kuwait. Rain
water samples collected from direct precipitation of that event indicated
fresh water of 100 mg/l salinity.

Large quantities of run-off can be utilized especially if the certain
structures are built to store the run-off water. Run-off can be also be
exploited in residential areas and collected in tanks from the roof of
the private houses, and used for drinking, washing and gardening activ-
ities. Moreover, the run-off can recharge the groundwater and increase
the water table level if it passes through permeable aquifer materials.
More studies are needed in Kuwait to determine the quantity and quality
of the run-off water. The main objective of the current study is to evalu-
ate the quality of run-off water after intense rainfall periods in residential
areas of Kuwait. ‘

Methodology

The rainwater and run-off sampling were completed in three months
from November 2005 to January 2006. A private house in Rumethiya
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ABSTRACT

A field study was carried out to determine the quality of run-off _
water from the roof of a house in Rumethiya area, Kuwait. The rain-
water and run-off samples were collected from this site and analyzed
for parameters including pH and electrical conductivity (EC), total dis-
solved solids (TDS), turbidity, major cations (Na, k, Ca and Mg), major
anions (SO4 , Cl and HCOj; , NO;3), total hardness, nitrogen compounds
(NO3 , NO, and NHj3 ), trace elements (F, Cu, Fe, Ni, Pb and Zn), or-
ganic compounds (TOC) and bacterial indicators( total coliform bacteria,
fecal coliform bacteria). The laboratory results indicated that TDS values
of the rainwater ranged between 35.0 mg/l and 104.0 mg/l with an aver-
age value of 64.0 mg/l, while those values for run-off samples ranged be-
tween 41.5 mg/l and 1097.0 mg/l with an average value of 234.0 mg/l. In
general, the water analysis results revealed that the first cycle of rain had
the highest concentration of pollutants compared with the next cycles.
This is probably due to flushing the sediments and dust on the roof of
the investigated house. Moreover, the rainwater samples meet the drink-
ing water standards, while the run-off samples need to be treated before
being used for drinking. The treatment included removing the dust and
sand particles as well as water disinfection. Also, this water can be used
without any treatment for other applications such as for agricultural and
washing purposes.

(*) Water Resources Division - Hydrology Dept. KISR - Kuwait.
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Table 5. (Cont.)

Wood Density 5 Years 10 Years 15 years
(MAI) *
Carbon in biomass (t/hr/yr)

0.6 29 5.8 11.9

0.8 3.8 7.6 15.2

1.0 4.8 9.6 19.2

Total Biomass Carbon (Tons)

0.6 14.3 429 85.8

0.8 19.0 57.0 114.0
1.0 24.0 72.0 144.0

* MAI - Mean annual Increment (of stem volume) in m3fhafyear
** With assumption that the ratio of total : stem biomass is I : 0.9.

Conclusions:

Use of marginal resources of water for growing forage/fodder and
fuel is the need of the present and future. With an overwhelming pres-
sure on fresh water resources for domestic and other uses, it is impera-
tive that these agricultural crops be grown with saline groundwater,
drainage water and other resources. This on one hand would partially
free fresh water and/or desalinated water that is used in the GCC region
for most of the agriculture. On the other hand, the high quantity of these
marginal water resources can play a major role in supplementing produc-
tivities.

Research studies done in the GCC countries and elsewhere have al-
ready proved the viability of using these marginal water resources into
agricultural production systems. Long-term results are also available to
demonstrate sustainability, economic viability and environmental im-
pacts of the biosaline agriculture technology. In many GCC countries,
the technology has already been introduced, both through national agri-
cultural system and private sectors. The next step is to move the technol-
ogy as an integrated on-farm system using land, water and livestock to
make it more economical.
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tic species to sequester carbon has received attention as they can remove
atmospheric carbon from additional 720 m.ha of coastal deserts and in-
land saline basins (Ayoub and Malcolm, 1993; Glenn et al., 1992).

Marcar (Pers.Comm.) have estimated the projected amount for dif-
ferent Australian tree species based upon average values of carbon in re-
lation to the density of wood and the ratio of total plant biomass to stem
biomass (as stem is known to sequester most of the carbon). These esti-
mates have been made for trees that can grown on moderately saline con-
ditions (10-20 dS.m-1). The total carbon in stem, branch and leaves are
assumed to vary between 45-50% (Table 5).

Table 5. Average estimates of carbon sequestered by different
Australian species. ‘

Wood Density 5 Years 10 Years 15 years
(MAI) *
Woody stem (t/ha/yr)
0.6 3.0 6.0 9.0
0.8 4.0 8.0 12.0
1.0 5.0 10.0 15.0
Carbon in stem (t/ha/yr)
0.6 1.5 3.0 4.5
0.8 2 4.0 6.0
1.0 2.5 5.0 7.5
Total Stem Carbon (Tons)
0.6 7.5 22.5 45.0
0.8 10.0 30.0 60.0
1.0 12.5 37.5 75.0
Total Biomass (t/hr/yi')**
0.6 5.7 11.4 22.8
0.8 7.6 15.2 304
1.0 9.5 19.0

- 40 -




Arab Emirates and proved to be successful. The species has > 90% estab-
lishment rate at salinity levels of 15-25 dS.m-1. It can be grown as an
agro-forestry component, while the under-storeyed area can be used
for annual salt tolerant crops and forages. A. ampliceps grown in Saudi
Arabia is reported to show 100% survival and produce 39.7 ton.ha-1
- after 40 months, when grown at the same 4x4 m inter-plant distance
(Aref et al., 2003).

C. Carbon Credits

The role of agricultural crops, grasses/shrubs and trees for carbon
seques-teration has been of interest to agriculturist and environmentalist
due to multiple role in alleviating the greenhouse effect of gases (Paustian
et al., 2000; Northop and Brown, 1999; Schlesinger, 1999). Carbon se-
questeration by plants and carbon credit markets has gained a lot of mo-
mentum after the Kyoto protocol on gas emissions. Most of the carbon
can be fixed through tree species, however, shrubs (especially halophytes)
and even grasses (van Ginkel et al., 1999; Polley et al., 1997) can fix ad-
ditional carbon each year. Perennial species are a continuous source of
carbon sinks and a lot of efforts are being done to grow trees and shrubs
that are fast growing. Europe and Australia has taken the lead due to
better environment and high precipitation rates. However, in CWANA
region, marginal land and water resources can certainly be turned into
profit industries by growing multi-purpose plants that can also sequester
carbon.

It is estimated that 130 million ha of dry wastelands worldwide, are
suitable for growing highly salt tolerant plants and halophytes, which can
be used for forage, feed and oilseed. This can assimilate 0.6 - 1.2 giga-
tonnes of C per year, out of which a net amount of 22-30% of actual
carbon rate can be fixed. Estimates of prices for the carbon credit ranges
from US$ 2 - 60 per tonne of CO2 equivalent (Queensland Government
Agencies, 2001).

The amount of carbon fixed varies on the species tested, its growth
rate and productivity as influenced by salinity conditions and the way the
amount has been estimated. In general, after the foliage has been re-
moved, the woody stem would act as a carbon sink. The role of halophy-
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Tree species like Eucalyptus, Poulus, Salix grown on rotations of 1-
15 years can produce 10-15 t dry matter/ha/yr. Approximately 11250 ha
of such woody crops, could supply enough biomass for a 30 MW power
station. What these figures show that an established plantation of these
and other trees and shrubs can be sustainable without additional input.
In most cases, once these plantations are established, minimal or no
maintenance are required with no supplemental irrigation, as they tap
ground water resources.

Table 4. World total energy supply and its contributors.

Sources Percentage

QOil 35.0

Coal 23.5

Gas 21.2

Renewables 13.5 Biomass & Wast:e 10.8%

Hydro: 2.2%
Others: 0.5%

Nuclear 6.8

Source: IEA Renewables Information 2004

Globally, more than 1000 m.ha are land are affected by salinity,
whereas, about 3200 m.ha are dry desert areas, the latter contributing
to 43% of the total world area. These areas are un-cultivated and non-
productive and do not contribute to the countries economy in most
cases. Most of these areas are located near sea and except saline/brackish
groundwater or direct sea water intrusion in aquifers, no other source of
water is available. Many halophytes and other salt tolerant plants that
can thrive under the harsh conditions can make a significant change if
introduced and domesticated through the national programs of the coun-
tries. GCC countries do have the land area and other investment re-
sources for turning the desert and coastal areas into productive
systems. This would have long-term social, economical and environmen-
tal impacts.
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Paspalum vaginatum, has shown that the possibilities of fixing atmo-
spheric nitrogen and lateral movement to the adjacent/under-storeyed
grasses. At 30 dS.m-1 of irrigation water, the grasses produced about
30-32 tons of dry matter/ha/year, whereas, the foliage of the tree was ad-
ditional source of fodder.

B. Bioenergy

Bioenergy is produced by the release of stored chemical energy from
plant biomass, as a result of photosynthetic activity of plants. It is the
most widely used renewable source of energy in the world. It provides
almost all global energy requirements two centuries ago, and still it pro-
vides 11% of the world primary energy supplies. The need for more re-
newable energy has further emphasized the role of biomass for bioenergy.
Currently, 5.9% of Canada’s primary energy demand is supplied from
the combustion of biomass, whereas, 4% in US (Overend, 1997).
Bioenergy has the following benefits:

* Biomass can be used as a source of energy indefinitely because plant
matter is renewed continuously by photosynthesis in a short re-growth
cycle.

* Due to the short replication cycle of biomass, using bioenergy does not
increase atmospheric carbon dioxide, one of the greenhouse gases con-
sidered to be the major cause of global warming.

* Vegetable oils from canola seeds, corn seeds, sunflower seeds, flax seeds
etc. can be treated efficiently to produce a clean-burning fuel, bio-diesel.

The main biomass resources to convert to bio-energy include (i) the
agricultural and forestry residues, and (ii) dedicated energy crops: bio-
mass, sugar and oil, to produce bio-diesel and bio-ethanol, respectively.
Until now corn has been the major species used for conversion of bio-
mass to ethanol, producing approximately 1 b gallons of ethanol/yr in
USA (McLaughlin et al., 1999). The global energy market is dominated
by fossil fuels (Table 4) and renewable energy is positioned after fossil
and before nuclear energy.
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drought tolerant. Many cultivars and lines of these have been tested and
introduced in Oman and UAE in the GCC countries; and Syria, Jordan,
Tunisia, Egypt in the Arab region. Other grass species like, Cenchrus,
Coelachrum, Panicum have already been tested and introduced in the
production systems. Species that have been evaluated extensively not
only for fodder yield, but also for their nutritional qualities, include, Dis-
tichlis spicata, Sporobolus virginicus, S. arabicus and Paspalum vagina-
tum. Productivity levels of about 30-40 tons dry matter/ha/yr at 30 dS.m-
1 have been obtained through long-term trials at ICBA. The technology
of using these species into production system has been transferred to the
national agricultural programs in South Asia, Middle East, WANA and
CAC region.

There is also a big potential of introducing shrubs and trees not only
for forage/fodder, but also for soil amelioration and wood production.
Species from genera, Atriplex, Salsola, Kochia among shrubs and Aca-
cia and Prosopis spp. among trees would be the future multi-purpose
plants in the region. In the arid and semi-arid regions of Africa, shrubs
and trees play a dominant role to provide fodder for the animals and con-
tribute about 60-70% for meat and dairy productions.

Another important production system for fodder is the agroforestry
system, where shrubs and trees are grown in combination with crops and
grasses. When land areas are scarce or when soil has a low fertility or is
sensitive to erosion, agroforestry techniques offer considerable benefits
for long-term agricultural sustainability. Trees and shrubs have an im-
portant ecological and economic role in farming systems. Such system
not only meet the demands of fodder and wood, but also maximizes pro-
ductivity per unit area, by growing crops and grasses as under-storeyed
species, in addition to better management of natural resources. Tree spe-
cies like Acacia farnesiana, Parkinsonia aculeata, Prosopis juliflora, Sal-
vadora persica, S. oleoides and Tamarix sp. are reported to be be
successful for agroforestry trials in saline soils (ECe > 25 dS.m-1) that
were also waterlogged (Dagar and Tomar, 2002). Trials using Acacia am-
pliceps, a salt tolerant leguminous tree with Sporobolus arabicus and
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Table 3. List of salt tolerant and halophyte plant genera that
have been reported to be of commercial values.

Salt Tolerant/ Halophyte Species Salt Toleranf/ Halophytes that ca.n used
for increasing tolerance to cultivars

Agropyron Lycium Acacia Hordeum
Allenrolfea Maireana Aster Phragimites
Atriplex Panicum Asaparagus Prosopis
Avicennia Paspalum Beta Trifolium
Casuarinas Plantago Capparis Cenchrus
Puccinellia Cassia Diplachne Salicornia
Ceriops Distichlis Salsola Chenopodium
Eucalyptus Spartina Chloris Juncus
Sprobolus Conocarpus Kochia Suaeda
Cynodon Kosteletzkya Tamarix Helianthus

A. Forage/Fodder:

Among the salt tolerant plants, forage/fodder has received more at-
tention than any other crops due to their high demand and lesser man-
agement needs. In the Arab region and especially in the GCC
countries, half of the irrigated areas is planted with forage species.
Furthermore, in order to maintain the desired productivity levels, most
of the species are grown with fresh water that have low water use effi-
ciency (wue) and therefore increases pressure on fresh water resources.
Alternatively, if salt tolerant forages are grown with marginal resources
of water and land, fresh water (desalinated water and treated water) can
be diverted for domestic, industrial and other sectors.

The need for increased forage is also projected in coming years due
to increased number of livestock in the region. Conventional forage spe-
cies like alfalfa, Rhodes grass and sudan grass grown in the region for a
number of years gave lesser interest to the farmers, due to their high
water requirements. A big interest is now for other conventional crops
(forages) like sorghum, pearl millet and barley that are both salt and
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With advancements in genetic engineering, biotechnology and other
technologies, threshold levels of salt-tolerant crops have been elevated
further and many crops can be grown up to a salinity level of 15 dS.m-
1. Table 2 provides the classification based on the new glycophytic crops
(both conventional and non-conventional) and halophytes used at ICBA
and other research centers.

Table 2. Salinity ranges and types of crops that can grow.

Classification Salinity levels Plant Types
(dS.m-1)
Slightly saline <5 Glycophytes
Moderately saline 5-15 Salt-tolerant crops (Glycophytes)
Highly saline 15-25 Salt-tolerant crops Glycophytes and Ha-
lophytes
Very highly saline > 25 Halophytes
Sea water i 40-60 Halophytes

Within these ranges of salinity, a number of species have been eval-
uated and tested for productivity trials in different parts of the world. A
number of vegetables and other crops fall under the first two category (up
to 15 dS.m-1), however, the main challenge is beyond 15 dS.m-1, where
other crops including forage and fuel can play a major role. The proceed-
ing section will deal with these categories of the plants, with emphasis on
their salinity tolerance, productivities and economic importance. Table 3
provides a list of some of the potential plant genera that have economic
importance. Comprehensive lists of salt-tolerant plants are reported in
literature (ICBA, 2002; Maas and Grattan, 1999; Anonymous, 1997;
Marcar et al. 1999; Ismail et al., 1990).
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In most cases, the drainage water has higher concentration of salts
and other contaminants that needs to be properly managed before its re-
use. However, in cases when soluble salts and non-toxic contaminants are
found in drainage water, they can be treated through bioremediation and
the water can be used safely. Such studies have already been done in
Mexico, California (USA), Australia, Central America, and Jordan. In
San Joaquin valley, the saline drainage water has been used for growing
many salt tolerant grass species (Benes et al., 2005). A pilot study was
also tested at PDO (Petroleum Development of Oman), Nimr, where
oil contaminated water was cleaned through bioremediation and saline
water was subsequently used for growing grasses, trees and halophytes
in barren un-productive area.

IV. Plant growth and salinity

With increase in salinity of land and/or water, growth of all crops
and other plants show a reduction. This reduction is non-linear and dif-
fer among the different groups of plants, which have different mechan-
ism(s) to regulate salt inside and outside the plants. Most of the
glycophytes (that include most of the crop species) are sensitive to sali-
nity conditions, both during germination and early growth stages, being
unable to absorb the saline water. Table 1 shows the classical classifica-
tion of salinity levels and responses of crops.

Table 1. Potential crop damage with increasing salt levels in irrigation

water.

Irrigation water Salts, ppin EC (dS/m) | Crop problems

a
Fresh <125 0-0.17 None
Slightly saline 125-250 0.17-0.35 Rare
Moderately saline 250-500 0.35-0.70 Occasional
Saline 500-2,500 0.70-3.50 Common
Highly saline 2,500-5,000 3.50-7.00 Severe
Seawater 35,000 50 No growth

Source: Adapted from National Research Council, 1990.
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portion of the different types of water that is used for irrigating non-ed-
ible fodder crops and landscaping.

However, many regions in the Central and West Asia and North
African (CWANA) region cannot afford to desalinate water and treat-
ment for waste water and drainage water is still an expensive option.
In order to meet the current and future demands, other resources of
water has to be introduced for agricultural and other uses, low-cost treat-
ment processes needs to be adapted, and marginal sources of water and
land has to be used efficiently with environmental security.

2. Salinity and agriculture

The two important marginal resources are land and water. In gener-
al, the land in the region are more virgin and non-arable and un-culti-
vated lands, rather than degraded 'marginal’ lands. The soil is sandy to
sandy-loam in the majority of the areas, have high percolation rate and
therefore agriculture is not sustainable with
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Figure 1. Non-conventional water resources in the region.
Figures inside the bar indicates the volume of water in
(m3/capcitalyear).

limited amount of water resources. On the other hand, water (main-
ly the groundwater) is increasingly becoming salinized due to over extrac-
tion of water and intrusion of sea water, being at close proximity to the
sea. With the increase in salinity of the water and competition with other
sectors for water use, the proportion of water available for agriculture is
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needed to meet global food needs will come from increased agricultural
efficiency, particularly in developing countries.

This paper provides a brief review of salinity problems, particularly
related to water. It also provides some background information for using
salt tolerant plants and halophytes in partially meeting the demands of
forage/fodder and fuel in the Gulf region.

1. Water Scarecity in the region

In the region, the Mashriq countries are better off in surface water
resources as compared to the Arabian Peninsula which has erratic seaso-
nal flow of wadis and limited number of medium-quality springs. The
renewable water resources ranges from 380-400 m3/capita/year, much
lower than the bench mark of 1000 m3/year, used to classify water scar-
city region (John Hopkins, 1998). The lowest value for renewable water
resources is for Saudi Arabia and maximum for Oman .

In addition to the low water recharge in the region, the area also
faces the problem of over abstraction of groundwater. As a result, the
volume of water withdrawn in the whole region far exceeds the natural
recharge rates, which is about 17,000 milion m3/year (Zubairi, 1997).
Current predictions show that by 2025 water withdrawals in Arab coun-
tries will have nearly doubled and will reach 191% of 1990 withdrawals.
This over abstraction has led to the intrusion of sea water to maintain the
aquifer level and has deteriorated the quality of the ground water. In
many places, eg. Batinah coastal plain of Oman, significant area of ara-
ble land in the coastal region has become non-productive (UNWEP/UN-
ESCWA, 1992), whereas, in Bahrain, the sea and ground water interface
is advancing at an annual rate of 75-130 m.

The deficit water requirements in the region are met by other non-
conventional water resources, including desalinated water, waste and
drainage water. Among the various water-use sectors, agriculture domi-
nates water withdrawal ranging from 85-90%. Figure 1 shows the pro-
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tolerant plants. Prospects of cash crops for human consumption grown
under high salinity conditions are still far from reality. On the other
hand, fodder production, coastal rehabilitation, wood production, car-
bon sequestration, etc., are some of the short- and long-term benefits
that are achieved through both conventional and un-conventional plant
species.

The paper will review the potential of biosaline agriculture technol-
ogy in the GCC region. It will review the different type of productions
systems that can be used for growing forage/fodder and bio-energy
plants using highly saline/brackish water. Economic feasibility of such
systems will also be discussed.

Introduction:

The world today is facing a huge challenge of malnutrition, infant
mortality and many such disasters, especially in the third world coun-
tries. The two major factors that tops the list are scarcity of food and
water. According to World Food Program estimates, one child dies after
every seven seconds from hunger and related causes. In spite of all ad-
vanced technologies, the world has still not been able to solve the food
security problem. One of the reason is that we have spent all our energies
in "improving’ food production by evolving better cultivars and varieties
of crops, and increasing the yield per unit area. However, on the other
hand, we have not been able to save our valuable natural resources of
land and water to degradation process. As a result, each year we are loos-
ing good quality arable land to one or other stress factor(s). Similarly not
only the quantity of water is decreasing but also the quality of water is
deteriorating to the extent that food production is unable to meet the in-
creasing world population demands.

It is estimated that in order to meet the current levels of nutrients,
food production needs to be increased by 20% in the developed countries
and by 60% in developing countries, during the next 30 years. This is
unlikely to happen with the present resources. Another estimate mea-
sures that by 2050, around 50 % of the increased food production
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Potential use of brackish [saline ground water for
agriculture and bio-energy in the GCC countries

) Shoaib Ismail, Faisal Taha,
k ) Khalil-ur-Rehman and Nurul Akhand

J

ABSTRACT

Salinity and associated factors like drought [or] waterlogging has
rendered a vast portion of the world’s agricultural areas as less produc-
tive or even unproductive. With the increase in population rate and re-
duction in productive areas, the major focus is confined to
conventional crop species for human consumption. In future, there are
practically little opportunities to bring new land or new sources of fresh
water for crop production.

The GCC region has very low precipitation for recharge of its aqui-
- fers. Hence, most of its domestic water comes from desalinated water.
However use of such water resources for agriculture, which consumes
80-90% of water in the region, is not feasible and practical. The ground-
water in many places has turned brackish, mainly due to over-pumping
and sea water intrusion. In very near future, we would be forced to use all
available resources of water, and saline/ brackish water will be one of the
main resources.

Use of saline/brackish water in agriculture will only become feasible
and sustainable, when (i) it is competitive; (ii) enough quantity is avail-
able; and (ii) proper selection of appropriate production systems is
done. Low salinity water could be used for growing vegetables and other
crops for human consumption. But moderate to highly saline water,
which is pre-dominant in the region, can only be used for growing salt-

(*) International Center for Biosaline Agriculture, Dubai, U.A.E.
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in all samples is considered as very low for the crops needs of N. Accord-
ingly, N fertilizer showed be used when the crops irrigated by the RO
treated waste water.

Conclusion and recommendation

The use of urban waste water in agriculture is a centuries-old prac-
tice that is receiving renewed attention with the increasing scarcity of
freshwater resources in many arid and semiarid regions. Reverse osmosis
treated waste water seems like an ideal solution for the fresh water short-
age in the farms area in Al-Abdally. The chemical analysis of the RO
treated waste water from nine farms in Al-Abdally show that this water
has a great potential for irrigation. All the parameters concentrations of
the un-stored RO treated waste water were within the standard limits of
irrigation. While the quality of this water was slightly deteriorated when
it stored improperly and mixed with other type of water in some farms.
The most affected parameters by the storage and caused potential effect
on the quality of water were EC, pH, Cl, and SO4. However, it is essen-
tial to use fertilizers for the crops that irrigated by the RO treated waste
water because of its low concentration of nitrogen. Further studies are
needed to assure the quality of this water such as determination of its

bacterial and viral content.
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tolerance in Table 3. Accordingly, the concentration of boron for the col-
lected samples, which ranges between 0.1 and 0.67 mg/l, indicates that the
RO treated waste water is excellent to good irrigation water for sensitive

crops and excellent irrigation water for semitolerant and tolerant crops.

Sulfate

Sulfate (SO4) is a major contributor to soil salinity in irrigation
waters. High concentrations of sulfate can interfere with the uptake of
other nutrients, in this case it can be toxic to crops. As with boron, sul-
fate in low concentrations in irrigation water has fertility benefits.

The concentration of SO4 in the samples collected from the pipeline
was less than 7 mg/1, while the stored water showed a remarkable increase
in SO4 concentration especially in samples 2B (400 mg/l), 4B (200 mg/1)
and 6B (150 mg/1). This rise of SO4 concentration, which could affect the
crops, was due to mixing the RO treated waste water with fresh and
ground water of higher sulfate concentration.

Nitrate

Nitrate (NO3) is one of the sources of nitrogen (N) in irrigation
water, which is largely a fertility issue. Waters high in N can cause qual-
ity problems in crops. However, these problems can usually be overcome
by good fertilizer and irrigation management. Regardless of the crop, ni-
trate should be credited toward the fertilizer rate especially when the con-
centration of NO3 exceeds 45 mg/l (Pasian, 1996).

The analysis results show that the nitrate concentration increased
slightly after storing the RO treated waste water. The concentration of
NO3 in the samples collected from the pipelines ranges between 5.7
and 7.9 mg/l, while in the samples collected from the storage tanks it
ranges between 6.6 and 13.6 mg/l. However, the concentration of NO3
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The results of SAR for all samples were less than 3, which determine
an excellent type of water for irrigation. On the other hand, %Na results
show that the irrigation water is good to permissible, where it is ranging
between 34 and 60.

Chloride

Chloride (Cl) is essential to plants but in very low amounts, in higher
concentration of chloride it will be toxic to sensitive crops. Table 4 shows
the concentration of chloride in relation with crops. The concentration of
chloride in the RO treated waste water samples collected from the pipe-
lines ranges between 4 and 7.8 mg/l, which make it safe for all types of
crops. However, storing the RO treated waste water has increased its con-
centration of chloride. The chloride concentration in sample 6B increased
to 133 mg/l, which make the water harmful for sensitive plants. The
chloride concentration also increased in samples 4B and 2B to 181 and
201 mg/l, respectively, and this water will affect the sensitive and the

moderately tolerant plants.

Table 4. Chloride Classification of Irrigation Water

Chloride (mg/l) Effect on Crops
Below 70 Generally safe for all plants.
70-140 Sensitive plants show injury.
141-350 Moderately tolerant plants show injury.
Above 350 Can cause severe problems.

Source: Tanji (1990).

Boron

Boron (B) is an element that is essential in low amounts for normal
growth of all plants, but toxic at higher concentrations. The classes of

irrigation water with respect to boron concentrations are listed by crop
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pH and Alkalinity

pH is often described in terms of acidity, while Alkalinity, which can
be estimated from the concentration of HCO3, is a measure of the capa-
city of the water to neutralize acids. Alkalinity affects the ability to reduce
pH when acid is added to water. As water alkalinity increases the de-
crease of pH when acid is added will be slower. However, highly alkaline
irrigation water may have a profound effect on crops. Generally, alkali-
nity above 120 mg/l can cause problems, while the normal pH range for
_ irrigation water is between 6.5 and 8.4 (Pasian, 1996).

All the collected samples have alkalinity below the maximum limit.
Their measured alkalinity ranges between 7 and 26.3 mg/l. On the other
hand, most of the samples have pH ranges between 7.3 and 8.4, except
samples 1B and 7B, which have the highest alkalinity ( 25 and 26.3
mg/l, respectively), their pH increased to more than 10 after storing the
RO treated waste water.

% Na and SAR

Sodium concentration is important in classifying irrigation water be-
cause sodium reacts with soil to reduce its permeability. Sodium content
is usually expressed in terms of percent sodium (%Na) or as sodium ad-
sorption ratio (SAR). These relationships are defined by (Todd, 1980):

(Na + K) 100

% Na = ————
Ca+ Mg | Na+ K

SAR = ——1M
(Ca + Mg)/2

where the concentrations of the constituents in both equations are

expressed in milliequivalents per liter. The recommended water classifica-
tions for %Na and SAR are presented in Table 3.
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Results and Discussion

Electrical Conductivity (EC)

The primary effect of high EC water on crop productivity is the in-
ability of the plant to compete with ions in the soil solution for water
(physiological drought). The higher the EC, the less water is available
to plants, even though the soil may appear wet (Bauder, et al., 2003). Ta-
ble 3 shows the suggested water quality for irrigation according to EC

values.

The EC of the samples collected directly from the pipelines ranges
between 47 and 64 ?S/cm, which indicates excellent type of water (class
1). However, the EC of this water when it stored in some farms has in-
creased to over 250 ?S/cm as in sample 1B, and to over 750 ?S/cm, as in
samples 2B, 4B and 6B, which changed the water quality form class | to
classes 2 and, 3, respectively. The increase of EC of the stored water is
due to evaporation as in sample 5B, mixing of RO treated waste water
with fresh water as in samples 1B, 3B and 7B or mixing with ground-
water as in samples 2B, 4B and 6B.

Table 3. Quality Classification of Water for Irrigation

Boron (mg/l)

Classes of water |EC (?S/ecm)| %Na SAR

S.C. ST.C. T.C.
Class 1, Excellent 7250 <20 <10 <0.33 <0.67 <1.00
Class 2, Good 250-750 20-40 10-18 0.33-0.67 | 0.67-1.33 | 1.00-2.00
Class 3, Permissible] 750-2000 40-60 18-26 0.67-1.00 | 1.33-2.060 | 2.00-3.00
Class 4, Doubtful2 2000-3000 60-80 >26 1.00-1.25 | 2.00-2.50 | 3.00-3.75
Class 5, Unsuitable2 > 3000 >80 >1.25 >2.50 >3.75

S.C.: Sensitive Crops, ST. C.: Semitolerant Crops and T.C.: Tolerant Crops.

ILeaching needed if used.
2Good drainage needed and sensitive plants will have difficulty obtaining stands.
Source: Todd (1980).
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Fig. 1. Location Map of the Study Area

Water Sample Collection and Analysis

Nine samples were collected directly from the supplied pipelines and
more nine samples were collected from the storage tanks of RO treated
waste water in nine farms in Al-Abdally. The samples were collected in
one liter size glass bottles. The samples were stored in ice box and sent
to the Hydrology lab and Central Analytical lab (CAL) at Kuwait Insti-
tute for Scientific Research (KISR) for analysis. The samples were ana-
lyzed for EC, TDS, pH, Na, K, Ca, Mg, Cl, SO4, HCO3, NO3, and B
parameters according to the standards methods for the examination of
water and waste water (APHA, 1998). The %Na and SAR were calcu-
lated from the results of Na, K, Ca and Mg. The results of the analyses
are shown in Tables 1 and 2.
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water in irrigation could result in the increase of the salinity of the
groundwater especially ' when the irrigation water, which could become
more saline due to high evaporation rate, recharges the aquifer. To sus-
tain the quality and quantity of the groundwater and to increase the vari-
eties of crops, fresh water was supplied to these areas. Large amount of
fresh water is being used in irrigating sensitive to moderately sensitive
plants. To reduce the consumption of groundwater and fresh water in
irrigation, about 100,000 m3/d of reverse osmosis treated wastewater
has been supplied to Al-Abdally farms since 2004.

Al-Abdally Farms

Farming activities in Al-Abdally started in the early 1960s, and now
there are 804 farms cover over 300 km2 (Fig. 1) (Al-Qallaf and Al-Had-
dad, 2006). The expansion of the farms area was associated with an in-
crease of fresh water and groundwater consumption for irrigation and
other purposes. The groundwater is being extracted very heavily from
more than 1350 wells. The heavy extraction of groundwater has depleted
the available resources of water and caused serious deterioration in the
water quality. Therefore, supplying the farms in Al-Abdally with RO
treated waste water is an alternative solution to overcome the scarcity
and quality of irrigation water.
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ABSTRACT

Treated waste water using reverse osmosis technique was evaluated
for the irrigation purposes in selected farms in Al-Abdally area. Eighteen
water samples were collected directly from the supplied pipelines and
from the storage tanks of the RO treated waste water in nine farms.
The suitability of RO treated waste water for irrigation applications
was evaluated on the basis of irrigation parameters for the salinity,
pH, major cations and anions, B, %Na and SAR. The results of all
un-stored water were found excellent for irrigation with added fertili-
zers, while the improper storage of water had deteriorated the qﬁality
of water. Further studies are needed (bacterial and viral) to assure the

quality of this type of water for irrigation.

Introduction

Farming in Kuwait is mainly concentrated in three areas: Al-Abd-
ally, Wafra, and Sulaibiya farm areas which are located in the north,
south, and middle of Kuwait, respectively. The main irrigation water in
these farm areas is derived form brackish to saline groundwater from the

unconfined Kuwait group aquifer. The continuous use of the ground-

(*) Water Resources Division - Hydrology Dept. KISR - Kuwait.
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the towns. Together with pumps of different capacities (20 - 100 1/s).

w

- Supply and installation of water treatment equipments.

S

- Supply and laying of transmission pipes of diameters (100 to 800
mm), totaling about 120 km.

5 - Construction and equipment of ten ground and elevated water sto-
rage tanks of different capacities (500 - 12000 m3).

6 - Construction and equipment of two pumping stations. .

7 - Installation of SCADA system.

8 - Laying of about 295 km of distribution pipes of different diameters
(100 - 400 mm). \

9 - Consultancy services.

10 - Training and institutional support.

The total cost of the project amounted to about US$110 millions.
The people living in the project area has benefited largely from this pro-
ject. It secures continuous supply of fresh water meeting the residential
and commercial needs of the society until the year 2020.

The Kuwait Fund For Arab Economic Development continues its
efforts in helping the developing countries to meet the social, economic
and environmental demands of their people.

- 14 -



1 - Rehabilitation and upgrading of the existing secondary treatment
plant from 120,000 m3/day to 200,000 m3/day, upgrading sludge
handling facilities, and the rehabilitation and upgrading of the ter-
tiary treatment components from 60,000 m3/day to 200,000 m3/day.

2 - Treated water irrigation scheme:

a. . Storage, transport, and distribution works of the treated efflu-
ent.

b. Rehabilitation and upgrading of agricultural irrigation net-
work.

c. Construction of irrigation network for new green areas in Bah-
rain. '

3 - Consultancy services for design and supervision of the project execu-
tion.

4 - Training.
5 - Equipment for operation and maintenance of the project for two

years after the implementation of the project.

The total costs of the project amounted to about US$170 million.
The Kingdom of Bahrain has benefited largely from this project. The
groundwater was saved, Tobli bay was protected against pollution and
the country enjoyed a revival of agricultural land and beautification of
the urban areas in the country. '

CASE STUDY II: EAST SANDS BASIN WATER PROJECT IN
KINGDOM OF OMAN.

This project was launched in the year 2001 and completed in the year
2006. It included a water supply system for twelve small towns and other
residential areas located at the Eastern part of the country.

The main components of the project were:

1 - Expropriations.

2 - Drilling and equipment of 29 bore holes in two governorates near

- 13 -






KUWAIT FUND’S CONTRIBUTION TO WATER SUPPLY
AND SANITATION PROJECTS IN THE ARAB REGION

Kuwait Fund is increasingly paying attention to the issue of water
scarcity and environmental protection particularly in arid areas such as
the Arab region. This is reflected in the increasing number of projects
financed by Kuwait Fund in the following fields:

- Drinking water resources development such as purification and désali-
nation plants, transmission and distribution networks including mon-
itoring and supervisory systems to ensure project sustainability and
resource conservation.

- Sanitation infrastructure development. such as sewage collection and
transmission networks, treatment plants, and reuse of treated sewage,
as well as storm water and flood control.

- Irrigation and hydropower development such as irrigation networks,
storage and power generation dams, and others.

Up to 31 March, 2006, Kuwait Fund has contributed to financing 79
development projects in water related projects in the Arab region of value
totaling about $US 1751. Out of these 24 projects were related to water
supply and sanitation development. Table and Fig. 5 show the distribu-
tion of water and sewerage projects among Arab countries.
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This paper attempts to highlight the contribution of Kuwait Fund to
the development of infrastructure projects in developing countries world-
wide with particular emphasis on two water infrastructure projects in the
Gulf region, namely: Fresh Water Supply project in Sultanate of Oman,
and Production and Utilization of Treated Sewage Effluent in the King-
dom of Bahrain.

2. GOAL, OBJECTIVES, AND DEVELOPMENT MEANS OF
KUWAIT FUND.

Kuwait Fund aims to assist Arab and other developing countries in
developing their economies by providing them with soft loans for the im-
plementation of infrastructure projects in different sectors required by
those countries in order to achieve their development programs. Beside
direct loans Kuwait Fund also extends Technical assistance grants to fi-
nance pre-investment feasibility studies in order to verify technical and
economical viability of the proposed projects. Kuwait Fund also extends
grants to help build-up institutional capacity in developing countries.

Furthermore Kuwait Fund, acting on behalf of the State of Kuwait,
contributes to the resources of a number of regional and international
financing institutions, and undertakes the responsibility for administer-
ing grants extended directly by the Government of the State of Kuwait
to Arab and other developing countries.

3. MAJOR ACTIVITIES OF KUWAIT FUND

Up to 31 March, 2006, and since its establishment in 1961 Kuwait
Fund has globally contributed to financing some 696 projects, and 187
technical assistances and grants to 101 countries and international devel-
opment institutions, with a value totaling about US$12.7 billions. Details
of these activities are indicated in Tables 1 to 3 and Figs. 1 to & 3.
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ABSTRACT

The Gulf Region is considered one of the poorest regions in renew-
able fresh water resources, the scarce water resources available are char-
acterized by extreme temporal and spatial variability. Therefore. The
Gulf region is faced with the huge challenge of developing fresh water
resources and , consequently, sanitation infrastructure in order to ensure
sustained economic growth and social wellbeing in the region.

In response to the enormity of these challenges the development of
fresh water resources and sanitation infrastructure in the Arab region be-
came one of the main activities of Kuwait Fund For Arab Economic De-
velopment.

1. INTRODUCTION

Worldwide, over one billion people today subsist on less than 1§ a
day. This number is increasing year after year. In face of this growing
poverty, and in order to improve people’s living conditions, Kuwait
Fund for Arab Economic development was established by the State of
Kuwait in December 1961 with the purpose to assist Arab and other de-
veloping countries in developing their economies.

(*) Operations Department - Kuwait Fund For Arab Economic Development - Kuwait
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