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ABSTRACT: The United Arab Emirates rely on non-conventional water resources, in addition to conventional 
resources, to meet the ever-increasing demands for water.  Conventional water resources include seasonal 
floods, springs, falajes and groundwater. Non-conventional resources are the desalinated water and treated-
sewage water. The existing conventional water resources in the United Arab Emirates include 125 Mm3/yr 
(million cubic meter per year) from seasonal floods, 3 Mm3/yr from permanent springs, 22 Mm3/yr from 

seasonal springs, 20 Mm3/yr of falaj discharges, 109 Mm3/yr of aquifer recharge. The existing non-
conventional water resources include 475 Mm3/yr of desalinated water and 150 Mm3 of reclaimed water.  
Future developments may increase the discharge of seasonal springs to 40 Mm3 and falaj discharges to 40 Mm3. 
Parallel increases in the volumes of desalinated water and treated wastewater may also be achieved. The most 
important water-related problems in the United Arab Emirates are the depletion of aquifers in several areas, 
such as at Al Ain and Al Dhaid; saline-water intrusion, and water quality degradation, such as that associated 
with the oil industry and agricultural activities. 
 Improvement of water-resource management in the United Arab Emirates can lead to water conservation, 
maintenance of better quality water, and restoration of deteriorating aquifer systems in many areas.  The use of 
advanced irrigation technologies, construction of groundwater-recharge dams, and growing salt-tolerant crops 
are suitable agricultural approaches.  Development of human resources is a priority in the United Arab 
Emirates, to provide trained national experts in water-related fields.  Establishment of data banks and the 
application of advanced groundwater modeling and isotope hydrology techniques are powerful water-resources 
management tools. 
 
 
INTRODUCTION 
 
 Fresh water resources are unevenly distributed 
on the Earth's surface, some countries suffer from 
excess water while others experience severe scarcity 
of water including the absence of permanent streams 
or lakes.  Most of the Arab countries, including 
United Arab Emirates, belong to the second group 
of countries that have low rainfall, high 
temperatures and extremely high evaporation rates.  
In the United Arab Emirates, the management of 
scarce and vital water resources is an important 
national challenge.  At present, the country does not 
make the best use of available water resources. Most 
of the water is used in irrigation, yet despite this, 
more than 50% of national food requirements are 
imported. 
 The United Arab Emirates lies in the 
southeastern part of the Arabian Peninsula between 
latitudes 22° 40’ and 26° 00’ N, and longitudes 51° 
00’ and 56° 00’ E. The United Arab Emirates has 
mainland surface area of about 77,700 km2.   It is  
 

bounded to the north by the Arabian Gulf and the 
Sultanate of Oman, to the east and northeast by the 
Sultanate of Oman and the Gulf of Oman, and to the 
south and west by the Kingdom of Saudi Arabia 
(Fig. 1).   
 Geomorphic features have a major role in 
controlling the movement of both surface and 
groundwater.  Geology controls the patterns of 
outcrop of aquifers and confining units, stratigraphic 
sequences, and structural zones.  These greatly 
influence runoff volumes, infiltration rates, and the 
quality of surface and groundwater.  In general, 
rainfall increases towards the north and east and 
decreases in the south and west.  Estimates of the 
total annual volume of rainfall range from 700 to 
1,480 Mm3.  Khalifa (1995) suggested that about 
10% of this amount recharges groundwater every 
year.  This gives an average annual recharge of 109 
Mm3.  The authors, however, believe that only 2 to 
3% of rainfall recharges groundwater in such an arid 
area, giving an average annual recharge of 21.8 to 
32.7 Mm3.   
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CONVENTIONAL WATER RESOURCES 
 
 The conventional water resources in the United 
Arab Emirates include seasonal floods, springs, 
falajes and groundwater.  Because these resources 
do not meet the national demands for water, non-
conventional resources are now intensively used, 
especially desalinated water.  There are no perennial 
surface water resources in the United Arab 
Emirates, such as rivers or lakes.  However, a small 
numbers of springs and several falajes provide a 
limited renewable supply of water.  
 
Seasonal Floods 
 
 Desert areas are noted for flash flooding.  In the 
United Arab Emirates, floods mostly occur in the 
eastern region, in association with strong, short 
lasting, rain storms.  Because the porosity and 
permeability of the prevailing igneous and 
metamorphic rocks are low large volumes of 
rainwater move over the land surface as surface 
runoff.  This flow begins in the mountainous areas 
in the east near the proximal end of watersheds and 
moves towards the Gulf of Oman in the east or 
towards the desert in the west.  The western region 
is dry and lacks surface runoff, because of low 
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rainfall (40 mm/year) (Rizk et al., 1997), high 
natural evaporation (3,360 mm/year) (Ministry of 
Agriculture and Fisheries, 1993), scarce vegetation 
cover, and high porosity and permeability of dune-
forming sands. 
 Topographic maps, aerial photographs, and 
satellite images show that the mountain ranges of 
the eastern region have 70 drainage basins, 58 of 
them within the United Arab Emirates (Fig. 2).  The 
catchment areas of these basins vary between 5 km2 
(Wadi Dhednah, Al Fujairah) and 500 km2 (Wadi Al 
Bih, Ras Al Khaimah) (Al Shamesi, 1993).  Some 
large wadis have more than one runoff event per 
year, others may have surface runoff once in several 
years, and the rest of the wadis may remain dry for 
even longer periods. 
 The annual contribution of seasonal floods to 
water resources of the United Arab Emirates, as 
estimated as the Ministry of Agriculture and 
Fisheries in 1993, is 125 Mm3.  The Ministry has 
constructed 45 dams across the outlets of several 
main wadis, providing a total surface-water storage 
capacity of 75 Mm3 (Table 1). By the end of 2002, 
the total number of dams in the United Arab 
Emirates reached 88 dams with total storage 
capacity of 100 Mm3.  These dams protect against 
flood and assist the recharge of groundwater.  

Figure 1. Location map of the study areas in the United Arab Emirates. 
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Table 1.  Main dams constructed in the United Arab Emirates. 
 
No. Name Capacity (Mm3) 
1 Bih 7.5 
2 Ham 7.0 
3 Hadf 0.3 
4 Zikt 3.5 
5 Tawyyaien 19.5 
6 Hatta 4.5 
7 Shuaib 20.0 
8 Shi 3.0 
9 Warraiyaa 5.5 
10 Gulfa 0.125 
11 Eden 0.05 
12 Gheli 0.12 
13 Siji 0.750 
14 Sufini 0.460 
15 Burak 0.280 
16 Shawkah 0.272 
17 Dalm 0.272 
18 Safad, Thyib 0.260 
19 Ghalilah 0.250 
20 Merbih, Kadfaa 0.242 
21 Kidaa 0.220 
22 Shaam 0.152 
23 Ramth 0.134 
24 Mai 0.113 

 
 
 
 Al Asam (1994) summarized the advantages of 
dams in the United Arab Emirates as follows: 
1. Groundwater recharge. 
2. Conservation of floodwater lost to the sea or 

desert. 
3. Storage surface water for irrigation. 
4. Preservation of agricultural soil and prevention 

of soil and plant scourage by floodwater. 
5. Protection against flood damage. 
6. Accumulation of silt in artificial reservoirs of 

these dams and improvement of soil properties. 
 

 Rizk et al. (1998a) used topographic maps and 
satellite images, in addition to the records of 5 
stream gauges and 11 meteorological stations, to 
estimate surface runoff and to assess the flood 
potential of the major drainage basins in the Al Ain 
area (Fig. 3).  The calculated minimum annual 
rainfall needed to produce surface runoff in drainage 
basins of the Al Ain area is about 75 mm in the 
Northern Oman Mountains, and 90 mm in Jabal 
Hafit (Rizk et al., 1998b). The average annual runoff  
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Figure 2. Major drainage basins in United Arab Emirates. 
 
volume ranges from 0.25 Mm3 in southwest Al Ain, 
to 3 Mm3 in the northeast. The average annual 
runoff depth for the 1981-1991 period ranges from 5 
mm in southwest Al Ain, to 20 mm in the northeast. 
The percentage of rainfall as runoff varies between 
3% in Jabal Hafit basins and 18% in the basins of 
the Northern Oman Mountains. Based on the values 
of infiltration rate and length of overland flow, 
Wadi Sidr of the Northern Oman Mountains and 
Wadi Ain Al Faydah of Jabal Hafit appear to have 
the highest flood potential, while Wadi Muraykhat 
and Wadi Al Ain West have the lowest flood 
potential.  
 
Springs  
 
 A spring is a groundwater "outcrop" (Meyboom, 
1966) or concentrated groundwater discharge at the 
ground surface (Todd, 1980). Accordingly, they are 
used as indicators of discharge areas in arid and 
semiarid regions. The United Arab Emirates springs 
tend to discharge from local and intermediate 
groundwater-flow systems (Rizk and El-Etr, 1997). 
These include mineralized and thermal springs with 
therapeutic value.  In the United Arab Emirates, 
several springs, such as Khatt (Ras Al Khaimah), 
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Maddab (Al Fujairah) and Bu Sukhanah or Ain Al 
Faydah (Al Ain), belong to this category, and have 
been utilized as recreational and touristic sites. The 
Khatt springs are located about 13 km east of Diba 
and 15 km south of Ras Al Khaimah, within 
limestone rocks of the Musandum Formation. Siji 
spring lies about 50 km west of Al Fujairah and 75 
km east of Al Sharjah, at the contact between the 
ophiolite sequence and the western gravel plains 
(Alsharhan et al., 2001). Bu Sukhanah spring is 
about 4 km west of Jabal Hafit, and south of Al Ain 
town, the spring issues from Miocene gypsum and 
clay layers through thin loose Quaternary sediments 
(Fig. 4) (EI-Shami, 1990).  
 The annual discharge of permanent springs in 
the United Arab Emirates was estimated by the 
Ministry of Agriculture and Fisheries (1993) as 3 
Mm3. Records of spring discharge for the period 
1984-1991 indicate that the Bu Sukhanah spring has 
the highest discharge (2.50 Mm3/yr), whereas Siji 
spring has the lowest discharge (0.06 Mm3/yr). 
Discharge of all springs shows wide variations 
during the 1984-1991 period, with a net increase of 
Khatt south and Bu Sukhanah springs, and a net 
decrease of  Khatt north spring. The discharge of 
Siji spring remained constant during the 1987-1991 
period because of the construction of the Siji dam, 
which maintained a steady and continuous 
groundwater recharge for the spring.  According to  
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Figure 4. Location of major springs in United Arab Emirates. 
 
 
their discharge and Meinzer's classification (1923), 
the studied United Arab Emirates springs belong to 
the second (Bu Sukhanah), fourth (Khatt south and 
Khatt north) and fifth (Siji) orders. The Khatt north, 
Khatt south, Siji and Bu Sukhanah springs can be 
divided into two categories: springs with discharges 
that are directly related to rainfall (Khatt north and 
Khatt south) and springs with discharges that are 
indirectly related to rainfall (Siji and Bu Sukhanah).  

Figure 3. Flash flood and infiltration potential of major drainage basins in the Al Ain area, United Arab Emirates. 
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 High-temperature water represents the most 
important physical property characterizing the 
United Arab Emirates springs (≈40°C). It is believed 
that the high-temperature water of springs is related 
to deep circulation of groundwater. Waters of 
springs discharging from local groundwater-flow 
systems are normally of low salinity with a 
temperature close to the mean annual air 
temperature. In contrast, water of the springs 
discharging from regional groundwater-flow 
systems may be highly mineralized and have 
elevated temperatures (Fetter, 1988). The Bu 
Sukhanah spring derives most of its water through a 
deeply circulating intermediate groundwater-flow 
system that recharges to the east in the Northern 
Oman Mountains. This could explain the spring's 
high-temperature water and high salinity.  
 Terratest (1975) has identified black organic 
deposits with 21 ppm uranium along the joints and 
bedding plains of some calcareous rocks of Jabal 
Hafit. The lack of these deposits in other layers is 
attributed to leaching by water which discharges 
into the Bu Sukhanah spring. The heat associated 
with radioactive decay of uranium may contribute to 
the rise in the water temperature of the spring. 
Khalifa (1997) reported high radon activity in this 
spring.  
 Except for Siji spring, the Total Dissolved 
Solids content of water from the studied springs has 
increased from 1968 to the present by 10% (Khatt 
south) and  50% (Bu Sukhanah). This increase is 
mainly related to intensive groundwater extraction 
in recharge areas of these springs and low rainfall 
during the last few years. However, the increase in 
Total Dissolved Solids content, from 5,500 mg/l in 
1977 to 10,228 mg/l in 1994 for the Bu Sukhanah 
water, occurred at a time of increasing discharge, 
from 0.96 Mm3/yr in 1984 to 2.50 Mm3/yr in 1991, 
and needs further study. The dissolution of evaporite 
deposits of the Miocene, through which the spring 
water moves, may contribute to the high-salinity 
water of the spring.  
 Concentrations of the major ions vary from one 
spring to another, according to their local geologic 
and hydrogeologic conditions. Chemical analysis of 
water samples have indicated a small increase in 
concentrations of all ions within the same spring 
from 1991 to 1994. But, there was a great variation 
in concentrations of the same ions among different 
springs. Despite the fact that both the Khatt and Bu 
Sukhanah springs drain limestone, chemical 
analyses of spring water samples show that the 
concentration of calcium ion varies between 60 mg/l 
at Khatt south and 1,100 mg/l at Bu Sukhanah in 
1991. This reflects the difference in the 

groundwater-flow systems feeding the springs. The 
water of the Khatt spring has a rapid circulation and 
response to rainfall and water-table fluctuations. In 
contrast, water chemistry of the Bu Sukhanah spring 
results from slow circulation and is insensitive to 
rainfall and water-table fluctuations. Sodium-ion 
concentration varied between 2 mg/l at the Siji 
spring and 1,600 mg/l at the Bu Sukhanah spring in 
1991, reflecting the differences in the hydrogeologic 
conditions between the two springs (Alsharhan et 
al., 2001).   
 According to Chebotarev's (1955) sequence, the 
high sulphate-ion concentration of Bu Sukhanah 
spring suggests an old water source. In contrast, the 
high bicarbonate-ion concentration of Khatt springs 
may suggest a recent water source. The relatively 
low bicarbonate-ion concentration in the Khatt 
springs (200 mg/l), in 1994, can be explained by a 
decrease in recharge rates, especially for the Khatt 
north spring. The decrease in recharge reduces the 
more rapid, low solute local flow leaving a larger 
component of deeper, higher solute regional flow. 
Although there is a wide variation in sulphate-ion 
concentration, the chloride-ion content shows only 
an insignificant increase in the Bu Sukhanah water 
between 1991 (4,000 mg/l) and 1994 (4,040 mg/l).  
 The results of chemical analyses of water 
samples from the United Arab Emirates springs 
show that none the spring waters are potable. A plot 
of the specific conductance in μS/cm at 25°C 
against the Sodium Adsorption Ratio indicate that, 
except for the water of the Siji spring, water of 
studied springs are also not suitable for irrigating 
traditional crops. However, the waters can be used 
for irrigating specific crops in well- drained soils.  
 
Falajes  
 
 Until recently, falajes represented the main 
arteries of life in the eastern United Arab Emirates. 
At their outlets palm oases flourished, permanent 
communities were established, with the agricultural 
way of life dependent upon their water. At the 
present time, many United Arab Emirates falajes are 
dry because of excessive groundwater pumping. 
However, several falajes still flow and supply water 
to large palm oases (Fig. 5). The design, 
construction, and maintenance of falajes are 
interesting topics and relics of historical water-
distribution systems still exist near Al Hili 
archeological garden in the Al Ain area (Rizk, 1998; 
Alsharhan et al., 2001).  
 During the period 1978-1995, the total falaj 
discharges in the United Arab Emirates varied 
between a minimum of 9.0 Mm3/yr, in 1994, to a 
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maximum of 31.2 Mm3/yr in 1982 (which represents 
2.8 to 9.7 % of the total water use in the United 
Arab Emirates). Discharge varies from one falaj to 
another depending on the location of the source 
well(s), nature of the source aquifer, the amount of 
seepage from tunnel sides, and the mean annual 
rainfall. Some falajes cease to flow during periods 
of low rainfall while others are relatively unaffected.  
Average discharges of United Arab Emirates falajes 
for the period 1984-1996 varied from 2.38 l/sec in 
Falaj Habeesa to 89.77 l/sec in Falaj Bithnah. 
Falajes are classified according to discharge into 
three types, locally designated as Al Gheli, Al Daudi 
and Al Hadouri (Al Aidrous, 1990). Al Gheli-type 
falajes carry water only in winter and their discharge 
is directly dependent on rainfall. Despite their 
  

limited supply, water of Al Gheli falajes is 
renewable and has good quality. In fact, because 
most of the United Arab Emirates falajes belong to 
the Al Gheli type, discharges show a clear response 
to rainfall events. Because aquifers are the main 
water source, Al Daudi falajes have a permanent 
discharge. Al Daudi falajes, exhibit very little 
change in their discharge rates throughout the year, 
because groundwater storage is the main source of 
water for these falajes, and maintains their flow 
during the whole year. Al Hadouri falajes are 
typically connected to deep artesian aquifers. These 
falajes intercept the groundwater as it moves upward 
through fissures and fractures. A plot of the total 
annual discharge of United Arab Emirates falajes 
versus the mean annual rainfall on the eastern 
mountain ranges and gravel plains, shows a direct 
correlation (Fig. 6) (Rizk, 1998). Because of heavy 
groundwater pumping in many areas of the United 
Arab Emirates, several falajes have ceased to flow. 
Historical discharge records of Al Ain falajes (Fig. 
7) were obtained from Halcrow and Partners (1969), 
Gibb and Partners (1970) and the Ministry of 
Agriculture and Fisheries (1993). These records 
indicated that Al Jimi, Al Mu'waji, and Al Qattarah 
falajes were dry in 1979, whereas Al Mu'Tarrad, 
Maziad and Al Hili falajes were dry in 1981-1982. 
Because of continuous maintenance, extension and 
pumping groundwater into their channels, the Al 
Aini and Al Daudi falajes in the Al Ain area are still 
active at the present time (Alsharhan et al., 2001).  
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 The Electrical Conductivity of falaj waters 
varies between 450 μS/cm in Falaj Asimah (AI 
Fujairah) and 10,940 μS/cm in Falaj Ain Sukhnah 
(Al Ain). Generally, the Electrical Conductivity 
values are low for water samples collected from the 
falajes which drain ophiolite rocks (east of Al Ain 
and Al Fujairah areas), indicating low water salinity. 
In contrast, the Electrical Conductivity values are 
higher in water samples from the falajes draining 
limestone rocks in Ras Al Khaimah and west of Al 
Ain areas. The iso-Electrical Conductivity contour 
map shows that the Electrical Conductivity values 
of falaj waters are low near the watershed of the 
eastern mountains, and increase further east and 
west, with distance from the recharge area (Fig. 8). 
The iso-Electrical Conductivity contours also show 
that the groundwater salinity increases from the 
watershed towards the east and west. A water 
sample from Falaj Ain Sukhnah in Al Ain area has 
Electrical Conductivity of 10,940 μS/cm, 
constituting an exceptionally high salinity for a falaj 
water. A possible reason is that this particular falaj 
penetrates the evaporite deposits of the Miocene 
Fars Formation, which flank Jabal Hafit on both 

Figure 5. Location and drainage areas of the United Arab 
Emirates falajes. 
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sides. Dissolution of these evaporites may 
significantly increase the salinity of the falaj water. 
Jabal Hafit, the main recharge area of the falaj, is 
mainly composed of limestones containing some 
gypsum. Upon dissolution, gypsum can contribute 
to the high Electrical Conductivity of the water in 
the falaj. The plot of the Electrical Conductivity 
(μS/cm) versus falaj length shows that the Electrical 
Conductivity of water in open-channel falajes (Al 
Gheli type), increases with increasing falaj length 
(Rizk, 1998). The Electrical Conductivity increase 
results from the high natural evaporation rates from 
falaj channels and interaction between water and the  
 

 
 
 
 
 
 
bedrock. The longer the channel, the larger the 
contact surface with the bedrock, leading to larger 
Total Dissolved Solids contribution from the 
bedrock. Old falaj channels were constructed narrow 
and rather deep to minimize natural evaporation 
from falaj waters. In tunnel-type falajes (Al Daudi 
falajes), the Electrical Conductivity does not 
correlate with the falaj length because of the 
variation in rock type and source of water in these 
falajes. Despite its short length (0.5 km), Falaj 
Hubhub has a high Electrical Conductivity (2, 760 
μS/cm). In contrast, Falaj Al Aini  (6 km) is longer 
than Falaj Hubhub and has a much lower Electrical 
Conductivity (620 μS/cm). A trilinear plot of the 
chemical analyses of water samples collected from 
the United Arab Emirates falajes shows that most of 
the samples lie in the upper triangle of the diamond-

Figure 8. Iso-electrical conductivity (mS/cm) contour map of 
groundwater and falaj water during early 1996 in northeastern 
region of the United Arab Emirates. 
 

Figure 9. The trilinear plot of chemical analyses of water 
samples collected from United Arab Emirates falajes during 
early 1996. 
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Water Resources in the United Arab Emirates 

shaped field (Fig. 9), pointing to the dominance of 
Na-Mg and chloride and bicarbonate water types. 
Water of the United Arab Emirates falajes is 
enriched in Mg2+ dissolved from Mg-rich ophiolitic 
and dolomitic rocks. Because the water of the falajes 
is mainly used for irrigation purposes, a United 
States Salinity Laboratory Staff (1954) diagram was 
used to plot values of Electrical Conductivity and 
Sodium Adsorption Ratio. The water of all the 
United Arab Emirates falajes, except Khatt South 
and Hubhub falajes, are good to fair for irrigation 
purposes.  
 
Groundwater  
 
 The main aquifers in the United Arab Emirates 
include the limestone aquifers in the north and east, 
fractured ophiolite rocks in the east, gravel aquifers 
flanking the eastern mountain ranges on the east and 
west and sand dune aquifers the south and west (Fig. 
10).  
 

The Limestone Aquifers  
 
 Two important limestone aquifers exist in the 
United Arab Emirates; the northern limestone 
aquifer (or Wadi Al Bih Aquifer) in Ras Al 
Khaimah area and Jabal Hafit limestone aquifer, 
south of Al Ain city.  
 The northern limestone aquifer is predominantly 
composed of fractured limestone and dolomite. At 
Wadi Al Bih, the aquifer belongs to the Ru'us Al 
Jibal Group of Permian to Triassic age. The rocks 
forming the aquifer are stratified, hard, dense, and 
non-porous at the surface, with extensive internal 
karstification. The aquifer is recharged from a 
catchment of 475 km2, at an average elevation of 
1,050 m above sea level (Abu Al Enien, 1996). The 
average annual discharge from Wadi Al Bih and Al 
Burayrat well fields during the period 1990-1995 is 
57.7 Mm3. The aquifer's average hydraulic 
conductivity is 50 m/d, and the hydraulic head 
ranges from -5 m at Al Burayrat well field in the 
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west and 50 m at Wadi Al Bih main dam, indicating 
that the groundwater flows from east to west, 
toward of the Arabian Gulf. Most of isotopes for the 
groundwater in this aquifer plot close to the global 
meteoric water line with a deuterium excess (d) of  
+20 (Akiti et al., 1992). The groundwater data 
which plots to the right of this meteoric water line 
may result from evaporitic effects, mixing of 
different water types or salt-water intrusion from the 
Arabian Gulf. The aquifer contains groundwater 
with an average isotopic composition (2H = -10.8 ‰ 
and 18O = -3. 7 ‰) being lighter than the average 
values of the stable isotopic composition for 
rainwater in the United Arab Emirates (2H = 12.4 ‰ 
and 18O = 0.8 ‰). This difference indicates that the 
possible source of water is from the Mediterranean 
region, which provides the meteoric water recharge 
of groundwater at high elevations.  
 Jabal Hafit is composed of a 1,500 m thick 
sequence of interbedded limestone and marl with 
gypsum and dolomite and evaporite formations of 
Lower Eocene to Miocene age. Limestone of the 
Middle Eocene Dammam Formation constitutes an 
aquifer in the Jabal Hafit area. The aquifer is 
characterized by extensive dolomitization and is 
affected by numerous faults and fractures. Porosity 
is virtually nil except for infrequent unfilled 
fractures, vugs, and heterogeneous secondary 
porosity (Whittle and Alsharhan, 1994). In a well 
field at the northern end of Jabal Hafit, fifteen wells 
(90 to 200 m deep) produce 7.7 Mm3 each year of 
thermal brackish water, with high radium-226 and 
radon-222. Calculations of the geothermal gradient 
based on silica thermodynamic data indicate that the 
depth of water circulation ranges from 1,500 to 
2,100 m (Khalifa, 1997). Well yields of over 4,600 
m3/d are attributed to fracture permeability and 
dissolution of the aquifer. Water from the water well 
field now supplies a recreational spa and irrigation. 
The Middle Eocene limestone of Jabal Hafit has a 
black organic precipitate along joints and bedding 
planes that contains about 21 ppm of uranium 
(Terratest, 1975). The radioactive decay of uranium 
creates daughter elements including radium and 
radon. Radon is a gas and will escape into the air as 
water is exposed to the atmosphere. The 
recommended maximum level for radium-226 in 
drinking water is 5 picocuries per liter (World 
Health Organization, 1971). No maximum 
contaminant level has been set for radon-222. 
Because the salinity of water produced from Jabal 
Hafit well field exceeds the maximum level for 
drinking water, it is not suitable for human 
  

consumption. The caliper, temperature, and 
conductivity logs indicate the possibility of a 
confined-flow carbonate system. A color television 
inspection of a well indicated that most of the rock 
consists of massive limestone and marl with very 
low porosity, except for the interval between 101 
and 112 m, which is fractured limestone. Fracture 
widths in this interval are as great as 9 cm, 
indicating that the interval could be responsible for 
most of the water yielded by the well. A flow meter 
survey for the same well indicated that high-
temperature water was flowing into it from a 
fractured interval between 93 and 102 m (Khalifa, 
1997). The temperatures in the wells range from 
36.5 to 51.4°C. The water is slightly alkaline, 
sodium chloride rich, and has a Total Dissolved 
Solids content between 3,900 and 6,900 mg/l. 
Results of chemical analyses indicate two 
geochemically different water types. The first type 
of water is relatively low in temperature and Total 
Dissolved Solids, and the second type of water is 
relatively high in temperature and Total Dissolved 
Solids. In both types, sodium is the dominant cation 
and chloride is the dominant anion. The high 
chloride concentration at Jabal Hafit well field may 
indicate upwelling of salt-water from a deep source. 
Available sources of magnesium and sulfate include 
the dolomite, gypsum and anhydrite of the carbonate 
and evaporite rocks at Jabal Hafit. The 
environmental isotopes (2H, 3H and 18O) in Jabal 
Hafit thermal water indicate that at least part of the 
water pumped from Jabal Hafit well field comes 
from recent recharge. Depletion of 2H and 18O 
relative to standard reflects recharge at high 
elevation. A conceptual model devised by White 
(1977) can be used to explain the presence of three 
water-bearing zones in the Jabal Hafit area: a fresh 
water zone replenished by meteoric water; a mixing 
zone where fresh water mixes with brackish water; 
and a deep saline water zone. The model involves 
the mixing of two different sources: fresh water 
from rains falling on the jabal and saline water 
moving upward from 2,000 m depth by hydraulic 
head. Brackish water forms as the two types of 
water mix together. The 2H and 18O isotopes in 
groundwater from Jabal Hafit well field support this 
model. These isotopes are lighter than other 
groundwater in the surrounding area, suggesting 
local recharge at high elevation. The tritium levels, 
while relatively low, still indicate mixing with 
recent locally recharged water (Alsharhan et al., 
2001).  
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Ophiolite Aquifer  
 
 The ophiolite sequence is jointed and fractured 
and has been subjected to faulting. The main fault 
system runs in a northwest-southeast direction. 
Electrowatt (1981) described the Semail ophiolite 
suite as being typically medium-grained gabbro and 
fine to medium-grained diorites. The jointing, 
faulting and weathering of the Semail and the 
Hawasina beds of the Northern Oman Mountains 
give rise to good aquifers. Groundwater in this area 
occurs in joints and fractures.  
 
Gravel Aquifers  
 
 The largest reserve of fresh groundwater in the 
United Arab Emirates occurs in the alluvial deposits 
of the piedmont plains bounding the eastern 
mountains from the east and west. Two aquifers can 
be distinguished. These are the eastern gravel 
aquifer and the western gravel aquifer.  

 The eastern gravel aquifer is composed of a 
series of alluvial flats filling the embayments 
between promontories of rock spurs extending into 
the Gulf of Oman. South of Khor Fakkan (Fig. 1), 
the flats and wadi fans coalesce to form an almost 
continuous littoral strip between the mountains and 
the sea. The fans near the mountains comprise rock 
and coarse gravel that become progressively finer in 
grain size as the distance from the mountains 
increases. The aquifer contains fresh groundwater 
that drains from the wadi fans towards the sea. 
Stable isotope from groundwater from the eastern 
gravel aquifer plots on the meteoric water line. The 
low chloride concentrations suggest younger water, 
in hydrogeological terms. Consequently the wells 
probably draw from a local groundwater-flow 
system. The stable isotope contents are relatively 
depleted compared with the waters from the western 
sand and gravel aquifer. The deuterium excess 13.6 
suggests that this region partially receives recharge 
from two air masses, the winter precipitation from 
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the Mediterranean Sea and the Monsoon rains of the 
Indian Ocean (Yurtsever, 1992). The tritium 
concentration in groundwater of the eastern gravel 
aquifer is higher than that of present-day rainfall. 
The water was probably recharged after 1972 (an 
exceptionally wet year) with tritium decaying over 
time during groundwater circulation. Groundwater 
in this aquifer contains the highest activities of 14C 
of Total Dissolved Inorganic Carbon in the United 
Arab Emirates. The 14C ages of groundwater range 
from modem to 7,000 years B.P. This agrees with 
the high 3H content in the aquifer and confirms that 
this aquifer is receiving modem recharge.  
 Quaternary alluvium of the western gravel 
aquifer is composed of an approximately 60 m 
sequence of sand and gravel with thin interbeds of 
silt and clay. Most of the alluvium was derived from 
the ophiolitic Oman Mountains. In the north and 
west of Al Ain, present-day wadis are located 
between NE-SW trending sand dunes. Recharge of 
the gravel aquifer in the Al Ain area comes from 
  

rain, which falls on the western flank of the 
Northern Oman Mountains and runs through wadis 
where it infiltrates and recharges the aquifer. Gibb 
and Partners (1970), Hydroconsult (1978), and 
German Engineering (1982), prepared water-table 
maps for the western gravel aquifer in the Al Ain 
area. Woodward and Menges (1991) used oil 
exploration uphole seismic data to construct a 
water-table map of the gravel aquifer in this area. 
The latter map shows a buried paleodrainage 
network, containing saturated alluvial fill, which 
may constitute major fresh water aquifers in the Al 
Ain area. Analyses of groundwater samples 
collected from the western gravel aquifer generally 
plot to the right of the meteoric water line, 
indicating enrichment during infiltration. This 
enrichment could be a result of the residence of 
water in surface depressions before recharge. The 
clay in the alluvium does not permit rapid 
infiltration, and therefore promotes isotopic 
enrichment as the water moves. The high chloride 
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content and enriched stable isotopes confirm the 
effect of groundwater flow and its dissolution of 
salts during flow. Evaporation from groundwater 
lowers the value of the deuterium excess. It is also 
possible that the western gravel aquifer receives old 
water that mixes with rainwater percolating 
downwards through fractures (Rizk and Alsharhan, 
1999). Present-day recharge is restricted to the 
mountainous areas and the areas adjacent to the 
mountains. A general increase in groundwater 
salinity of the western gravel aquifer occurs as water 
moves from the recharge area in the east towards the 
discharge area in the west. The hydraulic head map 
for the sand and gravel aquifers shows that the 
eastern mountains are the main recharge areas for 
groundwater in the United Arab Emirates, whereas 
the Arabian Gulf and the Gulf of Oman are the main 
discharge areas (Fig. 11). Close to these mountains, 
low-salinity groundwater (230-1,000 mg/l) exists in 
the Al Jaww plain, Masafi and Al Shuayb areas. 
Groundwater salinity of 1,000-3,500 mg/l exists in 
the Al Ain, Diba, Hatta, Khatt and Al Fujairah 
areas, whereas salinity of 3,500-6,500 mg/l was 
recorded in the Ras Al Khaimah, Madinat Zayed, 
Liwa and Dubai. Groundwater with > 10,000 mg/l 
of total dissolved solids is found at Al Dhaid, west 
and south of Al Ain and Kalba areas. Local natural 
discharge areas are encountered in association with 
inland sabkhas at Al Ain and Liwa. The western 
coastal sabkhas may also represent discharge areas 
of regional flow systems. The study of groundwater 
flow in the United Arab Emirates points to the 
presence of local, intermediate and regional 
groundwater-flow systems (Fig.12). Local 
groundwater flow systems are limited to the eastern 
mountains where the hydrologic cycle is relatively 
fast and groundwater has a short residence time. 
Water of these systems has a low salinity and 
belongs to the HCO3

- water type. Groundwater of 
local flow systems has a good quality, such as those 
of Masafi and Al Jaww plain areas. It appears that 
the Khatt (Ras Al Khaimah) and Maddab (AI 
Fujariah) springs discharge from local groundwater 
flow system. The inland sabkhas represent the main 
discharge areas for groundwater of the intermediate 
system. Groundwater is mainly brackish, has a 
moderate residence time and belong to the SO4

2- 
water type. Because it has relatively high salinity, 
groundwater of this system has limited uses. The 
Ain Al Faydah (AI Ain) spring appears to discharge 
from this system. Groundwater of regional flow 
systems is mainly saline, has a long residence time 
and belongs to the Cl- water type. Coastal sabkhas 
represent the main discharge areas for groundwater 
of this system (Hutchinson, 1996). Centers of high 

groundwater temperatures are observed in springs 
and wells of Khatt (Ras Al Khaimah), Al Dhaid (Al 
Sharjah), Hatta (Dubai) and south Al Wagan (Abu 
Dhabi) areas (Rizk et al., 1997). These centers lie 
along a NNE-SSW striking thrust fault that 
represents the western boundary of the Northern 
Oman Mountains. It is believed that high-
temperature groundwater is related to the deep 
circulation of groundwater. The electrical 
conductance of groundwater samples collected from 
the sand and gravel aquifer during early 1996 varied 
between 252 μS/cm on the Al Jaww plain, east of 
the Al Ain city, and 173,000 μS/cm in a sabkha area 
along the Al Ain-Abu Dhabi road. Salt-water 
intrusion as a result of heavy groundwater pumping 
is noticed south of Dubai, west of Suweyhan and 
southwest of Al Ain. It is also observed north of 
Khor Fakkan and west of Kalba along the eastern 
coast. The aquifer recharge is lower than the 
discharge rates. This point must be considered for 
water-resources planning purposes. Wells in the 
immediate vicinity to the mountains contain high 
tritium, whereas the wells at the western edge of the 
western gravel aquifer contain little or no tritium. 
The activities in 14C for Total Dissolved Inorganic 
Carbon are very low, suggesting a great age for the 
groundwater. The 14C age of groundwater in Abu 
Dhabi area ranges from modem to 15,000 years B.P. 
The iso-electrical conductance contour map shows 
that the groundwater in the gravel aquifer flanking 
the eastern mountains is mainly fresh and can be 
used for all purposes. However, because of the 
excessive pumping, groundwater in several areas is 
now suffering from salt-water intrusion not only 
from the sea but from deeper horizons of the same 
aquifer, and possibly from nearby sabkha deposits. 
The groundwater is very hard in the northeast at Al 
Dhaid, Kalba, Al Khaznah and along the western 
coast, while groundwater in the eastern part of the 
sand and gravel aquifer does not have a hardness 
problem and can be used for domestic purposes. The 
calculated Sodium Adsorption Ratios show that the 
groundwater in the northern and eastern parts of the 
country has little harmful effect on plants and soils. 
Groundwater along the western coast, west Al Ain 
and east Liwa has high Sodium Adsorption Ratios 
values and can be very harmful to plants and soils 
when used for irrigation.  
 
Sand Dune Aquifer  
 
 Sand dunes cover about 74% of the total area of 
the United Arab Emirates and gradually increase in 
elevation from sea level at the western coast until 
they reach 250 m above ground level in the Liwa-AI  
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Batin basin, south central part of the United Arab 
Emirates. Sand dunes are the least studied aquifer 
system in the United Arab Emirates. Fresh water 
occurs in the Quaternary sand dunes between Liwa 
and Madinat Zayed. Preliminary hydrogeological 
investigations of sand dunes in the Bu Hasa oil field 
indicate the presence of a similar fresh water 
mound. Exploration of the sand dunes between Al 
Wagan and Liwa may lead to the discovery of 
similar fresh water lenses. The 2H and 18O isotopes 
in the groundwater of sand dune aquifers plot very 
far from the global meteoric water values, indicating 
enrichment before or during groundwater recharge  
(Fig. 13). The wells tapping groundwater in sand 
dunes contain practically no detectable tritium. 
However, the samples analyzed in August 1996 
contain about 4 TU, indicating the possibility of 
irrigation return flow after exposure to the 
atmosphere (W.W. Wood, personal comm., 2000).  
 
NON-CONVENTIONAL WATER 
RESOURCES  
 
Desalination Water  
 
 Two main types of desalination processes are 
now available commercially: distillation processes 
and membrane processes. The most important 
distillation methods are multi-stage flash distillation 
and multi-effect distillation. Both involve the 
evaporation of saline feed water and its 
condensation back into fresh water, leaving 
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dissolved substances in the waste brine. Water 
desalination in the United Arab Emirates was 
initiated in 1973, in Abu Dhabi at an annual 
production rate of 7 Mm3, reaching 395 Mm3 in 
1997. Since 1974, over sixty desalination plants 
have been built in the United Arab Emirates. Most 
of the plants are on the coast or on islands, although 
a small number were built inland, such as Al 
Burayrat (Ras Al Khaimah) and As Surrah (Umm 
Al Quwein), where brackish groundwater is 
desalinated. The number of desalination plants in 
the United Arab Emirates rose from one station at 
Abu Dhabi, during 1976, to 65 stations in the 1995, 
with each Emirate having at least one desalination 
plant. The daily production of desalinated water in 
the Abu Dhabi Emirate, for example, increased from 
12,500 m3 in 1969 to 590,000 m3 in 1989 
(Alsharhan et al., 2001).  
 Desalinated water represents one of the most 
important water sources in the United Arab 
Emirates at the present time, and needs to expand in 
order to meet the increasing demands for water. It is 
also important to develop local industries, which can 
provide chemicals, and equipment parts needed for 
water desalination plants operating in the United 
Arab Emirates and possibly other Gulf countries. 
Support for scientific research towards the use of 
solar energy for water desalination is also needed.  
 Records of the Ministry of Agriculture and 
Fisheries is indicated that there are 76,000 
groundwater-production wells used for domestic 
purposes.  These wells produced 137.5 Mm3 in the 
year 2000 (Table 2). 
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Table 2.  Volumes of groundwater and desalination water 
production for domestic purposes in the United Arab Emirates 
during 2000, and predicted water demands in 2005 and 2010 
(data from the UAE Ministry of Electricity and Water). 
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Abu Dhabi 33 358 391 954.7 1208 

Dubai 12 200.5 212.5 364.6 527 

Sharjah 45 51 96 152.8 168.9 

Northern 
Emirates 47.5 25.5 73 139.9 163.4 

Total 137.5 635 772.5 1612 1295.5 

 
  
Treated Wastewater  
 
 In principle, no higher-quality water should be 
used for a purpose that can tolerate a lower quality 
of water. As a substitute for fresh water in 
agriculture and industry, treated wastewater has an 
important role to play in water resources 
management in the United Arab Emirates.  
 The estimated volume of sewage water treated 
annually in the United Arab Emirates is 150 million 
m3. It is used in the irrigation of public parks and 
beautifying streets and roundabouts of the major 
cities. The discharge of treated sewage water has 
exceeded 175 Mm3 in the year 2000. It is worth 
mentioning that the sewage water after primary, 
secondary and tertiary treatment can be used in 
agricultural irrigation especially since after 
treatment it is purged of toxic materials and bacteria. 
Sewage water could be used for industrial needs, 
and to recharge aquifers. It could be used as 
additional source of drinking water after careful 
confirmation of its quality for such purpose.  
 The four sewage treatment plants in the United 
Arab Emirates are located in Abu Dhabi, Dubai, Al 
Ain, and Al Sharjah. The first sewage treatment 
plant, constructed in Abu Dhabi during 1973, had a 
daily capacity of 4,000 m3. The capacity of the plant 
reached 120,000 m3/d in 1994. The Al Aweir plant 
in Dubai has a daily capacity of 110,000 m3. The 
plants provide primary, secondary (biological 
treatment) and tertiary (advanced) treatments, which 
improve the quality of the water and render it 
suitable for reuse in irrigation, because it does not 

contain heavy metals. Disinfection of treated sewage 
water by chlorination during the tertiary treatment 
kills bacteria and viruses that are health hazards.  
 The economic feasibility of the treatment of 
sewage water and its reusage depend on many 
factors, such as the cost of treatment and the degree 
of required treatment in comparison to the cost of 
producing alternative water resources for the same 
purpose. The cost of producing one m3 of 
desalinated water is 5 United Arab Emirates 
Dirhams (US$ 0.27 per Dirham), whereas the cost 
of producing one m3 of treated sewage water is 2 
Dirhams (Hamouda, 1995). A question still remains 
about the possible use of treated sewage water in 
agricultural irrigation, and chemical and biological 
effects on the plants, soils and groundwater, in 
addition to the possible health hazards associated 
with the use of treated-sewage water in irrigation. It 
is possible to avoid such consequences by safe 
treatment, which ensures the elimination of 
pollutants, and purification of the water to be used 
for crop irrigation. It is essential to make periodical 
analyses and field studies to promote the safe use of 
treated sewage water for irrigation, and to educate 
the community appropriately to avoid any adverse 
effects on the environment.  
 
WATER-RELATED PROBLEMS  
 
Depletion  
 
 Comparison between the annual groundwater 
recharge and groundwater abstraction rate (most of 
which are related to the demands of the agricultural 
sector) indicates that most of the groundwater 
resources in the United Arab Emirates are over-
drafted and are becoming depleted. In other words, 
water is being drawn from groundwater storage, 
with no significant recharge to replace the amounts 
withdrawn. The authors estimated annual recharge 
for groundwater in the United Arab Emirates is 
range of 21.8 to 32.7 Mm3, while groundwater 
abstraction, mainly by the agricultural sector, is 880 
Mm3 per year. This imbalance has resulted in a 
continuous decline in groundwater levels and 
quality deterioration in most of the well fields due to 
seawater intrusion and uprising of highly-saline 
formation. Cones-of-depression ranging from 50 to 
100 km in diameter now exist in the Al Dhaid, 
Hatta, Al Ain and Liwa areas.  
 
Salt-Water Intrusion  
 
 The possible sources of salt-water intrusion are: 
salt-water intrusion from the sea in coastal regions, 
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lateral movement of saline water from a nearby 
sabkha-dominated areas, or upwelling of saline 
water from lower stratigraphic units into shallow 
fresh water aquifers. The Cl/(CO3+HCO3) ratio is 
used to evaluate salt-water intrusion. The chloride 
ion (Cl-) is a dominant anion in salt water and 
normally occurs in small amounts in groundwater. 
The bicarbonate ion (HCO3

-) is the most abundant 
anion in groundwater in the United Arab Emirates 
because of dissolution of limestone and dolomite 
(Hutchinson, 1996; Alsharhan et al., 2001). The 
groundwater in most of the country, except for the 
central part of the ophiolite aquifer, is seriously 
affected by salt-water problems. Salt-water intrusion 
into relatively fresh groundwater of the Quaternary 
aquifer in the Al Ain area is now taking place as a 
result of excessive groundwater pumping for 
different purposes (Garamoon, 1996). Salt-water 
intrusion in this area is also indicated by the 
dominance of MgCl2 and NaCl salts. The Na/CI 
ratio in seawater is less than unity (0.85), while 
groundwater has Na/Cl ratios greater than unity 
(Hounslow, 1995). Therefore, it is used to outline 
areas suffering from salt-water intrusion. Salt-water 
intrusion problems exist in Ras Al Khaimah, Al 
Dhaid, Dibba, Kalba, Dubai Jabal Al Dhanah, 
Madinat Zayed, Liwa and Al Ain (Fig. 14). 
  
Water Quality Problems  
 
 Between 1964 and 1985, the groundwater 
salinity increased in the Bu Hasa camp area from 
3,500 mg/l to 5,500 mg/l. The iso-salinity contour 
map constructed with the field data collected by the 
authors in April 1996 indicates that the salinity of 
groundwater in the southeastern part of the Bu Hasa 
area has tripled during the period 1985-1996, 
probably because of the disposal of oil-field brines 
in unlined pits in this area. The analyzed 
groundwater from the Quaternary Liwa aquifer is 
free of hydrocarbon pollution. In contrast, brine in 
the Miocene clastic aquifer contains high 
concentrations of aliphatic and aromatic 
compounds. If this water reaches the Quaternary 
aquifer, it will result in a serious contamination 
problem, especially for the domestic water-well 
field. The plot of 2H (‰) versus 18O (‰) for water 
samples from the Liwa and Bu Hasa areas suggests 
that the oil-field water and water of the Quaternary 
Liwa aquifer are distinct, indicating the possibility 
of sealing properties of the Miocene clastics in the 
Bu Hasa area. This seal prevents upward movement 
of wastewater from the Miocene clastic sediments 
into the Quaternary Liwa aquifer. Groundwater in 
the Bu Hasa area has a stable isotopic composition 

identical to that of groundwater in the Liwa area, 
indicating a common source.  
 According to Freeze and Cherry (1979), nitrate 
(NO3

-) is the most commonly identified contaminant 
in water. The WHO (1971) recommended limits for 
nitrate in drinking water are 10 mg/l as nitrate-
nitrogen and 45 mg/l as nitrate (NO3

-). Centers of 
high NO3

- are encountered in Wadi Al Bih, south of 
Dubai, Al Ain, Al Khaznah, Madinat Zayed and 
Liwa. Nitrate-ion (NO3

-) concentrations as high as 
1000 mg/l in shallow groundwater of the United 
Arab Emirates were measured west of Al-Kaznak 
and Liwa areas. Because of the close correlation 
between high NO3

- contents and areas of intensive 
farming, it appears that agriculture is the main 
source of nitrates in shallow groundwater of the 
United Arab Emirates (Fig. 15).  
 
SUMMARY  
 
 The United Arab Emirates relies on non-
conventional water resources, in addition to 
conventional ones, to meet the ever-increasing 
demands for water. The conventional water 
resources include seasonal floods, springs, falajes 
and groundwater. The non-conventional resources 
are desalinated water and treated-sewage water. The 
existing water resources in the United Arab 
Emirates are summarized in Table 3.  
 A significant fraction of floodwater is now 
tapped by 88 groundwater-recharge dams with a 
total storage capacity of 100 Mm3. Several dams are 
under construction at present and several others are 
planned for the future.  
 The United Arab Emirates permanent springs 
provide about 3 Mm3 of water per year. While the 
discharges of Khatt springs is directly related to 
rainfall, the discharges of Bu Sukhanah spring (Ain 
Al Faydah) is independent of rainfall. During the 
1984-1991 period, the salinity of springs increased 
between 10% and 50% as a result of low rainfall and 
heavy groundwater pumping in spring recharge 
areas. High spring-water temperatures (≈40°C) are 
related to deep groundwater circulation. The high 
HCO3

- concentration in Khatt springs suggests a 
recent age, whereas the high SO4

2- content in Bu 
Sukhanah spring water indicates old age. The 
Sodium Adsorption Ratio of springs water varies 
between 0.82 and 15.01, indicating that it is not 
always suitable for irrigation of traditional crops.  
 Despite their limited discharge, falaj water is a 
renewable resource directly related to rainfall. 
During 1978-1995, the total falaj discharge in the 
United Arab Emirates varied between 9 Mm3/yr in 
1994 and 31.2 Mm3/yr in 1982, which represents 2.8 
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to 9.7% of the total water use in the country. The 
electrical conductance of falaj waters varies between 
450 micro-Seimens per centimeters (μS/cm) in Falaj 
Asimah (AI Fujairah) and 10,940 μS/cm in Falaj 
Ain Sukhnah (AI Ain). An iso-electrical 
conductance map indicates that the salinity of falaj 
waters is minimal near the watershed of the 
Northern Oman Mountains and increases to the east 
and west. In the Al Gheli falajes, the salinity 
increases with increasing falaj length, but in the Al 
Daudi falajes, the salinity is generally low 
regardless of falaj length. According to Electrical 
Conductance and Sodium Adsorption Ratio, water 
of the Al Gheli falajes is good for irrigation, 
whereas the waters of the Al Daudi and Al Hadouri 
falajes are fair to poor for irrigation purposes. 
 The annual recharge for groundwater in United 
Arab Emirates is 109 Mm3, whereas the present 
groundwater extraction rate averages 880 Mm3/yr. 
This highly unbalanced situation resulted in aquifer 

depletion in many areas such as Al Ain and Al 
Dhaid; a steady increase in groundwater salinity in 
well fields over the entire country; dryness of many 
shallow wells; and salt-water intrusion problems. 
Due to excessive groundwater pumping, cones-of-
depression ranging from 50 to 100 km in diameter 
now exist in the Al Dhaid, Hatta, Al Ain and Liwa 
areas. The Northern Oman Mountains in the United 
Arab Emirates represent the main recharge area for 
groundwater. Close to these mountains, low-salinity 
groundwater (230-1,000 mg/l) exists in the Al Jaww 
plain, Masafi and Al Shuayb areas. Groundwater 
salinity of 1,000-3,500 mg/l exist in the Al Ain, 
Diba, Hatta, Khatt and Al Fujairah areas, whereas 
salinity of 3,500-6,500 mg/l was recorded in the Ras 
Al Khaimah, Madinat Zayed, Liwa and Dubai. 
Groundwater with > 10,000 mg/l of dissolved salts 
is found at Al Dhaid, west and south of Al Ain and 
Kalba areas. 
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Figure 14. Hydrochemical coefficient Na/Cl in groundwater from the sand and gravel aquifer during 1996, United Arab Emirates. 
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 Figure 15. Iso-concentration contour map of the nitrate ion (mg/l) in groundwater from the sand and gravel aquifer during 1996, United 
Arab Emirates.  

 
 
 
 
Table 3. Summary of conventional and non-conventional water resources in the United Arab Emirates, derived from different sources.  
 

Resource Existing Potential In use Source 

Conventional Resources (Mm3/y)

Seasonal floods 125 125 125 Al Asam, 1996 

Perennial springs 3 6 3 Rizk and El-Etr, 1997 

Seasonal springs 22 40 --- Ministry of Agriculture and Fisheries, 1993 

Falajes 20 40 20 Rizk, 1998 

Aquifer recharge 120 120 120 Khalifa, 1995 

Groundwater --- --- 880 Ministry of Agriculture and Fisheries, 1993 

Non-Conventional Resources (Mm3/y)

Desalinated water ---- ---- 694 Ministry of Electricity and Water, 1998 

Reclaimed water 150 ---- 150 Hamouda, 1995 
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 The annual production of desalinated water has 
increased from 7 Mm3 in 1973 to 694 Mm3 in 1999. 
In 1985, the desalination plants in the United Arab 
Emirates produced 204 million m3 of water, which 
represents 60% of the domestic water needs. In 
1998, the production of desalinated water reached 
527 Mm3, which is 76% of the water used for 
domestic purposes. The percentages of desalinated 
water production in 1997 was 57% in Abu Dhabi, 
35% in Dubai, 5% in Sharja and 3% in the northern 
Emirates.  
 The sewage water discharge in the United Arab 
Emirates increased from 1.5 Mm3 in 1973 to 142 
Mm3 in 1994. There is about 10% annual increase in 
sewage water production as a result of increasing 
population, increasing per capita water use and 
extension of sewage network to serve about 70% of 
the population. The sewage water discharge in the 
United Arab Emirates has exceeded 175 Mm3 in the 
year 2000.  
 The most important water-related problems in 
the United Arab Emirates are the depletion of 
aquifers in several areas, such as Al Ain and Al 
Dhaid, saline-water intrusion and water quality 
deterioration such as those associated with oil 
industry or agricultural activities.  
 Improvement of the present water management 
in the United Arab Emirates can lead to water 
conservation, maintain better-water quality and 
restoration of deteriorating aquifer systems in many 
parts of the country. The use of advanced irrigation 
technologies, construction of groundwater-recharge 
dams and growing salt-tolerant crops are proper 
agricultural approaches. Development of human 
resources provides trained national experts in water 
related fields. Establishment of data banks and 
application of advanced groundwater modeling and 
isotope hydrology techniques represent powerful 
management tools.  
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