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Zeinelabidin S. Rizk 

ABSTRACT 

The falaj is a man-made stream which intercepts groundwater at the footslopes of 
mountains and brings it to the surface at a lower level for irrigation purposes. The objective 
of this study is to discuss the effect of climate, geology and hydrological conditions on the 
chemistry and quality of water in the V.A.E. falajes. 

Between 1978 and 1995, total falaj discharges ranged from 9.0 to 31.2 X 106 m3/yr, 
which represents 2.8 to 9.7% of the total water use in the country. The location, aquifer 
storage, seepage loss from falaj channels, and rainfall, are the main factors affecting falaj 
discharges in the V.A.E. 

All V.A.E. falajes are confined to the northern Oman mountains and the surrounding 
gravel plains. The Electrical Conductance (EC) of falaj waters are generally low to medium, 
varying between 450 micro-Seimens per centimeters (JlS/cm) in Falaj Asimah (AI Fujairah) 
and 10940 JlS/cm in Falaj Ain Sukhnah (AI Ain). Iso-EC map shows that the EC of falaj 
waters is minimal near the water divide of the mountains and increases to the east and 
west. In open-channel falajes (AI Gheli type), the EC increases with increasing falaj length, 
but in the tunnel-type falajes (AI Daudi type), EC is generally low irrespective to the falaj 
length. Falaj waters have high concentrations of Mg2+ because they drain magnesium-rich 
mantle sequence rocks of the lower Semail nappe. The Mg/(Ca +Mg) ratio is >0.5 in 27 
falajes out of 33, indicating the dissolution of Mg-rich rocks which are the main constituent 
of the ultramafic rocks of the Semail ophiolites. These conditions also favor the precipitation 
of calcite (CaC03) and possibly huntite (Mg3Ca(C03)4) which can be altered later to 
magnesite (MgC03). According to EC and Sodium Adsorption Ratio (SAR), water of the 
Gheli falajes in ophiolitic rocks are good for irrigation, whereas the water in the Daudi 
and Hadouri falajes draining limestone rocks are fair to poor for irrigation purposes. 
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FALAJES OF UNITED ARAB EMIRATES: GEOLOGICAL SETTING AND 

HYDROGEOLOGICAL CHARACTERISTICS 


INTRODUCTION 

Until recently, falajes represented the main arteries of life in the eastern U.A.E. At their outlets palm oases have flourished, 
permanent communities were established, and an agricultural way of life was dependent upon their water. At the present 
time, falajes are part of the U.A.E.'s agricultural heritage. Recently, many of U.A.E. falajes have gone dry because of the 
low rainfall and excessive groundwater pumping. However, several falajes are still flowing and feeding, at least in part, the 
same but now larger, palm oases. The design, construction, and maintenance of active falajes are interesting features. The 
water-distribution systems of historical falajes still exist near Al Hili archeological garden in the Al Ain area. 

The geological setting of U .A.E. falajes, the factors affecting their discharge and water chemistry, the chemical characteristics 
of falaj waters and their suitability for different uses are the main objectives of this study. 

The study area lies in the eastern U.A.E., between Longitudes 55° 00' and 56° 30' E and Latitudes 24° 00' and 26° 00' N, 
covering an area of some 40 000 km2(Figure 1). The field work for this study was conducted during the May 1995 - March 
1996 period. The local geological and geomorphological features within the study area were investigated, 34 water samples 
were collected for chemical analysis, and the discharges of sampled falajes were measured at their main outlets. Water 
samples were analyzed for major cations (Ca2+, Mg2+, Na+, and K+) and anions (COl-, HC03 ,SOJ-, and CI-) in the Food 
Control Laboratory of the Al Ain Municipality. 

HISTORICAL PERSPECTIVE 

The word Falaj (plural = Falajes), or Aflaj in Arabic, means the division of an ownership into shares among those who 
have water rights. A falaj also means a distinct irrigation system through which water is distributed among individuals who 
have a right to it. 

In this study, a falaj is defined as a man-made stream which intercepts the groundwater table through a single or several 
wells at the footslopes of high mountains. It brings water to the surface through a tunnel which has a slope gentler than the 
natural hydraulic gradient. As a falaj intersects the ground surface, it splits into several branches (called Awamid, the 
Columns). These are narrow, deep, open, and cement-lined small channels which deliver water from the main tunnel of the 
falaj to farm lands and palm oases (Figure 2). 

Despite similarities in design, it is hard to find two identical falajes. Falajes vary in width, length, water quality, discharge 
rate, and the nature of the ground which they run through. Before construction of the main well an expert (called Ai Baseer, 
the Foresighter), depending on his experience, feeling, and guess, decides the site of the main well. This well (Umm Al 
Falaj = mother of the falaj) may reach a depth of 30 m, and decreases gradually in depth as the falaj approaches the ground 
surface. For each falaj there may be more than one Umm (mother), resembling upstream tributaries which carry water from 
a wide area to the main stream channel (tunnel of the falaj). Because these mountains typically receive up to 350 mm of 
rainfall per year, falajes are usually constructed in the piedmont zone. Shafts (vertical wells) are constructed about 20 m 
apart. If enough water is obtained, workers start connecting these shafts together through a tunnel, and a line of additional 
wells, of shallower depth, are dug. The length of the falaj tunnels depends on the ease of drilling in the rock opposite the 
mountainous area [1]. 

The falaj width ranges from 0.6 to 1.2 m and its height varies between 0.9 m and 2.1 m. Access, rock materials, falaj 
maintenance, and aeration are all facilitated through the shafts. The tunnel slope depends on the ground slope, ground 
material and groundwater depth. 

In the past, falaj water was used for all purposes. Now their use is limited to irrigation. The distribution of the water of a 
falaj is a complicated process which depends on the stars at night, and sundial-based shares during the day. Water is divided 
among participants according to legal entitlement, nature of the soil, and farm needs. Al A reef (the Knowledgeable), is the 
person who is responsible for distribution of water among participants in return to a certain share in the water of the falaj. 
Al Areef is a trusted, experienced, and knowledgeable person who has to know the time interval between the disappearance 
of a star and appearance of another and their positions in the sky. He should also know how to measure shadow in the 
daytime. 
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Figure 1. Location Map of the Study Area and the U.A.E. F alajes. The lengths ofarrows represent falaj lengths. 
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GEOLOGY 

In addition to the field survey, a study of topographic maps, aerial photographs, and satellite images enabled recognition 
of the following geomorphic divisions in the eastern V.A.E. (Vnited Arab Emirates National Atlas), [2]: (1) mountains; 
(2) gravel plains; (3) linear and star dunes; (4) old and recent dunes; and (5) coastal sabkhas (Figure 3). 

The eastern V.A.E. area is covered by a rock sequence ranging in age from the Triassic to the Quaternary (Figure 4). 
Lithology, geological structure, and climate are the main controls on the amount and quality of water flowing through the 
falajes. 

Because the V.A.E. falajes are confined to the eastern mountains and gravel plains, the following is a brief discussion on 
the geology of both regions. 

Mountains 

The eastern mountains of the V.A.E. extend for 155 km between Shaam in the north and Al Ain in the south, with an 
average width of 10 km in the north, 38 km in the middle, and 27 km in the south. The elevations of the mountain peaks 
typically vary between 500 and 900 m above sea level. Some salient peaks, however, may reach an elevation of 2000 m. 
Within the V.A.E., these mountains are heavily dissected by 58 separate drainage systems, which vary in area between 
5 km2 (Wadi Dadnah, Al Fujairah) and 5000 km2 (Wadi EI-Peeh, Ras Al Khaimah). 

The eastern mountains ofV.A.E. can be divided into three major parts: (a) RusAI libal massif in the north, (b) Diba zone 
in the middle, and (c) northern Oman mountains in the south. 

The Rus Al libal massif consists predominantly of a carbonate sequence that ranges in age from Triassic to Lower 
Cretaceous. In general, the area is characterized by broad folding, block faulting, and complex local thrusting. 

distribution 

Shaf ts 

---

Figure 2. Map View and a Vertical Cross Section ofa Falaj (Modified after United Arab Emirates National Atlas, [2J). 

NB: Vertical scale is exaggerated. 
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The Diba zone is an elongated NE-SW trending topographic depression, separating the Rus Al Jibal Musandum shelf in 
the northwest from the Semail ophiolite sequence in the southeast. 

The northern Oman mountains comprise the northern part of the Semail ophiolite nappe which is composed of a repeated 
ophiolite sequence caused by internal low-angle thrust faults. The ophiolite complex is divided from base to top into: an 
ultramafic mantle sequence, layered peridotite, coarse-grained gabbros, fine-grained gabbros, sheeted dyke complex, and 
extrusive lavas. 

Gravel Plains 

Gravel plains bound the northern Oman mountains from the east and west. The eastern gravel plain is a narrow strip, 4 km 
(AI Fujairah) to ) 0 km (Kalba) wide, and 70 km long. It extends between Diba in the north and Kalba in the south, and is 
bounded by the Gulf of Oman on the east and the northern Oman mountains on the west. 

The western gravel plains extend for some 160 km as a long, narrow strip from Ras Al Khaimah in the north to the 
Al Jaww plain, east ofAl Ain city, in the south. The plains exist at the outlets of main wadis, which have the main control on 
their shape and width. They occupy the area between the northern Oman mountains on the east and the sand-dune fields on 
the west. The western gravel plains have a gentle slope from east to west with an average gradient of 0.001 [3]. 

The gravel plains are composed of alluvial sands and gravels, which gradually decrease in grain size from east to west. 
The continuity of the western gravel plain is locally interrupted by sand dunes and Al Fayah mountain range (Figure 3). 

HYDROLOGY 

Rainfall 

The average annual rainfall in V.A.E. is 119 mm. However, in wet years (e.g., 1981-1982) the mean annual rainfall was 
282 mm, reaching >450 mm in some mountainous areas, whereas in dry years (e.g., 1983-1984) the mean annual rainfall 
was only about 40 mm. During 1991-1992, the northern part of the study area received >220 mm of rain, and the southern 
part <100 mm (Figure 5). For this reason, the eastern mountains, which occupy only 5% ofthe total area ofV.A.E., receive 
about 30% of the total annual rainfall [5]. This also explains why the falajes are clustered in the northern and eastern parts 
of the country. 

To assess the wide spatial and temporal variations in rainfall, the Relative Variability (RV) and Inter-Annual Variability 
(lAV) were calculated for 12 meteorological stations within the study area for the longest period of records (Table I); 

RV (%) = CL.lfl- xl / nfl) 100, and 

IAV (%) = (Llx i _1 - Xii / fl (n - 1) 100, 

where 


fl = the arithmetic mean of annual rainfall for the longest period of records (mrnlyr), 


x = the mean annual rainfall (mrnlyr), and 


n = the number of years. 


Table 1 includes the length of rainfall records, means, median values, RV, and IAV percentages for each meteorological 
station. The mean annual rainfall for the longest period of records ranged from 89.1 mm at Dubai Airport to 198.9 mm at 
Masafi. The median ranged from 77.1 mrn/year at Dubai Airport to 143.2 mrnlyr at Masafi. The RV of rainfall records 
varied between 44% at Al Burayrat meteorological station and 77% at Kalba station. The IAV of rainfall records varied 
between 57% at Diba station and 85% at Hibab station. 

Discharge 

Falaj discharges were measured with an Ott 1205-26 mini-current meter, which is equipped with an electronic revolution 
indicator. Every 10 cm across the falaj outlet, the number of revolutions in 40 seconds were counted at depths of 8 and 
15 cm above the bottom. Flow velocities were obtained from rating tables provided with the instrument according to the 
formula: V = 0.619 N + 0.017, where V is the velocity in meter per second, and N is the number of revolutions per second. 
The area of the outlet, which can be triangular, rectangular, or trapezoid, was measured by a staff. Discharge of each sector 
is then estimated by multiplying the average velocity by the area. Total falaj discharge is the sum of sector discharges. The 
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accuracy of the used current meter is high and expected errors would not exceed 2 to 3%. The average annual values of falaj 
discharges in liters per second are listed in Table 2. Each of these values is an average of two measurements one during 
September-October (before rain) and the other during April-May (after rain). 
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Figure 5. Isohyetal Map (mm) ofthe Eastern U.A.E. During the 1991-1992 Period 
(based on data from the Ministry ofAgriculture and Fisheries [4]). 
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Zeinelabidin S. Rizk 

Table 2. Geometric Parameters and Discharge of V.A.E. Falajes (liter per second) for the Period 1984-1996. 

Abbreviations: EDSA = Eastern Drainage Southern Area, WDNA = Western Drainage Northern Area, 


WDCA =Western Drainage Central Area, and ECA =East Coast Area. 

second 

Fa1aj Falaj Fa1aj Width Length X. Area A. Area Ave. Mean Transit 
No. Name Type (m) (m) (mll (m2l 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 tl'meDis. Velocity 

I Shafgah Gheli 0.70 0.185 0 19.00 0.00 0.00 43.00 34.00 20.00 20.00 0.00 43.00 0.00 22.00 20.00 42.00 20.23 0.11 0.00 
2 Hadf Gheli 0.40 0.130 0 12.80 6.10 8.00 20.00 13.00 5.00 5.00 9.00 20.00 10.00 15.00 10.00 22.00 11.99 0.09 0.00 

Nasla Gheli 0.70 0.160 0 57.00 4.00 9.00 85.00 68.00 67.00 36.00 0.00 10.00 0.00 12.00 1.00 15.00 28.00 0.18 0.00 
4 Rafaq Gheli 0.60 2500 0.150 1500 51.00 9.00 8.00 52.00 52.00 53.00 63.00 8.00 7.00 0.00 91.00 3.00 61.00 35.23 0.23 2.96 
5 Munnai Gheli 0.80 500 0.400 400 36.00 0.00 0.00 0.00 4.00 3.00 4.00 3.00 6.00 20.00 3.00 2.00 30.00 8.54 0.02 6.51 
6 Howeilat Gheli 0.45 3200 0.1l0 1440 12.90 7.00 6.00 89.00 2.90 54.00 46.00 3.00 20.00 20.00 14.00 12.00 45.00 25.52 0.23 3.83 

Warah Gheli 0.90 1000 0.160 900 11.00 0.00 0.00 24.00 72.00 10.00 0.00 0.00 30.00 20.00 0.00 52.00 10.00 17.62 0.11 2.52 
8 Masfut Gheli O.SO 1500 0.Q35 1200 12.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00 10.00 13.00 80.00 27.00 30.00 13.69 0.39 1.07 
9 Dofdaha Gheli 0.45 1000 0.130 450 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OS 0.00 469.44 

IO Sagheer Daudi 0.45 1500 0.080 675 5.00 0.00 0.00 6.50 28.00 10.00 5.00 4.00 0.00 0.00 0.00 0.00 0.00 4.50 0.06 7.41 
11 Sahreeha Daudi 0.50 1500 O.OSO 750 7.00 0.00 0.00 4.60 18.00 12.00 16.00 12.00 0.00 0.00 0.00 0.00 0.00 5.35 0.Q7 6.23 

WDNA 
12 KhattNorth Hadouri 0.65 0.098 0 17.00 14.00 7.20 7.10 21.10 Il.oo 16.00 16.10 17.00 25.00 10.00 20.00 40.00 17.04 0.17 0.00 
13 Khatt South Hadouri 0.60 1000 0.044 600 33.00 19.00 4.00 9.30 24.00 11.00 20.00 22.00 32.00 46.00 14.00 30.00 60.00 24.95 0.57 0.49 
14 Hubhub Daudi 0.50 500 0.100 250 55.00 35.00 26.00 53.00 55.00 31.00 35.00 26.00 50.00 52.00 22.00 17.00 48.00 38.85 0.39 0.36 
15 Usaya1i Daudi 0.45 3000 0.030 1350 53.00 3.70 2.20 2.00 3.00 2.40 3.00 2.00 4.00 2.00 3.00 2.00 1.00 6.41 0.21 3.90 

WDCA 
17 Fili Gheli 0.45 5000 0.194 2250 6.20 5.00 S.OO 6.00 4.00 16.00 12.00 11.00 10.00 8.00 9.00 9.00 12.00 S.94 0.05 30.14 
IS Asimah Gheli 0.50 3000 0.030 1500 5.40 4.50 3.60 7.50 5.00 5.00 6.00 5.00 8.00 9.00 8.00 6.00 9.00 6.31 0.21 3.96 
19 Murrad Gheli 0.55 1500 0.120 825 0.00 S.OO 6.00 10.00 10.00 37.00 11.00 10.00 11.00 13.00 11.00 13.00 11.00 11.62 0.10 4.30 
20 Dhaid Gheli 0.50 10000 0.100 5000 13.30 12.00 0.00 0.00 5.00 18.00 16.00 15.00 17.00 15.00 16.00 13.00 16.00 12.02 0.12 23.10 
21 Siji Gheli 0.72 500 0.060 360 3.00 2.00 3.00 4.00 4.00 4.00 4.00 4.00 0.00 0.00 0.00 0.00 0.00 2.15 0.04 3.87 
22 Mualla Gheli 0.55 3500 0.290 1925 8.00 8.00 8.00 6.00 8.00 10.00 10.00 10.00 9.00 8.00 9.00 8.00 10.00 8.62 0.Q3 32.73 

23 Mannama Daudi 0.30 3000 O.OIB 900 4.10 3.00 4.00 4.10 6.00 LBO 1.60 5.00 5.00 3.00 2.00 4.00 0.00 3.35 0.19 4.47 

ECA 
24 Farfar Gheli 0.40 2000 0.052 800 15.00 6.00 8.00 21.00 33.00 5.00 6.00 6.00 20.00 21.00 5.00 7.00 21.00 13.38 0.26 2.16 
25 Mamduk Gheli 0.40 3000 0.024 1200 4.50 2.70 3.50 4.30 11.40 5.00 3.00 1.00 6.00 3.00 2.00 6.00 4.00 4.34 0.18 4.61 
26 Museiriya Gheli 0040 4200 0.028 1680 5.80 0.00 0.00 2B.00 30.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.91 0.18 6.66 
27 Habeesa Gheli 0.70 1200 0.053 840 8.90 0.00 0.00 0.00 15.00 7.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.38 0.04 7.43 
28 Bithna (UB) Gheli 0.35 0.091 0 41.00 40.00 36.00 290.0 440.0 60.00 86.00 1.00 39.00 54.00 1.00 34.00 45.00 89.77 0.99 0.00 
29 Bithna (RIB) Gheli 0.30 500 0.099 150 48.00 42.00 19.00 29.00 14.00 2.00 2.00 20.00 l.00 2.00 15.00 1.00 1.00 15.08 0.15 0.91 
30 Awaina Daudi 0045 500 0.018 225 2.20 1.30 0.70 2.00 2.00 1.00 1.00 1.00 2.00 1.00 2.00 1.00 2.00 1048 0.08 1.69 
31 Saham Gheli 0045 500 0.041 225 15.70 8.00 2.00 8.00 18.00 11.00 1.00 1.00 3.00 2.00 6.00 0.00 0.00 5.82 0.14 0.98 
32 Farah Gheli 0.50 2500 0.027 1250 10.00 0.00 0.00 0.00 29.00 1.00 0.00 8.00 12.00 7.00 3.00 0.00 8.00 6.00 0.22 3.13 
33 Zikt Daudi 0.55 0.040 0 4.90 5.00 6.00 7.00 B.oo 8.00 9.00 8.00 0.00 0.00 0.00 0.00 0.00 4.30 O.ll 0.00 

Al-AinArea 
34 Ain Sukhnah Hadouri 1.20 3000 0.144 3600 30.40 35.00 45.00 50.00 48.00 46.00 50.00 80.00 0.00 0.00 0.00 0.00 0.00 29.57 0.21 4.06 
35 Maziad Daudi 0.75 2000 0.050 1500 16.00 25.00 20.00 40.00 32.00 30.00 31.00 30.00 0.00 0.00 0.00 0.00 0.00 17.23 0.34 1.61 

36 Hili Gheli 0.65 4000 0.117 2600 27.00 30.00 IB.oo 14.00 21.00 28.00 29.00 35.00 20.00 30.00 20.00 16.00 0.00 22.15 0.19 5.87 

37 Daudi Daudi 0.80 5000 0.168 4000 20.00 22.00 30.00 48.00 51.00 54.00 56.00 42.00 40.00 32.00 39.00 51.00 0.00 37.31 0.22 6.25 
38 AIAini Daudi 0.80 6000 0.184 4800 11.60 116.0 49.00 56.00 49.00 44.00 45.00 43.00 43.00 40.00 41.00 45.00 46.00 48.35 0.26 6.34 
39 Buraimi Daudi 1.00 9000 0.220 9000 45.00 48.00 50.00 51.00 39.00 28.00 30.00 28.00 0.00 0.00 0.00 0.00 0.00 24.54 0.1 I 22.41 

40 Saarrah Daudi 0.95 6500 0.095 6175 50.00 51.00 52.00 34.00 44.00 51.00 49.00 34.00 0.00 0.00 0.00 0.00 0.00 28.08 0.30 6.11 

Maximum 1.20 10000 0040 9000 57.7 116.0 52.0 290.0 440.0 67.0 86.0 80.0 50.0 54.0 91.0 52.0 61.0 89.77 0.99 469.44 

Minimum 0.30 500 0.02 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.08 0.00 0.00 

Sun 23.17 93600 4.16 60320 778.7 572.3 442.2 1121 1321 762.2 727.6 503.1 495.0 456.0 475.0 410.0 589.0665.68 7.54 687.52 

0.59 2836 0.10 1587 19.99 15.06 11.64 28.38 33.88 19.53 18.62 13.24 11.89 12.00 11.92 10.26 14.39 16.99 0.20 18.09 

Abbreviations: 
X. Area Cross-sectional area [m2] 

A. Area = Active area of the falaj (width x length) [m2] 


Ave. Dis. Average falaj discharge for the period 1984-1996 [lIs] 
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During the period 1978-1995. the total falaj discharges in U.A.E. varied between 9.0 x 106 m3/yr in 1994 and 
31.2 x 106 m3/yr in 1982. According to their locations, the Ministry of Agriculture and Fisheries has classified the U.A.E. 
Falajes into five zones (Table 1; Figure 1): the Eastern Drainage Southern Area (EDSA), Western Drainage Northern Area 
(WDNA), Western Drainage Central Area (WDCA), East Coast Area (ECA), and Al Ain Area. 

In the present time, the Ministry of Agriculture and Fisheries maintains and monitors about 40 falajes in U.A.E. The 
Ministry also collects water samples for chemical analyses. In the Al Ain area, the Falajes Department of the Al Ain 
municipality is responsible for the management and maintenance of the local falajes. 

Discharge varies from one falaj to another depending on the location of the main well (wells), nature of the source aquifer, 
the amount of seepage from tunnel sides, and the mean annual rainfall. Some falajes dry out during periods of low rainfall 
while others exhibit little effect. Average discharges of U .A.E. falajes for the period 1984-1996 varied between 
2.38literlsecond (llsec) in Falaj Habeesa and 89.7711sec in Falaj Bithnah (LIB) (Figure 1; Table 2). 

According to discharge, falajes are classified into three types locally designated as Al Gheli, Al Daudi, and Al Hadouri 
[6]. Al Gheli falaj carries water only in winter and its discharge is directly dependent on rainfall. Despite its limited amount, 
water ofAl Gheli falajes is renewable and has a good quality. Because aquifers are main water source, Al Daudi falaj has a 
permanent discharge. Al Hadouri falaj is commonly connected to deep artesian aquifers and intercepts the groundwater as 
it moves upward through fissures and fractures. 

A plot of the total annual discharge of U.A.E. falajes versus the mean annual rainfall on the Eastern Mountain Ranges 
(ENIR) and Gravel Plains (GP), shows a direct correlation (Figure 6; Table 3). In fact, because most of U .A.E. falajes belong 
to the Gheli type, discharges show a pronounced response to rainfall events. In contrast, Al Daudi falajes, exhibit very little 
change in their discharge rates throughout the year, because large groundwater storage is the main source of water in these 
falajes and maintain their flow during the whole year. 

Because of heavy groundwater pumping in many areas of the U.A.E., several falajes have gone dry. Discharge records of 
Al Ain falajes were obtained from Gibb and Partners [7], Ha1crow and Partners [8], and the Ministry of Agriculture and 
Fisheries. These records indicated thatAlJimi,AI Mu'waji, andAI Qattarah falajes went dry in 1979, whereas Al Mu'Tarrad, 
Maziad. and Al Hili falajes dried out in 1981-1982 (Figure 7). Because of continuous maintenance, extension, and pumping 
groundwater into their channels, Al Aini and Al Daudi falajes are still active in the present. 

WATER CHEMISTRY 

Water samples were analyzed for major cations (Ca2+, Mg2+, Na+, and K+) and anions (CO;-, HCO}", SO f-, and CI-) in 
the Food Control Laboratory of Al Ain Municipality. The calcium-ion (Ca2+) concentration was determined 
complexometrically by addition of the hydroxylamine to adjust the pH value at 10 and Murexide as an indicator. Magnesium 

Table 3. The Mean Annual Rainfall on the EMR and GP, and the Total Annual Falaj 


Discharges (106 mJ/yr) During the 1978-1995 Period. 


Rainfall (mrn/yr) Discharge Rainfall (mrn/yr) Discharge
Year Year 

EMR GP (10 6 m3) EMR GP (10 6 m3) 

1978 94.3 73.3 18.8 1987 191.9 153.0 28.7 

1979 75.6 60.4 18.2 1988 262.3 188.0 29.2 

1980 160.6 137.5 17.9 1989 70.3 79.4 23.2 

1981 110.8 100.2 21.1 1990 230.8 184.2 22.4 

1982 339.7 283 31.2 1991 81.4 80.6 16.9 

1983 353.9 225.9 26.2 1992 198.3 105.7 13.5 

1984 46.1 27.2 26.3 1993 189.9 184.1 15.0 

1985 32.0 30.5 18.4 1994 40.9 33.7 9.0 

1986 75.9 61.3 14.0 1995 284.4 185.0 16.5 
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ion (Mg2+) was determined by subtraction from the total calcium and magnesium after determining both ions 
complexometrically using the Eriochrome black-T indicator. Sodium (Na+) and potassium (K+) ions were measured with a 
flame photometer. Samples of known concentrations ofNa+ and K+ were used to construct standard curves, which show the 
relation between the contents of these ions and absorbance. Then, the absorbances of water samples with unknown 
concentrations of sodium and potassium ions were measured using the constructed standard curves. The bicarbonate ion 
(HCOi) was determined volumetrically by titration against dilute sulphuric acid and the methyl orange indicator. Sulfate
ion (SO J-) concentration was determined colorimetric ally with the barium chromate method. However, SO J- content in 
some samples, (marked with asterisks in Table 5 below,) was estimated by difference. Chloride-ion (CI-) was measured by 
using silver nitrate (AgN03) and potassium chromate (KCr04) as an indicator. Because no pH were provided by the lab, the 
pH values for all samples were obtained by calculation from the relation: [H+] =log K210g [COi-] / log [HCOi] [9]. 

Electrical Conductivity 

As Table 4 shows, the EC of water samples collected from the U .A.E. falajes varied between 450 /lS/cm in FaIaj Asimah 
(AI Fujairah) and 10940 /lSlcm in Falaj Ain Sukhnah (AI Ain). 

Generally, the EC values are low in water samples collected from the falajes draining ophiolite rocks, east of Al Ain and 
Al Fujairah areas, indicating low water salinity. In contrast, the EC values are relatively higher in water samples of the 
falajes draining limestone rocks in Ras Al Khaimah and west of Al Ain areas (Table 4). 

The iso-EC contour map shows that the EC values of falaj waters are low near the water divide of the eastern mountains 
and increase further east and west, with distance from the recharge area (Figure 8) [10]. The EC of 98 groundwater samples 
measured by the author during late February-early March 1996 are presented on Figure 8. The iso-EC contours also shows 
that the groundwater salinity increases from the water divide towards the east and west. 

A water sample from Falaj Ain Sukhnah in Al Ain area has an EC of 10940 /lS/cm which is an exceptionally high salinity 
for a falaj water. The reason is the possibility that the course of this particular falaj runs across the evaporite deposits of the 
Miocene Fars Formation which flank Jabal Hafit from both side. Dissolution of these evaporites might have significantly 
increased the salinity of the faIaj water. Jabal Hafit, the main recharge area of the falaj, is mainly composed of limestones 
which contain some gypsum. Upon dissolution, gypsum can contribute to the high EC of the water in the falaj. 

The plot of the EC (/lS/cm) versus falaj length shows that the EC of water in open-channel falajes (AI Gheli type), which 
are dominant in the eastern mountain region, increase with increasing the falaj length (Figure 9(a)). Examples of these 
falajes are Falaj Asimah (Length (L) =3 km and EC =450 /lS/cm), Falaj Fili (L = 5 km and EC =1020 /lS/cm), and Falaj 
Al Dhaid (L =10 km and EC =1180 /lS/cm). The EC 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, and thus, larger amount of Total Dissolved Solids (TDS) contribution from the bedrock. Also, the longer the falaj 
channel, the larger the evaporation losses. This explains why old falaj channels are very narrow and rather deep to minimize 
the natural evaporation from falaj waters. In tunnel-type falajes (AI Daudi falajes), the EC does not correlate with the falaj 
length (Figure 9(b)) 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 EC (2760 /lS/cm). In contrast, Falaj Al Aini (6 km) is longer than Falaj Hubhub and has 
a much lower EC (620 /lS/cm). 

Major Ions 

Calcium-ion (Ca2+) concentrations is high in water of the falajes which drain ophiolitic rocks (6 mg/I in Falaj Asimah, 
Al Fujairah) and high in the falajes draining limestone rocks (601 mg/I in Falaj Ain Sukhnah, Al Ain). Magnesium-ion 
concentrations range from 9 mg/l in FaIaj Awaina (AI Fujairah) to 150 mg/l in Falaj Ain Sukhnah (AI Ain). Water ofU.A.E. 
falajes has high Mg2+ concentrations because most of these falajes run across Mg-rich ophiolitic rocks of the northern 
Oman mountains. As the Mg/(Ca+Mg) ratio is 0.3, the high Mg2+ concentration in FaJaj Ain Sukhnah water can be related 
to the dissolution of limestone and dolomite rocks forming Jabal Hafit. Because falaj water has a short residence time 
compared with groundwater, sodium-ion (Na+) contents in water of the falajes are generally low, except in falajes of Khatt 
South, Hubhub, Usayali, and Ain Sukhnah. These falajes belong to the Hadouri and Daudi types which may obtain part of 
their water from high-salinity deep formations. 
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Zeinelabidin S. Rizk 

Carbonate-ion (CO;-) concentrations in water samples collected from U.A.E. falajes ranged from 5 mgll in Falaj Rafaq 
(Hatta) to 34 mgll in Falaj Sahreeha (Hatta). Bicarbonate-ion (HC03) amounts in falajes ranged from 64 mgll in Falaj 
Dofdaha (Hatta) to 336 mg/l in Falaj Farah (AI Fujairah). Sulfate-ion (SO 1-) concentrations in falajes range from 7 mgll in 
Falaj Mamduk (AI Fujairah) to 605 mgll in Falaj Ain Sukhnah (AI Ain). The high SO 1- in Ain Sukhnah water is a result of 
dissolution of gypsum (CaS04.2HzO) from the evaporite deposits of the Miocene Fars Formation through which the water 
of the falaj moves. Chloride-ion (CI-) concentrations in falaj waters range from 40 mgll in Falaj Siji (AI Fujairah) to 
3687 mgll in Falaj Ain Sukhana (AI Ain). 

Figure 10 shows a trilinear plot of the chemical analysis of water samples collected from the U.A.E. falajes. The appearance 
of most of the samples in the upper triangle of the diamond-shaped field, points to the dominance of Na-Mg and chloride 
and bicarbonate water types. Water of the U.A.E. falajes is enriched in Mgz+ which is dissolved from Mg-rich ophiolitic and 
dolomitic rocks. 

Falajes draini ng 
mixed - origin gravel 

Falajes draining
Falajes draining 

limestoneophiolite 

Ca Cl 

CATIONS ANIONS 

Figure J O. The Trilinear Plot ofChemical Analyses ofWate r Samples Collected from U.A. E. F alajes During Early 1996. 
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Zeinelabidin S. Rizk 

Because the water of the falajes is mainly used for irrigation purposes, values of EC and SAR were plotted on the V.S. 
Salinity Laboratory Staff [11] diagram. Figure 11 shows that the water of all the V.A.E. falajes, except Khatt South and 
Hubhub falajes, are good (vertical lines) to fair (dots) for irrigation purposes. 

Hydrochemical Coefficients 

The ratios Mg/Ca, NalK, Cl/S04 , NalCI, Mg/(Ca+Mg), CaI(Ca+S04), ClItotal anions, and HCO/sum anions were 
calculated for falaj waters (Table 5). 

According to Hounslow [12], if the salinity is low and Mg is greater than Ca, this indicates probable dissolution of 
ferromagnesian minerals from mafic and ultramafic rocks. This is actually the case in 27 falajes out of a total of 33 listed in 
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Zeinelabidin S. Rizk 

Table 5. Waters of these falajes run across the Semail ophiolites in northern Oman mountains (Figures 4 and 12). The Ca is 
greater or equal to Mg in waters of the falajes draining limestone rocks, such as falajes of Khatt South, Hubhub, and UsayhIi 
in Ras Al Khaimah and Falaj Ain Sukhnah in Al Ain. 
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Sodium is greater than chloride in 21 falaj, indicating a sodium source other than halite, such as albite (plagioclase) or 
natural softening according to the following equation [12]: 

Ca2+ + 2 Na-clay -t 2 Na+ + Ca-clay 

The chloride is greater than sodium in waters of 13 falaj, indicating reverse softening or 

2 Na+ + Ca-clay -t Ca2+ + 2 Na-clay. 

According to Hounslow [12], the Mg/(Ca+Mg) ratio =0.5 indicates a probable origin by dolomite weathering. This is the 
case in Falaj Hubhub (Ras Al Khaimah). The Mg/(Ca+Mg) ratio is <0.5 in the falajes of Khatt North, Vsayali, and 
Ain Sukhnah, indicating weathering of limestone and dolomite which constitute the aquifer feeding these falajes. 
The Mg/(Ca+Mg) ratio is >0.5 in 27 falajes out of 33, indicating the dissolution of Mg-rich rocks which are the main 
constituent of the ultramafic rocks of the Semail ophiolites. These conditions also favor the precipitation of calcite (CaC03) 

and possibly huntite (Mg3Ca(C03)4) which can be altered later to magnesite (MgC03) [13]. 

The ratio of Cl/sum anions is less than 0.8 in all falajes, indicating rock weathering. Only one falaj (Falaj Ain Sukhnah) 
has a Cl/sum anions ratio >0.8. Since this falaj belongs to the Hadouri-type falajes, the high Cl/sum anions ratio may 
explain the high EC (10940 J.1S/cm) where saline water is intercepted by the falaj as it moves under pressure from deep 
horizons in the Eocene limestone aquifer in this area. In fact, this area is now being explored for its hydrothermal water 
(temperature ::::50°C) [14]. 

CONCLUSIONS 

Despite their limited amount, falaj waters are a renewable resource which originated as rainfall. During the 1978-1995 
period, the total falaj discharge in V.A.E. varied between 9.0 x 106 m3/yr in 1994 and 31.2 x 106 m3/yr in 1982, which 
represents 2.8 to 9.7% of the total water use in the country. Except for a few cases, the discharge of V.A.E. falajes is directly 
related to the antecedent rainfall on the eastern mountains and the gravel plains. 

Water of all V.A.E. falajes has exceptionally high Mg2+ concentrations because most of these falajes run across Mg-rich 
ophiolitic rocks of the northern Oman mountains. The high Mg2+ concentration in water of Falaj Ain Sukhnah (AI Ain) is 
related to the dissolution of dolomitic rocks from Jabal Hafit. The EC of falaj waters in V.A.E. are variable, ranging from 
450 J.1S/cm in Falaj Asimah (AI Fujairah) to 10940 J.1S/cm in Falaj Ain Sukhnah (AI Ain). The iso-EC map shows that the 
EC of water in the V.A.E. falajes is minimum near the water divide of the northern Oman mountains and increases to the 
east and west. In Al Gheli falajes, the EC increases with increasing falaj length, but in Al Daudi and Al Hadouri falajes, EC 
is generally low irrespective of the length of the falaj. 

A plot of the EC versus SAR on the V.S. Salinity Laboratory Diagram shows that the water of the V.A.E. falajes are good 
to very poor for irrigation purposes. Because of their relatively high salinity and SAR, waters of Khatt South and Hubhub 
falajes, Ras Al Khaimah area, can threaten salt-intolerant crops, such as citrus and other sensitive fruits. 
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