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ABSTRACT 

1be extremely fast development in U. A E. during the last few 
decades impose tremendous pressures on natural resources. As one of these, 
ground water suffered from excessive pumping, depletion and quality 
problems. 

The main objective of this thesis is to study the hydrogeological and 
geomorphological conditions affecting ground water in the Abu Dhabi- Al­
Ain - Dubai triangle, with special emphasis on the Al-Ain area. The specific 
objectives are to (I) investigate the possibility of grow1d-water recharge (2) 
determine the hydraulic properties of sand dw1es and interdw1e areas from 
the grain-size analysis and measurements ofinftltration-rate (I,) and hydraulic 
conductivity (K), (3) apply rainfall data, (I,) and morphometry to estimate 
and predict surface-nmoff events of the major drainage basins dissecting the 
northern Oman mountains and Jabal Hafit, ( 4) use of remote-sensing and 
technique for locating areas of shallow water table and detennining the 
volume of natural evaporation from discharge areas, ( 5) analyze pumping­
test data and calculate the hydraulic prop cities of the Al-Ain aquifers, ( 6) 
study the chemical characteristics of grow1d-water and evaluate its suitability 
for difierent uses. 

To achieve these objectives the author has collected the climatic data 
of II meteorological stations, 17 wHlisturbed soil samples tor hydraulic 
conductivity (K) measurement, 75 sediment samples for grain-size analysis 
and I 05 ground-water samples for chemical analysis. He measured the (I,) at 
27 sites, covering an area of I 0,000 km2 Grain-size of sediment samples and 
chemical analysis of water samples were conducted by the student in the 
Geology Department, U. A E. University. He used five Landsat scenes and 
ERDAS package for the remote-sensing study, the THCVFIT and SATEM 
computer programs for analyzing pumping-test data. He also wrote short 
QBASIC programs tor calculating potential evapotranspiration (PET). water 
surpluses, sodium-adsorption ratio ( SAR) and ground-water dissolved salts. 

Results indicate that the rainfall which can conttibute to growld­
water recharge, > 140 nun, occurs during cycles of 4 to 5 years. TI1e 
uniformity coefficients (C.,) of sediment samples are< 2 for sand dunes, 2-5 
for interdune areas, and > 5 for gravel plains. TI1e (C.,) of dunes and 
interdnne areas decreases from east to west, with increasing sediment's 
effective porosity, infiltration rate (I.) and hydraulic conductivity (K). 
Infiltration rate (I,) of sand dunes increases from < 12.5 mm/min in the east 
to > 20 mm/min in the west, and the (I,) ofinterdw1es areas increases fi·om < 
I mm/min in the east to > 5 mm/min in the west. 1l1e hydraulic conductivities 
(K) of sand dnnes are 2 to 3 times those of interdune areas. TI1e volumes of 
surface nmolfon main wades range fiom 3 xiO" m' (MCM) in the northeast 
to 0.25 MCM in the southwest. and the percentage of rainfall as runoffvaties 
between 4.5 in the basins ofnorthcm Oman mountains and 3.5 in Jabal Hafit 
basins. 
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Based on field investigation and remote-sensing analysis, the 
interdune areas were classified according to their soil-moisture content (%) 
into four classes: CI (standing water), C2 (>50%). C3 (50-25%) and C4 (< 
25%). The natural evaporation, calculated from the output ofremotc-sensin£ 
classification of standing water and near-surface grow1d water, is 6.35 x 10 
m3/yr. According to their( C.,) and (I,), sand dunes were subdivided from east 
to west into three classes: C5, C6 and C7, with high (C.,) and low (1,) in the 
east and low (C.,) and high (1,) in the west. 

The Quaternary gravels and sands represent the main aquifer in the 
study area. Its thickness minimum on the flanks of Jabal Hafit anticline and 
increases to the east and west, reaching > 300 m west of Jabal Hafit. The 
1982 and 1995 hydraulic-head maps indicate that the ground water flows 
from the east and u01theast towards the west and southwest. Topography 
and geological structures, however. can locally deflect the direction of 
groWid-water flow. Excessive ground-water pumping has lowered the water 
table > 50 min some areas, increased ground-water salinity and induced salt­
water intrusion from the sabkl13 areas in the southwestem part of the study 
area. Pumping-test analysis indicates that the average transitivity (T"') of the 
aeolian-sand aquifer west of the Al-Ain= 50 m2/d and its average storativity 
(Sav) = 0.01, the T,. of the alluvial-gravel aquifer cast of Al-Ain area= 
5000 m2/d and its s," = 0.0005 and the T.v of the fractured-limestone 
aquifer in the north= 485 m2/d and its S," = 7.0 x I o·'-

The TDS contents of ground water in the Quatemary aquifer in the 
study area increases from < I ,000 mg/1 in the east to >I O,!JOO m~l in ~he 
west. The sequence of cations dominance has the order: Mg"'> Na > Ca"'> 
K+· h N+ M" c"• K'' I dN' C 2+ M 2+ K' m t e east, a > g- > a- > m t 1e center an a > a > g > 
in the west, whereas the sequence of anions dominance has the order: HCo,· 
> Cl> so/·> Co/· in the east. SO/> Cl> HCO;> CO/ in the center and 
Cl> SO/> HC01> CO/ in the west. ll1e hypothetically ground-water 
dissolved salts in the study area are (a) Mg(HCO,Jo, Ca(HCO.J2, NaHC01 
and CaCO, in the east, (b) MgSO,, CaSO, and Na2S04 in the center and (c) 
Ca(Cl) and NaCI salts in the west. ll1e ground-water types are: (a) 
Mg(HC01 ) 2 in the east, CaSO, and MgSO, in the center and NaCI water in 
the west. 

!so-concentration maps of major ions and hydrochemical profiles 
reflect the presence of a buried alluvial channel which runs in a NE-SW 
direction across Al-Ain city and is responsible for the presence of relatively 
fresh ground-water within the city. According to the electrical conductivity 
(EC) and SAR values, ground water in the east. north and within the Al-Ain 
area is suitable for irrigation, whereas grow1d water west and southwest of 
the area is 1113inly saline and harmful for irrigating traditional crops. 

Sulin, Ovitchinikov and Parson classifications indicate that the deeply 
percolating meteoric is the main source of ground water in the study area, 
with a minor contribution of old marine water. 
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