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Groundwater Numerical Modelling
of Amman-Zarqa Basin-Jordan

Fayez Abdulla1(&), Bashar Abu Dawleh1, Majed Abu-Zreig1,2,
and Abbas Al-Omari3

1 Civil Engineering Department, Jordan University of Science and Technology,
P.O Box 3030, Irbid, Jordan
fabdulla@just.edu.jo

2 International Platform for Drylands Research and Education,
Tottori University, Tottori, Japan

3 Water and Environmental Research Center,
The University of Jordan, Amman, Jordan

Abstract. Amman Zarqa Basin (AZB) is the most developed groundwater
basin in the arid region of Jordan and faces water shortage and declining water
table due to overexploitation to meet irrigation and domestic water demands.
Therefore, groundwater flow modeling for this watershed is a necessary tool for
proper management of groundwater resources to protect AZB from depletion.
MODFLOW was calibrated and used to simulate the behavior of the flow
system under different pumping rates scenarios. The conceptual model for
Amman-Wadi Sir (B2/A7) aquifer system was formulated by one layer
unconfined type overlaid by impervious layer (A1/6 aquitard) and calibrated for
steady state condition by matching observed and simulated initial head contour
lines. Drawdown data for the period 1985–1995 was also used for calibration of
the transient model by matching simulated drawdowns with observed ones, and
then validated by using drawdown data for the period 1996–2002. The results of
the calibrated model showed that the horizontal hydraulic conductivity of the
B2/A7 aquifer ranges between 0.007 to 45 m/d. Calibrated specific yield ranges
from 0.001 to 0.15.
Three scenarios were conducted to predict the B2/A7 aquifer system response

under different conditions during the period 2020–2030. The first scenario
assumed that the pumping rates of year 2005 (110.4 MCM/year) are constant for
15, and 25 years. The maximum drawdowns where found reached about 99.9
and 104.9 m in the years 2020, and 2030, respectively. The second scenario
assumed that the present abstraction rates (110.4 MCM/year) is reduced to 80
MCM/year. The maximum drawdowns were reduced to about 90, and 94.8 m in
the years 2020 and 2030, respectively. The third scenario assumed an abstrac-
tion rate of only 65 MCM/year. The maximum drawdowns in this case will be
decreased to only 76.8, and 72.5 m for the years 2020 and 2030, respectively;
this scenario (abstraction rate of 65 MCM/year) has been found to provide a safe
recovery and stability in the drawdown and therefore, could be considered as the
safe yield of AZB.

Keywords: MODFLOW � Amman-Zarqa Basin � Groundwater modeling �
Calibration � Validation
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1 Introduction

Jordan is an arid country with very limited water resources. Groundwater contributes a
significant portion of the water supply in Jordan. Increased dependence on groundwater
needs improved aquifer management with respect to understanding recharge and dis-
charge issues (Tompson et al. 1999). Amman-Zarqa aquifer is located in the northern
part of Jordan and is a major source of drinking water for Amman, Zarqa and Jerash
cities. Furthermore, due to the increasing demand, the withdrawal from most of the
Jordan’s aquifers is almost double that of the safe yield. This will eventually lead to the
depletion of water resources and deterioration in the water quality according to the
National Water Master Plan of Jordan (NWMP 2001). Groundwater modeling is an
effective tool to understand the nature of groundwater flow and for aquifer manage-
ment. Groundwater modeling begins with the development of conceptual model after
enough knowledge of the hydrogeology of the system, followed by the mathematical
model, which consists of differential equations for hydraulic head with specification of
system geometry, and boundary conditions. Many numerical methods are used to solve
these differential equations; however the most common methods are finite difference
and finite element method.

The present study is oriented toward finding simple methodology tool for pre-
dicting, with reasonable accuracy, the hydrological behaviour of Amman-Zarqa Basin
(AZB) using appropriate and adjusted models such as MODFLOW. The study may, in
future, help decision makers and planners in selecting optimum groundwater man-
agement scenarios suitable for arid and semiarid regions. This report presents the
results of the groundwater modelling for AZB-Jordan the numerical groundwater
modelling of the AZB aims at

1. Simulating the hydrological behaviour of AZB using the MODFLOW
2. Carrying out different management scenarios for AZB (local climate effects such as

successive droughts hydrological years, groundwater pumping…)

2 Materials and Methods

2.1 Study Area

The study area lies in the north of Jordan as shown in Fig. 1. The Amman-Zarqa Basin
(AZB) covers 3739 km2 of area, 415 km2 of which are in Syria. The basin is bordered
by the Yarmouk Basin in the North, the Azraq Basin in the East and South, the Dead
Sea Basin in the southwest, and by the Rift Sides Basin in the West. The drainage
pattern is primarily towards west into the Jordan Valley area. The Zarqa River is the
main drainage course and originates from the Amman area conveying As-Samra
Treatment Plant effluent via Wadi Dhuleil where meets Zarqa River near Sukhnah
Town and flowing into the King Talal Reservoir (KTR) (Fig. 2).

The Amman-Zarqa basin is the most developed watershed in Jordan. It is the fastest
growing region both industrially and in terms of population. Amman-Zarqa basin
comprises the Greater Amman, Dhuleil, upper Zarqa, Baqa’a and Jerash areas.
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Groundwater resources in most of these areas are highly developed and over exploited.
Groundwater potential in the basin is mostly utilized for irrigation in the areas of upper
Zarqa, Baqa’a, Dhuleil and Jerash.

Fig. 1. Study area location (MWI 2006)

Kurnub Aquifer

A1/6 Aquitard

Baslat and B2/A7 Aquifer

Dry layer

Upper aquifer 
(Studied layer)

B3 Impervious layer 
(no leakage)

Lower aquifer (not 
included in study)

Fig. 2. Conceptual model of the study area
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