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INTRODUCTION 
 
Nowadays, groundwater reserves are exposed to intensive exploitation, which may 
create serious problems in coastal areas where some hydraulic connection exists 
between the water reservoirs and seawater (Van Dam, 1996). The main objective of 
this research was to characterize and assess the geology, hydrogeology, 
hydrodynamics and water quality of the Upper Miocene-Pliocene-Quaternary aquifer 
in Jifarah Plain in order to identify the sources of groundwater salinization. An 
additional objective was to construct, calibrate and develop a groundwater flow model 
that could be used in future assessment and development processes (Al Farrah, 2011). 

The study area covers the coastal part of the Jifarah Plain in NW of Libya (Fig. 1). 
The Jifarah Plain is a flat area of triangle shape of about 20,000 km2. It is bordered by 
the Mediterranean Sea in the north, the Tunisian border in the west and Jebal 
Naffusah border in the south and east. The studied coastal area is a coastal strip of 
around 105 km length and 18 km wide in the north of central Jifarah comprising 
Tripoli city, where more than 50% of the country’s population are concentrated.  

The principle aquifer used by the population in the plain is the Upper Miocene-
Pliocene-Quaternary aquifer, which is called the upper aquifer. Groundwater in the 
upper aquifer is mostly discharged through pumping wells and to some extent, loss 
from sebkhas, in addition to leakage to the lower aquifer. In the Jifarah, there are 
more than 30,000 abstraction wells. Hundreds of wells are being drilled every year to 
meet the growing demand. The wells are spread over the central and northern parts of 
the upper aquifer, where agricultural activities are more intensive. The available 
recharge in the plain was calculated at 633.55ˑ106 m3/year. The discharge of 
1433.33ˑ106 m3/year is more than two times higher than the recharge. This clearly 
show an unbalanced situation which leads to important water level decline and water 
quality deterioration. 
 
METHODOLOGY 
 
Sampling and analytical methods 
This study assesses the quality of groundwater from 134 different borehole locations 
in the coastal area of the plain. The methods employed for this study are field 
measurements, sampling and laboratory analysis. In the coastal area, a total of 134 
shallow and deep wells (mostly 30-180 m deep), located at different distances from 
the Mediterranean Sea, were selected for groundwater sampling and water level 
measurement across the major cities. Chemical parameters analyzed are Na+, K+, 
Ca2+, Mg2+, Fe2+, Mn2+, Cl-, NO3

-, SO4
2-, HCO3

-, CO3
2- and PO4

3-.  Water level was 
measured from the ground surface using water level meter, and pH was analyzed 
using a pH meter and glass electrode.  



 

Figure 1: Location map of the Jifarah Plain. 

Hydrochemical evaluation methods 
The interpretation process is mainly based on ion deviation ∆mi from a conservative 
seawater-freshwater mixture, saturation indices calculation, graphical illustration 
methods including Piper diagram, classification of water according to Stuyfzand 
(1986), calculation of ionic ratios, and elaboration of maps and cross-sections 
showing the spatial and vertical distribution of water quality parameters in the study 
area.  

The PHREEQC 2.16 program for Windows was used to calculate saturation indices 
for calcite, dolomite, halite and gypsum based on the chemical analytical results and 
measured field temperatures for all samples.  
 
Construction of groundwater flow model 
The natural groundwater system in Jifarah Plain was investigated in three dimensions 
using Visual MODFLOW model code to certify the hydraulic parameters by 
minimizing the difference between the observed and calculated values and to 
determine the adverse effect of overextraction. The steady state model and transient 
flow model in 50 stress periods (1957-2007) were successfully run for the unconfined 
Upper Miocene-Pliocene-Quaternary aquifer system of Jifarah Plain. 
 
RESULTS AND DISCUSSION  
 
Major hydrochemical parameters  
The results show that: temperature ranges between 18 - 26 °C, pH range is 6.71 - 
9.94, electrical conductivity between 510 -15,650 µS/cm (25 °C), TDS range is 360 - 
11,141 mg/l and chloride concentration ranges from 2 - 5285 mg/l. This high Cl- 
concentration is probably due to mixing with seawater. High concentrations of 
chloride occur in all wells at a few kilometres from the coast and the concentration of 
Cl- decreases gradually towards the south. However, in many farther inland wells, it is 



still the dominant anion. TDS is high (>1500 mg/l) for most samples, where high Cl-, 
SO4

2- , Mg2+ and Na+ contents are mainly due to mixing with seawater and/or 
upconing of deep saline water. This occurs as a result of overexploitation of the upper 
aquifer and scarcity of rainfall. Increase in SO4

2- can also arise from the dissolution of 
sebkha sediments and gypsum. In addition, high application of fertilizers causes NO3

- 
pollution in some areas. 
 
Hydrochemical processes 

The major hydrogeochemical processes occurring in the upper aquifer are: cation 
exchange during salinization due to mixing with the seawater end member, 
dissolution of gypsum and sebkha sediments. The salinization phenomenon occurs 
stronger in the coastal zone than in the upstream zone. In the downstream zone, next 
to mixing with salt water, cation exchange reaction is the most important process that 
modifies the concentration of ions in the groundwater.  A large number of sampling 
points belong to the brackish and brackish-saline major type (Cl- > 300 mg/l), and are 
very hard to extremely hard due to strong seawater admixture (with cation exchange 
code “–“ or “0”). A lower number of samples are fresh to fresh-brackish and 
moderately hard to hard (cation exchange code “+”). 

The saturation index shows mostly a tendency to precipitation for calcite and 
dolomite. Gypsum and anhydrite are undersaturated, but with higher SI values in the 
area south of Sabratah, where the dissolution of gypsum has increased the 
concentrations of SO4

2- and Ca2+. 

Stuyfzand (1986) classification and Piper (1944) plot (Fig. 2) show that NaCl and 
CaCl types are the main hydrochemical facies for the groundwaters, while CaHCO3 
and MgHCO3 water types are found only for several wells mostly towards the 
recharge area in the south or in the north nearby a local high topographic area. 
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Figure 2: Water types according to Piper diagram. 

 



Groundwater flow model 

The steady state simulation has indicated that groundwater flow direction is from 
higher topography in the south to the north, towards the Mediterranean Sea in the 
north and sebkha drains in the north west of the plain.  

The non-steady state simulation has indicated that groundwater levels in the upper 
aquifer are most sensitive to discharge from wells. The general direction of 
groundwater flow in 1957 is to the north to the Mediterranean Sea and sebkha drains. 
This pattern has changed gradually with time, forced by high pumping rate in the 
region, where the interaction between groundwater and seawater has increased 
gradually for every time step, due to high exploitation of the aquifer in the coastal 
plain. Figure 3 shows a calculated piezometric map for 2007.  

 

Figure 3: Transient state calculated piezometric map with flow vectors for 2007 
(equidistance 10m). 

CONCLUSION 
The overpumping for groundwater has contributed to the deterioration of the water 
quality by marine intrusion and exposing the deep saline water. A majority of the 
groundwaters (80%) shows a composition that is indicative of seawater intrusion 
according to the Stuyfzand classification. Types of water that are indicative for 
saltwater intrusion are NaCl, MgCl and CaCl. CaCl is the typical water type 
appearing during the salinization processes, due to cation exchange.  
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