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Abstract: Water is a scarce resource in arid and semi arid regions because of low rainfall and extreme 
climatic conditions, which enhance water, lose by evaporation. The situation in Libya is typical, with 
average yearly rainfall of less than 100 mm and evaporation as high as 6.8 mm/day. Under such 
conditions, surface water development is not a sustainable option, thus immense pressure is placed on 
ground water resources. Much of the ground water is used in irrigated agriculture, which represents 
80% of total consumption. The authority has been entrusted with the implementation and operation of 
the world's largest pre-stressed concrete pipe project, the Great Man Made River Project (GMRP) 
which, since its conception in 1984 has grown to include almost 4,000 km of mainly 4 meter diameter 
pre stressed concrete cylinder pipe (PCCP). Eventually over 6.0 million m³ of water will be conveyed 
every day from well fields deep in the Sahara desert to the population centers that are concentrated on 
the northern coastal strip. This paper is focusing on the impact of Great Man Made River on Murzuk 
basin which has total extract two million cubic meters per day. Using Groundwater Vistas software, 
MODFLOW and MODOFC were two main packages to evaluate the change of water level and 
optimize the future situation. Data of the research are collected from the well field, using high sensitive 
implant equipment to record the water level from different piezometric wells, and the motion of 
groundwater for each abstraction wells. Data were collected from wells field area namely East Jabal 
Hasuna in Murzuk basin, which consists of 304 abstracting wells, with constant pumping rate (5184 
cubic meter per day) for each well.The results showed the real impact on water level with change in the 
head more than one meter yearly at the Murzuk basin. These results reflect the long term influence on 
the quantity and the quality of groundwater budget. The model have three stages two are simulation 
models to predict the current pumping rate impact on groundwater at different area and one is an 
optimization model to find out a new way to decrease that impact. 
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INTRODUCTION 

 
 The Murzuk basin is one of the major water bearing aquifers in Libya. Located in the southwest of the 
country, it is bounded in the north by latitude 28° N, in the east by longitude 16° E, in the south by the Chad and 
Niger Republics and in the west by Algeria. The climate of the basin is characterized by high temperature in the 
summer months (average maximum of 39 °C in July - September) with a low of about 6 °C in January. These, 
coupled with the unusually strong winds, mean that the evaporation rate from exposed water surfaces is very 
high (IMB, 1977). The Murzuk Basin is exceptionally dry, and like much of the arid, southern part of Libya, 
precipitation is very uncommon throughout the year. Consequently, natural re-charge of the aquifer is limited, 
which in the presence of an intensive abstraction regime has resulted in the persistent depression of the 
piezometric condition within the aquifer. The main aim of this study are to develop and apply a groundwater 
simulation model, assessing the impacts of long-term stresses on present and future ground water conditions in 
the aquifer system due to GMMRP pumping in the Murzuk Basin. And to formulate the management problem 
into an optimization model in the study area and apply the management model to couple the simulation with the 
optimization model in order to find the optimal solution of the pumping rate and the best distribution of working 
wells while satisfying irrigation water demand and piezometric head constraints. The Amsterdam Water Supply 
utility has been using MODFLOW for many years (Olsthoom, 1999). It has been used for many purposes; for 
example, it was used to predict the effect of any kind of changes to the water supply system, to position 
extraction wells and also to design deep-well recharge system. Its selection for these tasks was based on its 
unique advantages, such as the ability to model transient flow. It also works with graphical interfaces, such as 
GROUNDWATER VISTAS (Rumbaugh, 2004),  Groundwater modeling system GMS, and Visual Modflow 
which makes it user friendly. Finally, MODFLOW incorporates automatic calibration to determine aquifer 
parameters for any degree of heterogeneity.  
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MATERIALS AND METHODS 
 
 Data are completely taken from The Center of Data; Studies & Researches of Great Man-Made River 
Authority Libyan and it be used to estimate the changing of groundwater level in the basin effecting of 
GMMRP. Measuring of changing of water level due to many years, from many wells all around Murzuk basin, 
the area which is under taken has 500 km length and width 400 km wide. Some of data is under supervision of 
The Center of Libyan Sahara Desert Studies, to get a measurement from 2 piezometric wells in the basin around 
500 Km far from GMMRP wells field; those data are used to define the relation between GMMRP pumping and 
groundwater level at that area. Data of the research are collected from the well field, using high sensitive 
implant equipment to record the water level from different piezometric wells, and the motion of groundwater for 
each abstraction wells. Data were collected from wells field area namely East Jabal Hasuna in Murzuk basin, 
which consists of 304 abstracting wells, with constant pumping rate (5184 cubic meter per day) for each, it have 
core resistivity and gamma ray logging, daily drawdown data for pumping wells, the current value of pumping 
rate, the location and layout of well field area, water requirement for crop irrigation in the area and crop 
consumptive use are present. Eight piezometric wells were used to get groundwater level recording since 1988 
as in Table 1 at EJH well field. 
 
Table 1: Groundwater level in Piezometric Wells at ELH Wells Field 

 
 
 Since this study focusing on groundwater situation in Murzuk basin due to the impact of GMMRP 
pumping, it is necessary to include another piezometric wells records to find out the relation between the 
pumping of GMMRP and groundwater level in that area. Table 2 shows the groundwater level at piezometric 
well MZ1, MZ4 located 400 and 470 Km far of EJH.  
 
Table 2: Groundwater level in piezometric well MZ1, MZ4. 

 
 
 In order to calculate some aquifer parameters, a pumping test was needed. Thus, a pumping test was carried 
out for 7 days and the piezometric surface was monitored in wells. The drawdown time data  show that the 
drawdown increased as the time progressed as expected. However, as the seventh day approached, further 
depression of the piezometric surface was minimal, implying that the aquifer had reached a steady state at 7 
days. The initial estimating of aquifer transmissivity and storage coefficient are shown in Table 3 
 
Table 4: Estimated aquifer Parameters using Welton method. 

 
 
 However, the fact that the analysis assumes the aquifer is homogenous, given the description of the 
formations provided earlier. Furthermore, the steady analysis did not permit the estimation of the storage 
coefficient, which is very vital for describing the movement of water in a confined aquifer at unsteady state 
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Alternative 1: 
 The objective of alternative 1 management plan is to assess the long-term impacts of the existing agriculture 
practice at the project on the groundwater situation at Murzuk basin at the wells field area taking piezometric 
well number 11 as a target. As a reminder, the existing practice comprises the cultivation of wheat and corn 
since the project's inception in 1988, with the addition of alfalfa in 1994. Irrigation water is obtained by 
continuously pumping from 304 wells, in the winter season (105 day) and in the summer season (137 days). All 
pumps pump at the same rate of 5148 m3/day. 
 The total amount of extracted water is 484,000,000 m3/year divided into 274,000,000 m3 in summer and 
210,000,000 m3 in winter; extracting this amount of water will cause drawdown. The drawdown versus time plot 
is shown in Figure 2 for piezometric well number 11, including the 1988 to 2007 period. In general, as seen in 
Figure 2 the oscillating nature of the piezometric level trajectory has continued into the future, which is 
expected given the differing amounts of water extracted during the summer and winter season. The maximum 
drawdown of 9.60 m from 452.5m.a.s.l to 442.9 at the observation well Number 11 was attained during the 
2007-2039 periods. Thereafter the piezometric head appears to stabilize at 442.90 m, implying that steady state 
conditions have been attained. Is seen in the  results, the introduction of water pumping of the project caused 
further depression of the piezometric following the temporary caused by the increased hectares owing to seed 
shortage of corn and wheat and human use on the long-term situation of piezometric heads distribution in the 
aquifer. The results showed the impact of the project around wells pumping area; the impact not reached the 
boundary of model which presents the Murzuk basin boundary. To do this, it must use  well located in that area, 
so therefore, another predicted of piezometric head need to be carry out, which shows in alternative 2. 
 

 
 
Fig. 2: Predicted Drawdown of Long-Term Simulation at Well Number 11. 

 
Alternative 2: 
 In this case two piezometric wells ware taken as a target to predict the water head, both of those wells 
located at boundary of Murzuk basin. Using same input data, the model was running twice, first one for well 
number MZ1as in figure 3, the second one for well number MZ4 as in figure 4. Is seen in figure 3 the real 
impact of GMMRP pumping on the area 470 km far of wells area, as the figure shows the drawdown till 2017 is 
12 m since 2007, which make 1.2 m/year. The drawdown in this area continues with time till 2051 where the 
groundwater level reached 258 m.a.s.l in this value, the steady state condition is proved. In alternative 1 the 
steady state was on year of 2039 giving 12 year earlier than alternative 2 which on 2051and at same period the 
drawdown of groundwater level gave 4.32 m from 2007-2017, which pointed that, the major impact of the huge 
pumping of GMMRP, acting on long distance area more than wells pumping area. Related to table number 3 
that mentions to last groundwater can be reached by the pumping to get water with out of treating operations, it 
can be seen clearly that, this budget of water is not be able to use more than 15 years later as long as the 
pumping continue. However to ensure this case another predicted of drawdown of groundwater need to be carry 
out at the same area.   
 

 
 
Fig. 3: Predicted Groundwater Levelat Piezometric Well MZ1. 
 
 Figure 4 shows the predicted piezometric head at well number MZ4, this well is located 120 km from well 
number MZ1, and 460 km from wells pumping area. The drawdown in this case it seems to be significant, 
taking the same period 2007-2017 the drawdown is 11.54 m, which give 1.154 m/year , this only give 18 years 
later to have good drinking water with out of treating. The steady state condition is been to rise on year of 2046 
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where the maximum drawdown is appearing and it is 43 m. Water level is decreased on the line from the center 
to edge which is as mention before present the boundary of the Murzuk basin. With these significant results, an 
optimization model needs to be done to minimize the impact of GMMRP pumping on groundwater budget.  
 

 
Fig. 4: Predicted Groundwater Levelat Piezometric Well MZ4. 
 
Optimization Model: 
 In the previous sections, the numerical simulation model of the Murzuk Basin was used to assess various 
management plans of the groundwater resource by predicting the lone-term behavior of the piezometric heads. 
This is indeed the limitation of simulation, and in order to ensure that optimality can be attained very many 
more alternative must be examined, which will be both time consuming and may in the end s t i l l  not yield the 
optimal solution. A sure way to ensure optimality is to apply the optimization model to the problem.Recently, 
optimizationmodels have been widely used, coupled with simulation models in groundwatermanagement 
studies. In order to determine an optimal solution this gives the best value of objective function while satisfying 
all constraints. In this section the optimization model of GMMRP will be developed and applied in order to find 
the best pattern of pumping wells for different seasons in the Agricultural projects The optimization problem will 
therefore be formulated in terms of minimizingthe total water extracted as the objective function, while 
satisfying specified piezometric head limits at key well locations and the total irrigation water demand.The 
cultivated area in the growing seasons in the Irawan Agriculture Project changes from year to year; therefore, a 
typical year was chosen to implement the model. There are two seasons per year. The first is the winter season 
which lasts from October to March. The crop grown is wheat and the growing area for 1500 circles for 92 days. 
The second season is the summer, when corn is grown. The summer season lasts from May to September, and 
the growing area is usually 3500 circles for 112 days with the same rate of pumping 4750 m3/day. The crop 
water requirements are required to implement the model. As remarked previously, the estimates used in this 
study were taken from a GMMRP authority. The total water pumping is 319258368 m3/year. The changes of 
stress period and yearly water pumping set in the model; all the properties of the aquifer of Murzuk basin are 
fixed. Figure 11 shows the optimization model drawdown of well number MZ1. 

 
 
Fig. 5: Predicted Piezometric Head of Optimization Model for Well no MZ1. 
 
 As it can be seen from figure 5 the behavior of groundwater movement totally change due to 
constant water pumping rate and stress period. At the optimization model, water level is 282 m.a.s.l on 
2017, whilst on the same year of predict head is 273.87 m.a.s.l, which give 8.13 m; this means a 
millions of cubic meters of water which affect the whole life there.  
 
Conclusion: 
 The part of the Murzuk aquifer modeled currently provided water for human use and Agricultural Projects. 
Extensive simulation studies carried out on the impact of the continued water abstractions have shown that the 
water needs will continue to be met well in the future. For example, a continuation of existing practice involving 
the cultivation of corn, wheat and only produced a massive drawdown. Although the observation of the head 
was made at a wells outside the pumping field, because it was needed for  long-time drawdown to cover all area, 
this modest drawdown is an indication that current irrigation water pumping to meet demand at agriculture 
projects and human use  poses a serious threat for the long-term sustainability of the Murzuk basin. This study 
issued   the practical of using computer models to evaluate the real situation of groundwater availability for 
safety use for long term.In this study the model was designed for a small area comparing with the whole 
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country, and it was therefore possible to assume homogeneity. Nevertheless, it would be beneficial if a 
much larger scale area is considered with the heterogeneity of the parameters fully accommodated. One of 
the main limitations of the study is the lack of the required data and information. It is therefore 
recommended that a hydrogeologic data base be established which can provide the required data for 
research. The storing and retrieving process of the data at the project administration offices must also be 
improved. The Murzuk Basin is a valuable basin because it is the only groundwater resource in south west 
Libya that provides water for all life purposes. It is a nonrenewable basin, so it must have due attention and 
consideration when allocating resources for monitoring activities and scientific studies in Libya. 
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