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Abstract. This paper was elaborated in order to establish the protection zones of the 
main capture exploiting limestone aquifer stationed in South Dobrogea, Sarmatian 
age. To achieve this goal, we used the mathematical modelling of the hydrodynamic 
conditions of the aquifer, with the FeFlow program that allows the simulation of the 
groundwater flow and transport of contaminants. We studied the of the groundwater 
flow under two situations: conditions of year 1983 and conditions of year 
2010. Based on the resulted models the protection zones were established for 
captures Techirghiol, Biruinţa, and Costineşti which are located in the 
hydrogeological basin of Techirghiol Lake. We studied then the intrusion of the salt 
water coming from the Black Sea and Techirghiol with free level aquifer stuck in 
Sarmatian limestone.  

Introduction 
Romania, as a Member State of the European Union has as main tasks the 

knowledge, rational use and protection of water resources.  
In Romania, water management is regulated by the Water Law no.107/1996, 

as further amended and completed by the Law no.310/2004, for its harmonization 
with the provisions of the Water Frame Directive (Directive no. 2000/60/EC of the 
Parliament and European Council). (G.E.O. no. 73/29-06-2005) 

Around the underground capture works, of constructions and installations for 
drinking water supply, in line with Art. 5, par. (1) of Water Law no. 107/1996, 
areas for sanitation and hydrologic protection are determined to prevent the risk of 
water source deterioration. Underground waters capture sanitation is done by 
enforcing water quality protection measures, determined by the normative in force. 

To maintain the quality of the underground water, we also must understand 
the connection between the quantity of water that can be serviced and the presence 
and the bit whipstock of the salted water in the sea aquifers.   
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In order to determine the protection area of the underground water captures 
and to study the intrusion of the salted water into the serviced aquifers, the most 
efficient method is mathematical modelling. The strategy to create a model consists 
of: creating elements on the whole surface of the area, generating a network of 
finite elements, determining the working scenarios (saturated/unsaturated 
environment, the type of aquifer, flow range), introducing the initial conditions, 
marginal and the values of the parameters known for the flow and transportation, 
calibrating the model to settle the reversed issue and viewing the results.  

 

1. Limestone aquifer system in the south Dobrogea  
1.1. Geological conditions. South Dobrogea is the Eastern part of the 

Moesian Platform, limited in the North by the Capidava - Ovidiu Fault, in the 
South by the Intramoesian Fault in the line Fierbinţi – Călăraşi – Sabla, in the West 
by the Danube, and in the east by the Black Sea. 

In South Dobrogea, two structural levels are mainly distinguished: the 
crystalline basement consisting of metamorphic rocks of Archaic and Proterozoic 
age and the sedimentary layer consisting of of Paleozoic, Mesozoic and Neozoic 
sedimentary formations. 

After the Paleozoic evolution stage, which begins with marine sediments and 
ends with continental – lake sediments, during the Mesozoic and Neozoic age, 
South Dobrogea was the seat of a sedimentary platform-type accumulating in 
limestone and vapors sediments within the upper Jurassic – Neocomian age, lower 
partial Cenomanian age or terrigenous sediments within Aptian – Turonian age or 
terrigenous – limestone in Neozoic age. The quaternary deposits are represented by 
loess and loess clays with uneven distribution. Resulting following the complex 
processes of erosion and emersions (depending on tectonic ruptures which led to a 
mosaic of faulted blocks, spatial connections between different layer terms of the 
sedimentary layer are very complex. 

 

1.2. Hydrogeological conditions  Water supply of South Dobrogea is 70% 
provided by the karst aquifer system which is the most aquifer system from 

Romania, as its water sources are represented by the relation 12 – 14 sm /3 . The 
aquifer system of South Dobrogea is made of two regional aquifer:  

�  A free level aquifer, stuck in the Sarmatian limestone; 
�  An under-pressure aquifer, stuck in the limestone and dolomite sediments of 

upper Jurassic – lower Cretacic age. 
The upper Cretatic aquifer – lower Cretacic is an under-pressure aquifer on 

almost 60% of South Dobrogea surface. In the western half of the area (near the 
Danube) and in the south part of Cernavodă, there is an area where it is free 
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levelled. An important element is the absentia of the upper Jurassic – lower Cretaci 
in two tectonic blocks: Eforie – Techirghiol and Straja. 

The free level aquifer is stuck within the Sarmatian limestone in the east and 
south part of South Dobrogea, and it is conditioned by the senonian chalkstone. In 
the south and south – east, the permeable Sarmatian and Eocene formations create 
an unit aquifer. The free level Sarmatian aquifer is fed by rainfall and, in the past, 
by the loss of irrigation systems. The main drainage center is the Black Sea by the 
lakes located along the coast and the southern area of Constanţa. 

After perfecting the irrigation system of Carasu in 1972, the aquifer 
piezometric level increased by more than 25m, leading to increased discharge by 
lakes (hydrodynamic impact of Techirghiol Lake), draining the under-pressure 
aquifer and river valleys. 

 

1.3. Hydrogeological  basin of the Techirghiol Lake From the geological 
point of view, Techirghiol is located in the horst of Tuzla – Topraisar, an area with 
a distinct evolution age: the limestone complex Baremian – Jurassic age, which is 
very important considering the accumulation of water in the whole South 
Dobrogea, missing in the area as a consequence of the action of two vertical faults. 
The main hydrologic horizon is the Sarmatian complex, which is developed into 
predominantly limestone facies consisting of three undergrowth: Volhinian, 
Bassarabian and Kersonian. 
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Figure 1 : Hydrogeological basin of the Techirghiol 
Lake(Topographic map of Romania 1 : 50 000   – 

Military Topographic Direction, 1996) 
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The Hydrogeologic basin of Techirghiol Lake is located in the north-east part 
of South Dobrogea and it is bordered: in the north by the Danube Chanel – the 
Black Sea, in the east part by the Techirghiol Lake and the Black Sea, in the west 
part by the Basarabi – Negru Voda Chanel and in the south part by Pelinu – 
Moşneni – Costineşti, as shown in Figure 1. 

 

2.Modelling the hydrodynamic conditions of the aquifer stuck in the 
Sarmatian limestone within the hydrologic basin of Techirghiol lake  

The first modelling stage was performed for the situation of 1983, to 
determine the distribution in space of the hydraulic conductivity value on the 
surface of the hydro-geologic basin of  Techirghiol Lake.  

The initial conditions of the model – piezometric charge – were determined in 
1983, in 13 piezometres, among the three piezometers around Techirghiol Lake. 

The marginal conditions of the area were determined as follows: 
• the northern limit was considered as a marginal Cauchy condition which 

means the modelling of the hydraulic connection between the Danube – Black Sea 
Chanel and the Sarmatian aquifer. Thus, on such limit the levels in the canal were 
imposed, namely 7.5m upstream of Agigea canal lock and respectively 0 m 
downstream.  

• the east limit was considered as a Dirichlet marginal condition, with a 
constant piezometric load, appropriate for the level of the Black Sea (0m) and of  
Techirghiol Lake (1.33m). 

• the western limit, was considered as a marginal Cauchy condition for which 
the level of the Basarabi – Negru Vodã Canal (50m) was imposed. 

• The southern limit was considered a current limit. 
The model was calibrated for a stationary flow level, uninfluenced, with 

unknown values the hydraulic conductivity, the transfer flows between the canals 
and the aquifer by Pest program, as the difference between the measured values 
and the calculated ones was of max. 0.4 m (Figure 2). 

After the calibration, the following were determined: 
• the values of the hydraulic conductivity for the area studies,  
• the transfer debits between the canals and aquifer: the debit with which the 

aquifer feeds the Danube – Black Sea Chanel is of sm /1015.1 311−⋅  , the debit 
with which the Danube – Black Sea Chanel feeds the aquifer is of 

sm /1031.2 311−⋅  and the debit with which the Negru Vodã Chanel feeds the 

aquifer of  sm /1031.2 311−⋅ ; 

•   the feeding is done by infiltration of  sm /1015.1 9−⋅ . 
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The hydraulic conductivity determined in this stage is between 

sm /10231001.0 44 −− ⋅−⋅ , with the largest values in the central area – at the end 
of Techirghiol Lake. 

 

 
 

Fig. 2. Values of the measured piezometric charge, respectively 
calculated in 13 observation points in 1983 

 

The piezometric map resulting is introduced in Figure 3. We can notice the 
concentration of the equipotential around the end of the lake, which indicates a 
concentration of the flows in this area. We can also notice a larger gradient near the 
Negru Vodã Chanel. 
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Figure 3 : Piezometric map, 1983 
 

In Figure 4 we have the situation for 1983, of three captures: Techirghiol, 
Biruinţa and Costineşti. The flows for these captures are: Techirghiol  
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smQ /10250 34−⋅=  , Biruinţa  smQ /101270 34−⋅= , Costineşti  

smQ /10250 34−⋅= . 
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Fig. 4. Piezometric map, influenced range, 1983 
 

 
Fig. 5. Statistics of feed flows (left) and discharge (right), 1983 

 

In accordance with the flows balance, we can notice that the aquifer is fed 
mainly toward the Basarabi – Negru Vodã canal and by the water intake from the 
surface, the flow by the aquifer having a larger value and it is discharging by the 
Danube – Black Sea Canal by Techirghiol Lake, by the Black Sea and by captures.  

 The second modelling stage was done for condition of year 2010. The static 
levels of the aquifer were measured by RAJA Constanţa in 20 drilling stations 
distributed as followsl: in Agigea, around Techirghiol Lake, in Biruinţa and la 
Costineşti captures.  
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The marginal conditions of the area were appropriately determined for 2010: 
•  the northern limit was maintained as a Cauchy marginal condition and the 

levels in the canal were not modified.  
• the east limit remains a Dirichlet marginal condition, with a constant 

piezometric load, changing only in the level of Techirghiol Lake (0.5m). 
• the west limit is, for this case, a Dirichlet marginal condition, with 

piezometric loads determined in line with the model appropriate for the whole 
Sarmatian aquifer. 

•   the south limit was further considered a current line. 
 

 
 

Fig. 6. Values of the measured piezometic charge, 
respectively calculated in 15 observation points, in 2010 
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Fig.7. Piezometric map, 2010 
 

The model was calibrated for a stationary flow level, uninfluenced, with 
unknown values the infiltration feeding for 2010. It was thus estimated as to obtain 
a max. difference of 0.4 m, between the measured and calculated values of the 
piezometric charge in 15 observation points (Figure 6).  Consequently, the value of 
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the infiltration feeding mode of sm /1078.5 10−⋅  . We can notice a decrease of its 
value by half, if the irrigation system was not operational during this period, but the 
region was affected by floods. 

Unlike 1983, under such circumstances, we can notice lesser piezometric 
loads for the whole region under study, which is due to the decrease of the feeding 
in the surface, especially in the western area where the  studied area, due se 
Basarabi – Negru Vodã Canal deos not influence the aquifer (Figure 7). 
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Fig. 8. Piezometric map, in influenced range, 2010 
 

To determine the flow for 2010, the captures for Techirghiol, Biruinţa and 
Costineşti were introduced (Figure 8). The flows serviced by such captures are: 

Techirghiol  smQ /10136 34−⋅=  , Biruinţa smQ /10540 34−⋅= , Costineşti   

smQ /10219 34−⋅= .  
 

  
Fig. 9. Statistics of the feeding flows (left) and discharge (right), 2010 
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According to the balance resulted, we can notice that the decrease of the 

discharge flow of the aquifer in Techirghiol Lake by sm /10406 34−⋅ , which is 

mainly due to the decrease of the infiltration feeding flow by sm /21.0 3 . The flow 

in the aquifer is of 1821 sm /10 34−⋅ ,  by 2126 sm /10 34−⋅  less than in 1983. 
 

3. Determining the protection areas for the captures in Techirghiol, 
Biruinţa and Costineşti 

For the two situations, 1983 and 2010, the severe sanitation protection areas 
and the hydro-geologic protection enclosures were determined for Techirghiol, 
Biruinţa and Costineşti captures. 

The protection areas were determined in compliance with the Resolution no.  
930 as of August 11, 2005 on the approval of the Special norms regarding the type 
and size of the sanitation and hydro-geologic protection areas. This, the severe 
sanitation area was determined for a transit of 20 days, the restricted area for 50 
days, and the hydro-geologic protection perimeter was determined for   3650 days.  

We notice the difference between the images for 1983 and 2010, due to the 
change in the service range, at the same time with the decrease of the vertical 
feeding (Figure 10).  
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Figure 10 : Localization on the piezometric map of the 
protection area: (a) 1983; (b) 2010 

 

Techirghiol capture is featured by severe protection areas and relatively 
circular restrictive disposed around the drilling areas. The hydrologic and geologic 
protection enclosures are extended in the underground flow direction toward the 
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capture, with a larger extension on the enclosure calculated for 1983 due to larger 
service flows.  

An important issue is the position of the drilling in Techirghiol, an area 
affected by the atrophic activity. 

Biruinţa capture is extended along several kilometres in the south part of 
Techirghiol Lake and to the south – west to Biruinţa. In this area there are no civil 
constructions and the farms that were operated in the past stopped their activity. 
There is a single possible contamination source, namely the agricultural activity for 
which chemical fertilizers are used. It is important to observe the conditions 
imposed by the protection areas. Within the restrictive sanitation protection area it 
is forbidden to use chemical fertilizers.  

Costineşti capture features protection areas and enclosures of hydrogeological 
protection circular and restrictive, which indicate the decrease in the influence of 
the initial dynamics of the aquifer. In these areas no possible sources of 
underground water contamination were noticed. 
 

4.Analysis of the salted water intrusion in Techirghiol and Costineşti 
captures 

In order to assess the intrusion of the salted water in captures, the flow range 
was modified – from flowing in the stationary range to flow and non-stationary 
range. To simulate the non-stationary flow and transportation the following 
parameters were used: porosity 0.1, longitudinal dispersiveness 5m şi transversal 
dispersiveness 0.5m. 

Beside the marginal conditions of the model, where were unchanged, we 
added the contaminant mass marginal conditions, for this case salted water. Thus, 
in the east limit, at the contact with the Black Sea an average salinity of care au 
16700 mg/l was imposed, and along the bank of Techirghiol Lake a salinity of 
61000 mg/l, except for the end of the lake separated by dams. Such dams 
constructed on the Techirghiol Lake formed three lakes with different salinities: 
Techirghiol Lake, a mesosalin lake and running water lake located in the south 
area.  

We know that the intrusion of the salted water can affect the quality of water 
serviced by captures if the pick of the intrusion is present in the capture feeding 
area. Thus, following the modelling of the salted water intrusion, maximum debits 
were determined which can be exploited as the pick of the intrusion can be tangent 
of the balance line of the feeding line and the minimum flows which determined 
the feeding of the captures in the  Techirghiol Lake (Techirghiol capture) and, 
respectively the Black Sea (Costineşti capture). 

For the beginning we have studied the intrusion of salted water if the same 
service debits are maintained. We noticed that after ten year, the salted water 



Irina Mircea 
 

 

186 

advances especially toward  the east, observing an advancement of the salted water 
to the Techirghiol capture (especially in the northern part of the capture) (Figure 
11) and along the shore of the Black Sea. 
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Figure 11 : Intrusion of salted water, after 10 years, in case 
that the regime flows are maintained  

 
Conclusions 
Concluding, we can notice that reducing the discharge flow of the aquifer in 

the Techirghiol Lake by 57 % , which is mainly due to the decrease of the feeding 

flow by infiltration by 56.75% . The flow of the aquifer is of 1821 sm /10 34−⋅ , in 
2010,  about 57% less than in 1983. 

Taking into account the issues observed especially within the areas of 
restricted sanitation protection, we consider necessary to observe the norms 
imposed. Thus, in the restricted sanitation protection area, it is forbidden: to use the 
chemical fertilizers in agriculture, to build a residential system if there is no 
sewerage system, depositing the waste, vehicle fleet and fuel feeding station of 
such vehicles servicing, contaminated water floes (it is recommended to clear the 
pollution sources and to monitor the quality of water). 

Within the hyrdogeological protection area it is recommended to use 
rationally the chemical fertilizers in agriculture as not to compromise the quality of 
underground water. Consequently, a survey is needed to assess the effect of 
pollution to prevent any eventual contaminations. 

Following the assessment we can notice that the present flows can service an 
optimal exploitation of the aquifer by such capitations. In case that the flows and 
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the flow conditions are constant, the capitations shall not be significantly affected 
within the next ten years. 
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