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Abstract

Considering the groundwater reserves, the aquifer belonging to Prahova — Teleajen alluvial fan is one
of the first ten main hydrogeological structures in Romania. With an abstraction capacity of 6.8 m3/s,
from which 5.2 3/s are exploited at present, the aquifer is considered to be the most solicited from
Romania. The hydrogeological characteristics as well as the leakages from the local industrial activity
(petroleum refinement in big refineries from the area) make the aquifer very vulnerable to the oil
pollution. The mathematical modelling integrating all known parameters represents an important
instrument for the interpretation of the aquifer behaviour and for selecting the most efficient
rehabilitation measures. The paper presents an analysis of the hydrodynamic regime of the phreatic
aquifer from the Prahova — Teleajen alluvial fan as a first stage of the entire structure modelling.
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General presentation of the hydrogeological structure

The geomorphology of the region

The studied area (Figure 1) is placed in the interspaces of the Prahova River (on the West) and the
Teleajen River (on the East). The area belongs to the piedmont field of Ploiesti and lies at the contact
area between the Carpathian and the field having the shape of a dejection cone that spreads over an
area around 500 sg. km. The span of the dejection cone extends on the direction NW-SE along a
distance of around 30 km and presents elevations from 350 m to 90 m, corresponding to an average
slope of 5%. (Tomescu et al., 1987).

This morphologic pattern is the result of a filling activity with alluvial deposits of the depression that
pre-existed when the hills interacted with the field Gherghita and Vlasia. The alluvia of the Prahova
River, together with the alluvia of the Provita River on the West and the alluvia of the Teleajen River
on the East, settled on a wavy discontinuous layer of plain clay as well as clay containing diorite sand.
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Figure 1. Location of the Prahova - Teleajen alluvial fan

The Geological Structure of the Region

The oldest formations existing in the studied zone date from the Pliocene era and belong to the hills
situated on the North side of the alluvial cone.

The Villafranchian deposits settled over the Pliocene deposits in the facies of the Candesti layers. The
sedimentation process of the Candesti layers ended with a stratum of black clay containing fossils,
which conventionally represents the depression layer of the cone. The alluvial deposits that form the
dejection cone are heterogeneous and characterised by a typical crossed structure. Lithologically, the

deposits contain a high percentage of sand, gravel and boulders (75%) and frequent clayey
intercalations (Figure2, Figure 3).
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Figure 2. Longitudinal section

Hydrological modelling 2



BALWOIS 2004 Ohrid, FY Republic of Macedonia, 25-29 May 2004

Figure 3. Transversal section

The alluvial cone was formed in the Quaternary era. Its structure consists of alluvia carried by the
Prahova and Teleajen rivers. Those deposits overlap a large, uneven, clay layer. The aquifer has the
typical structure of an alluvial cone with layers characterised by a discontinuous grading. Its upper part
(10-30 m deep) includes layers consisting of coarse Holocene wash (sand with gravel and boulders)
while its lower part (70-120 m deep) encompasses layers composed of deposits from the Lower
Pleistocene era (sand and gravel). An important complex of layers formed in the Middle Pleistocene
era has developed in-between these two permeable layers. These aquiferous layers include also
several semi-permeable shale intercalations that are not sufficiently continuous to create a clear
hydraulic disconnection between the various zones (Tomescu et al., 1987).

Climate characteristics

This region is characterised by a continental climate. The annual average temperature value varies
between 10 — 12 °C. The monthly average temperature values range between 4.3 °C and -19.5 °C in
January and +21.8 °C and +23.4 °C in July. The annual rainfall value varies between 450 and 840
mm, representing the main source of the natural replenishment of the aquifer.

General hydrogeological characteristics

In the alluvial cone Prahova - Teleajen there are two complexes of overlapping aquifers, which, from a
hydrodynamic point of view, are relatively independent:

- the lower complex (confined), situated in the Candesti layers;
- the upper complex (unconfined), situated in the Pleistocene-Holocene alluvial deposits.

The alluvial deposits of the dejection cone, although contain frequent impermeable clayey
intercalations, are characterised by the hydrodynamic continuity especially along the main flowing
direction of the groundwater: NW-SE. This aquiferous complex has piezometric levels ranging
between 320 m in the NW and 80 m in the SE, the slope of the contour lines being around 5%. The
phreatic aquifer is recharged mainly by percolation; other recharge sources are the lateral inflows from
the groundwater formation surrounding the basin and the infiltration by leakage from the lower aquifer
complex, as a consequence of the disequilibria created by the phreatic aquifer overexploitation.

The main hydrogeological characteristics of the aquifer are reflected in the following:

- the area of the hydrogeological basin is approximately 500 sq. km and the depth is
approximately 130 m;

- the Holocene deposits form an unconfined aquifer (15 - 40 m depth), while the Inferior
Pleistocene deposits are considered a confined aquifer (5- 10 m depth);

- the groundwater flows from North-West to South-East;

The aquifer may be considered the most exploited in Romania, being operated by 127 wells. The total
installed flow rate is 6.8 m%s out of which 5.2 m*s is being withdrawn at present. The most exploited
part of the aquifer is neighbouring the City of Ploiesti, where nine main production well systems having
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length in the range of 1.7-9.5 km are installed. The specific discharge rates of this part of the aquifer
(12 - 25 dm’s) create a total exploitable flow of approximately 3.4 m®s. A discharge rate of
approximately 3 m*/s is being exploited at present (Stan, 1991).

Model elaboration

Data synthesis and the conceptual model

The mean annual rainfall in the area is about 660 mm/year; the percolation amounts to 24% of the
rainfall quantity, totalizing about 180 mm/year (Drobot, 1982). Since the geology of the region is well
known, it was established that the phreatic aquifer is located in the upper Holocene alluvial deposit. Its
depth varies between 15 and 30 m. A base map of the aquifer has been created using the existing
data. The hydrodynamic regime is characterised by free groundwater heads whose values range
between 320 m and 80 m. The hydrogeological parameters have been established by pumping tests
run in 70 wells.

Following the data analysis and synthesis, the chosen conceptual model is a two-dimensional, single-
layer model. The aquifer is considered to be unconfined, heterogeneous, of variable depth. The model
was created at regional scale and focused initially on the water flow analysis. The two rivers (Prahova
and Teleajen) were considered the physical boundaries of the model; thus, the domain of study was
delineated by the two rivers on the Eastern, Western and Southern boundaries. The Northern
boundary was arbitrarily chosen as an imaginary line, linking the Floresti and Boldesti-Scaieni
localities.

The mathematical modelling
Starting from the conceptual model presented above, a mathematical model was set up.

The specialists from the Geological Informational Centre from Fontainebleau created and made
available software codes (NEWSAM and MODCOU) based on the finite difference method. NEWSAM
(Levassor & Ledoux, 1999) is a specialised software for modelling the groundwater flow and the
pollutant transfer in sedimentary aquifers, either confined or unconfined. MODCOU is complementary
specialised software simultaneously coupling surface and groundwater flows modelling.

The mesh

In order to create the mesh, different constraints imposed by the heterogeneous structures and by the
spatial variation of the anisotropy were taken into account. Due to the large area of the modelled zone
an initial mesh using rectangular cells of 1,000 m x 1,000 m was automatically generated. The mesh
was refined in the Southern part of the studied area and around the tapping systems. Finally, a
complex mesh with 1816 cell of different dimensions resulted.

Boundary conditions

The lateral boundary conditions of the modelled area were selected considering the relation between
the aquifer and the two rivers; thus, a “flow dependent on hydraulic charge” condition on the lateral
boundaries was chosen. On the North-Western boundary, corresponding to the line linking Floresti
and Boldesti-Scaieni localities, a “prescribed head” condition was used. On the North-Eastern
boundary (the contact with an impermeable deposits area) the boundary condition was “no flow” type.

Parameters

The parameters taken into consideration for the mathematical modelling were the hydraulic
conductivity, the infiltration rate and the withdrawn discharges.

Model calibration

Steady state simulation

In a first stage, the simulation of the groundwater flow was realised in steady state. The parameters
considered for calibration were the hydraulic conductivities. The reference piezometry for calibration
was the based on the field campaign from June 1993. Several possible sets of permeability values
were taken into account in order to achieve the best approximation of the measured values. These
sets were selected according to the geological structure.
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Considering the permeability map (based on the pumping tests) as the starting point, a first simulation
was performed. The computed piezometry being similar to the measured one, the results of this first
simulation were used as initial piezometry for the following simulations.

The hydraulic conductivity values for the several sub-domains of the model should be in agreement
with the geological characteristics of the aquifer structure; in the same time, they should be close to
the estimated values based on pumping tests. Several zones with different permeability values were
considered in the model in order to obtain a minimal difference between the computed and the
measured values of the groundwater heads.

Taking into account the variable density of the field observations and the incertitude of the data, the
calibration was considered satisfactory when the differences between the computed and the
measured values were smaller than 1.0 m (Figure 4). Generally, the hydraulic conductivity values
resulting from the calibration were maintained very close to the measured ones. However, in some
zones with scarce information the differences were significant.

Piezometrie masurata

Piezometrie calculata

Punct de masurare

PIEZOMETRIA CALCULATA S1 MASURATA

Figure 4. Steady state simulation - the calibration results

Transient simulation

The main goal of the steady state simulations was the evaluation of the hydraulic conductivities and
the validation of the input data. The transient simulations were performed for testing the model, for
taking into account the variation of the natural replenishment and for the final adjustment of the
aquifer's parameters. The transient simulation option of NEWSAM code was activated for this stage,
while for the evaluation and integration of natural factors variation MODCOU code was used. The
main natural factors taken into account were daily values of the rainfall for the period 1980-1990
(measured in 7 meteorological stations), the potential evapotranspiration and the land use.

MODCOU has a modular structure allowing the evaluation of the surface flow, the infiltration rate and
the recharge of the aquifer for the mentioned period (1980-1990).

The transient simulations were performed starting with the steady state results; the purpose was to
reproduce the variation of the measured piezometric levels in the observations wells by choosing
adequate values for the production zones parameters and the storage coefficient. The calibration was
considered satisfactory when for most of the observation wells taken into account the evolution of
computed piezometric levels reproduced closely the evolution of the measured levels (Figure 5 and
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Figure 6). Significant differences occur in two or three wells (Figure 7), explained by the fact that the
evolution of the withdrawn discharges was not accurately known.
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Figure 5. Evolution of computed and measured hydraulic heads in Stancesti F2 wel
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Figure 6. Evolution of computed and measured hydraulic heads in Pucheni Mosneni F1B well
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Figure 7. Evolution of computed and measured hydraulic heads in Buda Palanca F3 well

Conclusions

The quantitative and qualitative degradation in strongly urbanized and industrialized areas takes place
in the conditions of a continuous increase for water demand, leading thus to critical situations with
economical and social implications.

In natural conditions, these aquifers present a hydrodynamic, hydro- chemical regime, controlled by
the climatic, morphological, hydrological, and hydro-geological conditions, specific to the respective
area. The development of the human activities lead to disequilibria of different intensities of the natural
regime, with effects at local or regional scale.

This first analysis of the phreatic aquifer located in Prahova — Teleajen alluvial fan, realised by
mathematical modelling, integrated all known parameters in an attempt to represent as accurate as
possible the aquifer's behaviour. Unfortunately, some input data are not sufficiently known. An
updated and a more reliable model should take into consideration more accurately the hydraulic
connections between the aquifer and the main rivers, as well as the leakage phenomenon that may
appear due to the intensive exploitation of the phreatic aquifer.

For a better knowledge of the characteristics of the region, particle tracking tests must be run in order
to determine the real travel time of water particles, the transversal and longitudinal dispersivity as well
as other parameters. In addition, other important analyses should be made in order to evaluate the
available water resources or the chemical status of the water body: chemical analyses in order to
establish the concentration of the oil products, an accurate evaluation of the contaminant infiltration
rate, measurements of the rate and the concentration of the contaminant recovery for various purifying
systems etc.

Following the accurate evaluation of all these parameters, the flow and contaminant transport
modelling should be resumed, in order to improve the temporal and spatial projections of the aquifer
evolution, as well as to design methods for aquifer remediation.
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