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Abstract 

Bucharest, a city of about 1.9 million inhabitants and covering a surface of about 228 km2, faces two main hydrogeological 
problems. Both are results of the interaction between the aquifer system and the underground infrastructure. The first problem 
consists in the barrier effect produced by the extensively channelized Dambovita River that cuts Bucharest city in two parts, 
increasing consequently the groundwater hydraulic heads. The second problem is actually a twofold concern and it is due to the 
strong hydraulic interaction between the sewer system and the groundwater. As consequence, the seepage into the sewer network 
increases the wastewater flow rates. Restoration of its conduits triggers consequently the hydraulic heads increase in several 
residential areas of the city. A Bucharest city urban hydrogeology project has been built, it’s primary milestone being the urban 
groundwater numerical flow model. This focuses on the interaction between the urban infrastructure and the groundwater system. 
The resulted hydrological water balance outlined that, for the entire Bucharest sewer network, about 0.92 m3/s wastewater surplus 
originates from the groundwater seepage. It has been also determined that about 16.9km (3.5%) of the sewer network is completely 
immersed into the groundwater and about 79.8km (16.5%) is partially immersed. The urban hydrogeological model framework is 
currently used to carry out distinct hydrogeological studies related to the city sewer system rehabilitation, infrastructure 
developments, groundwater protection, and environmental impact. The feedback from these studies increase further the city scale 
model knowledge and accuracy. A direct hydraulic connection between the surface water and the groundwater has been 
systematically confirmed.    
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1. Introduction 

The impact of urbanization on groundwater systems has become an important subject due to the continuous 
expansion of modern cities, climate change, and water quality degradation.  As cities are expanded massively 
downward, underground constructions replace those that earlier were situated above ground, especially for utilities 
(cables, sewage, drainage), transportation (subway, tunnels, passages), storage (warehouses, cellars, parking lots, 
thermal energy), and other uses. These infrastructure elements together with the geological matrix and the groundwater 
has to be soundly considered in urban planning. Besides, planning must take into account the entire urban water-cycle 
and, of course, the urban groundwater cycle as an important component of it.  

Reliable management of the hydraulic resources in urban areas can be carried out by using data and modeling. The 
models can only provide accurate results if they correctly reproduce hydraulic and hydrogeological processes. Several 
aspects are associated with the hydraulic interaction between urban infrastructure and groundwater systems. In 
Bucharest city, such interaction is known to produce an important disturbance to the water cycle. The man-made 
change of land use reduces recharge to natural aquifer systems from precipitation. This is complemented by discharges 
such as abstractions, drains, subway tunnels, and sewer systems. In addition, several urban components could act like 
new groundwater recharge sources as water supply network losses, irrigation practices, and leaky sewer systems. 
Additionally, disturbances of the urban water cycle can directly affect the groundwater level. The increase of the 
groundwater level can affect many urban components, generating flooding of basements, increase of the uplift force 
on foundations, sinkholes, and soils liquefaction risks. The decrease of the groundwater level can generate local 
subsidence affecting buildings integrity. It also increases the sewer leakage, reducing the groundwater quality and can 
affect surface water bodies (lakes, rivers, and streams). 

 

2. Bucharest city urban hydrogeology framework 

Bucharest, a city of about 1.9 million inhabitants and covering a surface of about 228 km2, faces two main 
hydrogeological problems. Both are produced by the interaction between the aquifer system and the underground 
infrastructure. One consists in the barrier effect produced by the extensively channelized Dambovita River that cuts 
Bucharest city in two parts, from NW to SE, increasing consequently the groundwater hydraulic heads in the 
surrounding areas. The second is actually a twofold concern and it is due to the strong hydraulic interaction between 
the sewer system and the groundwater. As consequence, the seepage into the sewer network increases the used water 
flow rates that need to be treated. Restoration of its conduits triggers consequently an increase of the hydraulic heads 
in several residential areas of the city. 
 

An interdisciplinary research project called Sedimentary Media Modelling Platform for Groundwater Management 
in Urban Areas (SIMPA) that started in 2010, set up the concept and a first realisation of the hydrogeological model 
of Bucharest city [1]. Several institutions, companies, and experts participated with data and knowledge to carry out 
this work. After compiling about 1800 boreholes, an accurate 3D geological model [2] has been developed by 
stratigraphical litho-correlation, using in-house research software [3]. The model emphases the Quaternary 
sedimentary deposits of the first 50 m below ground level and it was used to identify, delineate, and describe the 
existing hydrogeological units composing the shallow aquifer system. Pumping tests and grain size distribution 
analysis has been performed to hydraulically characterize these units. By intersecting the model with the existing 
urban infrastructure elements, it has been further possible to provide the geometrical parameters needed to quantify 
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the groundwater flow barrier effect [4] induced by the presence of the underground engineering works (subway 
infrastructure, underground parking lots, etc.) as well as to identify the position of the sewer conduits and their 
potential hydraulic connection with the aquifer strata. Essential products of this project are the Bucharest city 
geological model, the urban groundwater monitoring network, the Bucharest city urban groundwater map, and of 
course the urban groundwater numerical flow model of Bucharest city as a primary milestone. To these project 
outcomes, an institutional collaboration framework between the Groundwater Research Centre of the Technical 
University of Civil Engineering, Bucharest and the city water operator (ApaNova Bucharest) should be added. This 
scientific partnership increased the products quality by confronting technical and scientific skills and interests, 
enlarging the data acquisition spectrum, and setting-up new development targets.  

 
Within this framework several studies have been developed focusing on underground infrastructure, groundwater 

protection and environmental impact assessment, as well as hydrogeological and geotechnical analysis related to the 
city sewer system rehabilitation. These local studies used the already existing city scale model, increasing its 
knowledge and accuracy as a feedback. Distinct examples regroup design procedures of urban groundwater 
monitoring systems, deep foundations barrier effect, scenarios to simulate city lake disturbance [5], physically based 
assessments of land surface deformations driven by tunnelling works [6]. 

3. The urban hydrogeological model of Bucharest City 

3.1. Urban hydraulic and hydrogeological aspects 

The study zone, covering most of the Bucharest city, presents a developed urban infrastructure above and 
underground. With respect to the water balance, this area is mostly covered by an impervious urban layer composed 
of streets, parkings, buildings, impervious zones and others. There are also about 35 green areas (parks) of various 
extensions that contribute to the groundwater recharge. The city is crossed by the Colentina and Dambovița rivers. 
The Colentina River is a plain river with meanders and marsh areas. It forms a succession of lakes in the northern part 
of Bucharest. The Dambovița River crosses Bucharest from NE to SW through its centre. It is an extensively 
channelized river with concrete embankments. Located under the artificial bed of the river, the main sewer conduit of 
the city, is driving the waste water to the Glina treatment plant (located downhill, in the south eastern zone of the city). 
 

From a hydrogeological point of view, Bucharest City lies on a Quaternary sedimentary aquifer system composed 
of three units [7]. The deepest one is known as the “Frătești strata”. It is followed by a sequence made of marl and 
clay layers with slim sandy intercalations called “Coconi strata”. The marl complex thickness varies from 110m north 
to about 40m south. The 2nd aquifer unit is a confined one known as the “Mostiștea sands”. It can be found at depths 
between 20-50m and it is mainly made of sandy materials. The 3rd aquifer layer called “Colentina gravels” is made of 
gravely and sandy materials. It is a shallow and unconfined aquifer and shows a direct interaction with most urban 
infrastructure elements of Bucharest City. This unit underlies a clayey aquitard called “Intermediary Deposits” and is 
covered by another aquitard unit known as “superficial deposits”. 

 
The groundwater recharge in Bucharest is consists of the water supply system losses, by the sewer conduits leakage, 

and of course from precipitation. The water supply network, of a ring type, has a length of about 2444km. The sewer 
conduits show a connection to the groundwater as they act like drainage pipes or recharge elements (through fissures 
and pipe defects), a function of the hydraulic gradient between the groundwater and the conduits wastewater. The 
sewer network collects both storm and wastewater in a unitary system and discharges it in the main sewer conduit 
located under the Dambovița River. The city of Bucharest has different types of underground infrastructure elements, 
as for example the subway network, tunnels, parkings and pedestrian passages, buildings foundations of different sizes 
and depths. In relationship to the groundwater dynamics, these cavities act like barriers and drainage elements.  
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3.2. The urban groundwater model 

The urban groundwater numerical flow model developed of Bucharest city focuses on the interaction between 
urban infrastructure and the groundwater system. It is based on the 3D geological model intersected with the main 
urban infrastructure elements (3D sewer system, 3D subway network, etc.). It has been developed in steady state 
conditions for the shallow aquifer system composed by the first two shallow aquifer layers (Colentina and Mostistea), 
separated by the Intermediary deposits aquitard. For numerical integration of the model the finite difference method 
with Modflow solver [8] has been used. 

 
Progressive realizations of the urban groundwater model, focusing on the interaction between urban infrastructure 

and the groundwater, were carried out in May 2013, December 2014, and October 2015. The initial main objective of 
the developed groundwater flow model was a quantitative assessment of the groundwater and the sewer system 
interaction. The model has been developed considering the conduits with a diameter greater than 400 mm. The data 
sets used for the development of the groundwater model are given in Table 1. 
 

Table 1. Data-sets used for the development of the groundwater model of Bucharest city 

Nr. Component Subcomponent Variables Type Source 

1 Aquifer System 

Structure Top & bottom elevations input Geological model 

Parameters Horizontal & vertical 
hydraulic conductivity 

Input (pilot point 
method) 

Lithological 
description 

Pumping tests 

2 Precipitation  Groundwater recharge input  

3 Water supply network  Groundwater recharge input  

4 Subway tunnels 

Infiltrations Groundwater discharge input Measurement 

Barrier effect 
Geometry 

Hydraulic characteristic 

input 

input 

Measurement 

Modelling 

5 Lakes&Rivers 
 Geometry input Database 

 Water Levels input Measurement 

6 Sewer system+ Main 
sewer conduit 

Hydraulics 

Water levels input Water operator 
estimation 

Water budget input Water operator 
estimation 

Sewer conduits Conductance 
values (C) 

Output-inverse 
modelling 

GW model 
calibration 

Geometry 
Location in the aquifer 
system 

input  Sewers 
intersection with 
Geological model  

7 Drain attached to the 
main sewer conduit Geometry Location Input  Water operator 

  Hydraulics Drained flow rate input  Water operator 
estimations 

8 Hydraulic head data  Hydraulic head Colentina 
unconfined aquifer 
Hydraulic head Mostistea 
confined aquifer 

Input (inverse 
modelling) 

Measurement & 
interpolation 

 
The hydrogeological model is a deterministic, numerical realization of the conceptual model synthesized by Fig. 

1. Considering that the model is elaborated in steady state conditions, the hydraulic characterization of the aquifer 
system has been done in terms of hydraulic conductivity. The spatial distribution of the hydraulic conductivity has 
been determined by using the pilot point method. As this method requires the estimation of the hydraulic conductivity 
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values at several points, the values have been obtained by using the lithological description as well as hydraulic tests 
in some cases.  
 

 

Fig. 1. Simplified scheme of the Bucharest city urban hydrogeological conceptual model 
 

The water supply operator estimated that the total losses from the entire water supply network of the Bucharest city 
are about 2.42 m3/s. These losses are coming from the following distinct subsystems: (a) Industrial water system 
(about 0.02m3/s); b. Aqueducts (losses of about 0.098 m3/s); c. Low pressure pipes (losses of about 1.93 m3/s); and d. 
High pressure pipes (about 0.38 m3/s). Groundwater recharge from the water supply network has been considered 
70% of the total water losses. This contribution has been introduced as a recharge rate into the hydrogeological model.  
 

The interaction between groundwater and sewer system has been modelled using the leakage factor approach. This 
approach is based on the assumptions that sewers conduits might have defects showing a uniform distribution along 
each conduit and the defect area is proportional to the sewer wetted perimeter. In addition, the sewer conduits in the 
aquitard are subjected to exfiltration only and all other conduits can exhibit infiltration or exfiltration. To use this 
approach, the location of each sewer pipe into the aquifer system had to be identified. For the conduits located into 
the aquitard units, the assumption was made that each sewer conduit is leaking. For the conduits crossing the aquifer 
units there is the possibility of conduit leakage as well as groundwater seepage into the conduit. 

 
The hydraulic function of the sewer conduit (leaking or infiltrating) is dependent on the position within the aquifer 

system. The exchange with groundwater was modelled by dividing the sewer system conduits into two categories: 
sewer conduits located entirely into the aquitard and sewer conduits located partially or totally into the upper aquifer 
(Colentina gravels). Hydraulic modelling details are given in Boukhemacha et al. [4]. 

 
Several subway tunnels and stations cross the study zone (Fig 2). These elements have the effect of drainage and 

barrier for groundwater. The drainage effect is due to groundwater seepage into tunnels. The subway operator reports 
a value of 0.08 m3/s during 2011 as the mean total seepage flow rate. This effect has been taken into consideration 
into the hydrogeological model as a specified flow rate using the network distribution of the seepage. The barrier 
effect consists of total or partial obstruction of the groundwater flow, causing a local oscillation of the hydraulic head 
as well as a variation of the natural flow direction. The chosen finite difference software (MODFLOW), that includes 
the barrier effect simulation, requires the hydraulic characterization of these elements. It is modelled using a parameter 
known as the hydraulic characteristic (hydraulic conductivity equivalent) that represents the ratio between the 
equivalent transmissivity of the media composed by the barrier and the remaining thickness of the aquifer, and the 
barrier width. 
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Fig. 2.  3D view on the intersection between the geological model, the subway network and the sewer system 
 

The groundwater recharge from precipitation has been estimated using SCS-Soil Conservation Service- model [9]. 
The recharge of the upper aquifer unit (Colentina) coming from rainfall was quantified using the mean multi annual 
precipitation rate of 600mm/year. 

 
As mentioned before, the surface water bodies of Bucharest consist of a lakes sequence composing the Colentina 

River, several individual small size lakes and the channelized Dambovița River. The construction works of Dambovița 
River during the 70's, led to the elimination of the natural groundwater discharge into the river. Consequently, a drain 
under the channelized river and parallel to the main sewer conduit, has been constructed as a groundwater drainage 
alternative. The city water operator reported that this drain discharges groundwater with a flow rate of about 0.59m3/s 
for the first 10km of the river and with a flow rate of 0.29 m3/s of the next 7km of the river. These reported values 
have been used as a specified flow rate boundary condition in the model. 

 
For the present study, it has been assumed that there is no water exchange between the channel (Dambovița River) 

and the aquifer system. This is justified by the fact that the leakage from this channel discharges directly into the main 
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length of the sewer system (estimated to be about 474.3km), 16.9km of sewer conduits are completely immersed into 
groundwater and 79.8km of the conduits are partially immersed. Thus, more than 20% of the sewer system is entirely 
or partially immersed into groundwater.  

4. Local hydrogeological studies in Bucharest City 

Several hydrogeological, geotechnical and environmental studies have been developed in conjunction with the 
Bucharest city urban hydrogeology model. One of them is related to a constant slow decrease, during the last decade, 
of the water level in one of the Bucharest city lakes (Lacul Circului). The causes and the consequences have been 
analysed and reported [5]. The lake has a man-made origin and it is naturally recharged by the upper shallow aquifer 
(Colentina gravels). The urban aquifer system behaviour in relationship to the underground infrastructure changes 
since 2006, has been analysed.  These changes included the water supply network losses reduction, the sewer network 
interaction, the barrier-effect produced by the existing subway tunnels, and the potential temporary and permanent 
dewatering systems. The model has been developed on the basis of the hydrogeological model corresponding to the 
entire city. Complementary field investigations (borehole logs, electrical soundings and profiling, as well as 
groundwater levelling and pumping tests) have been conducted to better delineate the geology and to focus on the 
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contact with the other water surface elements, the field test results have been further used to build up the area 
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groundwater model. Considering that before 2004, the lake water level showed a steady behaviour, groundwater 
scenarios have been developed following 2004, taking into account the infrastructure elements changes over time. 
Modelling results outlined a clear connection between the decrease of the lake water level and the existing permanent 
dewatering systems. Other urban hydrogeological studies have been developed in order to analyse the possible barrier 
effect induced by building foundations, to design the groundwater monitoring system of the Bucharest wastewater 
treatment plant, and a physically based assessment of land surface deformations driven by subsurface perturbations in 
urban environments. This last study [6], a hybrid in-situ and remote sensing monitoring approach, was conducted on 
a test site in Bucharest where the effects of subsurface perturbations related to subway tunnelling and associated 
dewatering works have been analysed making use of interferometric-hydrogeological-geotechnical investigation 
techniques. The obtained in-situ measurements (horizontal and vertical surface deformations) were used to cross-
reference remotely sensed (obtained using persistent scatters interferometry technique) temporal deformation (along 
the line of sight) profiles.  

5. Conclusions 

The urban hydrogeological model is an important milestone for future hydrogeological studies in Bucharest City. 
It allows various scenarios simulations such as sewer system rehabilitation impact on the urban groundwater, impact 
of future underground works (new tunnels, building basements and deep foundations etc). Ultimately, the model 
represents a powerful tool for urban groundwater management in Bucharest City. As urbanization threatens 
sustainable development, green infrastructure planning stays as the single reliable answer to this threat. As most of 
these natural based solutions are connected to groundwater, further studies, design, and implementation projects 
should rely on accurate urban groundwater assessments.,  
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