












59GEO-ECO-MARINA 15/2009
Sedimentary Processes and Deposits within River-Sea Systems

M. Tanislav, I. Dinu, M. Mafteiu – Landslides in the Danube – Black Sea Canal Area

Fig. 6 Geoelectrical cross section on on “Km  60” landslide

Groundwater flow modelling in the “Km 58” and 
“Km 60” zones

Groundwater flow modelling was considered necessary 
in the “Km 58” and “Km 60” zones in order to estimate the in-
fluence of the hydrodynamic conditions on the occurrence 
of landslides. Visual Modflow (Guiguer and Franz, 1996) was 
used for both local models.

“Km 58”
The flow model in the “Km 58” zone was built based on 

the data provided by the borehole F15 and inclinometers 
FG1, FG2 and FG3, as well as data provided by the vertical 
electric soundings (VES) 58-1 to 58-9. 

The modelled domain is bounded by the VES locations 
58-1, 58-2, 58-3 south, 58-8 and 58-9 west, 58-3, 58-6 and 
58-5 east and the inclinometer FG3 north. The zones without 
data were considered inactive. 

The horizontal dimensions of the grid are 5 m x 5 m. The 
boundary conditions are constant-heads, prescribed based 
on the measured groundwater heads.

The system of drains is represented by a prescribed 
head condition. It wasn’t possible to measure the head in 
any drain. The head in the system of drains and the hydrau-
lic conductivity of the upper aquifer were adjusted until the 
calculated rate of the drain became as close as possible to 
the rate determined on the field. In this way, the drain el-
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evation of 49.7 m was obtained, while the rate of the drain 

provided by the model became 36.79 m3/day, value close to 

the one determined on the field. The hydraulic conductiv-

ity of the upper aquifer is 2 m/day on the widest part and 

0.2 m/day on the clayey stripe located north of the system 

of drains. At the same time, the system of drains takes over 

the water from the upper aquifer, so that there is no flow 

anymore north of it.  

The groundwater flow directions in the lower aquifer con-
verge towards the canal, being mainly SW – NE, but also S – N, 
SE – NW (fig. 7). The hydraulic conductivities in the lower aq-
uifer, resulted from the calibration of the model are between 
0.2 m/day and 5 m/day on a strip located approximately be-
tween the borehole F15 and the inclinometer FG3 (fig. 8). This 
zone can be interpreted as being more fissured, thus allowing 
a preferential pathway for groundwater, also emphasized by 
longer velocity vectors (fig. 7). 

Fig. 7 Piezometric map and groundwater flow directions in the lower aquifer from the “Km 58” zone

Fig. 8 Distribution of the hydraulic conductivities (m/day) of the lower aquifer from the “Km 58” zone, resulted 
from the calibration of the model
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“Km 60” 

The flow model in the “Km 60” zone was built based on 
the data provided by the inclinometers FG4 and FG5, as well 
as data provided by the vertical electric soundings (VES) 60-1 
to 60-9. 

The modelled domain is bounded by the VES locations 
60-2, 60-5 and 60-9 west, 60-3, 60-6 and 60-7 east, 60-1 – 60-3 
south and 60-7 – 60-9 north. The zones without data were 
considered inactive.

The horizontal dimensions of the grid are 2.5 m x 2.5 m. 
The boundary conditions are constant-heads, prescribed 
based on the measured groundwater heads.

The main groundwater flow direction in the upper aquifer is 
W – E and the hydraulic conductivity was considered 2 m/day. 

Fig. 9 Piezometric map and groundwater flow directions in the lower aquifer from the “Km 60” zone

The groundwater main flow direction in the lower aquifer 
is S – N, towards the canal (fig. 9). 

The hydraulic conductivity in the lower aquifer is 2 m/day 
on the widest part of the represented domain and 1 m/day 
on the eastern half of the southern part. 

Both for the “Km 58” and the “Km 60” zones the 
groundwater flow directions are towards the canal, as 
shown on figs. 7 and 9. Thus groundwater flow favours 
the occurrence of landslides. Moreover, in the “Km 58” 
zone, preferential pathways were formed in zones with 
higher conductivity.

These models prove that interpretation of landslide phe-
nomena must be done also taking into account the influence 
of groundwater flow.

Conclusions
The sliding phenomenon from the “Km 58” and the “Km 

60” zones on the right bank of the Danube – Black Sea ca-
nal, was triggered mainly as a result of water accumulation at 
the contact between loess deposits and the underlying red 
clay. Groundwater sources are the infiltrations of the rainwa-
ter and from the old irrigation system. In both study zones, 
the groundwater flow directions are mainly S – N, towards 
the Danube – Black Sea canal, favouring the occurrence of 
landslides. Also, the defective maintenance of existing works 
conduct to the slopes instability.
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