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Abstract 
 
Following the recording and reproducing flooding and draining phenomena that occur naturally in the analysis of the 
Geraiului Pond, for the development of the solutions (technical and management) for expanding the period of water 
stagnation in water levels that provides the best conditions for nesting and feeding for the wild waterfowl, especially the 
red ducks and the pygmy cormorant, the mathematical modeling was use for the ecological reconstruction of this area.  
Geraiului Pond located at the la confluence of River Olt and the Danube River, in Olt County, between the villages 
Gârcov and Islaz represents one of the last natural wetlands areas along the river Danube, connected to the natural 
flood flow of the river. 
This paper presents mathematical models used to the establishment of technical solutions proposed for reconstruction 
of Geraiului Pond resulting from the phenomena of flooding and draining modeling of the area. 
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INTRODUCTION 
 
Geraiului Pond, located in Danube floodplain at 
confluence of Danube with Olt river, between 
Gârcov and Izlaz localities (Figure 1), is one of 
the last natural wetlands along the Danube. 
Geraiului Pound is connected to its natural 
flooding regime of Danube River and attracts 
many water birds that find here a place for 
nesting and feedingfor the wild waterfowl, 
especially the red ducks and the pygmy 
cormorant (Dimache et al., 2012). 
For expanding the period of water stagnation in 
water levels that provides the best conditions 
for nesting and feeding for the wild waterfowl, 
especially the red ducks and the pygmy 
cormorant, the mathematical modeling was use 
for the ecological reconstruction of this area. 
Following the recording and reproducing 
flooding and draining phenomena that occur 
naturally, this paper presents mathematical 
models used to the establishment of technical 
solutions proposed for reconstruction of 
Geraiului Pond. 
 
Assessment of flood susceptible areas în 
Geraiului Pond was done by setting limits to 

flooding by mathematical models simulating 
the flow with free surface, taking into account 
natural conditions of natural flooding regime of 
Danube River. 
Assessment of flood susceptible areas în 
Geraiului Pond was done by setting limits to 
flooding by mathematical models simulating 
the flow with free surface, taking into account 
natural conditions of natural flooding regime of 
Danube River. 
For mathematical modeling of the flooding 
regime of Danube was used HEC-RAS 
software that is commonly used in flow with 
free surface modeling. HEC-RAS detached 
outher similar softwere due to the accessibility 
and his capabilities. HEC-RAS models the 
hydraulics of water flow through natural rivers 
and other channels. The program is one-
dimensional, meaning that there is no direct 
modeling of the hydraulic effect of cross 
section shape changes, bends, and other two- 
and three-dimensional aspects of flow. The 
program was developed by the United States 
Department of Defense, Army Corps of 
Engineers in order to manage the rivers (Stoica, 
Iancu 2010). For the surface stady flow 
modeling HEC-RAS resolve the one 
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dimensional energy equation: 
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where: 

- 1z , 2z  = elevation of the main channel 
inverts 

- 1h , 2h  = depth of water at cross sections 
- 1V , 2V  = average velocities (total 

discharge/ total flow area) 
- 1 , 2  = velocity weighting coefficients 
- g  = gravitational acceleration 
- rh  = energy head loss 
 

HEC-RAS is capable to modeling subcritical, 
supercritical, and mixed flow regime flow. 
One-dimensional model under non-permanent 
flow solves Saint-Vernant equations (2), 
resulting the medium flow and level in the 
cross sections. Saint-Vernant equation that 
HECRAS resolve is: 
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where: 

- Q = discharge  
- A = flow area 
- V = average velocity = (total discharge/ 

total flow area) 
- g = gravitational acceleration 

 
Modeling flooding and drainage 
The modeling of flooding and surface water 
drainage in Geraiului Pond was conducted in 
three phases: the first step was represented by 
the modeling of flooding and surface water 
drainage from Geraiului Pond, the second step 
was the identification of areas of natural 
discharge of water from the pond and the third 
step was the flow modeling of water discharge 
through the areas identified at step two. 
 
 
 
 

 
Figure 1. Geraiului Pound Location, upstream confluence of Danube with Olt River 

 
Modeling the flooding and surface water 
drainage from Geraiului Pond was based on a 
digital terrain model with the pixel in 
horizontal dimension of 20 meters (Stereo 70 
projection). The accuracy of the vertical grid is 
unknown, the range of the altitudes being 
between 12.4 and 194.6 m. The height in the 
area of Geraiului Pond ranges between 22 and 
24 meters, the location being almost horizontal 
(Figure 2). In the North area of the pond the 
heights increase somewhere around 40 to 50 m. 

ArcGIS analyses was used to prepare the data 
for HEC-RAS model.  
The numerical model of the terain was 
overlapped on the aerial photographs for 
identifying the minor and major riverbed of the 
Danube. 
Using HEC-GEORAS extension in ArcGIS, a 
number of 153 cross sections were defined. All 
the cross sections were checked and every 
incoherent data were changed. The roughness 
values assumed ranges from 0.03 in the 
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riverbed of the Danube up to 0.08 in the pond. 
For boundary condition of the HEC-RAS, were 
considered available hydrometric data from there 
station: Bechet, Corabia and Turnu Magurele 
for the year 2006 Figure 3. The boundary 

conditions of the flow model were represented 
on the flow hydrograph (Bechet) and the stage 
(levels) hydrograph. The modeling of flow and 
drainage phenomena was carried out in steady 
flow by imposing a subcritical flow. 

 

 
Figure 2. Geraiului Pond. Digital Terrain Model - tridimensional view from downstream 

 

 
Figure 3. Hydrometrics stations: Bechet, Corabia and Turnu M gurele 

 
The results of the flow model were represented 
by the medium values, in each cross section of 
flows, levels and all the parameters derived 
from this. The model provided the lower and 
maximum levels of water on the Danube, 
corresponding to the hydrograph values 
imposed upstream. 
The purpose of the first modeling step was to 
determine the period when the pond is prone to 
flooding and the levels of the water in it, during 
this period. During the drainage of the surface 
water period it is important to establish the 
variation of water levels, in order to determine 
the optimal water level for the water birds to 
find places for nesting and feeding. The time 

when Geraiului Pond is flooded, obtained from 
modeling considering hydrological data from 
2006, is between last decade of February and 
first decade of July (Figure 4). 
Second step of the modeling was representing 
by the delimitation of the areas covered by 
water at different elevations using ArcGIS 
analyzes in order to determine the optimal level 
of water for nesting of birds. Proposing 
different levels of water in Geraiului Pond, the 
optimal level of water resulted was 22.50 m 
(Figure 5). At this elevation, surface covered by 
water is 260000 m2 and the water volume is 
about 1300000 m3. 
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Figure 4. Water elevation in Geraiului Pond July 08, 
2006 

 

 
Figure 5. Water surface extends for stage 22.50 m 

 
Also, in the second step of the modelling was 
determined the lower point through water flow 
in period of water drainage from the pond. 

Three points were identified. Those points 
correspond to a discharge channel in the part of 
north-west of Geraiului Pond, a channel in the 
part of south (central) of pond and one in the 
part of south-east. 
The last step of the modeling was representing 
by the mathematical model of surface flow in 
channels of water discharge from pond, 
identified in second step of the modeling 
(TUCEB, 2010). Hydraulic model were built 
for each channel, in order to determine haw 
water discharge form pond and to find solution 
for keeping for a long time of water in pond to 
provide nesting and feeding for the birds. 
For each channel, hydraulic modelling were 
performed in steady flow conditions, by 
varying flow values, corresponding with 
different elevation of water in pond, between 
0.5 m3/s and 30 m3/s. The roughness coefficient 
for the channels riverbed was chosen after a 
terrain survey at value of 0.035 and the 
roughness coefficient for the major riverbed the 
value of 0.045. Hydraulic slope of the channels 
were obtained by analyzing digital terrain 
model. In order to avoid the local roughness in 
the calculation of the slope, a linear regression 
procedure for identifying the medium hydraulic 
slope was used. 
In the north-west part of the Geraiului Pond, is 
the most important discharge channel. This 
channel is link with a rivulet in the zone, Ursa. 
For additional intake water in period of 
drainage of the water from the pond, it is 
recommended a stream diversion to the central 
area of the pond.  

 

Table 1. Hydraulic parameters for the discharge channel 

Channel  
section 

Free surface 
water elevation Depth Velocity Discharge 

area 
Froude  

no. 
(m) (m) (m/s) (m2) (-) 

883.7348 23.64 0.45 0.42 34.64 0.23 
661.0258 23.5 0.86 0.5 20.69 0.23 
540.5424 23.46 1.05 0.41 24.67 0.16 
428.0607 23.39 1.26 0.72 13.94 0.30 
355.4089 23.35 0.91 0.68 14.8 0.28 
256.4688 23.23 0.78 0.73 13.79 0.29 
194.8462 23.15 1.00 0.74 13.44 0.29 
97.10692 23.06 2.16 0.42 23.81 0.13 
20.61243 22.97 0.84 0.67 18.15 0.27 
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Modelling the channel from the north-west area 
of the pond allowed to draw some clear 
preliminary conclusions and to propose 
structural or non-structural solutions that 
accomplish in a certain measure the objective 
of this study: the ecological restoration. 
The hydraulic parameters for the discharge 
channel, for a flow of 10 m3/s determined 
through the modelling are presenting in the 
Table 1. 
Solution of ecological reconstruction 
proposed based on mathematical modelling 
The flow model of surface water in the 
Geraiului Pond allowed the proposal of some 
structural and non-structural solution for 
ecological reconstruction of the area. The one 
dimensional model led to the modeling of the 
flooding and draining phenomena that occur in 
Geraiului Pond, in order to determine the 
necessary solutions for water discharge control 
from the pond. 

Based on the mathematical modeling and the 
hydrological study it was determined that the 
water flow in and out from the pond mainly 
through two channels, on in the part of north-
west and on in the south-east of the pond. An 
ecological area was determined, in which an 
optimum water level must be maintain for 
nesting and feeding proper condition for the 
birds, based on the flooding charts resulted 
from the flow modeling. 
The conclusions after the mathematical 
modeling we that the water elevation in the 
pond must to be maintaining around 22.50 m, 
this elevation being considered optimal for 
ecological reconstruction of the area, the 
channel in the part of south-east of the pond 
will be barred with a dam made from local 
materials and in the north-west area of the pond 
is recommended a stream diversion for 
additional water intake in the pond (Figure 6). 

 

 
Figure 6. Delimited ecological area and location of proposed solution for controlled discharge of water 

 
The proposed solution for controlling discharge 
of water consists in: 
- The river deviation of the channel in the 
north-west region of the Geraiului Pond, from 
the limit of the village Gârcov, by building a 
new channel that will unload the water in the 
central region of the Geraiului Pond and a 
barred dam of the existing channel. This 
deviation channel will ensure the water needed 
for the central area of the pond (TUCEB, 
2010b). 
- The barred channel in the central area of the 
pond, by using the resulted material from the 
building of the deviation channel in the north-
west region (TUCEB, 2010b). 
To mitigate the negative impact over the 

environment in the protected area, the deviation 
works and the works for barring both channels 
will be carried out manually and mechanized, 
with small capacity equipment. 
The proposed works of controlled discharge of 
water from Geraiului Pond were performed as 
follows: 
- First, the new channel and the obstruction 
dam at the limit of the village Gârcov were 
built (Figure 7). 
- Second, the obstruction dam was built on the 
channel in the central area of the pond. 
- Six months after completing the proposed 
works, the water level in the pond started to 
grow and the stagnation period of water 
increased. Also, large areas of land that were 
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arid in the past, developed specific wetland 
vegetation. 
 
CONCLUSIONS 
 
Mathematical modeling of the natural 
phenomena of flooding and drainage of the 
Geraiului Pond led to optimal ecological 
reconstruction solution of the area. The flow 
modeling was highlighted on the water access 
area to and from the pond, the water surfaces 
and volumes, for different stages, and the best 
water level in the pond for assuring the 
ecological reconstruction of the nest areas. 
Based on results from mathematical modeling 
two major hydraulics works, with a minimal 
impact over the environment were proposed 
and built. 
It is considered that these works will assure the 
optimal condition for ecological reconstruction 
of the zone. Monitoring the effects of the 
proposed works is a necessary step in order to 
assure the success of the project.  
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Figure 7. Obstruction dam at the limit of the village Gârcov (in north-west part of Geraiului Pond) 
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