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Abstract. One of the most important hydraulic mega structures in Romania, classified as the third largest in Europe, is 

Stânca Costești reservoir, on Prut River. After Stânca Costești reservoir construction, hydrological parameters of Prut 
river (for example liquid and solid discharges) severely modified. This study quantifies some of the geomorphic effects 

on the river’s active channel and plan form, in the context of the overall changes occurring in the last century  
(1915-2005 period).  

The analysis was based on the different editions of the available topographic maps and aerial photos, which have 

recorded historical configurations of the Prut river channel. For each time period, several morphometric indices, such as 

minor riverbed width, major riverbed width, sinuosity index and meander curvature, were measured using GIS and 

further interpreted. The preliminary conclusions indicate that once Stânca Costești reservoir was built, the 

morphometric indices evolved in a different manner downstream of Stânca Costești reservoir. 
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1. Introduction 

 

One of the main principles of fluvial 

geomorphology, is the principle of free course. This 

principle would mean, that a river channel drain is 

course so that, power consumption can be lowered 

by much as possible through self-regulation, 

(Chang, 1988). Depending by some factors such as 

fluid and solid flow, local geology and speeds 

flowing, rivers are channelling their course.  

Human intervention is another important factor, 

which determine in time, the dynamics of the rivers. 

Regarding dams construction on rivers, this has an 

important influence on the rivers through detention 

of sediments. In Prut river case, once Stânca – 

Costești dam was built, determined an accumulation 

of sediments behind the dam in proportion of 95% 

(Rădoane et. al., 2009). In this situation, in 
downstream of the Stânca-Costești dam, in the 
absence of solid flow occurs the phenomenon of 

riverbed washing.  

In Romania, those preoccupations had results in 

series studies like (Rădoane et al. 2006; Dumitriu, 

2007; Cristea, 2009;  Ioana-Toroimac, 2009; Grecu 

et al., 2010;  Rădoane et al., 2010; Perşoiu & 
Rădoane, 2011; Chiriloaei, 2012; Zaharia et al., 

2011, Rădoane et al. 2013, Grecu et al., 2014).  

This paper aims to demonstrate the dynamics of 

a river downstream a reservoir dam, based on the 

example of the Prut River, downstream of Stânca 
Costești reservoir, based on historical documents 
available for such studies. 

 
2. Methodology 

2.1. Materials and methods for Prut river channel 

morphometry 

 

The materials required for this study were historical 

maps, based on topographic maps and aerial photos, 

which have surprised the configuration of Prut river 

channel, between 1915 and 2005. For the Prut 

valley area, the oldest available cartographic 

documents are from 1915. 

Table 1 presents the available historical maps 

from Romania that are covering Prut river area, and 

which have been used to study fluvial 

geomorphology of this river, with properly 

characteristics. 

Also, it is important to specify that those maps 

were selected to be comparable by scale, resolution 

and projection. Details to identify those documents 

are available on dedicated website 

www.geospatial.org.
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2.2. Methods used to determine morphometric 

variables of Prut river channel 
 

At first, it was necessary to delimit the floodplain of 

Prut river as development limit of morphometric 

variability in time. For Prut floodplain, the central 

axis was determined, and was sectioned from 2 to 2 

km, in this way generating the cross sections of Prut 

river floodplain. 

Cross transversal sections are useful to calculate 

the morphometric variability in time, of Prut river 

channel, especially for sinuosity index, and minor 

bank width. 

Prut river presents a sinuous channel and, in 

consequence it is necessary to determine the 

principal morphometric unit that is the meander 

loop. A meander is formed by two successive 

meander loops. The principal characteristic for 

meander loop morphometry, are wavelength which 

is the distance between the ends of the two 

successive loops and meander amplitude which is 

characterised as the perpendicular line to the 

meander length, between lateral extremities of 

meander loop, also can be characterised, as the line 

that shows the meandering strip (Fig. 2). 

Curvature radius is the radius of the circle 

circumscribed into the meander loop, curvature 

radius helps to delimitate each meander in part, 

from river channel. For calculating the wavelength 

and meander amplitude, meanders were 

incorporated into rectangular frames, based by 

length and width of rectangles, as dimensions of 

wavelength and meander amplitude. 

 

 

 

 
Fig. 1. Model of cross sections of Prut river channel, in three periods of analysing between 1915 and 2005 

 

 

Table 1. Cartographic documents employed for the analysis of the plan form shape of Prut river 

Name of the 

map 

Date of 

survey 

Publishing 

year 
Scale 

Projection 

 
Institution Resolution 

Topographic 

plans 
1915 1959 1:20 000 

Lambert 

Gauss - Kruger 

Romanian 

Military 

Topographic 

Service 

1.68m/pixel 

Topographic 

maps 
1977 1980 1:25000 

Gauss - Krüger 
Pulkovo, Cylindrical 

Projection 1942 

Military 

Topographic 

Department 

2 m/pixel 

Orthophotos 2005  1:5000 

Stereographic 

projection Stereo 70 

ellipsoid Krasovschi 

National Agency 

for Cadastre and 

Land 

RegSItration 

0.5 m/pixel 
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Fig.2. Method of measuring meander morphometry 

 

3. Area of study  
 

Prut river in Românești – Sculeni sector is disposed 

to the Botoșani and Iași counties (România) and 
Glodeni, Fălești and Ungheni counties (Rp 
Moldova). The Prut river has its origin in the 

Carpathians mountains in Ukraine. Up to Oroftiana, 

Prut river has a length of 235.7 km, with an average 

slope of 6.4m/km and a hydrographic basin of 8241 

km
2
. Between Oroftiana and the confluence with the 

Danube, Prut river has a length of 946 km, which 

represents the border between Romania and Ukraine 

and Romania with Republic of Moldova. The area 

of Prut River basin measures 28 463 km
2
. To the 

Romania territory it measures 10 999 km
2
.  

About the geology, Prut river overlaps an area 

which was characterised by brittle rocks of riverbed, 

corresponding to the Moldavian Platform. The 

petrographic constitution is composed in generally 

by clay and marls formations. 

The morphometric parameters of study area are: 

254 km
2
 floodplain surface, 53 km of floodplain 

length, and transversal width between 2467 m as 

minimum and maximum to 6854 m. The relief of 

studied area is characterised by floodplain of Prut 

river, with a lower altimetry, between 63 m to 

Românești and 40 m to Sculeni (Fig. 3). 

About Stânca-Costești dam, it was built in 1978, 
considered as one of the mega structure of 

communism period in Romania. With a 43 m high 

and over 300 m width, it is considered as the third 

in Europe by dimensions. Behind the dam it can be 

accumulate 1.4 billion m
3
 of water. 

 

 
 

Fig. 3. Cartographic representation of Prut river in Românești – Sculeni sector 
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4. Results 

4.1. Typological classification of Prut river 

channel 

 
The earliest classification of river channels were 

made by Leopold & Wolman, 1957. The types of 

river channel configurations can be straight, 

sinuous, meandering, anastomosed, and   

wandering. Prut river is classified as meandering 

river (SI ≥ 1.5) (Fig. 1). 
Overall, Prut river presents a meandering type, 

but analysed in sections parts, we can observe 

transition of channel type in the same river channel. 

 

 
Fig. 4. Longitudinal profile and floodplain width of Prut river in Românești – Sculeni sector 

 

 

In Prut river case, in Românești – Sculeni sector, 

we can find, river section parts, characterised by 

sinuous type and channel with high meandering 

type, as maximum value determined on sinuosity 

index (SI=4.2). 

The sector of Prut river in this paper, between 

Românești – Sculeni (downstream to Stânca 
Costești reservoir), is disposed to a 97 km length, 

with a morphometric variability, that present an 

altitudinal amplitude of 26 m (63 m to Românești, 
40 m to Sculeni) to floodplain.  

Regarding morphometric variability of 

floodplain width, the amplitude between maximum 

and minimum width, of Prut floodplain in this 

sector, attains 4 387 m. Minimum width of 

floodplain measures 2 467 m in the 11
th 

section, and 

maximum width measures 6 854 m in the 25
th 

section.  

The floodplain was determined as the flooding 

area of Prut channel, up to terrace of 5 m. In Prut 

river case, if the river channel has a meandering 

character, also the floodplain presents the same 

characteristics.  

For example, the change of the Prut river in 

time, to the left or to the right, the floodplain was 

created accordingly with the river flow and it can be 

observed in Figure 4.  

About the slope values on the Prut river sector, 

analysed, its measures 0.23m/km. That’s an 
important factor which has influence to the SI 

index. 

One of the principal aspects of river channel 

morphology is represented by sinuosity index (SI). 

Sinuosity index is calculates by ratio between the 

length of channel, along central axis and the length 

of the aerial distance between two floodplain 

sections cross.  

Prut River presents a meandering channel, but in 

some sections SI reach’s low values like 1.01, for 
example, in the 19

th
 cross section, in 1915 period. 

The average of sinuosity index across the Prut river 

channel, reaches values over 1.5, which means 

minimum value, as a river to be considered 

meandering type (Leopold & Wolman, 1957).  

Following Arc GIS processing of Prut river 

channel, it can be observe that across the years, 

especially in late 30 years, SI values has known an 

ascending tendency about the frequency of high 

sinuosity values.  

The variability of SI in time, can be attributed to 

the solid and liquid flow regime, and the 

modifications caused by human intervention, 

especially by construction of Stânca – Costești 
reservoir (Fig. 5). 
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Fig. 5. Sinuosity index variability on Prut river between 1915 and 2005 

 
 

 

 

 

 

 

 

 
Fig. 6. Variability of minor bank width between 1915 – 2005 in Românești – Sculeni sector on Prut river 

 
 

 

 

 

 

 
Fig.7. Variability of curvature radius on Prut river Românești – Sculeni sector, between 1915 – 2005 
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In close correlation with the sinuosity index, is 

the minor bank width of Prut river. So as the 

variability of sinuosity index of Prut channel, 

between upstream and downstream  of Stânca  – 

Costești reservoir, the minor bank width, presents 
different characteristics in upstream toward  

downstream of the reservoir. 

If in upstream of reservoir minor bank width of 

Prut river channel, measures 60 to 180 m, with a 

sinuous character, (Rădoane et al. 2008), in 

downstream to the reservoir in Românești – Sculeni 

sector, Prut river channel presents changes through 

a strong sinuosity up to 3.3, with minor bank 

dimensions that measures 41 to 94 m. 

That situation was possible after the Stânca – 

Costești reservoir was built in the 70’s, which 
caused an important retention of the solid flow. 

The processes of riverbed washing, determined 

in time the decreasing of riverbed level. Through 

the degradation of riverbed, succeed the decreasing 

of minor bank width (Fig. 6). 

On Prut river channel, in Românești – Sculeni 

sector, was identified a number of 97 meanders. 

After their identification it was necessary to 

measure them by wavelength and amplitude of it.  

The results of wavelength and amplitude on Prut 

channel, in next hundred kilometres after Stânca 
Costești reservoir, presents high values, from 586.5 

m to 6604.5 m. Also it must be specified that 

downstream to Stânca Costești reservoir, Prut river 
channel is characterized by free meanders. 

An interesting situation was observed to the 

medium values of wavelength and meander 

amplitude on Prut river, between 1915 and 2005. 

So, if in the late 30 years wavelength presents 

decreasing values as 1956 m in 1980 and 1750 m in 

2005, for the meander amplitude was registered an 

increasing medium values form 1029 m in 1980 to 

1118 m in 2005.   

In the last hundred years, the curvature radius of 

Prut has known the same tendency as the 

morphometric variability of meanders. 

In the 1915 period curvature radius, has values 

between 49.7 and 576.1 m. After the construction of 

Stânca – Costești reservoir, in 1980 and 2005 

analysed periods, values of curvature radius have 

known an ascending trend, up to 804.4 and 785.6, 

as maximum dimensions of curvature radius on Prut 

river channel loop. Regarding medium values of 

curvature radius, it can be observed a rising of 

measurements by 151 m in 1915 up to 187.5 m in 

2005 period. That situation is in contradictory with 

other studies regarding rivers form Europe, Hernad 

river in Hungary, for example (Kiss & Blanka, 

2012), who presents this river having a decreasing 

trend of curvature radius. In Prut river case, 

downstream to Stânca – Costești reservoir, the 
discharge is increasing, from medium values Q = 

80.97 m/s to Stânca, to Q = 86.81 m/s to Ungheni in 
downstream to Stânca – Costești reservoir.  

Regarding solid debit, it can observed a strongly 
decreasing in upstream of Stânca – Costești 
reservoir, Qs = 55.06 kg/s, in downstream to the 
reservoir Qs = 2.28 kg/s, which means a reduction 
of Qs with 95%.  

So, if the Q is increasing and Qs is decreasing on 
Prut River, downstream of Stânca – Costești 
reservoir, we can say that is a strongly 
anthropogenic alteration of the river debits.  

If in upstream of Stânca – Costești reservoir, 
radius curvature values, of Prut channel, are higher 
to the cuffed meanders than free meanders 
(Rădoane et al., 2008), in downstream to Stânca – 
Costești reservoir which is characterised by free 
meanders, values of radius curvature in this sector, 
are higher than values of cuffed meanders from 
upstream Stânca – Costești (Fig. 7).  
 
7. Discussion 

 

Meandering process is very complex depending on 
the local characteristics, like liquid and solid flow, 
floodplain slope, human intervention and the 
geological particularities of the banks. For example 
Siret River meandering, was induced in time by 
neotectonics particularities of subsidence area in 
Romanian Plain (Grecu et. al., 2010).  

For Bârlad river, in Moldavian Platform, the 
human intervention occurred through cut-off 
meanders, drainage and damming, but the tendency 
of meandering in time, was the same with a slight 
decreasing (Rădoane et. al., 2003).  

For Prut river case, in nearest 100 km after 
Stânca - Costești dam (Românești – Sculeni sector), 

the tendency of meandering in time (last hundred 
years) was induced, through the rettain of sediments 
behind Stânca – Costești dam, washing of Prut 
riverbed through its  own waters, and bank erosion 
in time. 

Also, for Buzău river the channel dynamic 
appears to be partially influenced by climatic 
factors acting on short term. The human induced 
factors are like in Prut river case, mostly dams and 
mining to the thalweg (Grecu et. al., 2014). 

 
8. Conclusions 

 
The anthropic intervention to the Prut river natural 
state, through Stânca – Costești reservoir 
construction, was the most important factor, 
concerning dynamics of Prut river channel in time. 
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Upstream to Stânca – Costești reservoir, Prut 
river channel, has known lower values of sinuosity 

index, from SI = 2 to the SI ≥ 1, (from meandering 
to sinuous). 

Downstream to Stânca – Costești  reservoir, the 
sinuosity index of Prut river channel, presents an 

ascending tendency up to SI = 3.3, with medium 

values increasing from SI = 1.2 (1915 period) to  

SI = 1.4 (2005 period) as a response to decreasing 

of solid flow  over 65% after 1970 period, once 

Stânca – Costești reservoir was build. 

Also an interesting tendency it can be observed 

to the curvature radius of Prut river especially in 

last 30 years, about meander morphometry. So, it’s 
about an evident tendency to meandering by 

decreasing values of wavelength, increasing of 

meander amplitude, increasing of curvature radius, 

conditioned by decreasing of solid flow and 

increasing of liquid flow. 

Decreasing of solid flow in suspension, and river 

hydraulic (based by principle of dynamic stability 

through self-regulation) determined in time changes 

through lateral erosion and intensifying of meander 

in late 30 years. 
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