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Abstract 

The anthropic interventions on riverbeds and banks have a direct and 

irreversible influence on the flow regime, primarily by changing the 

hydraulic characteristics of rivers, like channel slope and/or geometry, 

channel roughness, flow depth, consequently water velocity, 

propagation time of floods, etc. In the Upper Basin of the Crişul Negru 

River, the first hydro-technical arrangements were made in the 18th 

and 19th centuries, mainly for flood mitigation and swampy areas 

amelioration. But the most important and extensive works were 

designed following the exceptional floods of 1980-1981 

(consolidations of banks, embankments, regularizations, bottom sills, 

etc.) and at the end of the 20th century. The purpose of the paper is to 

emphasize the effects of the hydro-technical works on both the 

morphology of the riverbed and the flow regime (average, minimum 

and maximum flow) of the most affected rivers in the study area. The 

data utilized are elevation profiles, stages and discharges recorded on 

more than 40 years at four gauging stations, namely including periods 

before and after the execution of the extensive works. The positive and 

negative influences of the arrangements are highlighted through 

statistical analysis and trend detection in data series, corroborated with 

the commissioning of the hydro-technical works and the evolution of 

rivers' morphology. 
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Introduction 

 

The need for intervention in the natural characteristics and behaviour of rivers derives from the measures 

required by the water management policies, whose main role is to protect human communities against extreme 

water phenomena and, at the same time, to ensure the proper functioning of all water-related economic activities 

(Şelărescu and Podani, 1993; Sofronie, 2000; Șerban et al., 2004). 

One of the purposes of the anthropic interventions on rivers is the management of extreme hydrological events 

(flood control and water scarcity prevention), namely the mitigation of the consequences of such phenomena on 

the human communities and economic activities (Teodorescu et al., 1982; Diaconu, 1999; Șerban, 2007). 

The hydro-technical arrangements, although they are very often essential for the maintenance and 

development of the human society functionalities, through their intrusive character, have a major impact on both 

the hydrological regime of rivers and their natural morphological evolution (Ujvari, 1972; Ichim and Rădoane, 

1986; Sofronie, 2000; Șerban, 2007). 

Complex studies on the morphodynamic characteristics of watercourses or changes induced by the 

anthropogenic factor have been undertaken by various authors, especially geomorphologists, from pioneering 

(Wolman, 1954; Leopold and Wolman, 1957; Leopold and Wolman, 1960) to more recent engineering studies 

(Chow, 1981; Simon, 1995; Obodovsky, 2004; Cencetti and Tacconi, 2005; Manning, ed., 2011; Sergaliev and 

Akhmedenov, 2014; Vesipa et al., 2018; Zhou et al., 2018; Bosa et al., 2020). 

Some of the works also emphasize the benefits or protections brought by the arrangements of hydro-technical 

systems in urban areas (Sekulic and Cipranic, 2015), while other works focus on models of the riverbed or the 

related river basin (Adamec et al., 2012; Mandarin et al., 2020). 

Other works focus more on the study and analysis of the vulnerability of the anthropogenic environment to 

floods, going on numerical models and multicriteria analysis, in the study of basins of cross-border interest or on 

concentrated runoff in collectors (Neuhold et al., 2011; Blistanova et al., 2016; Zelenakova et al., 2018). 

Somewhat more recent concerns related to the anthropogenic impact on riverbeds or on runoff in urban areas 

have also come to the attention of researchers, conducting studies that can underlie the development of urban 

space, of decision-making on its development (Zelenakova et al., 2019; Sabău et al., 2020). 

Romanian literature did not hesitate to react by publishing studies on riverbed dynamics and the involvement 

of the anthropogenic factor in this process, recording numerous works, most of them of geomorphological nuance, 

but also technical or related to the risks induced by anthropogenic intervention: Ichim and Rădoane, 1986; Ichim 

et al., 1989; Mititelu, 2010; Loghin et al., 2011; Romanescu et al., 2011; Zaharia et al., 2011; Roșian et al., 2012; 

Costea, 2013; Cîrţînă et al., 2013; Pandi and Horvath, 2013; Cârstinoiu et al., 2017; Danalache et al., 2020 etc. 

The assessment of the degree to which the characteristics of rivers are affected by the hydro-technical 

arrangement is of great importance for future sustainable water resources management policies. 

The present paper aims to emphasize the anthropic influence on the liquid flow and on the natural evolution 

of rivers in the Upper Basin of the Crişul Negru River, where, in time, the interventions on riverbeds became 

significant (Hydrological Monograph of Crișuri Watershed, 1968). The objective is met through the analysis of 

hydrological data for the three phases of the hydrological regime: high, mean, and low flows. 

 

Data and methods 

 

The study is based on hydrological, cartographic data, and information on hydro-technical arrangements. 

The hydrological data refers to continuous data series and elevation profiles of cross-sections obtained at the 

gauging stations (g.st.) at which the hydrological regime and morphology are most affected by the interventions (Tab. 

1). The data utilized are part of the National Hydrological Database and were obtained through the "Romanian 

Waters" National Administration. The observation period varies depending on the availability of the data.  

 
Tab. 1.  Gauging stations, periods, and parameters analyzed 

 

The cartographic data refers to raster (the Digital Terrain Model – SRTM90) and vector data (regarding the 

geographical aspects of the study area, including the location and type of the hydro-technical arrangements), 

processed in a GIS environment. 

Gauging station River Observation period Parameters 

Beiuș Crișul Negru 1963-2018 Elevation profiles of cross-sections* 

Stage: monthly averages 

annual maximums and minimums 

Discharge: monthly averages 

annual maximums and minimums 

Hydrographs of significant floods** 

Pietroasa Crișul Pietros 1963-2018 

Beiuș Nimăiești 1973-2018 

Ștei Crișul Băița 1963-2018 

 * from representative years, before and after the main hydro-technical arrangements 

** floods selected from the period 1980-2018, due to data availability 
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The information regarding the hydro-technical arrangements was provided by the Bihor Water Management 

System and consists of technical data (type, length, purpose, etc.) on constructions and regularizations conducted 

and taken on record in the study area, as well as their location on rivers. 

To highlight the intensity and the characteristics of anthropic influence on rivers, the hydrological data 

(average, maximum and minimum values) were processed and statistically analyzed to find noticeable changes, 

discontinuities, and trends. The discontinuities in the data series were determined by representing and comparing 

the hydrographs of water stages and discharges. For consistency and comparability of data series from the four 

gauging stations, the stages are represented as absolute altitudes (meters above sea level). 

The effects of the hydro-technical arrangements on the peak flow and the manifestation of floods are 

emphasized by analyzing the hydrographs of the significant floods recorded at the four gauging stations between 

1980 and 2018. A flood was considered significant if the maximum discharge recorded is greater than the average 

of the maximum annual discharges.  

The trends in the variability of the analyzed parameters were detected with Mann Kendall's test, and for each 

data series, the level of significance was computed (Salmi et al., 2002). 

 

Study area 

 

The hydrographic basin of Crişul Negru River is located in the north-western part of Romania, and it is 

bordered by the Crişul Repede River Basin in its northern part, the Crişul Alb River Basin in the southern part, the 

Someș River Basin in the eastern part; to the west, Crișul Negru crosses the border with Hungary (Fig. 1). On the 

Hungarian territory, Crișul Negru, Crișul Alb, and Crișul Repede join together and flow in the Tisa River. 

The Crişul Negru River Basin has a total area of 4645 km², of which 4237 km² in Romania, and a total length of 

167.7 km (164 km in Romania) (Romanian Water Cadastre Atlas, 1992; Flood Risk Management Plan, 2015). 
 

 
 

Fig. 1.  The Upper Basin of Crișul Negru River: location, limits, hypsometry, hydrographic and hydrometric networks 

 

Morphologically, the Upper Basin of Crişul Negru River extends from the collector springs in the Bihor Mountains 

(maximum altitude: 1 849 m a.s.l., Cucurbăta Mare Peak), to the Beiuș Depression (minimum altitude: 180 m a.s.l., 

Beiuș City), draining the slopes of Bihor, Codru-Moma and Pădurea Craiului Mountains, the hilly region inside the 

mountain arc and the lower, depressionary region, where the main tributaries of Crișul Negru converge (Fig. 1). 

The Upper Basin of Crișul Negru has a surface of approximately 950 km2 and a mean altitude of 580 m, with a 

high river network density and relief fragmentation, especially in the north-eastern and south-western karstic areas, 
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where the flow has, in general, a torrential character. In the hilly region, the slope of the riverbeds diminishes 

considerably, from 10 m/km to 5-6 m/km. Consequently, the degree of torrentiality decreases, and, in the low 

depression area, with riverbed slopes of 2.4 5 m/km, the degree of sinuosity and meandering increases (Ujvári, 1972).  

 

Hydrotechnical arrangements in the Upper Basin of Crişul Negru River 

 

In the study area, since the 18th century, hydro-technical works for flood effect mitigation and swampy areas 

improvement were done (Diaconu, 1971). In the 19th century, after the catastrophic floods that occurred in 1830, preventive 

measures were taken, and the works consisted mainly of embankments and river regularization by meander cut-off (ISCH, 

1968). At the beginning of the 20th century, the works extended to irrigation and water supply systems (Diaconu, 1971). 

The most important works, however, were designed and executed following the extraordinary floods of 1980 

and 1981, the largest floods recorded at the gauging stations existent in the study area. The extensive works, designed 

for protection against floods, refer to embankments – to avoid overflowing during floods (Jora and Romanescu, 2010), 

bank consolidation, and protection to avoid erosion, unclogging riverbeds where appropriate, construction of bottom 

sills to decrease bed slopes, but also to the development of drinking and industrial water supply systems. 

At present, almost all watercourses in the study area have undergone modifications from their natural state: from 

the river network's total length of 342 km, on 96 km (28% of the total rivers' length), hydro-technical works were 

undergone over time, most of them being constructed between 1980 and 1990, but also after 1998-2000. The most 

frequent solutions for defence against floods are the bank protection and consolidation works and the bottom sills. 

The most affected rivers in the study area are the main collector, Crișul Negru River, and its right-side 

tributaries Crișul Băița, Crișul Pietros, and Nimăiești (Fig. 2). These watercourses are also monitored through 

gauging stations, which allows the evaluation of anthropic influences by analyzing the hydrological data. 
 

 
 

Fig. 2.  Hydrotechnical works in the Upper Basin of Crișul Negru River 

 

On the four mentioned watercourses, the arrangements have approximately 82 km in length, which represents 

approximately 60% of the rivers' total length. The length of the bank protection and consolidation works is 

approximately 36 km (26% of the total river length), the embankments and regularization works are made on 46 

km (34% of the total river length), and there are 17 bottom sills and 9 groins on record. 

In some cases, the interventions (consolidation, bank protection, etc.) are made on both banks, but the length 

of the construction is quantified by the length of the river stretch. At the same time, if on the same river stretch 
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there are more than one type of hydro-technical works (for example, embankment and bank protection), only the 

embankment length was added to avoid exceeding the actual affected length of the rivers. 

 

Results and discussion 

 

The impact of the anthropic interventions on liquid runoff is quantified through comparative and statistical 

analysis of the main characteristics of rivers and their hydrological behaviour before and after the occurrence of the 

main hydro-technical works. These interventions may impact the morphology, and consequently the hydraulics of 

rivers, on the hydrology – mainly on the extreme discharge values – or, in some cases, on both aspects. 

 

The influence of hydro-technical arrangements on the morphological characteristics of rivers 

 

To capture/highlight the changes in river morphology, elevation profiles of the cross-sections at the four 

gauging stations were overlayed (Fig. 3 left panels). The years were chosen in accordance with the main works 

conducted on the river stretch of the gauging stations and upstream of their locations. 
 

 
 

Fig. 3.  Morphological changes of the cross-sections (left panels) and the variation of the average monthly stages (expressed as elevation 

above mean sea level), the average monthly discharges, and their linear and moving averages (on 24 months) trends (right panels) at the 

four analyzed gauging stations: Ștei g.st. on Crișul Băița River (a), Pietroasa g.st. on Crișul Pietros River (b), Beiuș g.st. on Nimăiești River 

(c), and Beiuș g.st. on Crișul Negru River (d) 
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All the interventions on the morphology and the natural evolution of the riverbeds are reflected by and, at the 

same time, generate a direct response of the water stage variations (Fig 3 right panels). 

On Crișul Băița River, the first hydro-technical works were conducted in the period 1970 1975, mostly bank 

consolidations and a bottom sill in Ștei City. Following the extraordinary floods recorded in 1980 and 1981 in the entire 

basin of the Crișul Negru River, during the years 1982-1983, the regularization and embankment of the river stretch 

were carried out on the lower course of Crișul Băița River, within Ștei City. In the next two decades, the riverbed suffers 

successive degradations and aggradations caused by the periodic unclogging works that included the river stretch of the 

Ștei g.st. The newest works were made after 2004, mainly bank protection and consolidation, as well as bottom sills on 

its medium and upper course. At present, approximately 80% of the river length is affected by hydro-technical works. 

At the Ștei g.st., the cross-section shows radical changes in channel depth due to the clogging of the bottom sills made 

to reduce the energy slope, consequently the water velocity, but also in banks' shape (Fig. 3a). 

Due to the geological and morphological characteristics of the basin (limestones and steep slopes in the upper 

and medium part), the natural hydrological regime of Crișul Pietros River is very dynamic, and the floods were 

often causing economic damages. 

Thus, the first on-record interventions date to 1958 1960, namely bank consolidation and groins. But the large-

scale works were conducted in the period 1970-1975, including the embankments downstream the Pietroasa g.st. (in 

Cociuba Mică locality) and near the confluence with the main collector, Crișul Negru River, and continued in the late 

'80s, with extensive bank consolidation with gabions and groins, especially upstream the localities situated along the 

river. In the late '90s and the last few years, the interventions took place mainly for riverbed maintenance: 

regularization and unclogging of the channel on different river stretches. The river is affected by the interventions on 

18% of its length. At Pietroasa g.st., the changes of the cross-section are visible especially at the beginning of the 21st 

century, when the channel depth and cross-section area is gradually increased artificially to avoid the overflow of the 

water during floods. As a direct effect, the stages drop dramatically in 2000 and again in 2016 (Fig. 3b). 

The historical floods recorded in 1980-1981 also affected the Nimăiești River Basin, which determined the need 

to conduct regularization and embankment works, as well as groins, bottom sills, and bank consolidation on its lower 

course. The torrential character of the flow and the large floods recorded at the end of the 20th century (Mustățea, 

2005) made necessary other extensive works: bank consolidation on the lower and medium course (1986, 1989, 

1998), embankments on the medium course to protect the localities Nimăiești, Curățele and Pocioveliște (2000), bank 

protection and channel regularization (2001-2004), and some more recent works (after 2014), including bottom sills 

and recreation works (walkways along the river bank) in Nimăiești and Beiuș Cities. The average monthly stages 

show a slightly cyclic variation as a result of the natural effort of the watercourse to reach its equilibrium profile in 

the new, anthropologically modified conditions. With interventions on 73% of the river length, the cross-section at 

Beiuș g.st. shows major changes over time: first, the widening and deepening of the channel after the regularization 

conducted in the early '80s; then, rather sudden aggradation of the riverbed after 2013, caused by the energy slope 

reduction after the commissioning of several large, dam-like bottom sills (with hights of over 1-1.5 meters) (Fig. 3c). 

At Beiuș g.st. and upstream on Crișul Negru River, bank protection and consolidations on different vulnerable 

river stretches were conducted since 1959 1960. During the '80s, in Beiuș City and neighbouring localities, the 

river was dammed on both banks (embankment in the floodplain). The consolidation of the banks continued 

gradually; at present, almost 70% of the upper course's length is affected by different types of hydro-technical 

works. However, the natural shape of the cross-section at the Beiuș g.st. was not significantly modified over time, 

except a slight deepening of the channel. Nevertheless, the average monthly stages show a progressive decrease 

(Fig. 3d). 

At all four gauging stations, the average annual stages show strong, statistically significant linear trends. But 

the annual regime of the liquid flow is not impacted in the same sense as the stages: the estimated trends show a 

decrease of the average annual discharges in all four cases, with a rather weak level of significance only for Crișul 

Pietros River, at Pietroasa g.st (Tab. 2). 

 
Tab. 2.  Trend estimation with Mann-Kendall's test and the level of significance (α) for average annual stages and discharges recorded at 

gauging stations from the Upper Basin of Crișul Negru River; the sign shows the sense of the trend: negative values – a downward trend, 

positive values – an upward trend 

No. River Gauging station 
Average annual stages Average annual discharges 

Trend estimation α Trend estimation α 

1 Crișul Băița Ștei 6.58 0.001 -1.32 - 

2 Crișul Pietros Pietroasa -8.50 0.001 -2.58 0.01 

3 Nimăiești Beiuș 2.23 0.05 -0.93 - 

4 Crișul Negru Beiuș -5.00 0.001 -1.5 - 
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The influence of hydro-technical arrangements on the hydrological characteristics of rivers 

 

The purpose of the hydro-technical arrangements conducted in the Upper Basin of Crișul Negru River is flood 

protection, hence the mitigation of maximum discharges by water velocity reduction and/or section area increase 

on river stretches prone to flooding. 

Following the works made on the four analyzed rivers, the maximum annual discharges show a downward 

trend, statistically significant for all but Nimăiești River, at Beiuș g.st., where the effect of the bottom sills made 

on its lower course should be significant during high flow periods in a few years, after the stabilization of the 

riverbed in the new conditions of the longitudinal profile (Fig. 4, Tab. 3). 

 

 
 

Fig. 4.  The variation of the maximum annual stages (expressed as elevation above mean sea level), the maximum annual discharges, and 

their linear and moving average (on 24 months) trends at Ștei g.st. on Crișul Băița River (a), Pietroasa g.st. on Crișul Pietros River (b), 

Beiuș g.st. on Nimăiești River (c), and Beiuș g.st. on Crișul Negru River (d) 

 

For the maximum annual stages, the trends have positive values (upward trends) for Crișul Băița and 

Nimăiești Rivers and negative values for the Crișul Pietros and Crișul Negru Rivers, situation imposed by the type 

of structural measures taken. 

 
Tab. 3.  Trend estimation with Mann-Kendall's test and the level of significance (α) for maximum annual stages and discharges recorded at 

gauging stations from the Upper Basin of Crișul Negru River; the sign shows the sense of the trend: negative values – a downward trend, 

positive values – un upward trend 

No. River Gauging station 
Maximum annual stages Maximum annual discharges 

Trend estimation α Trend estimation α 

1 Crişul Băiţa Ştei 1.64 - -2.08 0.05 

2 Crişul Pietros Pietroasa -5.89 0.001 -1.97 0.05 

3 Nimăieşti Beiuş 1.39 - -0.46 - 

4 Crişul Negru Beiuş -0.30 - -1.82 0.1 

 

On the cross-sectional profiles from the gauging stations (Fig. 3 left panels), it stands out that the evolution 

towards the degradation of the riverbed, hence the enlargement of the section area, coincides with the downward 

trend in terms of maximum annual stages and vice versa. However, a strong and statistically significant trend of 

the stages is met just for Crișul Pietros River, at Pietroasa g.st., where the unclogging and the removal of blocks 

and boulders takes place periodically on its lower course. 

The anthropic impact on the natural flow regime is even better emphasized by the trends detected for the main 

parameters of the significant floods (with peak discharges greater than the average of the maximum annual 

discharges): duration, total water volume, and form coefficient. 
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At Ștei g.st., for the floods analyzed, the decrease of the water volumes together with an increase of the shape 

coefficient values, which means that, due to the bottom sills on the medium and lower course of Crișul Băița River, 

the floods are "flattened" as form, and attenuated as phenomena (Fig. 5a). 

For Crișul Pietros and Crișul Negru Rivers, the data recorded at the gauging stations show that, in time, the 

interventions have the expected result (or, at least, have a role in the changes observed): the floods' duration has an 

upward trend, but with a decrease of the water volumes and form coefficients (Fig. 5b and d). Hence, the floods are 

less destructive and reach the base flow quicker, their prolonged duration being the result of a longer decrease time. 

 

 
 

Fig. 5.  Variation graphs of the water volumes (Wt), total duration (Tt), and shape coefficients of floods with the peak discharge greater than 

the average of the maximum annual discharges, recorded in the period 1980-2018 at Ștei g.st. on Crișul Băița River - 14 floods (a), 

Pietroasa g.st. on Crișul Pietros River - 20 floods (b), Beiuș g.st. on Nimăiești River - 14 floods (c), and Beiuș g.st. on Crișul Negru 

River - 21 floods (d) 

 

On the Nimăiești River, the torrential character of the rivers' natural regime is only in part attenuated by the 

hydro-technical works, as the flood parameters record an upward trend for the events analyzed (Fig. 5c), despite 

the decreasing trend detected in the maximum annual discharges. 

However, except the trends detected for the form coefficient at Ștei and Pietroasa g.st and the total water 

volumes at Beiuș g.st. (on Crișul Negru River), a level of statistical significance was not determined (Tab. 4). For 

a conclusive result, it could be necessary to analyze a larger number of significant floods corroborated with the 

variation of the precipitation amounts. 

 
Tab. 4.  Trend estimation with Mann-Kendall's test and the level of significance (α) for three parameters of floods recorded at gauging 

stations from the Upper Basin of Crișul Negru River between 1980 and 2018; the sign shows the sense of the trend: negative values – a 

downward trend, positive values – an upward trend 

No. River Gauging station 
No. of floods 

analyzed 

Total duration (Tt) Total water volume (Wt) Form coefficient (γ) 

Z test α Z test α Z test α 

1Crişul Băiţa Ştei 14 0.71 - -0.99 - 2.03 0.05 

2Crişul Pietros Pietroasa 20 0.23 - -1.33 - -1.78 0.1 

3Nimăieşti Beiuş 14 0.88 - 1.53 - 0.33 - 

4Crişul Negru Beiuş 21 1.03 - -2.02 0.05 -0.75 - 

 

Even though the river interventions in the study area are made exclusively for flood effects mitigation, they 

also may have an impact on low flows and minimum discharges. In the case of the data recorded at the four gauging 

stations in the study area, the minimum annual discharges tend to decrease, with the strongest decreasing trend at 

Nimăiești g.st, on Crișul Negru River. The minimum annual stages show the same sense of the trends as the 

maximum annual values, in concordance with the type of works conducted (Fig. 6, Tab. 5). 
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The fact that the bottom sills made on the lower course of the Nimăiești River are rather recent, the trend for 

the stages has not a level of statistical significance, but in terms of discharge, the level of significance is 0.001. 

Except for Nimăiești River, the trends in minimum annual discharges may also be the result of changes in the 

precipitation amounts, although, for the western part of the country and especially for the mountainous areas, the 

studies show stable or upward trends for the precipitation annual regime (Marin et al., 2014) and mixed, with no 

statistical significance for the extreme values (Dumitrescu et al., 2014). 

 

 
 

Fig. 6.  The variation of the minimum annual stages (expressed as elevation above mean sea level), the minimum annual discharges, and 

their linear and moving average (on 24 months) trends at Ștei g.st. on Crișul Băița River (a), Pietroasa g.st. on Crișul Pietros River (b), 

Beiuș g.st. on Nimăiești River (c), and Beiuș g.st. on Crișul Negru River (d) 

 

 
Tab. 5.  Trend estimation with Mann-Kendall's test and the level of significance (α) for minimum annual stages and discharges recorded at 

gauging stations from the Upper Basin of Crișul Negru River; the sign shows the sense of the trend: negative values – a downward trend, 

positive values – an upward trend 

No. River Gauging station 
Minimum annual stages Minimum annual discharges 

Z test α Z test α 

1 Crişul Băiţa Ştei 6.37 0.001 -0.76 - 

2 Crişul Pietros Pietroasa -8.49 0.001 -1.29 - 

3 Nimăieşti Beiuş 1.34 - -4.44 0.001 

4 Crişul Negru Beiuş -5.69 0.001 -1.36 - 

 

Conclusions 

 

The interventions in the Upper Basin of Crișul Negru River are extensive and have as main purpose the 

mitigation of flood effects. Most of them were conducted in the second part of the XXth century, before the new 

perspective and concern of the European states for the hydromorphological status of rivers and sustainable 

management. Therefore, the present paper presents the effects of such works on a mountainous basin in which, 

due to its natural characteristics, floods are extremely frequent and often caused damages due to water overflow 

(Mihalea et al., 2020) 

The main works conducted on Crișul negru River and its tributaries are embankments on their lower courses 

and bank consolidations, which determined riverbed degradation, and a large number of bottom sills for energy 

slope reduction; hence they determined the aggradation of the riverbeds. 

The statistical analysis showed that in all the four study cases, the maximum annual discharges tend to decrease, 

with stronger trends on Crișul Băița and Crișul Pietros rivers (at Pietroasa and Ștei g.st.). Regarding the flood 

parameters, their trends show that the interventions determined the expected results, except for the Nimăiești River, 
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where, even though the trend of maximum annual discharges shows a slight decrease, statistically not significant, 

the duration of the significant floods and the water volumes tend to increase. In conclusion, the structural measures 

taken on the Nimăiești River could be ineffective or inappropriate for the river's natural characteristics. 

At the same time, the intrusive and extended interventions have undeniable negative effects on low flows, 

whose decrease is dramatic (in the last decade, on its lower course, the Nimăiești River tends to dry out, the average 

of minimum annual discharges decreasing from 0.101 m3/s for the period 1973-1995, to 0.052 m3/s for the period 

1994-2018, and absolute minimum values from 0.018 m3/s to 0.001 m3/s). 

To protect both, the surface water resources and the ecological status of the Nimăieşti River, a more appropriate 

constructive measure should be undergone, for example, the commissioning of a lateral or transversal non-

permanent reservoir to retain and redistribute water volumes during floods but to ensure a proper hydrological 

regime in low flow periods. 
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