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Abstract: The concept of dominant discharge is used in geomorphologic studies concerned with stability of
riverbeds and riverbed management. The results of our study involves the specific energetic conditions on the
Niraj River during maximum river flow (by analysing the bankfull discharge and the stream power during peak
flow) and during normal flow (by analysing the stream power at average flow). The bankfull discharge value is
considered fundamental for the present riverbed formation, for Niraj river beeing situated between 20.8 m*/s
and 928 m¥s, depending on local morphometrical riverbed condition. Therefore using the Manning-Strickler
formula, the bankfull discharge was calculated due to the fact that it is considered to be the main estimative
parameter of the riverbed hydraulic geometry. The values of stream power varied between 3.51 (W/m?) and
289 (W/m?) and It was determined by means of data gathered on seven cross sections, taking into consideration
the upstream riverbed typology. In two sectors, considered to be representative for the riverbed typology, the
return periods were calculated, probability of exceedance (66%) and non-exceedance as well (1.5 year) as the
influence of bankfull discharge on the Niraj riverbed dynamics in the 1970-2012 interval. The case study was
performed on two different sectors taking into account the evolution of the sinuosity index, which is dependent
on the influence of natural and anthropic factors. The analysis enabled the comparison of meandering rates for
100 year interval, both in the sectors with a natural evolution of the riverbed and in the sectors with high
anthropic impact as a resuls of constraints of the dams. The high lateral dynamics is mainly caused by the
decrease of slope gradient and the decrease of bank resistance due to extreme events with high energetic values
(varying between 30.2 and 105.3 W/m? in the upper and middle sectors of the Niraj river). The obteined
bankfull discharge values with 1.5 year probability (41.6 m*s for Cinta and 28.9 m%s for Bereni) were
validated by comparing the calculated data within the cross sections located near the Galesti and Cinta
hydrometric stations and the data obtained by hidrometrical measurements in the two stations mentioned above.
The results are included in the confidence interval of 5%.
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1. INTRODUCTION

The concept of dominant discharge
(riverbed-forming discharge) refers to the river
discharge which determines in time the shape of
natural riverbeds and shows the ability of rivers to
transport the highest amount of sediments, higher
than the annual average discharge (Wolman &
Miller, 1960).

Starting from the change over time of
riverbed depth, width and slope under the influence
of solid and liquid discharge variations, the objective

of this study is to identify the bankfull discharge
values which determine changes in the minor
riverbed morphology and typology, as a
consequence of meandering tendencies. From a
morphologic perspective, the bankfull discharge
makes possible the identification of the boundary
between the active channel and the floodplain,
which is used in channel design (William, 2010).

By considering the discharge as an
independent variable which influences the elements
describing the riverbed morphometry (riverbed
depth and width) and the flow velocity, Leopold &
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Maddock (1953) identified a series of relationships:

B=aQ", b = 0.5 (0.26 at the hydrometric station),
h=cQ", f=04, V, =kQ™, m = 0.1 (0.34 at the
hydrometric station), where: B - riverbed width, Q
— discharge, h — riverbed depth, V,, — average
velocity; b, ¢, f, m represent the coefficients
depending on the discharge variability and the
position in which the measurement is taken in
relationship to the closest hydrometric station. At the
local level, the situation becomes more complex, as
the evaluation of the role of lithology in the
conditioning of meander patterns becomes necessary
(Harvey, 1969; Rosca et al., 2012; Ahilan et al.,
2013).

After 1966, when Bagnold used the bankfull
discharge for evaluating the bedload transport, this
concept has been used in many studies to determine
behavioural characteristics, in particular channel
patterns and meander dynamics (Brush, 1961,
Ferguson, 1981; Rosgen, 1994; Fryirs & Brierley,
2013; Radoane et al., 2013).

2. STUDY AREA, DATA AND
METHODS

The Niraj River is one of the main left
tributaries of the Mures River (Fig. 1), its catchment
area being extended on 658 km?.

The source of the river is located on the
western slopes of Gurghiu Mountains, at 1249 m
elevation and the whole river is 82 km long. The
Niraj crosses a succession of topography levels,
from the mountain, in the upper catchment area, to
the high hills (400.1-550 m), in the middle
catchment area and the lower hills (284-400),
towards the river mouth.

The Niraj  hydrographic  basin s
characterised by a general orientation of the
topography from north-east to south-west which
channels the energetic fluxes in the same directions.
The high slope angle of the catchment area
determines the flash flood regime by influencing the
concentration time of flash floods and the flow
velocity in the collector channel (Rosca, 2011),
leading to a reduced intervention time in the case of
risk situations associated to flash floods. The energy
flow which enables the processes of topography
transformation is concentrated on the same direction,
the Niraj receiving a significant amount of water
from the tributaries flowing from the mountain area
and having a pluvial and nival regime.

The analysis of the morphometric
characteristics enabled the division of the active
river channel into 7 sectors, their typology being
mainly differentiated according to the slope and the
sinuosity index (Table 1).
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Figure 1. Geographic location of the Niraj catchment area and the 7 cross-sections (P1-P7).
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2. 1. Determination of bankfull discharge

In this study the bankfull
represented by the discharge responsible for the
present riverbed formation. It is defined as the flow at
which water fills the channel without overtopping the

discharge

banks and without flowing on the floodplain (Dury,

1961, Copeland et al., 2000; Ahilan et al., 2013). In

is

order to determine the bankfull discharge, a series of
cross-sections were created in the field to identify the
elements of the active channel cross-section for seven
river sectors with different riverbed typology (Fig. 2).

IGurghiu Piedmont k:urghiuMJ
6915 636,
! 623

6210

20

[ NIRA] HILLS

14

P1

Mureg
N — Cross-section profile
=== Niraj River

+ Hydrometric Stations

0_25 SKm

Figure 2. Position of cross-sections.

Table 1: Morphometric and geologic characteristics of the river sectors

Caract. Sect. Sect. Sect. Sect. Sect. Sect. Sect. Nirai
1 2 3 4 5 6 7 J
Geology Ng+vs pn gh2 gh2 gh2 gh2 gh2 -
Lenght (km) 14 24 9 13 6 9 82
Slope (m/m) 0.00677 0.00966 | 0.00725 | 0.00516 | 0.00201 | 0.00114 | 0.00112 | 0.00364
Sinuousity max 1.62 2.27 1.95 1.58 1.75 1.27 1.12 2.27
Sinuousity medium 1.26 1.43 1.43 1.22 1.25 1.20 1.06 1.27
(m)
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Figure 3. Profile of cross-section 7 downstream from the Cinta hydrometric station (C] represents the water level)
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Using the data collected in the field, a series
of specific parameters were identified (Fig. 3):

Active channel cross-section area (w) as a
sum of the subsections (I...XVI) limited by the
vertical measurement lines (h;...h), using known
formulas to calculate triangular and trapezoid areas;

. [(h,b,)] . [(h +b,)b,] . G +b o ] X
2 2 2
[(h b )]
4 nn (m), (1)
2

- Wetted perimeter (P) using the formula (Zavoianu, 2007):

2 2 2.2
P = by +1 +1b5 +(h, ~h)? +..+ybfi + Ny, (2)

where, b; b, represent the distances between the
vertical measurements

hi, h, represent the depth of the vertical
measurements

The maximum depth (hna), the average depth
(hmeg) and the hydraulic radius (R) have also been
determined. The hydraulic radius was calculated as a
ratio between the cross-section area (®) and the
wetted perimeter (P) (Table 1).

The bankfull discharge, named by Ichim et al.,
(1989), the discharge of a full riverbed, represents
the fundamental estimative and dimensional
parameter of the riverbed hydraulic geometry. A
first stage in its calculation is represented by the
identification of the bankfull water stage, both in the
field and at the riverbed cross-sections.

Further on, the bankfull discharge was
calculated using the Manning — Strickler formula
Leopold, (1954):

Qo= A-k-(R*.5%) /n, (3)

where: Q, — bankfull discharge [m?/s],

A —active channel cross-section area [m?],

k —conversion constant [k=1],

R — hydraulic radius [m],

S — hydraulic slope (slope of the free water surface
in uniform movement, equal to the slope of the
thalweg slope)[%o],

n — roughness coefficient, calculated using the
Strickler formula, n = dso *®/ 21.1 [m].

2.2. Determination of riverbed roughness

The riverbed roughness represents one of
the main factors which influence the action of water
on riverbeds and river banks, therefore, its
determination is an important and indispensable
stage in such a study as the present one.

In order to determine the riverbed roughness,
the grain size of the channel deposits was analysed

for each river sector. In the minor bed, this analysis
was performed globally (without differentiating
between pavement and subpavement), the results
being classified into 14 granulometric classes
according to the Wenthworth scale, at a 1 phi
interval: blocks (> -8 phi), boulders (between -6 and
-8 phi), gravel (between -1 and -6 phi), sand
(between 4 and -1 phi) and silt (< 4 phi).

In the present study, the riverbed roughness
was determined using the Stickler formula:

n=Dg"/21.1, (4)

where:

n = roughness, A = area of cross-section, R
= hydraulic radius, S = slope of the channel, Q =
discharge, D50 = median diameter.

2.3. Stream power determination

The stream power is an indicator which is
considered in the literature as the main factor in the
assessment of minor bed erosion and dynamics
(Hicking & Nanson, 1984), in the analysis of
sediment transport (Bagnold, 1966) and sediment
unloading (Simons & Richardson 1966), which is
also dependent on the concept of bank resistance.
The stream power expresses the capacity of a river
to load and transport sediments during its flow, at a
punctual level. Thus, the estimation of this
parameter is essential in the identification of the
riverbed dynamic trends.

In 1966, Bagnold defines the power of a water
stream as a product between the specific water
density, the discharge and the slope of the water
surface:

Q=%+Q-S, (5)

where, Q = stream power, ¥ = water density
[kg/m3], Q = discharge [m3/s], S = slope of the
channel [m/m]

By dividing the stream power per unit area, Bull
(1979) uses the following expression in order to
determine the available power for erosion and
transport at each cross-section:

®=Q/W, (6)

where: G = Specific stream power [W/m],
Q = stream power [W/m],
W = width of the active channel [m].
This indicator is calculated in the present
study, per unit of the cross-section wetted perimeter.
Other studies determining the stream power
have highlighted specific longitudinal trends
(Magilligan, 1992; Lawler, 1995; Lecce, 1997,
Knighton, 1999). The new GIS technologies and
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LIDAR elevation models enabled the calculation of
the stream power at continental scale (Finlayson et
al., 2002; Finlayson & Montgemetry, 2003) as well
as at the level of large and medium catchment areas
(McCandless & Everett 2002; McCandless 2003;
Jain et al., 2006; Worthy, 2005; Stacey, 2007), the
authors stating the necessity of using a DEM with a
minimum resolution of 1 m? in order to produce any
useful results. However, the majority of studies
related to bankfull discharge and its corresponding
stream power (both for applications and innovative
studies) use the relationships between the cross-
section area and the width of the channel top
(Williams, 1978), as well as the relationship between
the magnitude and frequency of the bankfull
discharge and its influence for each river reach
(Woodyer, 1968; Castro & Jakson, 2001; Navratil et
al., 2006; Shields et al., 2003, Xia et al., 2009).

3. RESULTS AND DISCUSSIONS
According to the previously described

methodology, a series of indispensable work stages
can be anticipated in the identification of the

relationship between river flow and meander pattern,
their results being described in the following section.
A first stage is represented by the
identification of the granulometric spectrum of bed
material in relationship to the variables which define
the catchment area (surface, geology, elevation and
slope) as well as the granulometric distribution on
the longitudinal profile, determined through the
granulometric statistical analysis (Fig. 4).

The ideal distribution of the riverbed deposits
along the river follows the principle of the decreasing
percentage of granulometric classes in the flow
direction (Radoane et al., 2002). In this case study,
however, certain variations can be noticed which are
explained through the material input brought by the
main tributaries, as well as by the effect of dyke
building and channel adjustment works.

In 1875, by analysing the variation of
riverbed sediment dimension along rivers, Sternberg
identified a decrease of the grain size according to an
exponential relationship. The same situation can also
be identified for the Niraj River (Fig. 5): blocks are
dominant in the upper catchment area followed by the
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boulder and gravel classes, their percentage
increasing in the medium and lower catchment area.
This sorting process of riverbed material, progressing
over a long period of time, took place according to the
riverbed resistance to the effects of liquid and solid
flow characterised by a specific stream power.

The histograms of the upper and medium
sectors are characterised by unimodality (Fig. 6.A),
while the histogram of the lower sector is
characterised by the bimodality of riverbed
sediments (fig. 6.B). The same characteristics can be
identified for the rivers in north-eastern Romania,
due to the competition between the processes of
sorting and attrition (Radoane et al., 2002). In order
to determine the cause of the decrease of sediment
dimension along the river, worldwide studies
concentrated on the ratio between hydraulic sorting
(Knighton, 1982) and mechanical attrition (Ibbeken,
1983), at the segregation level of riverbed deposits.

In the laboratory stage, the sampled data were
statistically analysed and, as a result, the value of the
median diameter was identified (D50), a necessary
parameter in the quantification of minor riverbed
roughness (Fig. 7).

A decreasing trend of the D50 value can be
noticed along the river, from a value of 0.915,
characterising the sample number 1 at the kilometre
16 of the river, to the value 0.356, for the sample
number 7, on the lower part of the stream, at the
kilometre 74 of the river (Fig. 5).

The average correlation (R?*=0.566) between the
median diameter (D50) and the river slope also
reflects a decrease in the dimensions of the riverbed
material on the longitudinal profile.

By using the data of the cross-section profiles and
applying the previously presented methodology and
the Manning — Strickler formula in reference points,
the values of the bankfull discharge were determined
(Table 2).
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Figure 6. Distribution histograms of channel deposits
Table 2. Calculated values of bankfull discharge
Nr. of P A R S n Vm Qo Qm
Cross-section (m) (m) (m) (%o) (m/s) (m*ls) (m3s)
1 20.3 10.9 0.538 1.745 0.046 1.9 20.8 -
2 33.6 19.6 0.584 1.745 0.046 2.0 39.3 -
3 29.8 17.7 0.595 2.756 0.047 2.5 44.7 -
4 23.0 22.6 0.982 2.756 0.047 3.5 79.6 -
5 29.5 29.4 0.995 0.465 0.040 1.7 50.1 -
6 96.2 111.5 1.159 0.465 0.043 1.7 195.3 1.310
7 89.8 174.7 1.945 1.957 0.041 5.3 928.2 3.574

where P — wetted perimeter, A — area of active channel cross-section, R — hydraulic radius, S — slope of the channel, n — roughness,
V., — average velocity, Q,— bankfull discharge, Q,,— average discharge (1950-2013).
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In the case of two cross-sections the
validation of the results is possible due to the
proximity of hydrometric stations: Galesti (profile 6)
and Cinta (profile 7).

One can notice an increase of the bankfull
discharge values along the river due to the changes
of the morphometric parameters characterising the
minor bed (the wetted perimeter and the area of
active channel cross-section), the highest calculated
value is reached at profile 7 (in the close vicinity of
the hydrometric station Cinta).

4. IDENTIFICATION OF RETURN
PERIODS FOR MAXIMUM DISCHARGE

The literature treats channel migration in
relationship with magnitude/intensity and the
frequency of extreme flood events (Stover, 2001;
Wellemeyer et al., 2005; Wallick, 2007; Crosado,
2008; Pandi & Horvath, 2012, Zaharia et al., 2012).
Using the data available at the hydrometric stations
Bereni and Cinta (located in the close vicinity of the
cross-sections 6 and 7) the occurrence probability of
the maximum discharge necessary in the estimation

In the present study, the maximum discharge,
with a return period of 1.5 years, has the value of
41.6 m*® (Table 3) at the Cinta hydrometric station
and 28.9 m® at Bereni hydrometric station.

Table 3: Exceedance probability and return
periods of the maximum and dominant discharges
calculated at the Cinta and Bereni hydrometric stations.

Exceedance
R?tlc’i”]r probability QU
et (1) (%) Cinta Bereni
1000 0.1 493 237
200 0.5 383 186
100 1 335 164
50 2 287 142
20 5 223 113
10 10 175 90.6
5 20 127 68.6
3 33 92.3 52.4
2 50 62.2 39.5
15 66 41.6 28.9
1 90 28.3 20.9
Q(m3/s)
= 7 cases — Q dom (m3)
ol ‘ 6 cases
_ 3 cases 4 cases Ic
e I . als
, II LLLLA L SO LTI L P
el Ec IR B R SRR RS
Figure 8. Absolute frequency of years in which the

maximum discharge was higher than Q,x with 1,5 year

probabil

ity.

Analysing the graphical variation of the
annual maximum discharge (Fig. 8) one can notice
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the high number of years from the 1970-1979
decade in which the discharge being considered as
dominant was over passed, a condition with a return
period of 1.5 years in 7 cases. For the next decades,
the determined number of such situations was: 6
(1980-1989), 3 (1990-1999), 4 (2000-2009) and a
singular event in the interval 2010-2012.

5. STREAM POWER CALCULATION

Another important stage of the present study
was represented by the assessment of the energetic
conditions which are specific to the maximum flow
(by analysing the discharge and the stream power
during peak flow using the bankfull discharge) and
the normal flow (by analysing the stream power at a
multiannual average discharge).

Related to the adjustment of riverbed
geometry from the perspective of the concept of
optimum energy dissipation (stream power, Shield et
al., 2003), the stream power at the level of the active
channel cross-section was calculated for a normal
flow regime GO, (Table 4).

These energetic values offer information on
the relationship between the transport capacity and
the resistance to erosion of the river banks.
Generally, the riverbed of Niraj River evolves in the
context of medium and low energy. Thus, the sectors
with low values of stream power, around the value
of 10 W/m? (profiles 6 and 7 which are specific to
the lower sector of the Niraj), correspond to the C
class of low energy riverbeds (according to the
energetic classification of riverbeds made by Nanson
& Croke, 1992).

These are characterised by a high resistance of
the river banks to water erosion which limits the
lateral migration of the channel. The sectors with
values of 30-300 W/m? correspond to the class B
riverbed, with medium energy. These are considered
as riverbeds in a dynamic equilibrium, rarely
affected by extreme events as the river dissipates its
energy along the major riverbed and its erodability
being decreased by the protective role of the

vegetation.

The river sectors with a stream power of 30.2
and 105.3 W/m? developed on gravel bed and
characterise the upper and middle parts of the Niraj,
which are included in the B2 class where major beds
are highly stable to bank overflowing. The B3 class
of major beds with lateral migration through
meandering processes is characterised by a stream
power of 10.4 and 62 W/m? in the active channel
cross-section which determines the dominance of
lateral over vertical erosion.

In what concerns the relationship between the
bankfull  discharge and the morphometric
characteristics of the riverbeds, by using the same
types of mathematical expressions describing
correlations, one notices a high correspondence
between these two set of variables (Table 5), both in
national and international researches.

For the Niraj catchment area an increase of
the active channel cross-section area can be noticed
at the same time with the increase of the upstream
catchment area (Fig. 9.A), as well as a direct
relationship between the stream power and the
bankfull discharge (Fig. 9B).

These correlations make possible the
identification of the specific stream power
corresponding to the discharge forming the riverbed
on all river sectors.

6. EFFECTS ON THE RIVERBED

As a result of different researches concerning
rivers from various geographical areas, a general
tendency of rivers changing their morphometric
characteristics according to hydraulic elements was
identified (Wolman & Leopold, 1957; Pickup &
Warner, 1976, Schmitt et al., 2004; 2007; 2011;
Rustomji, P., 2009, Pandi et al., 2013).

In order to determine the temporal dynamics
of the Niraj riverbed, its evolution was analysed both
on the seven sectors and at a more detailed scale,
using a unit distance of one kilometre.

Table 4. The maximum and average specific stream power and stream power values

Nr. Qb (Qmax QQm GDmax G:)m
Sect. (m*/s) (W/m) (W/m) (W/m?) (W/m?)
1 20.8 127477 - 289 -

2 39.3 53542 - 141 -

3 44.7 13763 - 14.51 -

4 79.6 28113 - 37.28 -

5 50.1 15788 - 14.95 -

6 195.3 14255 85.15 8.77 0.22
7 928 7559 534 351 1.21

140



Table 5. The relationship between the bankfull discharge, the morphometric characteristics of the riverbed (riverbed
width, average depth) and the catchment total area (where: A= aQp’, | = cQu’, d = eQbkf")

Catchment Area River Average
(A) Width (1) Depth (d) Source / River
a b c d e f
- 0.90" - 0.50 - 0.40 Leopold & Maddock, 1953
- 0.87" - 0.42 - 0.45 Wolman (1955)
0.90 0.83 1.65 0.50 0.55 0.33 Nixon (1959)
- 0.91" 2.17-3.98 0.52 0.16-0.20 0.39 Hey & Thorne, 1986
0.28 0.94 1.46 0.52 0.19 0.42 McCandless (2002)
0.79 0.8 2.65 0.47 0.3 0.33 McCandless (2003)
0.764 0.70 - - - - Ahilan et al., 2013
ROMANIA
- - 12.67 0.24 - - lalomita
- - 6.03 043 - - Buzdu Minea, et al., 2011
- - 3.75 0.42 - - Bésca
Toroimac (2009),
0.69 1.34 1.03 0.69 - - Prahova Toroimac et al., 2013
6.45 0.78 6.13 0.26 0.73 0.43 NIRAJ
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Figure 9. Correlation between the active channel cross-section and the upstream area (A), correlation between the

bankfull discharge an

A typological classification was eventually
performed, the channel pattern being differentiated
into straight channels, sinuous channels and
meandering channels, using the sinuosity index
(Brice, 1964). The Water Framework Directive
2000/60/EC recommends all E.U. member states a
typological differentiation of all water streams using
geoecological criteria (European Union, 2000).

The high lateral dynamics is mainly caused by
the decrease of slope gradient and the decrease of
bank resistance due to extreme events with high
energetic values (flash floods and flooding).

The cartographic analysis of the Niraj
riverbed dynamics using Austrian Maps, The Second
Campaign (1860), The Third Campaign (1910),
Topographic maps 1:25000 (1970) and SPOT
satellite images (2012) enabled the identification of
highly dynamic sectors.

d the stream power (B).

By analysing the evolution of the Nirgj
sinuosity index (Fig. 10) for the seven river sectors,
a high dynamics of the sectors 4 and 5 can be
noticed, which also have the highest value of stream
power at bankfull discharge (Fig. 10, Table 4).

24
22 A .01
2
3
& 18
2 16
P
B 12
1
08
Transoersal Profile Number
Figure 10. The variation of the sinuosity index on all river

sectors
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The most stable sectors are those from the
mountain and piedmontal areas which have a high
resistance to erosion, despite the high stream power
(Rosca et al., 2013).

Extreme discharge values lead to meander
undercutting (Fig. 11) determining a decrease of the
river length and, thus, a decrease of the flow
concentration time, having obvious effects on the
minor bed morphology.

The slope of the channel determines higher
stream power in cross-sections, especially during
extreme events. The results indicate that the
sinuosity of the main stream declined from 1.59
(specific to meander rivers) to 1.17 (specific to
sinuous rivers), with variations at local levels.
Consequently, the number of meanders has also
decreased from 251 to 218 (Rosca et al., 2013).

Unstable sectors were identified through field
observations in the built-up areas of Acatari,
Pasareni (Fig. 12), Murgesti and Leordeni
settlements where 22 bridges, 1362 m of road and
extended agricultural terrains were affected (Rosca
et al., 2013). To illustrate this situation, two
representative sectors were selected. The first sector
is located between Vargata-Mitresti settlements (Fig.
14), it is 3.67 km long and has a sinuosity index of
1.27 (sinuous sector).

In the absence of natural and anthropic
constraints (terraces, dykes), the river evolved in this
sector by passing through lateral migration from a
sinuous to a meandering sinuous sector (Fig. 13).

This sector is evolving in the context of an
average stream power of 37.28 W/m? at maximum
flow, which corresponds to a bankfull discharge
with a shorter return period, namely 2.6 years.
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Figure 13. Sinuosity index variation in the interval 1869-
2012, Vargata-Mitresti sector.

As a consequence, the river will disseminate
its energy creating erosional processes depending on
the erosional resistance determined by geology and
vegetal protection. In the presented case study one
can notice a complete change of meandering
processes (according to Hooke classification, 1977)
in the vicinity of Mitresti settlement. The main cause
of this change highlighted by the analysis of the
existing data was lithology. The meander is located
in the area where the lithology changes from marly
clays to gravel and sand.

On the other hand, in the second sector (Fig.
16), located in the proximity of Acatari settlement
(with a total length of 3528 m and a sinuosity index
of 1.65, which includes it in the category of
meandering river sectors), a high river dynamics can
be noticed in the interval 1869-2012, the variation
from the average becoming more obvious especially
in the last years (Fig. 15).
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Figure 11. Variation of the Niraj sinuosity index in the interval 1910-2008.
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In this sector, the river evolves in a low
energy context of 0.22W/m for the average flow and
8.77 W/m for the maximum flow, the return period
of the bankfull discharge being 14.9 years.

This river sector offers an image on the effects
created by dykes aimed to protect built-up areas
against floods, but limiting the space required by

river evolution. The same constraint determines the
decrease of the Niraj minimum freedom of
movement (Fig. 16).

7. CONCLUSIONS

The assessment of bankfull discharge and the
stream power values enables the classification of
river sectors according to their response power.

The values determined through the presented
methodology punctually illustrate the stream power
and the bankfull discharge, but the present study
further aims at improving qualitative estimations
through the quantification of hydraulic parameters
and providing a more realistic image of the
morphogenetic environments.

These are characterised by high, medium and
low energy, correlated to the zones of the catchment
area (according to Schumm, 1977).

River sectors evolving over the stream power
of 35 W/m?were identified, having a short response
time to the upstream changes (<10 years). An
important result is represented by the identification
of the energy which drives the river evolution, the
assessment of bankfull discharge, as the parameter
having the highest influence on riverbed stability,
and the assessment of its return period. Nevertheless,
the studies aiming at identifying the stability of the
riverbed and its temporal dynamics will include
additional information related to the resistance to
erosion, the factor of protective vegetation and the
anthropic intervention degree. However, the input
determining the irremediable changes inside the
system is represented by the maximum flow (during
high waters and flash-floods) due to its maximum
energetic capacity to produce quantitative and
gualitative microscale changes.
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