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ABSTRACT

The transport of sediments in river systems has significant environmental and economic
implications, affecting water quality, aquatic ecosystems, and the operational lifespan of
hydraulic structures such as reservoirs. This study quantified and analyzed sediment discharge
in three distinct river sections within the Mourdo River basin in Paran4, Brazil, by applying and
comparing various mathematical models. The three sampling sections were established on the
Campo River (Section 1), the Mourdo River (Section 2), and the Sem Passo River (Section 3).
Bedload sediment discharge was calculated using the methods of Einstein (1942) with a Peter-
Meyer modification, and Duboys (1879) and Zeller (1963). Suspended sediment discharge was
estimated using the models of Yang (1973) and Righetto (1998) and compared with
experimental results from total suspended solids analysis. Hydraulic characterization, including
the development of rating curves and the calculation of the Froude number, was performed to
understand the flow regime. The results indicated a subcritical flow regime (Fr < 1) in all three
sections, characteristic of relatively slow-moving water. The Duboys (1879) and Zeller (1963)
model was only applicable to Section 1, a smaller channel, as it yielded non-representative
results for the larger perimeters of Sections 2 and 3 under the observed low-flow conditions. In
contrast, the Einstein (1942) approach with the Peter-Meyer modification proved more robust,
providing viable estimates for all sections. A strong correlation was found between the Froude
number and the sediment discharge predicted by the theoretical models. This study highlights
the critical importance of selecting appropriate models based on the specific hydraulic and
geomorphological characteristics of the river channel and underscores the complexity of
accurately predicting sediment transport.
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Modelagem e analise da descarga de sedimentos em trés afluentes
da bacia do Rio Mourio, Brasil

RESUMO

O transporte de sedimentos em sistemas fluviais tem implicagdes ambientais € economicas
significativas, afetando a qualidade da 4gua, os ecossistemas aquaticos e a vida ttil de estruturas
hidraulicas, como reservatorios. Este estudo teve como objetivo quantificar e analisar a
descarga de sedimentos em trés trechos distintos do rio Mourao, no Parana, Brasil, aplicando e
comparando diversos modelos matematicos. Os trés trechos amostrais foram estabelecidos no
rio Campo (Trecho 1), no rio Mourao (Trecho 2) e no rio Sem Passo (Trecho 3). A descarga de
sedimentos de fundo foi calculada utilizando os métodos de Einstein (1942) com modificacao
de Peter-Meyer e de Duboys (1879) e Zeller (1963). A descarga de sedimentos em suspensao
foi estimada utilizando os modelos de Yang (1973) e Righetto (1998) e comparada com
resultados experimentais de analise de s6lidos totais em suspensdo. A caracterizacdo hidraulica,
incluindo o desenvolvimento de curvas de descarga e o calculo do nimero de Froude, foi
realizada para compreender o regime de escoamento. Os resultados indicaram um regime de
escoamento subcritico (Fr < 1) em todas as trés secdes, caracteristico de 4guas com movimento
relativamente lento. O modelo de Duboys (1879) e Zeller (1963) foi aplicavel apenas a Se¢ao
1, um canal menor, pois apresentou resultados ndo representativos para os perimetros maiores
das Sec¢des 2 e 3 sob as condigdes de baixa vazdo observadas. Em contraste, a abordagem de
Einstein (1942) com a modificacdo de Peter-Meyer mostrou-se mais robusta, fornecendo
estimativas vidveis para todas as se¢cdes. Uma forte correlacdo foi encontrada entre o numero
de Froude e a descarga de sedimentos prevista pelos modelos teoéricos. Este estudo destaca a
importancia critica da selecdo de modelos apropriados com base nas caracteristicas hidraulicas
e geomorfologicas especificas do canal do rio e ressalta a complexidade de prever com precisao
o transporte de sedimentos.

Palavras-chave: curva de descarga, modelagem matematica, numero de Froude, Rio Mourao,
transporte de sedimentos.

1. INTRODUCTION

Water is a fundamental resource for sustaining life and driving socioeconomic
development. Within the hydrological cycle, the movement of water is a primary agent of
environmental degradation processes such as erosion, siltation, and nutrient loss. Water flows
in river systems are the most significant transporters of weathered materials from higher to
lower elevations. These hydro-sedimentological processes involve the detachment, erosion,
transport, and deposition of solid particles from the watershed surface. The transported
sediments, varying in size, shape, and weight, behave differently according to local flow
conditions, either remaining in suspension or moving along the riverbed.

The study of solid discharge in water bodies is a crucial tool for environmental
characterization. Sediments directly interfere with water quality and quantity, acting as vectors
for microorganisms and toxic particles, and intensifying the siltation of rivers, which signals
significant environmental degradation. Anthropogenic pressures, particularly land-use changes
for agriculture, coupled with natural phenomena like intense precipitation in tropical regions,
can lead to sediment production rates far exceeding those under natural equilibrium conditions.

Evaluating sediment discharge can be approached in two main ways: using empirical
transport formulas that correlate solid load with flow and sediment parameters, or through direct
measurements of water flow and sediment concentration. Direct measurements require regular
and long-term monitoring campaigns, which can be time-consuming and technically
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demanding. An alternative is to establish a rating curve that relates instantaneous flow to
sediment concentration. However, this relationship is highly sensitive to seasonality, as 70% to
90% of total sediment transport often occurs during rainy periods.

Given the challenges in direct quantification, mathematical models are essential tools for
estimating sediment discharge. The accuracy of these models relies heavily on the
granulometric distribution of bed sediments. Various models exist for estimating both bedload
and suspended load. For example, studies have compared the performance of methods such as
Schoklitsch (1962), Duboys (1879) and Zeller (1963), Meyer-Peter and Miiller (1948), Einstein
(1950), and Yang (1973), with findings often indicating that model suitability is site-specific.
The suitability of the model is intrinsically linked to the conditions under which it was
developed (e.g., particle size distribution, bed roughness, and flow regime) (Dey et al., 2021,
Shen, 2025). The differences in sediment capture results can be attributed to the stochastic
nature of the process (Fei ef al., 2024).

This study quantifies and monitors sediment discharge by correlating hydrometric
characteristics with the physical properties of sediment in three sub-basins of the Mourao River,
Parand, Brazil. The specific objectives were to: (1) perform a granulometric analysis of the
riverbed sediment; (2) apply mathematical 'models to estimate suspended and bedload sediment
discharge; (3) establish rating curves for the study sections; and (4) determine the physical
characteristics of the flow and correlate them with sediment discharge and concentration (Graf,
1971, Carvalho, 2008; Scapin et al., 2007).

2. MATERIAL AND METHODS

2.1. Study Area

The study was conducted in three rivers within the Mourdo River hydrographic basin: the
Sem Passo River in the municipality of Luiziana, the Campo River in Campo Mourao, and the
Mourdo River itself, upstream reservoir of the Mourdao Hydroelectric Power Plant. The region
is in the Center-West of Parana state, on the Plateau of Campo Mourao, with altitudes around
630 meters. The predominant soil type is dystroferric red latosol.

Three sampling sections were established (Figure 1):
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Figure 1. Map of sampling section locations for flow
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e Section 1: Located on the Campo River in Campo Mourdo, upstream of the municipal
water abstraction point. The contributing drainage area is approximately 76.16 km?. The Campo
River is a key tributary of the Mourdo River and a vital water source for the city.

e Secction 2: Located on the Mourao River at the boundary between Campo Mourao and
Luiziana, upstream of the Mourdo reservoir. The contributing drainage area is approximately
106.06 km?.

e Section 3: Located on the Sem Passo River in Luiziana. The contributing drainage area
is approximately 140.63 km?. This river is a major tributary to the Mourao reservoir.

2.2. Field Data Collection and Laboratory Analysis

Field campaigns were conducted, including four sediment collection campaigns and ten
flow measurement campaigns, during both dry and rainy periods, over a period of one and a
half years of testing.

Bed sediments were collected from the riverbed in each section using a Petersen Dredge,
stored in identified plastic bags, and transported to the laboratory. Granulometric analyses were
performed according to Brazilian standards NBR 7181, NBR 6502, and NBR 6508 (ABNT,
2014; 2016; 2022). The specific mass of the sediment grains was also determined.

River discharge was measured using a HIDROMEC Newton-type fluviometric current
meter and a SONTEK FlowTracker acoustic doppler velocimeter. Water samples were
collected concurrently with flow measurements for the analysis of total suspended solids in the
laboratory using an integrating sediment sampler, DH48, following the methods described by
APHA et al. (2012). Using the models presented in this work, estimates of suspended sediment
discharges were calculated based on granulometry, flow rate and velocity data at the time of
sediment sample collection.

2.3. Hydraulic Characterization and Rating Curve

A rating curve (Flow quota) was developed for each section to establish a relationship
between the maximum water depth (h) and the discharge (Q). This relationship is typically
represented by an exponential function (Equation 1):

Q= a.(h—hy)? (1)

Where ho is the water level at zero discharge, and a and b are regression coefficients.
The flow regime was classified using the dimensionless Froude number (Fr), which is the
square root of the ratio of inertial to gravitational forces (Equation 2):
14

Fr = T 2)

Where V is the mean flow velocity, g is the acceleration due to gravity, and Hm is the
characteristic length, taken as the hydraulic depth (Area/Top Width). The flow is classified as
subcritical (Fr < 1), supercritical (Fr > 1), or critical (Fr = 1).

2.4. Estimation of Sediment Discharge
2.4.1. Bedload Transport

Two models were used to estimate the bedload discharge (qs).

1. Duboys (1879) and Zeller (1963): This model relates sediment discharge to the shear
stress of the flow (Equation 3):

= 27olto—toert) (g s=1.m1) "

qS gz .
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Where g5 is the sediment discharge per unit width of the channel. It measures the volume
of sediment passing through a cross-section of the channel per unit time and width, ¢ is a
sediment characteristic coefficient, t, is the flow shear stress on the bed, and to crit 1S the critical
shear stress for the initiation of motion. These parameters were determined using the graphical
method proposed by Zeller (1963).

2. Einstein (1942) with Peter-Meyer Formulation: This method is based on a relationship
between two dimensionless parameters, the intensity of transport (f) and the intensity of shear
(y):

The equations presented are fundamental in the field of fluvial geomorphology and
sediment transport, describing the relationship between fluid flow and the movement of
sediment particles. These dimensionless parameters are crucial for predicting how much
sediment a river or channel will carry.

Consider Equation 4:

b= (LL)UZ @)

" psg \ps—pw gd?

This equation defines the dimensionless sediment transport rate, often denoted as ¢. It
represents the efficiency of the flow in transporting sediment, where, ps is the density of the
sediment particles, pw is the density of the water (or the fluid), g is the acceleration due to
gravity, d is the characteristic diameter of the sediment particles, often the median diameter
(dso0).

Essentially, ¢ relates the actual sediment transport rate to a reference transport rate, making
it a normalized, dimensionless quantity.

Equation 5 is a form of the Shields stress, a critical parameter that determines the initiation
of sediment motion. However, the equation provided for vy is actually the inverse of the Shields
stress. The standard Shields stress (t* or 0) 1s defined as:

b PwRRS
= 5
(ps—pwlgd  (ps—pw).d (5)

T*= 0 =
Therefore, the parameter y in the Equation 6 is:

_1_ (ps—pw)d
Yp=—= T orRnS (6)

This parameter y is sometimes referred to as the mobility parameter or a form of
dimensionless shear stress, where (ps —pw ) is the difference in density between the sediment
and the fluid, which accounts for the buoyant weight of the sediment, d is the characteristic
diameter of the sediment particles, pw is the density of the water, Rh is the hydraulic radius of
the flow, which is the cross-sectional area of the flow divided by the wetted perimeter. It is a
measure of the flow's efficiency, where S is the slope of the energy grade line. For uniform
flow, this is often approximated by the channel bed slope.

The Shields stress (t*) represents the ratio of the fluid forces acting to move a sediment
particle (bed shear stress) to the gravitational forces acting to keep it in place. The parameter
represents the inverse of this ratio.

These two parameters are famously related in what is known as the Shields-Brown curve
or more generally through sediment transport functions. These functions empirically relate the
dimensionless sediment transport rate (¢) to the dimensionless shear stress (or its inverse, y).
This relationship typically shows that as the Shields stress increases (and therefore y decreases),
the sediment transport rate increases significantly.

In summary, the two equations cited are used together to predict the rate of sediment
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transport in a channel based on the properties of the fluid, the sediment, and the flow conditions.
An empirical function, was used to relate the parameters (Equation 7).

¢=(7- 0,188) " Q)

2.4.2. Suspended Sediment Transport
The suspended sediment concentration (Cs) was estimated using the method of Yang
(1973), which is recommended for sand-bed rivers. The governing Equation 8 is:

®)

log (C;) =a, —ay.log (U'S — UC'S)

W_s Ws
Where U is the mean flow velocity, S is the energy slope, wy is the sedimentation velocity
of the particle calculated based on the average sediment diameter (Stoke's Law), U. is the
critical mean velocity for incipient motion, and a; and a: are empirical variables.
Additionally, suspended sediment discharge was estimated based on the bedload
calculations using the approach from Righetto (1998), considering sediment mass flow, with
bedload discharge as a boundary condition for sediment production.

3. RESULTS

3.1. Sediment Characteristics

Granulometric analysis of the bed sediment revealed distinct characteristics for each
section. In Section 1 (Campo River), the sediment was predominantly sand, averaging 88.8%
across the four collection campaigns, with minor variations in clay (avg. 4.25%), silt (avg.
7.0%) and sand (avg. 88.75%) content (Table 1). The average diameters dio, dso, and doo
measured for Section 1 were, respectively, 0.039 mm, 0.27 mm and 0.60 mm (Table 1).

Table 1. Particle size distribution for Section 1, Section 2 and Section 3.

Sample Clay (%)  Silte (%) Sand (%) dio (mm) dso (mm) dgp (mm)

Section 1 4 4.25+£2.75 7.00+2.94  88.75+3.20 0.039 0.27 0.60
Section 2 4 14.50+18.56  13.00+5.66 72.50+£23.90 0.019 0.245 0.62
Section 3 4 11.25+11.15 25.75£3.20 63.00+10.13 - 0.178 0.89

Section 2 (Mourao River) showed a significant change in composition between the first
and subsequent collections. The sample contained 14.50% clay and 72.50% sand, suggesting
that a high-flow event between campaigns may have washed away finer sediments. The average
diameters for Section 2 specifically diameters dio, dso, and doo values were 0.019 mm, 0.245
mm, and 0.62 mm, respectively (Table 1).

Section 3 (Sem Passo River) also displayed a higher fine-sediment content, with average
values (11.25% clay, 25.75% silt), though sand remained the predominant fraction overall. This
section was also noted for having a bed composed of stones and gravel, which was reflected in
a higher average specific grain mass (3.128 g/cm?) compared to Section 1 (2.795 g/cm?) and
Section 2 (2.710 g/cm?). The average diameters measured for Section 3 were 0.178 mm (dso),
and 0.89 mm (dyo) (Table 1). It was not possible to determine dio for Section 3, given that more
than 10% of the samples contained clay.

3.2. Flow and Rating Curves
Ten flow measurement campaigns provided the data for developing the rating curves
(Figure 2). During the study period, flow rates from 1.017 m?/s to 2.443 m>/s were observed in
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Section 1, from 1.23 m’/s to 4.422 m3/s in Section 2 and from 1.305 m’/s to 6.433 m’/s in
Section 3, corresponding to rainy periods and the greatest measured depths.

The rating curve for Section 1 showed a very strong relationship between depth and
discharge, with a coefficient of determination (R?) of 0.9664 (Figure 2). Section 2 also yielded
a good rating curve, with an R? of 0.9706. However, Section 3 produced a much weaker
correlation (R? = 0.6882), which was attributed to the complex hydraulics caused by the stony,
irregular riverbed, leading to backwaters and rapids that disrupt the simple depth-discharge

relationship.

Discharge (m3/s)
o = ] w B~ [¥2] (¢)] ~J

O
Q = 1.4312 h34725
R? = 0.6882
Q=1.6735h3904 x -
R2=0.9706 % .~ -
Xl Ke
Q= 1.8201 h13965 o.Xg
R2 = 0.9664 R
,.,-D D
0,2 0,4 0,6 0,8 1 1,2 1,4 1,6

Water Depth (m)

A Sectionl X Section2 [O Section3

Section1l ————- Section 2 --------- Section 3

Figure 2. Rating curve for Section 1, Section 2 and Section 3.

3.3. Sediment Discharge Estimation

The calculated sediment discharges are summarized in Tables 2, 3, and 4.

Table 2. Estimated sediment discharge for Section 1.

Collection
Discharge Type Method
la 23 3a 4a Sa
Duboys (1879) e Zeller (1963) 0.3220 0.1692 0.1086 0.1379 0.1944
Bedload (kg/s) Einstein (1942) w/ Peter-Meyer ~ 0.2230 0.1766 0.1428 0.1637 0.1973
Average 0.2725 0.1729 0.1257 0.1508 0.1945
Yang (1973) 0.0939 0.0699 0.0410 0.0490 0.0662
Duboys (1879) & Zeller +
Suspended Righetto (1998) 0.2607 0.1116 0.0670 0.0849 0.1289
(kg/s) Einstein & Peter-Meyer +
Righetto (1998) 0.1806 0.1165 0.0881 0.1008 0.1307
Average 0.1782 0.0993 0.0654 0.0782 0.1086
Experimental 0.0426 0.1506 0.1022 0.1653 0.0659
(kg/s)

RN
NN
\ R
NN\
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8 Alexandre Rafael Kelniar et al.

Table 3. Estimated sediment discharge for Section 2.

Collection
Discharge Type Method
la 2a 3a 4a Sa
Duboys (1879) ¢ Zeller (1963) N.O 03343 NO NO N.O
Bedload (kg/s)
Einstein (1942) w/ Peter-Meyer 0.0023 0.3592 0.0331 0.0151 0.0450
Yang (1973) 0.0001 0.1203 0.0017 0.0005 0.0029
Suspended (kg/s) Einstein & Peter-Meyer +
yer
Righetto (1998) 0.0009 0.2569 0.0204 0.0086 0.0241
Experimental 0.0380 02708 0.0919 0.1514 0.0725
(kg/s)

N.O. = Not Occurring.

Table 4. Estimated sediment discharge for Section 3.

Collection
Discharge Type Method
12[ 22[ 321 421 521
Duboys (1879) and Zeller (1963) N.O 16921 NO NO N.O
Bedload (kg/s) o
Einstein (1942) w/ Peter-Meyer ~ 0.0774 0.9179 0.0432 0.0508 0.0530
Yang (1973) 0.0064 0.5126 0.0022 0.0031 0.0033
Suspended (kg/s) Einstein & Peter-Meyer +
yer
Righetto (1998) 0.0382 0.8103 0.0358 0.0416 0.0406
Experimental 0.1344 03298 0.1077 0.1901 0.0766
(kg/s)

N.O. = Not Occurring.

For Section 1, the bedload discharge estimates from the Duboys-Zeller and Einstein-Peter-
Meyer methods were reasonably close. The suspended discharge models also produced results
in the same order of magnitude. However, a notable discrepancy was observed: the highest
modeled suspended sediment discharge did not occur on the same date as the highest
experimentally measured concentration. This may be explained by the wash load effect, where
fine particles eroded from the watershed surface are transported through the section without
significant interaction with the bed material.

For Sections 2 and 3, the Duboys (1879) and Zeller (1963) model could not be applied
(N.O.), as the erosive process was not characterized for the flow conditions. The combination
of a large wetted perimeter (average of 9.57 m for Section 2 and 12.33 m for Section 3) and
relatively low measured flows resulted in negative values during calculation, indicating no
sediment transport according to this model. This finding demonstrates a key limitation of the
method (Hager and Weitbrecht, 2010). Consequently, only the Einstein-Peter-Meyer method
provided bedload estimates for these two sections. As shown in Tables 3 and 4, transport was
only predicted for the highest flow data.

3.4. Flow Regime and its Relation to Sediment Discharge
The Froude number (Table 5) was calculated for all measurements to classify the flow
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regime. In all cases, the Froude number was less than 1 (Fr < 1), ranging from 0.07 to 0.20.
This confirms that the flow in all three river sections was subcritical, characterized by low
velocities and low turbulence. This finding helps explain the ineffectiveness of the Duboys-
Zeller method in the wider sections, as the flow energy was insufficient to meet the model's
criteria for initiating transport across the large channel perimeter.

Table 5. Results for Froude number and sediment mass concentration in ppm.
Collection 1? 2 3 4? 5%

Froude 0.2004 0.1403 0.1645 0.1757 0.1804
Duboys (1879) and Zeller 256.27 46.78 56.53  73.17 97.77

Section 1 o, ctein (1942) w/ Peter-Meyer 177.51 4881 7438 8687  99.2

Experimental 41.87 63.12 8625 1425 50

Froude 0.0715 0.1495 0.1058 0.0909 0.103

Sectioz  Duboys (1879)and Zeller  N.O. 10021 NO. NO. NO.

! Einstein 088 107.66 17.18 742 1832

Experimental 2812 6125 6875 123.12 40

Froude 0.0982 0.1865 0.1067 0.0939 0.0883

. Duboys (1879) and Zeller N.O. 62594 N.O. NO. N.O.
Section 3

Einstein (1942) w/ Peter-Meyer 37.58 339.55 30.18 35.88  30.79
Experimental 5375 51.25 82.5 115 36.62

A strong correlation was found between the Froude number and the sediment concentration
calculated by the theoretical models. For Section 1, the Einstein-Peter-Meyer method showed
an excellent relationship (R? = 0.9408), indicating that as the Froude number (and thus flow
energy) increases, so does the predicted sediment discharge. A similar strong correlation was
observed for Section 2 (R? = 0.9944) and Section 3 (R? = 0.9943) using the Einstein-Peter-
Meyer method. In contrast, the relationship between the Froude number and the experimentally
measured concentrations was weak and incoherent, possibly due to experimental errors or the
dominance of wash load, which is less dependent on local hydraulics (Table 5).

4. DISCUSSION

The results of this study underscore the challenges of modeling sediment transport in
natural rivers, where hydraulic and sedimentological characteristics can vary significantly even
within the same basin. The contrasting performance of the applied models across the three study
sections provides valuable insight into their respective domains of applicability. The results
obtained, which demonstrate a contrasting performance of the models applied in different study
sections, corroborate the modern literature that emphasizes the sensitivity of the models to the
domains of hydraulic applicability (Van Rijn, 1993; Liu et al., 2018).

The most significant finding was the limited applicability of the Duboys (1879) and Zeller
(1963) method. It provided reasonable estimates only for Section 1 (Campo River), which had
the smallest wetted perimeter (average 5.76 m). For Sections 2 and 3, with larger perimeters
(9.57 m and 12.33 m, respectively) and a subcritical flow regime, the model failed to predict
sediment transport for most flow conditions. This confirms that the method is more suitable for
smaller streams or rivers with higher flow energy, where the shear stress can overcome the
critical threshold for transport across the entire channel width.

For Sections 2 and 3, the Duboys (1879) and Zeller (1963) model could not be applied, a
finding attributed to the uncharacterized erosive process under the observed flow conditions
(N.O.). The combination of an exceptionally large wetted perimeter (averaging 9.57 m for
Section 2 and 12.33 m for Section 3) and relatively low measured flows resulted in negative
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calculated values, which, within the model's empirical framework, indicate a cessation of
sediment transport. This failure demonstrates a key limitation of the Duboys-type shear stress
model in wide channels with low relative depths, where the calculated mean boundary shear
stress falls below the critical threshold for particle motion (Chang, 1992; Julien, 2010).

Consequently, only the Einstein-Peter-Meyer method provided bedload estimates for these
two sections. As shown in Tables 3 and 4, transport was consistently predicted only for the
highest recorded flow data, further underscoring the marginal hydraulic conditions.

In contrast, the Einstein (1942) method, using the Peter-Meyer formulation, proved to be
more versatile and robust, yielding plausible results for all three sections under varying flow
conditions. The strong correlation observed between the Froude number and the sediment
discharge predicted by the Einstein-Peter-Meyer model (R? > 0.93 for all sections) further
validates its utility. This relationship demonstrates that the model effectively captures the
fundamental principle that sediment transport is driven by the energy of the flow (Gomez and
Church, 1989).

The discrepancy between modeled and experimentally measured suspended sediment
concentrations highlights another layer of complexity. The lack of correlation between
experimental concentrations and flow hydraulics (Froude number) points towards the influence
of wash load. The wash load consists of very fine particles (clay and silt) that originate from
erosion on the watershed slopes rather than from the riverbed itself. These particles are easily
kept in suspension by even low turbulence and their concentration in the river is often more
dependent on their supply from the catchment (e.g., following a rainstorm) than on the
immediate hydraulic conditions of the channel. This phenomenon explains why the highest
measured concentrations did not necessarily coincide with the highest flows or Froude numbers
(Asselman et al., 2003; Gessner et al., 2014).

The distinct physical characteristics of each river also played a crucial role. The sandy bed
of Section 1 was well-suited for the application of standard transport models. The
heterogeneous, stony bed of Section 3, however, not only complicated the establishment of a
reliable rating curve but also created complex local hydraulics that are not fully captured by
one-dimensional models. This emphasizes that, in such environments, model results should be
interpreted with caution.

5. CONCLUSIONS

This study successfully evaluated the sediment discharge in three distinct rivers of the
Mourdo River basin using a combination of field measurements and mathematical modeling.
The research leads to the following conclusions:

1. The applicability of sediment transport models is highly contingent on the specific
hydraulic and geomorphological characteristics of the river. The Duboys (1879) and Zeller
(1963) method was found to be effective for the smaller channel (Section 1) but was unsuitable
for the wider channels of Sections 2 and 3 under the observed flow conditions.

2. The Einstein (1942) method with the Peter-Meyer formulation demonstrated greater
robustness, providing consistent estimates across all three studied sections, and its predictions
correlated strongly with the Froude number.

3. The flow regime in all three rivers was consistently subcritical (Fr < 1), which is a key
factor controlling sediment transport dynamics and helps explain the limitations of certain
models.

4. Discrepancies between modeled and experimental suspended sediment concentrations
likely stem from the influence of wash load, which is governed by watershed-scale erosion
processes rather than just local channel hydraulics.

Ultimately, this work confirms the complexity of sediment transport phenomena and
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reinforces the principle that there is no universal model. Accurate estimation requires a careful
selection of methods tailored to the local river conditions. Further research, including more
frequent monitoring during high-flow events and the exploration of two-dimensional hydraulic
models, is recommended to deepen the understanding of sediment dynamics in this and other
similar basins.
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