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ABSTRACT – The Tapajós River is an important fluvial system in the Amazon basin, contributing to
the ecological, transportation, recreation, and economic functions in the region. The lower 330km
of the Tapajós River is extensively used for shallow-draft inland transportation of commercial
commodities (primarily agricultural). In support of a navigation improvement project, the sediment
dynamics of the lower Tapajós River were analyzed in a one-dimensional sediment transport model
in HEC-RAS. The influence of the Amazon River backwater on the hydraulics of the system limits the
opportunities to model the sediment dynamics in a steady or quasi-unsteady environment.
Therefore, a fully unsteady sediment transport model in HEC-RAS was completed for this system.
Significant deposition of sediment occurs in the lower 175km of the Tapajós River in a deep and
wide fluvial ria feature, which has been aggrading since the Last Glacial Maximum (LGM), when
ocean levels were approximately 120m lower than present day. The unsteady sediment transport
model was compared to two sediment cores, which had previously been analyzed for chronology.
The sediment transport model simulated the previous 20 years of behavior and resulted in
sedimentation between 0.043m and 0.103m over this period, compared to a range of 0.056m to
0.13m of sedimentation based on the cores. This model will be used to estimate future
sedimentation rates associated with channel dredging projects throughout the Tapajós River as well
as providing opportunities to analyze the influence of anthropogenic development within the basin.
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1 - INTRODUCTION
The Tapajós River Watershed is located in center-west and northern Brazil, primarily in the
states of Mato Grosso and Pará. The basin is approximately 492,000 km2 in area (see Figure 1, left)
and is the fifth largest contributor of flow to the Amazon River (after the Madeira, Negro, Japurá,
and Marañón Rivers). The Tapajós River is classified as a clearwater river (Sioli, 1984), which is
characterized by low sediment loads and low conductivity. The current navigation channel and
study area extends 330km, from São Luiz do Tapajós (approximately 50km upstream of Itatituba,
Pará) at the upstream end down to Santarém, Pará at the downstream boundary of the study area.
This reach can be categorized in three segments, namely 1) a riverine reach at the upstream end
from São Luiz do Tapajós to Fordlândia; 2) a fluvial delta from Fordlândia to Aveiro; and 3) a fluvial
ria from Aveiro to Santarém (see Figure 1, right). A sediment transport model was developed to
investigate sediment dynamic behavior within the Tapajós River, specifically to support future
dredging plans within the Tapajós River navigation channel.

Figure 1 – Tapajós River Watershed (left) and Study Area (Right)
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2 - METHODS
2.1 - Hydrologic Analysis
The stage of the Tapajós River at Itaituba varies approximately 6 meters per year. The lowest
stages occur generally in October and November, which is approximately 1-3 months after the
lowest flows are typically registered. The stage at Itaituba, Pará is heavily influenced by the
backwater of the Amazon River (which peaks later in the year than the Tapajós River). The influence
of the Amazon River on stage at Itaituba can be seen in Figure 2, right (stages are referenced to
meters above sea level with a datum of EGM08). Observed gage readings were converted to
elevations using data from Moreira (2016) and from an environmental impact assessment by
Electrobras (2014).
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Figure 2 – Average Daily Stage and Flow for Itaituba (17730000) and Average Daily Stage at Stantarém
(17900000) Gages.

2.2 - Hydraulic Modeling
Bathymetry data of the Tapajós River between São Luiz do Tapajós and Santarém were
collected by the Brazilian Navy in 2013 and 2014 (typically transect lines in the data collection were
approximately 150m apart). These data were predominately collected in the main channel and not
available in the side channels. A field visit in March 2020 (during high stages) was made to
investigate the fluvial characteristics of the side channels and islands to inform the hydraulic and
sediment transport models. Cross sections were developed approximately 1000m apart throughout
the extents of the hydraulic model boundary. Islands were observed to be submerged during high
stages and were placed at an elevation below high water. Ineffective flow areas were used within
the islands and Manning’s n values ranged from 0.020 in the main channel to 0.08 in the overbanks.
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The downstream boundary condition of the model consisted of the observed elevation at
Santarém (ANA, 2020). A daily upstream flow was provided to the model for an approximately 20year unsteady simulation (from January 1, 2000 to July 31, 2019). The published daily discharge
data from ANA were not used for this model. Instead a daily discharge record was recomputed
using measured discharge data at Itaituba, and using a second-order surface equation based on the
stages of both the Santarém and Itaituba gages (Equation 1).
𝑄 = −0.11347𝐻 − 0.21833𝐻 + 0.340174𝐻 𝐻 + 28.60914𝐻 − 18.262𝐻
+ 1481.34

(1)

where Q (cms) is the measured discharge at Itaituba, HI (cm) is the observed stage at Itaituba, and
HS (cm) is the observed stage at Santarém. This equation was used in order to capture the observed
hysteresis in the gage record observed at Itaituba.
2.3 - Sediment Transport Modeling
2.3.1 - Sediment Data
Bed gradation, suspended sediment loads, and gradations of suspended sediments are
available from the Environmental License for the São Luiz do Tapajós hydropower dam (Electrobras,
2014) within the study area. Additional suspended sediment loads are available from the Itaituba
gage from ANA (Gage 17730000).
A total of twelve (12) bed gradation samples were collected at the Itaituba sediment sampling
location. All gradations are plotted in Figure 3 (left) with the average gradation shown in Figure 3
(right). The average gradation was used as the bed gradation in the fluvial reach for the HEC-RAS
sediment transport model.

Figure 3: Bed Gradations at the fluvial reach near Itaituba from Electrobras (2014, left) and the average
gradation used in the HEC-RAS sediment transport model (right)
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The gradation of the suspended sediment load at Itaituba from ANA is plotted in Figure 4
(left). This data shows suspended sediment loads that are 1-2 orders of magnitude less than
suspended sediment loads of the Madeira River to the west. Due to the geologic conditions of the
Tapajós River watershed overlain on the Pre-Cambrian, weathered Guaporé Shield, relatively low
sediment loads are delivered to the Lower Tapajós River. Four gradations were collected for the
suspended sediment load (Electrobras, 2014), and the gradation curve is very consistent amongst
the four samples (even though the four samples were collected under a wide range of flowrates
from 4,750 cms to 18,240 cms). Approximately 3-5% of the suspended sediment loads consist of a
sand grain class (greater than 0.0625 mm). Approximately 40% of the suspended load was classified
as a clay grain class (less than 0.0039mm) and the remaining particles were in the silt grain class
(between 0.0039mm and 0.0625mm). These data are shown in Figure 4 (right) and were used as
the upstream boundary conditions in the HEC-RAS sediment transport model.

Figure 4: Suspended Sediment Loads at Itaituba (blue, left) compared with Madeira River sediment loads
(green, left) as well as suspended sediment gradations at Itaituba (right)

2.3.2 - Modeling Approach
A quasi-unsteady simulation of the Lower Tapajós River was determined to be inappropriate
for the development of a sediment transport model due to the significant hysteresis observed at
Itaituba, Pará. Therefore, a fully unsteady one-dimensional sediment transport model was created
for the study area. A 60-minute computational interval was applied for the 20-year simulation. The
Laursen (1958) and Copeland (1989) sediment transport function was used to simulate the sediment
dynamics of the system. Laursen-Copeland is a total load sediment transport equation based on
the concept of excess shear stress and is appropriate for large rivers with a large range of grain
classes similar to the Tapajós River. Deposition was allowed outside of the channel limits and the
sediment transport routing method was limited to the flow velocity in these simulations.
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3 - RESULTS
3.1 - Hydraulic Modeling Results
The hydraulic model was calibrated to the observed stages at the ANA Itaituba gage (1773000)
for the 20-year simulation. The overall uncertainty of the hydraulic model had stages of ±0.51m
(with a 95% confidence interval). See Figure 5 for calibration data of the entire simulation (left) and
a typical hydrograph (right). The sediment transport model was developed using the same
geometry and flow information as the unsteady hydraulic model, and this calibration test is relevant
to improve the calibration of the sediment transport model as well. The hydraulic modeling was
also used to develop a Low Water Reference Plane (LWRP) for the Tapajós River between Itaituba
and Santarém for this study.

Figure 5: Modeled Stages (blue) versus Observed Stages (orange) at the Itaituba Gage (ANA Gage
17730000) for the entire record (left) and a Typical Year Hydrograph (right)

3.2 - Sediment Transport Model Results and Sediment Rates
The one-dimensional, unsteady sediment transport model in HEC-RAS was tested and
calibrated against a previous study (Irion et. al, 2006) that analyzed the sedimentation rates within
the fluvial ria feature of the lower Tapajós River. In this study, the authors established the sediment
chronology based on accelerator mass spectroscopy (AMS) of bulk 14C samples. The results of this
study are shown in Figure 6 at two deep sediment cores in the Tapajós River and demonstrate that
sedimentation rates over the past 9600 years ranges from 2.8 mm/year to 6.5mm/year. Over the
course of a 20-year simulation the expected sedimentation rates at the location of the collected
cores therefore range between 0.056m – 0.13m. The eight (8) cross sections closest to the collected
cores were analyzed and the results demonstrated a range of invert change between 0.043m and
0.103m at the location of the cores (see Figure 7). These sedimentation rates are very close to the
measured sedimentation rates based on the chronology analysis of the cores.
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Figure 6: Location of Sediment Cores collected by Irion et al. (2006) and the resulting Sedimentation Rates.
Based on this study sedimentation rates over 20-years range between 0.056m – 0.13m.

Figure 7: Invert Change at Eight Cross Sections near the Sediment Cores collected by Irion et al. (2006).
Sedimentation Rates ranged from 0.043m to 0.103m over the 20-year Simulation.
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4 - SUMMARY AND CONCLUSIONS
A movable bed sediment transport model was developed using HEC-RAS and simulated the
unsteady sediment dynamics of the Tapajós River for an approximately 20-year simulation period.
The model was developed using data and studies in both a hydrologic analysis and an unsteady
hydraulic model. The Tapajós River experiences significant unsteady processes and hysteresis due
to the influence of the Amazon River extending up to Itaituba, Pará. Therefore, the sediment
transport model required an unsteady simulation to appropriately represent they hydraulics and
subsequently the sediment dynamics of the system. The resulting sedimentation rates in the fluvial
ria feature of the lower Tapajós River calibrated to previous studies (resulting in approximately
0.043m to 0.103m of sedimentation over the 20-year simulation).
The sediment transport model will also be used to support navigation and dredging studies in
future research. The sedimentation rates following channel deepening and maintenance dredging
will be analyzed and is an area for future work. The developed sediment transport model may also
be used to support calculations of sediment budgets in the region, especially considering the rapid
development of the Tapajós River basin and its potential influence to the sedimentation rates in the
Lower Tapajós River in the future.
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