QUALITATIVE ASSESSMENT OF CHANGES IN SEDIMENT DYNAMICS DUE
DREDGING AND ROCK REMOVAL INTO A BACKWATER INFLUENCED SITE
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ABSTRACT – The navigation in the Tocantins River is limited in part due to depth restrictions caused
by rock outcrops and shoals during the low water seasons. Therefore, in order to increase the
reliability of the system, the National Department of Transportation Infrastructure (DNIT) is
planning to execute rock removal and dredging in a 43km long river reach between Marabá and
Itupiranga, both located in the state of Pará. The planning phase started with an evaluation of the
sediment transport conditions for the scenarios pre- and post-execution of the proposed
interventions using a one-dimensional quasi-unsteady sediment transport model using the HEC-RAS
version 5.07. As an input of this model, a one-dimensional hydraulic model was also developed
which included the flow records from the Itupiranga gage (29200000; ANA, 2019) and stage records
of the Tucuruí Reservoir from the ONS as the upstream and downstream boundary conditions,
respectively. The sediment inputs used were the average bed gradation extracted from the river
bed samples collected during a 2018 field campaign, suspended sediment total load and gradations
from the Itupiranga gage. A 19-year period sediment transport simulation yielded negligible
differences in the total sediment accumulation volume, its longitudinal depositional pattern, total
shear stress and velocity’s magnitude, especially when compared with the changes in sediment
dynamics induced by the Tucuruí dam construction and its operation.
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1 - INTRODUCTION
The Tocantins River is located in the Brazilian states of Goiás, Tocantins, Maranhão and Pará,
and discharges to the Atlantic Ocean near the mouth of the Amazon River at Belém, Pará. With over
2,600 km of length and an average discharge of over 13,000 m3/s, the Tocantins is among the world’s
largest rivers. The Tocantins River is a federal waterway; however, navigation is limited due in part
to exposed rock outcrops and shoals in several locations. One of these areas is the 43km-long reach
of the Tocantins River between Itupiranga and Ilha do Bogea, approximately 60 km north
(downstream) of the city of Marabá, Pará, between river kilometers 350 and 393 (Figure 1).

Figure 1 –Tocantins River Reach – Marabá/PA to Itupiranga/PA

This site is located within the zone of the backwater influence of the Tucuruí Reservoir (volume of
over 45 km³). Therefore, its water surface is not a function of river flow alone; it is also a function of
the downstream stage of the reservoir. The stated navigation project goal is to achieve 96%
navigation reliability considering rock excavation and dredging services to achieve the required
depth into the navigation channel. Due to this fact, a unidimensional sediment transport model was
developed to evaluate qualitatively the impact caused by the proposed engineering interventions
in the site’s sediment dynamics. The focus of this paper is to evaluate the differences seen for the
volume and longitudinal deposition patterns, total shear stress and velocity for the pre- and postexecution scenarios.
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2 - METHODS
2.1 -

Hydraulic Model
A one-dimensional hydraulic model was developed using HEC-RAS software to determine

water surface profiles under various combinations of reservoir stage and river discharge
(01/01/1999 - 16/11/2017). A spatially- and temporally-rich data set of water levels was available
to analyze the project area and calibrate hydraulic models to represent it accurately. Fifteen staff
gauges were installed within the 43 km reach to monitor water levels throughout the project area.
A total of 203 observed water surface profiles were used to calibrate a hydraulic model of the site
in order to extend the record of water surface elevations to long-term flow and reservoir stages (31
October 2016 - 24 November 2017).

Figure 2 – Terrain used in HEC-RAS modeling and Staff Gage Locations

A Digital Terrain Model (DTM) was developed using the elevations available considered to be
most accurate in all locations throughout the model domain. This included two sources: bathymetry
collected in 2017 during high flows from multibeam and singlebeam surveys and compiled into a 1meter resolution raster; and a LiDAR aerial survey collected under low flow water surface conditions
in December 2018.
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One-dimensional cross sections were laid out to include the main channel, the seasonally
inundated side channels, and floodplains. The downstream extent of the geometry is the
downstream end of the detailed bathymetry survey, which is also near the most-downstream staff
gage (downstream boundary condition).The downstream stage record was assumed to be equal to
the one measured for the Tucuruí dam and provided by ONS (National Electrical System Operator).
The upstream extent of the geometry is the location of the stream gage at Itupiranga, Pará (Gage
29200000; ANA, 2019). Manning’s roughness (“n”) values for the channel were set to 0.035 and
0.08 for the overbanks. Split flows were not included in the model and cross sections spanned
multiple channels.
2.2 -

Sediment Transport Modeling

2.2.1 - Sediment Data
Bed Gradations were obtained from 10 samples (every 5km) collected during field campaigns
conducted in 2018 between Marabá and Itupiranga. The suspended sediment loads and gradations
of suspended sediments are available from the Itupiranga gage from ANA (Gage 29200000) (Figure
3).

Figure 3 – Suspended Sediment Loads at Itupiranga (left) and the average bed gradation used in the HECRAS sediment transport model (right) obtained from 10 different bed gradations at the fluvial reach
collected between Marabá and Itupiranga (2018)

2.2.2 - Modeling Approach
A quasi-unsteady one-dimensional sediment transport model was created for the study area.
A 30-minute computational interval was applied for the 19-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
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the Tocantins River. Deposition was restricted to the channel limits, water temperature was set to
29.2°C. Exner-5 was defined as a sorting method and the fall velocity method used was the one
developed by Ruby (1933) (see Figure 4).

Figure 04 – Sediment Transport model’s schematic

3 - RESULTS
Figure 5 shows the longitudinal profile of the reach after a 19-year sediment transport
simulation for the scenarios pre (blue line) and post (gray line) rock removal and dredging services.
It can be noticed that there is a small deposition in the upstream portion of the model, near
Itupiranga Gage, and into the deepest areas of the channel for both simulated situations. The
differences seen for the two scenarios are subtle, in practice negligible, and can be seen more clearly
in the Figure 6. The almost superimpose of the blue and grays lines confirm the similarity of the
longitudinal deposition pattern for the simulated configurations.

XIV Encontro Nacional de Engenharia de Sedimentos

5

Figure 5 – Longitudinal profile of the study reach after a quasi-unsteady sediment transport
simulation for two different scenarios: pre and post executing rock removal and dredging services
Figure 6 presents the accumulated volume (y-axis) as a function of the distance from upstream
to downstream (50,000 to -50,000 – x-axis) of the reach for the existing (orange line) and proposed
conditions (blue line). In general, this graph exhibits no change in total volume deposited, but also
shows a slight modification in the location of deposition due to the increase of transport capacity
for the scenario post execution. In other words, the proposed removal of the bed material increased
the conveyance area downstream and consequently altered the local deposition pattern, moving it
towards the downstream direction, i.e., further into the reservoir influence zone (vertical red line).

Figure 6 – Changes to location of Increased Deposition due to the Proposed Rock Excavation

In terms of the total shear stress (τ), Figure 7 shows similarities between the two conditions
tested: before (blue) and after (orange) the execution of the proposed interventions. The behavior
presented by the blue and orange line is almost the same over the time simulated, i. e., there is no
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major change in the total shear stress due the modifications in the riverbed induced by the rock
removal or dredging services. A few specific local differences were seen for the τ’s magnitude, but
they are not relevant in terms of the overall behavior of the system and its sediment dynamics.

Figure 7 - Tensão de cisalhamento total ao longo do trecho a ser derrocado (todas as seções transversais). A linha azul
representa a situação sem projeto e a laranja, o cenário pós- derrocamento

The average velocity longitudinal profile is showed in the Figure 8. As expected, the
differences observed in the velocity magnitudes are related to the changes seen for the total shear
stress expressed in the previous figure. In fact, the decrease in the magnitude of velocity for the
scenario post excavation reflects slightly in the water surface elevation profile (depth), and
consequently in the local total shear stress estimated.

Figure 8 - Velocidades Médias ao longo do trecho a ser derrocado (todas as seções transversais). A linha azul representa a situação
sem projeto e a laranja, o cenário pós derrocamento
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4 - SUMMARY AND CONCLUSIONS
A quasi-unsteady sediment transport model was developed using HEC-RAS 5.07 in order to
evaluate qualitatively the differences in the sediment dynamics of a 43km-long reach of the
Tocantins River between Itupiranga and Tucuruí/PA after the execution of rock excavation and
dredging services. Therefore, a one-dimensional hydraulic model was developed considering as
upstream and downstream boundary conditions, respectively, the flow records from the Itupiranga
gage (29200000; ANA, 2019) and stage records from the ONS, both for the a 19-year period
(01/01/1999 - 16/11/2017). Additionally, the DTM was based on the data from multibeam and
singlebeam surveys (1-meter resolution raster); and a LiDAR aerial survey collected in 2018.
For the sediment models inputs, it was used the bed gradations obtained from 10 samples
collected during field campaigns in 2018 and the suspended sediment loads and gradations of
suspended sediments also from the Itupiranga gage from ANA (Gage 29200000).
The simulations results showed negligible differences in the total sediment accumulated volume
and its longitudinal depositional pattern, total shear stress and velocity magnitudes between the
scenarios before and after the execution of the proposed interventions. Despite a few local
deviations observed, especially in the velocity’s magnitude and total stress, it is important to notice
that they are not relevant for the global sediment dynamics perspective, highly impacted by the
construction / operation of the Tucuruí dam.
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