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Study objective

* Main objective

* Develop a digital tool for optimizing
navigation and dredging operations in the
Paraguay river

* Challenges
* Seasonal flow variations and large-scale
sedimentation
* High operational costs for convoy
operations
* Need for frequent dredging interventions
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Study area and context

* Facts of the project area

* Length: 1146 km of reach | and 2
(Corumba, Brazil to Asuncion, Paraguay)

* Basin extends across Brazil, Paraguay,
Bolivia and Argentina

* The upstream area is influenced by the
Pantanal wetland area

* Ciritical waterway for South American
inland waterway transportation
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Development of the digital tool

Transforming complex river management into automated, data driven decisions

Input data
Bathymetric and 2D
hydrodynamic PIANC
modelling Guidelines Convoy analysis
Adapt to local Different configurations  Economic model
conditions and impacts

Dredging costs vs
operational costs

Digital tool
Automated optimization
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PIANC guidelines adaptation

°* PIANC WGI141| recommendation states
channel width is 3x the vessel width (180m
for 60m convoy)

* Local adaptation of 1.5x the vessel width
based on:
* Captain experience and local practice
* Economic feasibility considerations

* Trend analysis of WGI14| shows reduced
width requirements for larger convoys

* More realistic and economically viable
channel design
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US Guidelines, tow width 152 m,
US Guidelines, tow width 21,3 m,
US Guidelines, tow width 32,0 m,

Musce Rh __ NL Canal Guidelines double lane loaded vessels
T nevowests ? narrow profil without wind increments

NL Canal Guidelines double lane, empty vessels
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Convoy operations strategy

* Standard configuration
* 4x4 barge convoy (290m x 60m)

* Splitting options

* 4x2 configuration (splitting 1x) —
* 4x| configuration (further splitting in width)
* Alternative length (2x4 1x4 2x2) axa 60m
* Trade-off analysis
* Reduced dredging volumes vs increased
operational costs 4x2 30m
4x1 I15m
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Digital tool concept and requirements

* The digital tool is a Python-based optimization
algorithm

* Inputs
* Initial vessel routes
* Bathymetric data
* Water level data (TELEMAC modelling)

* Economic parameters (splitting costs, operational time)

* Definitions
* Section: longitudinal stretch with similar characteristics

* Track: cross sectional position where vessel can
navigate.
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Digital tool step | & 2: data storage and convoy selection

e Step |: data storage

* Matrix with sections, actions, and tracks

* Dredging volumes for each track —
action combination

* Step 2: economic optimization

* Cost calculation per section — track
* Dredging costs

* Operational costs (splitting time + extra
sailing)
* N —amount of yearly vessel movements

* |owest annual costs
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Digital tool step 3: realistic route optimalization

Theoretical representation

* Theoretical representation of realistic vs
unrealistic routing of the vessel

* Constraints
* Vessel can only move one track left or right
* This mimics actual captain navigation behavior

* Prevents “jumping” across river

* The algorithm finds an optimal path with the
lowest total dredging volumes following the
movement constraints

Section

location
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Rows represents a section

Each cell represents a dredging volume

Columns represents location in river
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Digital tool step 4: operational logic

* Reflect real world convoy splitting and merging
practices

* Critical passage analysis

* Group consecutive sections of similar
interventions

* Evaluate all possible combinations

* Consider cumulative costs across an entire
passage

* Realistic operations by avoiding excessive
splitting and merging
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Visualization and results

Isla Rosdrio

Puerto Rosario

Digital Twin Development for Enhanced River Management

Legend

Running dredging volume [m3/m]
[10.0-0.0

[]0-26

[12,6-97
[]9,7-19,1

B 19,1-31,8

I 31,8-47,6

B 47,6 - 68,7

I 68,7 - 89,8

I 89,8 -122,2

Water depth [m]
[]<=2,20

Il 2,20 - 1,60

B 1,60-1,10

M 1,10- 0,55

Il 0,55 - 0,00

Convoy layout

B convoy 4x4 no dredging
. convoy 4x4 + dredging
D convoy 2x4 no dredging
D convoy 2x4 + dredging

=—|MDC

Acompany of TRACTEBEL __

Eneie



Conclusion and recommendations

Successful integration of hydrodynamic modelling with
economics to optimize navigation and dredging operations

Data quality improvements

Regular bathymetric surveys for current conditions

Real time data integration

Enhanced modelling

Multiple water level scenario’s

Geological conditions

Broader applications

Adaptation to other river systems

Integration with operational forecasting and automated
voyage planning

ENC and RIS development support
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Questions & discussion

Rutger Pasman
rutger.pasman@imdc.be
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