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Main goal 

1
vector-based models more correctly follow the stream and watershed structure of 
the real landscape

This research explores the development of 
water flow and transport computation on 

large scale river networks



Related Work
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Research scope
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#2#1
Steady-state flow and 

transport modeling
Dynamic flow and 

transport modeling in 
large scale 

Modeling mean annual 
nitrogen loading

Improve modeling of 
nitrate transport at large 

river networks

Texas: Sponsored study 
region

Seine basin: Collaboration 
with MINES Paris Tech 



Framework of Continental water dynamic modeling
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Atmospheric 
model or dataset

Regional scale river modeling 
David et al. (2013)

Land surface model

Moving forward from 
regional scale river 
modeling to continental 
scale river modeling

Continental scale : 1,200,000 river reaches

Regional scale: 65,000 river reaches



Flow in the Mississippi River Basin
March to May 2008

5Tavakoly et al. (2012, 2017)



Steady-state flow and transport modeling
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Flow and Transport

GIS

1: Steady-state

(San Antonio and Guadalupe basins)

Water Quality datasetRiver Routing model
RAPID



GIS-based steady-state modeling framework
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Waste water 
treatment 

plants 

Reservoirs 

Share as a service 
on ArcGIS server

Observation

Calibration

Schematic network

Web map

Total nitrogen
load estimation

Texas Anthropogenic 
Nitrogen Budget 

RAPID



Point sources, Reservoirs and lakes
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Seven lakes and reservoirs 

53 point sources: 37 in the 
San Antonio basin and 16 in 
the Guadalupe  basin 



Spatial variation of in-stream TN 
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The San Antonio basin delivers 26% more TN load than the Guadalupe basin in a 2008
The San Antonio basin delivers 10% more than the Guadalupe basin’s contribution in 2009
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The San Antonio basin is affected more substantially by urban activities 



Results
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GIS framework can be applied to represent a spatial 
distribution of flow and water quality factors in a large 
river network with thousands of river segment

Spatially intense pollutant modeling can be implemented 
within GIS, but it is hard to make it fully dynamic

o The San Antonio basin contributed more TN than the Guadalupe 
basin

o Both basins delivered more TN to the Gulf of Mexico in 2009 than 
in 2008



Dynamic flow and transport modeling
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GIS

2: Steady-state

(San Antonio and Guadalupe basins)
Water Quality dataset

Flow and Transport

River Routing model
RAPID



Seine River Basin
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Simulation time period: 39 years (1979-2010) with daily time step for 
nitrate modeling 
Total area: 80,500 km2



Seine River network and water quality stations

136481 river grid-cells, 72 stations with more than 150 water quality 
sampling dates



Eau-Dyssée modeling platform
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Annual average nitrate balance
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Approximately 10% of nitrate flux is delivered to the river network from aquifers 



Seasonal comparison of simulated and observed 
nitrate
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Annual Spatial Variation of Nitrate Concentration
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Results
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oThe simulated results compared favorably to the measured 
data on an mean annual basis

oModel results showed that simulated nitrate highly depends on 
the inflow produced by surface and subsurface waters

oVariation of mean annual nitrate from year to year can be 
explained by the hydrologic regime of that year
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Thank you!

Questions

Ahmad A. Tavakoly, PhD
ERDC-Coastal and Hydraulics Laboratory (CHL)
UMD-Earth System Science Interdisciplinary Center (ESSIC)
Ahmad.A.Tavakoly@erdc.dren.mil
Office: 301-405-9180
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