
Modeling solute transport in segregated porous media:

Sensitivity-driven calibration of a new double continuum model

Giulia Ceriotti1, Anna Russian1, Diogo Bolster2 & Giovanni Porta1

1 Dipartimento di Ingegneria Civile ed Ambientale, Politecnico di Milano, Piazza L. Da Vinci 32, 20133 Milano, Italy 
2 Department of Civil and Environmental Engineering and Earth Sciences, University of Notre Dame, IN, USA

Interpore 2019 - 8 May 2019 - Valencia



Transport Modeling in Segregated Porous media

1Giulia Ceriotti – Politecnico di Milano

Lagrangian and Eulerian approaches (e.g., Russian et al., 2016; Bijeljic et al, 2013;

Dentz and Castro, 2009; Porta et al. 2015; de Anna et al., 2017; ; Berkowitz et al., 2002; Le Borgne

et al., 2008; Alhashmi et al., 2016; Tecklenburg et al., 2016; Haggerty and Gorelick, 1995; Carrera

et al., 1998; Berkowitz and Scher, 2009; Berkowitz and Scher, 1997; Neuman and Tartakovsky,

2009; Kelly et al., 2017;Wirner et al., 2014; Puyguiraud et al. 2019; Davit et al., 2012)

Transport modeling in porous media: 
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Real porous medium (L, ϕ)

Simplified unit cell

L

y
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L

(Bijeljic et al., 2011)
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Solve Navier-Stoke
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(Bijeljic et al., 2011)



The Continuum Model

2Giulia Ceriotti – Politecnico di Milano

Real porous medium (L, ϕ)

Simplified unit cell

L Identify ϕHV and ϕLV
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HV (ϕHV)
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Select a thrv
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(Bijeljic et al., 2011)
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Real porous medium (L, ϕ)
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Boundary Conditions

Transport in the unit cell
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Solve Navier-Stoke

(Bijeljic et al., 2011)
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Real porous medium (L, ϕ)

Simplified unit cell
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Case study
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Alhashmi et al., 2016
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Pianosi et al., 2016)

N=1000 Monte Carlo realizations

• Ranges

• Sampling
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[80 ;1200 ]L m m 
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Sensitivity analysis (Razavi and Gupta, 2015; 

Pianosi et al., 2016)
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L RD

673.4 μm 10-1.9972
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OBF Calibration

743 m 10-1.011
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On going: RD and its link to porous geometry

Can we estimate the value of RD directly from the geometry structure of immobile regions? 

Generation of a 

porous medium

Define a velocity 

threshold 

L
o
g
 (

N
u
m

b
er

 o
f 

p
ar

ti
cl

es
)

Log (Escape time)

Analysis of the shape, 

connectivity and dimension 

of the low-velocity regions 

Particle tracking simulations of the 

escape time

Siena et al. (2014)
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(Manually) Estimated 

parameters

L 100.45 µm

RD 0.0017

X-ray scanned 3D sandstone
(Bijeljic et al., 2011)

ϕ 0.214

ϕm 0.199

ϕim 0.015

Is the model performing well on 3D case studies? 


