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• Experiments





Studied since 1983
https://pubs.usgs.gov/fs/2006/3096/pdf/fs2006_3096.pdf

https://pubs.usgs.gov/fs/2006/3096/pdf/fs2006_3096.pdf


Gómez-Hernández, J. J., J. J. Butler Jr., and A. Fiori (2016), 
Groundwater transport in highly heterogeneous aquifers, Eos, 
97, doi:10.1029/2016EO047263. Published on 3 March 2016.

Macro-dispersion Experiment (MADE) Site

Zheng, C., Bianchi, M. and Gorelick, S.M. (2011), Lessons Learned 
from 25 Years of Research at the MADE Site. Groundwater, 49: 
649-662. https://doi.org/10.1111/j.1745-6584.2010.00753.x
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Advection Dispersion



Numerical Models

15

• Advection-dispersion-reaction 
model
• Heterogeneity (physical, 

geochemical)



Numerical Models

16

• Advection-dispersion-reaction 
model
• Heterogeneity (physical, 

geochemical); Scale



Numerical Models

17

• Advection-dispersion-reaction 
model
• Heterogeneity (physical, 

geochemical); Scale



Numerical Models

18

• Advection-dispersion-reaction 
model
• Heterogeneity (physical, 

geochemical); Scale



Numerical Models

19

• Advection-dispersion-reaction 
model
• Heterogeneity (physical, 

geochemical); Scale



Numerical Models

20

• Advection-dispersion-reaction 
model
• Heterogeneity (physical, 

geochemical); Scale



Numerical Models

21

• Advection-dispersion-reaction 
model
• Heterogeneity (physical, 

geochemical); Scale

• Numerical methods
• Particle based methods, finite-

elements, finite-differences, finite-
volumes



Numerical Models

22

• Advection-dispersion-reaction 
model
• Heterogeneity (physical, 

geochemical); Scale

• Numerical methods
• Particle based methods, finite-

elements, finite-differences, finite-
volumes

• Challenges and techniques
• Oscillations and numerical 

dispersion
• Space-weighting schemes
• Time-weighting schemes
• Total Variation Diminishing (TVD) 

schemes
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• MODFLOW laid the 
foundation in early 1980s
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Konikow, L.F., and Bredehoeft, J.D., 1978, Computer model 
of two-dimensional solute transport and dispersion in 

ground water: U.S. Geological Survey Techniques of Water-
Resources Investigations, book 7, chap. C2, 90 p.

• Particle-based methods



MOC3D
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Konikow, L.F., Goode, D.J., and Hornberger, G.Z., 1996, A 
Three- Dimensional Method-of-Characteristics Solute-

Transport Model (MOC3D): U.S. Geological Survey Water-
Resources Investigations Report 96-4267, 87 p.

• Particle-based methods
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S. Panday, N. Brown, T. Foreman, V. Bedekar, J. Kaur, and P.S. Huyakorn, 2009.  
Simulating Dynamic Water Supply Systems in a Fully Integrated Surface-Subsurface 

Flow and Transport Model.  Vadose Zone Journal, v. 8, no. 4, pp. 858-872.
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• MT3D (1990), MT3DMS (1999) 

• Reactive transport capabilities
• MT3D-99, MT3D-HSS, RT3D, 

SEAM3D, PHT3D (MT3D-PHREEQC)

• Variable density - SEAWAT

• Unsaturated zone transport

• Pump and treat systems

• Kinetic reactions

• Stream and lake transport

• MT3D-USGS

• Heat transport
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• Capabilities similar to 
MODFLOW-USG-Transport

• Groundwater Transport 
Model (GWT)

• Groundwater Energy Model 
(GWE)
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• Solute transport codes have evolved to support engineers and 
practitioners to solve practical problems.

• The role of solute transport codes is anticipated to continue to support 
remediation challenges, for example, PFAS.

• Solute transport codes are anticipated to adapt to new information and 
data availability.



Thank you for your time!

Questions?

vivekb@sspa.com

mailto:vivekb@sspa.com
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