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This two day course will present an introduction to reactive transport modeling using the 
CrunchFlow software.  The course will feature a variety of example problems made available to 
participants. Topics will include microbially-mediated redox, CO2 sequestration, contaminant 
transport, and chemical weathering over geologic time.  Particular emphasis will be placed on 
examples involving stable isotope fractionation with use of the new isotope-enabled CrunchFlow 
(CrunchTope) software. Participants will be provided with a suite of input files and instructions 
on how to set up multiply constrained initial and boundary conditions on a gridded spatial 
domain.   
 
CrunchFlow is a software package for multicomponent reactive flow and transport that was 
developed over about 25 years by Carl Steefel and others. The software can be used for 
simulation of a range of processes and environments, including reactive contaminant transport, 
chemical weathering, carbon sequestration, biogeochemical cycling, and water-rock interaction. 
 
The short course will use a pre-built executable for a Windows PC operating system, or one built 
for MAC OS.  In addition, the CrunchFlow software is now Open Source, so participants will 
receive the source code that they can compile themselves on a Mac or Linux platform.   
 
Course Curriculum 
  

• Setting up reactive transport problems with CrunchFlow:  Geochemical 
conditions, boundary conditions, initial conditions 

• Setting up transport parameters 
• Setting up reaction parameters 
• Modeling advective and diffusive/dispersive transport in 1D 
• Modeling kinetically controlled reactions  
• Multicomponent diffusion 
• Modeling isotopic exchange and kinetic fractionation 
• Modeling microbially-mediated biogeochemical reaction networks 
• Modeling multidimensional reactive transport 

  



Exercises 
 
1. Introduction to speciation 

• Example using the carbonate system featuring variouos constraints 
• Stable isotopes of carbon (12C and 13C) implemented to demonstrate equilibrium 

fractionation 
 

2. Advective transport 
• Introduce a non-reactive tracer into an advective flow field 
• Investigate numerical dispersion 

 
3. Diffusive transport 

• Introduce a non-reactive tracer into a purely diffusive transport problem 
• No-flux versus Dirichlet boundary conditions 

 
4. Multicomponent diffusion 

• Concept of charged species diffusing at different rates and electrochemical migration 
• Stable isotopes of Cl are implemented to consider the influence of diffusive fractionation 

 
5. Transverse dispersion 

• Example based on a recent 2D dispersion experiment, including multi-ion diffusion in an 
advective flow field 
 

6. Ion exchange 
• Introduce ion exchange of cesium in a 1D sediment column with competing Na+ 

 
7. CO2 attack on reservoir rocks 

• Diffusion of gas and flow of water, with variable liquid saturations 
• Multi-mineral dissolution and secondary precipitation under CO2 injection conditions 

 
8. Calcite precipitation 

• Simulation the stable isotopes of calcium during carbonate precipitation 
• Solid solution treatment for kinetic isotope fractionation during precipitation 

 
9. Sulfur isotope fractionation 

• Introduction of biogenic reaction pathways 
• Stable isotope partitioning of sulfur through reactant and product phases 

 
10. Two-dimensional flow fields 

• Xie et al (2015) benchmark on porosity and permeability change due to mineral reaction 
 


