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You should be able to

1. explain what geochemical modeling is useful for

2. be familiar with Apps in the Community Edition of the Geochemist’s

Workbench

3. interpret and plot the output of a simple modeling run

4. describe how you can use geochemical modeling in environmental 

engineering challenges

Learning objectives
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▪ Geochemist’s Workbench Community Edition https://academy.gwb.com/

▪ Geochemical and Biogeochemical Reaction Modeling by Craig M. 
Bethke (Cambridge University Press)

▪ Many examples that we cover here are from the GWB Essentials Guide 
(by Craig M. Bethke, Brian Farrell, Sharon Yeakel)

Resources
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In almost all environmental problems, there is a need for knowledge or predictions of the solute 

concentrations in space and time.

▪ Contamination issues

• Example: what will happen to a particular toxic chemical component or species in groundwater 

downstream from a contamination source such as a polluted industrial manufacturing site? How fast 

will the contaminant progress downstream, and when will it reach a certain point? What processes will 

slow down its movement (retardation) or immobilize it? Will the concentrations of the contaminant be 

above regulatory thresholds? Would the remediation methods be effective, i.e., limiting the migration of 

a contaminant and lowering its concentrations? 

• These questions may also be posed for the history of a site concerning past activities: what has 

happened at this site in the past?

▪ Water resources issues

• Example: water is clear and uncontaminated, but just how much is there to tap and who is entitled to

what proportions? In this case, chemical constituents in groundwater and their movement can help

delineate the flow system that hydraulic data alone fail to reveal

What is geochemical modeling?
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▪ High-Level Radioactive Waste Disposal

▪ Mining-related environmental issues

▪ Landfills

▪ Deep well injection of hazardous wastes

▪ Artificial recharge to aquifers

Environmental engineering applications
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Waterfall in Dreimühlen (D)

▪ Water emerges from the 

subsurface in a karst source just 
above a waterfall

▪ In the waterfall, the water 

equilibrates with the atmosphere 
and calcite is precipitating

How fast does the waterfall “grow”, 

i.e., how much calcite is precipitating 

each year?

Environmental engineering challenge
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Ultimately, we want to describe the complete chemical composition of a 

system (e.g. a lake, a soil column, an aquifer)

There are two ways to accomplish this:

▪ Thermodynamic description: If a closed system is at equilibrium, its 

chemical composition is uniquely defined.

▪ Kinetic description: If equilibrium is not attained (slow reactions) or if the 

system it is continuously perturbed (i.e. biological activity), a kinetic 

description is necessary.

Here, we will focus on the thermodynamic description.

What do we want to accomplish?
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▪ We have discussed different chemical reactions in this class:

• Acid-base reactions

• Complexation reactions

• Dissolution/precipitation reactions

• Redox reactions

▪ You have learned to predict how a system behaves considering a few reactions that 

are at equilibrium simultaneously:

• Remember, for example, the carbonate system or reductive dissolution of iron minerals

• Complex calculations and/or graphical solutions were required to solve these systems

▪ However, in natural systems, many or even all reaction types mentioned above may 

operate simultaneously, forming extremely complex reaction networks.

Natural systems are complex
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We could set up a mathematical framework. We already have

▪ Mass law equations

A2+ + 2B- = AB2

K = 
{𝐴𝐵2}

𝐴2+
𝐵
−

2

▪ Mass balance equations

[B-] + 2[AB2] + [CB(s)] = [B]tot

▪ Charge balance equations

2[A2+] + [B+] – [B-] = 0

How do we deal with complexity?
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We have a lot of thermodynamic data!
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1. Develop a conceptual model: List the processes that likely determine 

the chemical composition of a system.

2. Make partial equilibrium assumptions: Consider the timeframes in 
which you wish to understand a system (minutes? years? millions of 

years?). Decide which of the relevant reactions will reach equilibrium 

in this timeframe, and which ones will not proceed to any relevant 

degree.

3. Make sure you have thermodynamic parameters for these reactions.

4. Solve all equations simultaneously with a numerical model.

5. Interpret the output with respect to your conceptual model.

6. Potentially revise the conceptual model and start over.

Workflow for thermodynamic modeling
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▪ A model is a simplified abstraction of nature.

▪ It is described by a set of mathematical expressions thought to 
represent natural processes in a particular system.

▪ The model is built by you! You chose what data to use, which software 
is appropriate, which results are reasonable.

▪ You already build conceptual models

• Remember, the carbonate system?

1. The conceptual model
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2. Partial equilibrium assumptions
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▪ Which timeframe is important for the processes you are interested in? 
Which of the relevant reactions will reach equilibrium in this timeframe?



▪ Kinetic information can be introduced into equilibrium calculations.

▪ Partial equilibrium assumptions

• consider only fast reactions with half-lives much smaller than the reaction 
time scale we are interested in (t1/2 << tr)

• ignore slow reactions in which half-lives are much larger than reaction times 
(t1/2 >> tr)

▪ This becomes problematic if reactions with half-lives close to the 
reaction times are important (t1/2 ≈ tr). In this case, we would need 
kinetic modeling.

2. Partial equilibrium assumptions
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3. Thermodynamic data
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▪ Here, we are using the Geochemist’s Workbench. 

▪ The remainder of the class will focus on how to use this software.

4. Solve equations using a numerical model
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Geochemist’s Workbench 
Installation guide
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▪ The Geochemist’s Workbench 
is not available for MacOS or 
Linux systems

▪ If you are working with 
MacOS (or Linux), please find 
another student whose PC is 
running on Windows and work 
together

Information
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Installation guide
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Go to https.//www.gwb.com/store.php and add GWB community to your 
chart ($0).



Installation guide
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You will receive an email with a link to the download. Download and 
install following the prompts on the screen.



Installation guide
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Installation guide
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Once installation is complete, open the software. Input the activation code 
you received by email and click activate, then finish.



Introduction to the 
Geochemist’s Workbench
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We will use the following Apps here:

▪ GSS is a spreadsheet designed for 
manipulating and plotting geochemistry 
data

▪ Rxn balances chemical reactions and 
calculates equilibrium constants, 
temperatures, and equations

▪ Act2 generates stability diagrams on 
activity, Eh, pe, pH, and fugacity axes

▪ SpecE8 computes the distribution of 
species, sorption onto surfaces, mineral 
saturation, gas fugacity, and isotope 
fractionation in aqueous solutions

The Geochemist’s Workbench Essentials
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▪ GSS is a spreadsheet designed for geochemists. The program works 
with the other software tools in The Geochemist’s Workbench. You 
enter, paste, or drag the analyses for your samples into a GSS data 
sheet.

▪ You can then convert units, create plots and diagrams, mix samples, 
compare replicate analyses and check standards, calculate speciation 
and saturation, and more. You can drag samples into the other GWB 
apps, and drag calculations results from the other apps into GSS.

GSS: The Geochemist’s Spreadsheet
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Open GSS, go to File → Open and select the file “RiverWaters.gss”

GSS: The Geochemist’s Spreadsheet
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Samples

Analytes



Select one or more analytes, right click in the unit field to show a selection of units.

GSS: Converting units
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Go to Plot and choose from the list of plots and diagrams.

GSS: Plotting data
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You can add 
more samples

You can add 
more analytes



Chose XY Plot → Cross Plot. This will open Gtplot to generate the following:

GSS: Plotting data
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In Tab X Axis, you can 
chose which parameter 
to show on the X axis



To change the appearance of the plot, go to Format → Appearance

GSS: Plotting data
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Go back to the initial GSS table. Click on + analyte → Calculate with SpecE8 → Hardness 
(carbonate). A row with water hardness values is added to the table.

GSS: Calculate water hardness
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Interpreting the data
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Why is the water of the Mississippi River harder than the water of the 
Amazon River?



▪ Consider the oxidation of H2S(aq) to sulfate (SO4
2-). To balance this 

reaction, we can use the Rxn App.

▪ To balance a reaction with Rxn, first set a species, mineral, etc., to 
appear on the left side of the reaction. Then, swap the basis to pull in 
the various species you want to appear in the reaction.

Reaction balancing with Rxn
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Rxn: Reaction balancing 
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Start Rxn and move to the Basis pane. Under “balance reaction for”, select “???”→ Aqueous… 
→ H2S(aq). Set “temperature” to 25 °C

Left side of 

reaction



Rxn: Reaction balancing 
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▪ Move to the Results pane and click Run. What chemical reaction does 
the program give? What is its log K?



Now let’s balance the corresponding half-cell reaction. Click on the swap button next to the 
basis entry for “O2(aq)” and select Aqueous… → e−

Rxn: Reaction balancing 
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Rxn: Reaction balancing
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▪ Move to the Results pane and click Run. How has the reaction 
changed?



To recast the reaction to liberate dihydrogen, once again click on the swap button next to the 
basis entry for “O2(aq)” and select Aqueous… → “H2(aq)”

Rxn: Reaction balancing 
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Rxn: Reaction balancing
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▪ Move to the Results pane and click Run. How has the reaction 
changed?



Dissolved ionic iron exists in anoxic (i.e., in the absence of oxygen)

ground water as the reduced species Fe2+. When such waters are used 

from drinking water supplies and the water becomes exposed to the 

atmosphere, the Fe2+ is oxidized by O2 to FeIII (ferric iron), which is 

insoluble at neutral pH and precipitates as Fe(OH)3(s).

Write the balanced equation for the oxidation of Fe2+ to Fe(OH)3(s) by O2

with the help of Rxn.

What is the log K value for the reaction?

Exercise 1: Iron oxidation
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This is Exercise 2 
from the Redox I 

class



1. Geochemical modeling is used to obtain information on solute 
concentrations in space and time.

2. The model is always a simplification of a complex real system. We 
therefore need to be careful with our assumptions and interpretation of 
the modeling output.

3. The GSS spreadsheet in the Geochemist’s Workbench can be used to 
convert units, create plots, and calculate speciation and saturation. 
(We will talk more about this when discussing the SpecE8 app!)

4. We can use the Rxn app in the Geochemist’s Workbench to balance 
reactions.

Summary
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