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This document describes how to get started with performing chemical equilibrium calculations with 

ORCHESTRA. 

 

1) Make sure that you have a Java virtual machine installed on your machine (available for free 

from https://openjdk.org/ or https://www.graalvm.org/) 

 

2) Download the complete self-contained zipped folder with ORCHESTRA  executable, database 

and input files from: www.meeussen.nl/orchestra/getstarted.zip 

 

 

3) Unzip this folder on your machine and (under Windows) click the runorchestra.bat file or 

from a command window/console opened in this folder give the command:  java -cp 

orchestra2024.jar orchestra2.composer under Linux or MacOS 

 

 

4) This will start up the orchestra composer 

https://openjdk.org/
https://www.graalvm.org/
http://www.meeussen.nl/orchestra/getstarted.zip


 

 

5) In the chemistry editor define you system by selecting substances from the thermodynamic 

database (in this case Pb) 

 

 



 

 

6) Lead (Pb) will appear in the list of selected primary entities (also called Master species or 

independent components in other codes). 

7) So we now have a system with water, (H, O and E) and Na Cl and Pb present. 

8) For the Pb primary entity we can select either a given log activity or a given amount or “mass 

balance” in any of the phases in the system. Here we select a given total amount, so Pb.tot in  

“tot” phase (total amount) and not a fixed log activity. 

9) Under the phases & reactions tab we can now see all the possible lead reactions that can be 

selected from the selected set of primary entities to be included in the chemical system. By 

default all dissolved species are automatically selected, but  mineral phases have to be 

specifically selected. Lead can form complexes with Cl- and OH-, and also can precipitate in 

different solid phases. 

 

 

 



10) Next we can define our (set of) input conditions in the input file.  This can be single or 

multiple datapoints. The values given here overrule the default values given within the 

chemistry file. So here you can give a list of concentrations for e.g. Cl, Na or Pb. The values of 

Pb.tot, Na.tot and Cl.tot given here will overrule the values given in the graphical user 

interface. In this case we want to perform a series of calculations for a range of NaCl 

concentrations (Sweep) and a constant total concentration of Pb (1e-4 mol) 

 

11) Now we can perform the calculation by clicking the “run” button in the GUI. 

12) When the run is finished, the calculated results will be written to the output text file, which is 

automatically reloaded. 

13) In the output file you can define the type of output you want. This can be either an automatic 

set of variables, similar to PHREEQC, or a list of individual variables in any order you specify. 

14) So the type of output is actually defined in the output file itself, and this file is read before a 

run to determine which output needs to be generated.  

 

15) Or you can ask for individual variables by writing them  in the column headers, and re-run the 

model 



 

 

16) The tabular output in this format  can be directly copied and pasted into a spreadsheet 

program to make graphs. 

 



Stability predominance diagrams 
 

Apart from numerical output that can be used in spreadsheet programs to make graphs, ORCHESTRA 

also can create so called predominance plots for the currently selected chemical system.  

This option can be found in the chemical editor under the “PredominanceDiagram” tab. 

In contrast with other codes that analytically derive the equations for the area boundaries, 

ORCHESTRA simply calculates the chemical composition at each grid point to find the predominant 

species/phase there. This is more computationally intensive, but can take into account arbitrary non 

linear chemical models (adsorption, activity corrections) for which it would be impossible to derive 

analytical expressions for area boundaries. Furthermore on modern computers, with multiple 

calculation cores, calculation of a complete grid is only a matter of seconds.  

 

 

 

Differences with PHREEQC 
 

- The chemical system is defined interactively by selecting reactions from a (PHREEQC format) 

thermodynamic database. 

- This database is only used during the selection process, so by the GUI. But once the system is 

defined, it is written to a text file (e.g. chemistry.inp) that is used by the calculations. The 

database file is thus not required during the calculations anymore.  

- In contrast with PHREEQC, an ORCHESTRA system is calculated in a single pass, so no separate 

calculations of solution and solid / adsorbed /gas phases that are combined in a second step.  



- In ORCHESTRA the total amounts of primary entities/master species (summed over all 

possible phases) are given as input. So e.g. system with 1 mol of Halite (NaCl) per liter water 

is defined by adding 1 mol Na and 1 mol of Cl.  

- ORCHESTRA works moles, so no conversion from gram/l to mol/l 

- Solid pure phases are called minerals in ORCHESTRA, and when selected standard these 

automatically precipitate when supersaturated.  

-  


