GEOL 135
Geochemical speciation programming with PHREEQ
Fall 2010
Today we will be using a web-based version of the USGS model PHREEQC:

http://www.ndsu.nodak.edu/webphreeq/
We will use this program to determine the chemical speciation of some of the samples taken from the Lake Champlain pore waters and the Ely Mine site.

First, let’s use an example from Lake Champlain to learn about the program:

Task 1: Select continue on the first page of the web site to do a simple speciation calculation of a single solution using the PHREEQC thermodynamic database.  Next let’s input the following data into the appropriate positions:

Shelburne bay water
        units   ppm
        pH      7.88

        pe      8.0

        temp    18.8

        Ca              16.5

        Mg              4.0

        Na              9.02
        K               1.2

        Si              0.9

        Cl              13.8

        Alkalinity      49.2


  S


4.2 as SO4-2
        Fe


0.025
        P               0.005
        N               0.397 as NO3-
Now let’s investigate the importance of doing a speciation calculation.  From your homework, we can write a description of the equilibrium for FeOOH dissolution as:
Fe3+ + 2H2O = FeOOH + 3 H+
The output of the PHREEQC program provides the thermodynamic data for log K at the temperature input – find this and then calculate the IAP for the reaction (= aH+^3 / a Fe3+) – use the activity for Fe3+ total (from the total amount of Fe input = 4x10-7) vs. the activity for the individual ion Fe3+ calculated from the speciation diagram – and determine the saturation index for FeOOH (here represented as Fe(OH)3(a) ) using these values for Fe3+.  

Now change the redox state by adjusting the Eh downwards – try -0.10 V, how does the Fe2+/Fe3+ ratio change and what happens to the SI for Fe(OH)3(a)?   If there were a lot of PO43- sorbed to that Fe(OH)3(a), what would happen to it as the system became more reduced?

Task 2:

Now that you have a feel for the program, let’s model a few of the solutions we collected and analyzed from the Ely mine site, inputting appropriate cation, anion, metal, pH, Eh, T data.  Figure it is an open system at equilibrium with CO2(g), log PCO2=-3.5).  Be sure to scroll to the second set of values where the equilibrium calculations for CO2 and other things are recalculated properly…

To start, input the following data from site 1 (as best I could figure at least the part of Ely brook just upstream from it’s confluence with Schoolhouse BrooK)



pH 3.26


temp 10.5



units mg/l


O2 10.02 



Al 0.005



Ca 18.87



Cl 1.55



Fe 3.5


Mg 4.01



K 3.03



Si 0.014



Na 1.5



S 80.1 as SO4-2

Chose the fixed option for pH, now go back and investigate how an increasing pH affects the minerals. Nex consider how the Eh changes the Fe2+/Fe3+ ratio – try decreasing the O2 to see how Eh responds and how Fe(OH)3(a) (this refers to ferrihydrite, the first precipitating FeOOH pahse) solubility responds.  
This was just an introduction to the program – you can download a full version of this for free at: 

http://wwwbrr.cr.usgs.gov/projects/GWC_coupled/phreeqc/index.html
the PhreeqcI version (for PC’s only) includes a nice graphical interface that will be much easier to use than the batch versions – the program can model a number of other functions, including mixing, sorption, mineral and solute titrations, and isotope reactions as well.  
