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RESEARCH QUESTION 

  Can PHREEQC be used to 
determine the chemical 
composition of soil based on 
soil solution water? 





THE LOCH VALE WATERSHED 

Photo Courtesy of Jake Tyson 



"Logistical support and/or data were provided by the USGS supported Loch Vale Watershed Long-
term Ecological Research and Monitoring program and Colorado State University." 



Lysimeter- used to collect leachate in 
soils, or provide measurements for 
evapotranspiration.  
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Snowpack Melt and Precipitation  
Percolating through the Oie Horizon  



SOLUTION 1 
    temp      1 
    pH        5.38 
    pe        4 
    redox     pe 
    units     mg/kgw 
    density   1 
    Ca        0.2842 
    Mg        0.04 
    Na        0.1828 
    K         0.08 
    S(6)      0.5157 
    Cl        0.1585 
    Si        0.60667 
    Al        10.2 ug/kgw 
    -water    1 # kg 

SOLUTION 3 
    temp      5 
    pH        5.48 
    pe        4 
    redox     pe 
    units     mg/kgw 
    density   1 
    Ca        0.29 
    Mg        0.031 
    K         0.02 
    Na        0.061 
    Cl        0.09 
    S(6)      0.81 
    -water    1 # kg 

SOLUTION 2 
    temp      5 
    pH        4.9 
    pe        4 
    redox     pe 
    units     umol/kgw 
    density   1 
    Cl        55 
    S(6)      15 
    Alkalinity 90 
    Na        98 
    K         70 
    Mg        31 
    Ca        73 
    Si        36 
    Al        13 
    -water    1 # kg 

INVERSE_MODELING 1 
    -solutions      1        3        2 
    -uncertainty    0.75     0.75     0.75 
    -phases 
        CO2(g)      force dis 
        CaX2 
        H2(g) 
        H2O(g)      force dis 
        MgX2 
        NH4X 
        NaX 
        O2(g)       force dis 
        AlX3 
        KX 
        N2(g) 
    -balances 
        Al          0.75     0.75     0.75 
        Alkalinity  0.75     0.75     0.75 
        Ca          0.75     0.75     0.75 
        Mg          0.75     0.75     0.75 
        Na          0.75     0.75     0.75 
        Si          0.75     0.75     0.75 
        S(6)        0.75     0.75     0.75 
        Cl          1        1        1 
        H(0)        0.75     0.75     0.75 
        K           0.75     0.75     0.75 
    -range             1000 
    -minimal 
    -tolerance         1e-010 
    -force_solutions   false true false 
    -mineral_water     true 
    -multiple_precision     true 
    -mp_tolerance 1e-012 
    -censor_mp 1e-020 

Input Waters 

Output Water 

Modeling Set-up 



Delta- Any adjustments to the original data (must fall within the uncertainty limits)  



•  Precipitation of Ammonium                                
•  Immobilization  
•  C:N Ratio  



Gravity Dependent Soil 
Solution Water Moving 

through the Mineral 
Horizon  



INVERSE_MODELING 1 
    -solutions      2        3 
    -uncertainty    0.5      0.4 
    -phases 
        Al(OH)3(a) 
        Albite                   dis 
        Alunite                  dis 
        Anhydrite 
        Anorthite                dis 
        Aragonite                dis 
        Ca-Montmorillonite 
        Calcite            force 
        Chalcedony 
        Chlorite(14A) 
        Chrysotile 
        CO2(g)             force 
        Dolomite 
        Gibbsite           force dis 
        Gypsum             force 
        H2(g) 
        H2O(g) 
        Halite 
        Illite 
        K-feldspar         force dis 
        K-mica             force dis 
        Kaolinite 
        O2(g)                    dis 
        Quartz             force dis 
        Sepiolite 
        Sepiolite(d) 
        SiO2(a) 
        Talc                     dis 
    -range             1000 
    -minimal 
    -tolerance         1e-010 
    -mineral_water     true 
    -multiple_precision     true 
    -mp_tolerance 1e-012 
    -censor_mp 1e-020 

SOLUTION 3 
    temp      5 
    pH        5 
    pe        4 
    redox     pe 
    units     umol/kgw 
    density   1 
    S(6)      16 
    Alkalinity 72 
    Na        81 
    K         23 
    Mg        30 
    Ca        55 
    Si        85 
    Al        14 
    Cl        38 
    -water    1 # kg 

SOLUTION 2 
    temp      5 
    pH        4.9 
    pe        4 
    redox     pe 
    units     umol/kgw 
    density   1 
    Cl        55 
    S(6)      15 
    Alkalinity 90 
    Na        98 
    K         70 
    Mg        31 
    Ca        73 
    Si        36 
    Al        13 
    -water    1 # kg 

Input Output 
Modeling Set-up 







CONCLUSIONS 

Inverse modeling constraints 

User constraints  

Accuracy? 
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QUESTIONS? 


