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Abstract:

There are multiple reasons to consider calcite in a model of a hardwater lake.  Calcite precipitation can influence the alkalinity and pH of a lake by shifting the balance of carbonate equilibrium chemistry.  Particulate calcite can also directly reduce water clarity by contributing to turbidity of lake waters before settling.  The settling calcite can reduce available phosphorus levels in the photic zone when dissolved phosphorus adsorbs to the settling calcite in a process known as coprecipitation. Finally, the permanent incorporation of precipitated calcite into bottom sediments provides a pathway to sequester the greenhouse gas, carbon dioxide. 

State variables for total inorganic carbon, alkalinity, particulate calcite and dissolved calcium are added to an existing time variable lake water quality model.  Mass balance equations are solved for each simultaneously along with 15 other model constituents (e.g., temperature, dissolved oxygen, chlorophyll A and various forms of nitrogen and phosphorus).  Since calcite precipitation in natural waters has been observed to occur only after a level of supersaturation has been reached, the model was parameterized with a ‘saturation index’ for predicting precipitation.  Once the product of calcium and carbonate ion activities in the water causes this ratio to be exceeded, the model predicts that calcite precipitation occurs until the ratio returns to the specified equilibrium.

Unlike precipitation, however, dissolution is considered to happen more slowly than precipitation and is therefore parameterized using a dissolution rate parameter.  Thus when the ion activity product for calcium and carbonate is below the solubility product for calcite, the model predicts that a portion of the available calcite will start to dissolve.

The approach was evaluated with a model of Platte Lake, MI from 2002-2003.  The model successfully predicts an increasing pH due to consumption of CO2 by phytoplankton, a shift in the carbonate species toward CO3, and increased temperatures causing a decrease in the solubility product for calcite.  These factors result in calcite precipitation during the warmer growth season, which explains the decrease in the alkalinity of the epilimnion during this time.  

The coprecipitation model predicts minimal phosphorus coprecipitation and settling with calcite. Given the low concentrations of phosphorus in Platte Lake, however, the ability to evaluate the model success in this regard is limited. The approach to modeling coprecipitaiton will be further evaluated using a hardwater eutrophic lake.

The calcite model could be extended to include a prediction of the impact of calcite on water clarity.   Investigations of the optical properties of calcite would open possibilities of a mechanistic model, or an empirical study could be conducted linking measurements of turbidity with calcite concentrations.  This would require careful consideration of any changes in algae biomass that could have a confounding effect on turbidity levels.

