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Abstract:

The firm yield of a drinking-water reservoir is typically defined to be the maximum yield that could have been delivered without complete depletion of reservoir storage during the historical drought of record. Commonly, the ground-water contribution to reservoir storage and its effect on firm yield is considered negligible. To determine the effects of ground water on estimates of firm yield, ground-water contributions to reservoir storage were determined for nine reservoirs in Massachusetts that had shorelines in contact with sand and gravel aquifers. The effect of ground water on firm yield was substantial, and the firm yields of reservoirs with shorelines in contact with sand and gravel aquifers were always greater when the ground-water contribution was included in the water balance. Increases in firm yield ranged from 2 to 113 percent, with a median increase of 10 percent. 

Equations based on an analytical solution to the ground-water-flow equation were incorporated into an existing firm-yield model to evaluate the potential effect of ground water on firm yield.  The analytical solution is based on the assumption of one-dimensional flow in a finite-width aquifer that is bounded by a linear surface-water feature, such as a stream; however, most reservoir shapes are non-linear surface-water features.  The deviation in simulated ground-water-flow rates that results from applying the analytical solution to non-linear surface-water features was evaluated by comparisons of ground-water-flow rates simulated by the analytical solution and by two-dimensional, finite-difference ground-water-flow models for a range of non-linear surface-water features. For most features evaluated, the agreement between ground-water-flow rates simulated by the analytical solution and by a two-dimensional, finite-difference ground-water-flow model was within 10 percent.
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