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Questions asked by resource managers 

• “What’s the quality of water in my area?” 

• “Is it getting worse or better?” 

• “If we change our use patterns, what are the    
consequences?” 



What is the problem? 

• The spatial and temporal variability in ground-
water composition and flow is largely 
unrecognized and undocumented 

• These problems are compounded in urban 
areas, where the effects of pumping, natural 
and human induced changes in recharge and a 
wide variety of pollution impacts make things 
more complicated 
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• what is the composition, spatial distribution 
and hydraulic characteristics of 
unconsolidated materials overlying bedrock 
aquifers? 

• what is the spatial distribution of vertical 
gradient that drives the downward movement 
of groundwater through these deposits? 

Not a new approach: Larson-Higdem and others, 1975; 
incorporated into Ruhl and others, 2002; MN Department of 
Natural Resources, 1991 





















Vertical K 
(ft/day) 

Harmonic mean of vertical hydraulic 
conductivity from the regional water table to 
the bedrock surface 





Regional water table – modified OPCJ March 
2008 synoptic surface 



Regional water table – modified OPCJ August 
2008 synoptic surface 
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Calculated time of travel from water table to 
the bedrock surface, in years. 















































• Gradient matters! 

• Distribution of geologic materials in 
unconsolidated material is complex, but not 
without regional patterns. 

• Chemical and isotopic data help refine 
conceptual models of groundwater flow by 
providing information on residence time and 
groundwater pathways 
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