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2. Risk.  Uses the value of loss of the beneficial 
use of water should an aquifer become 
contaminated. 

3. Vulnerability. Uses DRASTIC (Aller et al., 1987), 
“A standardizedstandardized system for evaluating ground 
water pollution potential using hydrogeologic 
settings.” 



D R A S T I C (Aller et al., 1987) 
D – Depth to water 
R –  Recharge (Net) 
A –  Aquifer Media 
S –  Soil Media 
T –  Topography (Slope) 
I –  Impact of the Vadose Zone Media 
C –  Conductivity (Hydraulic) of the Aquifer 
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Adapted from Klapperich (2008) 





Fenton et al. 1983 
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“At measured nitrate loading rates there is sufficient pyrite“At measured nitrate loading rates there is sufficient pyrite--S S 
in the EVA to support autotrophic denitrification for 11,000 in the EVA to support autotrophic denitrification for 11,000 
to 175,000 years depending on location.  These estimates to 175,000 years depending on location.  These estimates 
assume nonassume non--preferential flow, and the gradual and uniform preferential flow, and the gradual and uniform 
progression of nitrate.”progression of nitrate.”  



Influence of the Pierre Shale and Equivalent Rocks. 
(Tourtelot, 1980) 

 
• Chromium (Cr), cadmium (Cd), vanadium (V), 
copper (Cu), molybdenum (Mo), selenium (Se), 
arsenic (As), and uranium (U) are concentrated in 
the organic matter in marine organic-rich shale. 
 
• Cobalt (Co), nickel (Ni), and Zinc (Zn) seem to be 
more concentrated in pyrite that is closely 
associated with the organic matter. 
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In summary 
1. Many of our drift aquifers 

are comprised of reactive 
shale fragments + 

2. They may have pyrite-S 
contents + 

3. They may have high organic 
C contents + 

4. They are among the nation’s 
youngest aquifers. 
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 Extraordinary aquifers! 
 
 



“The quality of groundwater reflects the mineralogical 
constituents of the aquifers, the internal biochemical 
processes and the impacts of loads caused by the land use 
in the catchment areas.” 



“In many regions of Europe, a water supply from ground-
water is often only possible because natural decom-
position processes reduce concentrations below drinking 
water standards, e.g. heterotrophic and autotrophic 
denitrification and ion sorption.  In sedimentary rocks the 
biologically influenced processes consume reactive 
material from the aquifer.  The storage and lifetime of 
such reactive material is probably limited and, thus the 
decomposition capacity of the aquifer.  Investigations 
show that reactive material and, therefore, the reductive 
capacity is very heterogeneously distributed, depending 
on the geological history of genesis.  This situation can 
mainly be found in the northern European low plains.” 



“Division into geohydrochemical districts makes a quick 
assessment possible of the effects of pollution on the 
chemical composition of groundwater and consequently 
also of the effects of remediation.” 
 



“Division into geohydrochemical districts makes a quick 
assessment possible of the effects of pollution on the 
chemical composition of groundwater and consequently 
also of the effects of remediation.” 
 
“In this contribution geohydrochemical districts in the 
Netherlands are classified with respect to the vulnerability 
of nitrate, but the same approach may be used for 
estimating the vulnerability. . . for pesticides, chemical 
pollutants and acid load.” 



Conclusions, our aquifersConclusions, our aquifers  
1.1. MMay have highly reactive ay have highly reactive 

sediments.sediments.  
a)a) PyritePyrite  
b)b) Organic COrganic C  

2.2. Are the youngest in the US.Are the youngest in the US.  
3.3. Are extraordinary.Are extraordinary.  
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a)a) PyritePyrite  
b)b) Organic COrganic C  

2.2. Are the youngest in the US.Are the youngest in the US.  
3.3. Are extraordinary.Are extraordinary.  
 We need a comprehensive We need a comprehensive 

program that studies our program that studies our 
aquifer sediments.aquifer sediments.  
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