Summary of Nitrate and the relations that affect the probability and prediction in private wells of the glacial aquifer system, United States 

Status: (getting ready for Director’s Approval)
By Kelly L. Warner and Terri L. Arnold
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Figure 4 . The area of highest predicted nitrate concentration in private wells of the glacial aquifer system is in the older

glacial deposits in Illinois.





Figure 1. The glacial aquifer system has high nitrate loading from fertilizer applications to the land surface – some of the highest in the country.
Nitrate in private wells in the glacial aquifer system is a concern for an estimated 17 million people using private wells because of the proximity of many private wells to nitrogen sources (fig. 1), but less than 5 percent of private wells sampled in this study have nitrate above 10 mg/L as N. Background concentration of nitrite is less than 1 mg/L as N. Median nitrate concentration measured in groundwater from private wells from the glacial aquifer system (0.11 mg/L as N) is lower than that from other unconsolidated aquifers and not strongly related to surface sources of nitrate. A summary of data from reference wells indicates that most of the nitrate above 1 mg/L as N is above background concentrations and likely is from anthropogenic sources. If anthropogenic nitrate is found in water from a private well, then it may be prudent for the owner to check for other anthropogenic compounds because other compounds may be transported from land surface to the well. 

Although overall nitrate concentration in private wells was low relative to the MCL, concentrations were highly variable over short distances and at various depths below land surface. Most of the groundwater from private well networks in the glacial aquifer system is young, except for samples from a buried bedrock valley in Illinois. Oxidation and reduction potential changes with depth and groundwater age were important in understanding nitrate concentrations in private wells. Time, as determined by comparisons of age of recharge water, indicates that the mean nitrate concentration is significantly greater in the young groundwater. 
Vertically there are differences in nitrate concentration in private wells in the glacial aquifer system. Deeper wells have lower nitrate. The reason that the glacial aquifer system may be different than other unconsolidated aquifers is because of the heterogeneity and the amount of fine-grained material, like clay and buried soils that are present as a result of the geologically recent glacial environment.  Fine-grained materials confine the deeper aquifer material and make the geochemical environment of the aquifer reducing and thus lacking nitrate. The deeper the well the more likely the water is to be reducing, and confined or semi-confined. The pattern of less nitrate concentration with increasing depth of the well is more distinct than any spatial or temporal patterns, but local differences in sediment thickness and texture can affect nitrate concentrations.  This implies a decrease in risk of nitrate contamination with depth, but it is very dependent on the local geology and conditions.
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Water-resource managers cannot afford to sample everywhere so methods are needed for extrapolating vulnerability of private wells to nitrate contamination. The methods and data used in the probability and prediction models presented in this report can be used for extrapolation of vulnerability for a number of anthropogenic constituents. The models of nitrate in private wells indicate only a small amount of information is needed to predict the regional vulnerability to nitrate contamination and this may be true for other surface derived contaminant.  Information on the soil and aquifer material is important information that is needed for nitrate prediction.

 The depth to the top of the well screen, the length of the screen, and the diameter at the open interval are important well characteristics that help predict nitrate concentration because these variables indicate what part of the flow system is being utilized. Additionally, a source variable such as nitrogen applied to farms helped in predicting regional nitrate concentration. 

A series of 10 logistic regression models was developed to estimate the probability of nitrate concentration above various thresholds. The variables that were identified as significant predictors for nitrate above 4 mg/L as N included well characteristics such as open-interval diameter, open-interval length, and depth to top of open interval. Environmental variables in the model were mean percent silt in soil, soil type, and mean depth to saturated soil. The 10-year mean (1992-2001) farm-applied nitrogen fertilizer was included as the potential source variable (fig. 2). A linear regression model also was developed to predict nitrate concentrations in well networks. The model is based on network averages because nitrate concentrations are highly variable over short distances. Using values for each of the predictor variables averaged by network (network mean value) from the logistic regression models, the linear regression model significantly predicted the mean nitrate concentration in networks in the glacial aquifer system.
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Variable used in the models
Mean percent silt in soil within 1,640 feet of the well (network mean)
Percent alfisols within 1,640 feet of the well (network mean)
Depth to seasonally high water table within 1,640 feet of the well
(network mean)

10-year mean (1992-2001) nitrogen fertilizer applied to farms within 1,640 feet
of the well (network mean)

Length of open interval, in inches
Open-interval diameter, in inches
Depth to top of open interval, in inches

Interaction between depth to top of open interval and open-interval diameter

Fewer variables are needed to explain higher nitrate concentrations.
concentrations, variables mostly represent natural conditions and

well construction.
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Figure .3.Probability of nitrate concentrations greater than 1 milligram per liter. This map was created by setting the
depth to top of open interval and open-interval length to the mean of all private wells in the glacial aquifer system

(91 ft and 8 ft, respectively).



In looking at the prediction model based on network means, nitrate is less likely to be an issue in private wells in the two coastal areas but is a concern in parts of the central and west-central glacial area. In these areas, a concerted effort to continue monitoring for nitrate and refining knowledge of the distribution of glacial materials will help in understanding the differences in nitrate concentration. 

Maps (figs. 3,4) created as a result of applying these models may be improved over time as new geographic information becomes available or as spatial resolution improves. Specifically, the models of nitrate in private wells can be used to (1) establish links between water quality and constituent sources; (2) assess the natural processes that attenuate nitrate; (3) predict where changes in water quality may result from changes in environmental management or well construction.









