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Proposed Title:  Hydrochemical Regions of the Glacial Aquifer System, northern United States
Scope (NAWQA components / constituents):  

Study Units:  All study units in the glaciated area

Time period: historical to present

Land use(s):  all

Is this an inter-regional proposal? Yes 
Expected authors – Lead:  Arnold

Contributing:  Groschen, Caldwell, Warner
Objectives:

1) Identify spatial trends in variations of ground-water quality across the glacial aquifer system.

2) Explain identified trends using environmental variables.

3) Examine trends in relation to trace elements and/or other water-quality data.

4) Extrapolate findings to areas with similar environmental characteristics and/or limited water-quality data

Data interpretation approach & feasibility

Number of sites /components (eg: nutrients, pesticides):  Analyses will use all data that is available from LUSs and MASs in the glaciated area (approximately 1720 sites).  If time and funding allow, additional data will be retrieved from State NWIS databases to test the validity of the delineated regions. Additional data retrieved from NWIS will be limited to data that 1) has aquifer information tagged and 2) has available data for all of the selected parameters. 

Methods (standard? new?): Standard nonparametric statistical methods as described in Helsel and Hirsch (1995) will be used to explore relations among these different datasets. Geostatistical relations will be explored using ordinary and co-kriging, and cluster analysis. The hydrochemical regions will be validated using the NWIS data not used in the original spatial modeling. These methods are standard and well known.

Data availability & processing:  The data are available from NAWQA study units through the NAWQA data warehouse.  Additional data may need to be retrieved from State NWIS databases; it is not known how many additional data will be available from non-NAWQA sources. 
The preliminary analysis has shown there are statistically significant differences in water types in the glacial aquifer system that need to be explained. The information resulting from this analysis will help validate the glacial framework.  Some stratification units may need to be aggregated as a result if there are not significant differences in water quality between certain strata. Investigation of other hydrogeologic and environmental characteristics will help the team to decide if it is possible to extrapolate the findings of this investigation. 

Processing steps:

1) Visually identify spatial trends in variations of ground-water quality across the glacial aquifer system based on existing water samples from approximately 1720 sites. 
2) If trends can be identified visually, then utilize correlation, factor, and principal components analysis to identify which water-quality parameters account for the most variability. 

3) Utilize cluster analysis on the variables (identified in step 2) to characterize the variations and group the samples into general types of water quality. 
4) Utilize kriging, a geostatistical analysis technique, to spatially delineate hydrochemical regions based on the identified types of ground water. 

5) Investigate statistical relations between hydrochemical regions and various hydrogeologic/environmental characteristics. Hydrogeologic and environmental characteristics to be used in the analysis include those of the glacial framework (source of glacial material (implied by East/West/Central glacial region); aquifer material in a layer, lens, or buried valley) as well as type and thickness of surficial geology; percent clay content in soil (STATSGO); and maybe others (to be determined based on results of analyses). Analyzing types of ground water in relation to the glacial framework will help address the question:  Are there different/similar types of ground water in our stratigraphic/framework units; is water quality significantly different in the various glacial strata?  

6) Examine relations of hydrochemical regions to trace elements. If possible, extrapolate findings to areas of similar hydrochemistry that could affect the mobilization and transport of trace elements or organic compounds.  

7) Retrieve additional water-quality data from State NWIS databases to test/validate the hydrochemical regions.  This could be a second phase of the original study outlined in steps above. There may not be time to complete this step by the end of FY05 but could be a follow-on to this report if funding were available in FY06-FY07. 

Staff availability:  Staff is available. 

Complexity:  Moderately complex. It will require close interaction and input from team members knowledgeable about geochemistry, hydrology, and GIS to determine which data inputs to use and then model them. 

Risks/contingencies: One of the risks is that the quality of the NWIS data may be such that a lot of effort may be required for QA/QC. Additionally, the various constituent concentrations may be highly variable. This likely will result in a smoothed and generalized spatial model, especially in the areas of less dense data.  Data also are likely to be from various depths and may contribute greatly to the data variability. There could be some varying professional opinions over which the inputs should be used to determine the hydrochemical regions so discussion with other experts in USGS may be called on for their opinions on the methods. Additionally, the hydrochemical regions cannot be delineated in 3-dimensions. 

Extrapolation of findings to areas of less dense data may be impractical if appropriate environmental explanatory variables cannot be determined. In this case, the hydrochemical regions will be merely descriptive of the different regions of water quality across the glacial aquifer system. 
Other Program contacts:  Gail Thelin (for her expertise compiling National spatial information), Sandy Eberts (for TANC experience calculating redox), Dave Wolock (for his expertise in developing hydrologic landscape regions), David Saad (for his idea on delineating types of ground water)
Expected Outcome: The expected outcome is (1) a collection of graphs and statistical analyses that show different ground-water types and if these different types of ground water are statistically related to various hydrogeologic and environmental characteristics and (2) a map of the hydrochemical regions. 
A Scientific Investigations report is the intended outlet for the results of this investigation. This report will describe the methods used to identify the different types of ground water, show the hydrochemical regions, and describe the relation of variations in water quality to natural factors. 
Why is this topic important to report on? This topic is important because the techniques used to create hydrochemical regions for the glacial aquifer system can be applied to other principal aquifers.  This would allow other teams to investigate causative factors possibly affecting water quality in their respective aquifers. Additionally, redox, which is one of the inputs to this model, was identified and prioritized as a needed GIS layer by the Principal Aquifer Teams. Hydrochemical regions can provide information for hydrologists to determine processes contributing to ground-water quality.
Why does this topic need to be addressed now? A majority of the interpretive water-quality reports rely on causal factors such as described here.  Additionally, the National Research Council (2002, p. 206) stated in their report about how to improve the NAWQA program that a key issue was the need for ‘improved understanding of the causative factors that affect water-quality conditions’.  The report products would provide and describe a method for trying to identify such causative factors.
Why is it appropriate for this topic to be addressed by USGS?  NAWQA?  This regional team?  USGS has the data and the expertise to analyze this data at a regional and National scale.  This report contributes to NAWQA’s priorities in understanding National water-quality. This regional team has a lot of data because of the wide spatial coverage of the glacial aquifer system.  Having more data would facilitate interpretation and calibration of the hydrochemical regions model.  
Who cares and why? 

1. The Indiana Geological Survey, the Indiana Division of Reclamation, Indiana Department of Natural Resources, and the Indiana University Department of Geological Sciences cares because surface and underground coal mines in Indiana contribute to acidified surface runoff, acidified infiltration to ground water, and acidified base flow. These agencies recently completed a study to investigate effects of mine reclamation using a cap containing coal combustion byproducts across a deposit of pyritic coarse-refuse that is currently generating contaminated drainage. Understanding the natural as well as manmade hydrochemical conditions affecting water quality can help environmental managers select better fill materials and improve surface and ground-water quality near reclaimed coal mines (http://igs.indiana.edu/survey/projects/midwest/index.cfm, last accessed January 9, 2004).

2. The Department of Environmental Sciences (DES) at University of Michigan, National Science Foundation (NSF), and U.S. EPA cares because NSF and EPA recently funded a study by the DES to investigate hydrochemical aquifer characteristics in relation to urban-based contaminants near Detroit Michigan.  They found that chemical composition of glacial sediments affects fate and transport of urban-related contaminants in ground water and that there was a 90 percent correlation between mapped areas of highest vulnerability and historic ground-water contamination. Their vulnerability mapping revealed areas at the edges of urban development where current and future land-use practices are endangering ground-water quality (http://www.umd.umich.edu/casl/natsci/GIS/GWPresentation3a.ppt, last accessed January 9, 2004).

3. The Maryland Department of Natural Resources cares because they funded USGS in Maryland to classify Maryland watershed into hydrochemical response units. The state of Maryland is formulating a state-wide water-quality management plan based on the study by USGS (Preston, S.D., USGS WRIR 00-4232). Even though Maryland is outside the glacial aquifer system area, other agencies have similar needs for hydrochemical information.

4. The Indiana Department of Natural Resources (IDNR) cares because water quality and availability have significant influence on the socio-economy of Indiana.  Glacial sediments cover most of Indiana, and IDNR sees that as a significant influence on the surface and ground-water quality and availability in Indiana. They state that ‘The hydrologic characteristics of aquifers and natural chemistry of ground water determine the availability and suitability of ground-water resources for specific uses’ (Shrader and others, 2002, Ground-water resources of the White and West Fork White River Basin, Indiana: Indiana Department of Natural Resources, Water Resource Assessment 2002-6, p. 19). 

5. A regionalization based on hydrochemical data in the glacial aquifer system, as a whole, might be useful to TANC for helping to extrapolate their findings into a large regional context. TANC has developed the process matrix and this report will build on their work. One of the goals of TANC is to extrapolate their source-transport-receptor model findings at a small site-specific scale to a large regional scale (http://dg73dohclb.er.usgs.gov/tanc/files/Updated_TANC_Integrated_Approach_April_03.doc).  This report would provide them with additional hydrochemical information based on a single principal aquifer to aid in an extrapolation. TANC has identified redox condition for all NAWQA data that has all 5 redox indicator species (Sandra Eberts, written commun., January 20, 2004); this redox information will be useful for this report.
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