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Proposed Regional Synthesis Report for the New England Crystalline Aquifers
Title: Regional Framework and Water Quality of the New England Crystalline Aquifer 
SCOPE (NAWQA components / constituents):  

Study Units:  NECB, CONN, HDSN, LINJ 



Principal Aquifer:  New England Crystalline aquifer system

Time period: 1991 to present (where data is available), but with a focus on Cycle I data
· Land use(s):  Mixed, predominantly forested and rural; some residential, commercial, industrial. We will be looking at natural and anthropogenic contamination

Is this an inter-principal aquifer regional proposal? No. 

Expected authors:

Report Lead: Sarah Flanagan
Contributing Authors: Joe Ayotte, Gilpin Robinson, and Phil Harte (framework)
OBJECTIVE 1: Develop a water-quality framework for the New England Crystalline aquifer open file report
· Identify water-quality frameworks used in crystalline aquifer systems.  Assess ground-water quality frameworks established in other studies in New England and identify key components.  Compare frameworks from other crystalline principal aquifers being studied by NAWQA. 
· Establish a water-quality framework that considers physical setting, intrinsic susceptibility, and natural or anthropogenic vulnerability.  This will be accomplished by describing the factors affecting the framework components.  Examine if common themes exist with water-quality issues such as general reactivity of the aquifer, composition of aquifer materials, susceptibility and vulnerability to contaminants.

· Document important controlling variables from previous studies: Summarize water-quality issues within the framework and highlight controlling variables that have been identified in previous reports. Variables that will be mentioned and highlighted, if previous studies identified correlations with water-quality issues, include: regional bedrock geologic and associated geochemical features; physiographic subdivisions; secondary porosity and fracture patterns; gross hydraulic conductivity; well hydraulics; well depth and other well construction variables; proximity to hydraulic boundaries; overburden cover (type, character, and thickness); Land use (current or historic); and topography.
· Provide bibliographic reference of studies: Provide a list of previous studies that have studied important water-quality issues in the New England Crystalline aquifer.
OBJECTIVE 2:  Interpretive SIR Report:  
· Describe and document geographic extent of geologic province and associated lithogeochemical features of the aquifer:  Major geologic and geochemical features related to the bedrock geologic setting of the aquifer will be described. As part of this objective, a stratification system designed for the New England Crystalline aquifer based on lithogeochemical groupings will be presented. Will summarize distribution of geologic features using a summary table and/or figure(s). 
· Evaluate natural and anthropogenic drinking-water contaminants:  We will describe major ions and redox conditions which control the fate and transport of common contaminants of concern for the New England Crystalline Aquifer system in the context of the lithogeochemical framework.  Examples of how the conceptual model discussed in the framework can be used to study water-quality issues in the aquifer will be provided to explain water-quality conditions in major lithogeochemical groupings for constituent concentrations of interest.
Data interpretation approach & available datasets for interpretive report
· Methods: Will use standard statistical correlation methods and multivariate techniques as appropriate. Data will be grouped and analyzed using GIS data management and analysis techniques. 
· Data availability & processing:  

(1) NAWQA Cycle I data: NAWQA ground-water samples were collected from 117 New England Crystalline aquifer wells between 1991 and 2001. This investigation will also use all available water-quality data in initial screening process, but may focus some of the more detailed analysis on selected contaminants such as nitrate, sodium, chloride, fluoride, lead, arsenic, uranium, radon-222, iron, manganese, atrazine and its degradation products, and MTBE.  We will also use the more limited data on age-dates, deuterium and oxygen-18 isotopes, dissolved gases, and radium species (224, 226, 228). We will analyze relations of water chemistry by aquifer sub-groups (common lithology, geologic terrain/ hydrogeologic setting, etc.), redox conditions, and other water-quality data. 
 (2) NCI data: NCI data is available for the New England region, but most of the data was collected in New Hampshire, Vermont, and Maine. There are approximately 4,000 geo-referenced samples with data on arsenic. In addition, approximately 2,000 of these samples have data on nitrate and field parameters (pH, specific conductance, temperature, and dissolved oxygen). There are 900 samples with gross alpha/beta for both a 72-hr and 30-day waiting period. These data are currently compiled and ready to use, but permission to use the data from the National Cancer Institute would have to be obtained. 
 (3) Individual New England State Compliance Data: The value of compliance data is the areal extent of public-supply and non-community drinking-water wells that are covered by this program. Compliance data would allow us to fill in areas that are not adequately covered by items 1 and 2 above; specifically for the states of Massachusetts and Rhode Island. While 75 percent of total public-supplied ground water in New England is from the glacial aquifer system and the remaining 25 percent of public-supplied ground water is from bedrock aquifers, the reverse is true in terms of the comparable number of public-supply wells in use. There are three times as many public-supply bedrock wells in use than the number of public-supply gravel-packed wells. This is because one properly sited large-diameter gravel-packed (glacial) well can serve up to 10,000 people versus public-supply wells completed in bedrock, which generally have smaller yields and therefore, serve fewer people. 

This effort would be similar to the VOC synthesis work done by Steve Grady and others. We have a list of sites for the New England States by PWSID and source ID, for single bedrock well systems. A time estimate would include funding about 5 to 6 weeks for an individual to work with the New England states to compile this data. 
· Other Data Layers (GIS): D.R. Soller and P.H. Packard, 1998, Digital representation of a map showing the thickness and character of Quaternary sediments in the glaciated United States East of the Rocky Mountains, USGS Digital Data Series DDS-38; NURE data on sediment and stream water chemistry; Miller, ed. 2000, Ground-water Atlas of the United States; STATSGO State soil maps; Aerial gamma-ray surveys for the nation. Much of this data has already been compiled and associated with each NAWQA well as part of the Radchem SIR report.
· Staff availability:  Sarah Flanagan, Joe Ayotte, Rob Robinson (Rob will request some USGS Toxics money to fund part of his salary) 
· Complexity:  Natural and anthropogenic contaminants behave differently in the environment depending on differences in their chemistry.  Also, they are affected by differences in the solid and aqueous geochemistry of the local rock, sediment, or soil and the ground waters in which they occur. These contaminants also may interact (co-occur or be mutually exclusive) with each other in water samples.  The complex interplay of occurrence and geochemical controls has not been reported on for this aquifer system but the data collected by the NAWQA program will allow for preliminary interpretation of these effects.
OTHER PROGRAM CONTACTS:  Neil Debrovsky (TE/Nutrient National Synthesis Team), Kelly Warner (Glacial Aquifer Team Coordinator), John Mullaney/Craig Brown (CONN Study Unit), Jessica Hopple (LINJ Study Unit), Phil Harte (NH/VT WSC). Mike Rosen and Dennis Helsel for trend analysis.
EXPECTED OUTCOME: This work will characterize the important sources and geochemical controls that lead to high contaminant concentrations in ground water at a regional scale and identify potential risk factors.
WHY IS THIS TOPIC IMPORTANT TO REPORT ON? This aquifer system is the sole source aquifer for up to 50 percent of the inhabitants in northern New England and is being increasingly tapped for new water supplies in areas where existing water-supply systems are fully utilized. Many natural and anthropogenic contaminants occur in the New England Crystalline aquifer system but very few have been analyzed regionally. Nitrate, lead, manganese, fluoride, arsenic, uranium, and radon, among others, are associated with human health effects.  Preliminary analysis of NAWQA data show that these contaminants occur more frequently and at higher concentrations in bedrock aquifers than in overlying glacial aquifers in New England.  
WHY DOES THIS TOPIC NEED TO BE ADDRESSED NOW? There is ongoing research studying the relation between arsenic, radon, and uranium and health effects in New England. Also, some New England states are actively developing risk models for many ground water contaminants as an aid in interpreting health outcome data. Interpreted NAWQA data, especially combined with other data available from the states or health agencies, is of interest from both health and environmental agencies.  Lastly, current work being conducted by NAWQA Trace Elements Synthesis on a national scale would provide additional context for this regional analysis. This report would also be done in time to be incorporated into the planned GAPT circular report.
WHY IS IT APPROPRIATE FOR THIS TOPIC TO BE ADDRESSED BY USGS?  NAWQA?  THIS REGIONAL TEAM?  It is appropriate for this topic to be addressed by the USGS and NAWQA because of the extensive regional datasets collected using identical methods of analysis and reporting levels by the NAWQA Program. NAWQA data, when used in conjunction with other data, can often be transferable over a larger area. This team has extensive experience with analysis of NAWQA data and outside data.  This team has also developed a strong relationship with staff from the Eastern Minerals Team that have expertise in the geology of the region.

WHO CARES AND WHY? USEPA drinking-water standards exist for many contaminants but the sources and controls on these contaminants are poorly understood.  In some cases, the occurrence of these contaminants has not been reported, leaving large gaps in our knowledge of the quality of ground water in this bedrock aquifer system. Results from this study could help the USEPA in further addressing water-quality issues for both public and private wells. 

State and federal health agencies and state drinking-water programs are increasingly concerned about the geographic or geologic areas and/or geochemical conditions that favor high concentrations for various contaminants. The National Cancer Institute (NCI) has conducted studies on the relations of geology and human health by using water-quality data from drinking-water sources (THM, HAA, arsenic, nitrate, gross alpha/beta, and uranium).  Research done by the NAWQA program is helping to understand the complicated relations between geology and human health in this relatively new field of research by the medical community.
This research could provide the regional framework for future understanding of the quality of drinking-water sources for community water suppliers, domestic well owners, and the real estate industry.
EXPECTED PRODUCTS: 
· Phil Harte and Rob Robinson will produce an open-file report in 2008. Depending on the status of the report in September, 2007 we will also explore the option of using a journal as the published outlet for the framework.
· An interpretive report on the water-quality analysis to be published in FY2010.
BUDGET SUMMARY: 
FY2007: $ 40,511 Total
FY2008: $152,206 Total

 
Sarah Flanagan, 0.46 FTE


Joe Ayotte, 0.15 FTE


Student help, 0.13 FTE


Phil Harte, 0.04 FTE

FY2009: $133,187 Total


Sarah Flanagan, 0.43 FTE


Joe Ayotte, 0.11 FTE


Laura Hayes, GIS support, 0.10 FTE

FY2010: $50,444 Total 


Sarah Flanagan, 0.16 FTE
Total for Framework OFR/Journal and interpretive SIR report: $376,348
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