Proposed Regional Synthesis Report

Southwest Principal Aquifers (SWPA)
Statistical models for predicting ground-water quality conditions in basin-fill aquifers of the Southwestern United States

Date of this version: December 28, 2007

Study Team: 
Lead authors for this report are David Anning (CAZB), Jena Green (NVBR) and Tim McKinney (GRSL). Sue Thiros (GRSL) and Laura Bexfield (RIOG) will offer aid in project development and report writing. 
Scope: 
This is the 4th report in a planned 4-report series on factors that affect ground-water quality in the southwestern U.S. The 1st report in the series describes the GIS data sets that will provide a consistent foundation for regional analysis. The 2nd report describes the conceptual ground-water flow systems and likely factors affecting ground-water quality within individual case-studied basin-fill aquifers. The 3rd report will define commonalities among factors that influence water quality in the case-studied Southwestern basin-fill aquifers, and will use the resulting conceptual model of influential factors to construct a framework for categorizing Southwestern basins in terms of their overall susceptibility and vulnerability to a variety of contaminants. The information that this study synthesizes will provide a foundation for the 4th report in the series, which will describe geostatistical models developed to relate water-quality constituent conditions (presence/absence or concentrations) in basin-fill aquifers to natural and human factors.
Principal aquifers: Basin and Range basin-fill aquifers, California Coastal Basin aquifers, Central Valley aquifer system, and the Rio Grande Aquifer System. 

Study Units:  CAZB, GRSL, NVBR, RIOG, SACR, SANJ, SOCA
Time Period: Models will be calibrated using data from approximately 1980 to the present.
Land use(s):  Land uses potentially represented in the models will include the major types occurring in the SWPA study area: rangeland, urban land, agricultural land.
Constituents: Candidates for modeling include nitrate, arsenic, dissolved solids, dissolved oxygen/redox, atrazine, chloroform, and uranium; a subset of these will be selected on the basis of data availability.
Study Objectives:
1. Develop geostatistical models that relate water-quality constituent conditions (presence/absence or concentrations) in basin-fill aquifers to natural and human factors. These factors will represent both sources of contaminants and hydrogeologic processes that affect the susceptibility and vulnerability of the aquifers, and will be based on the conceptual model report, which is the 3rd report of this 4-report series.
2. Assess the degree to which the geostatistical models validate and confirm the conceptual models developed in the conceptual model report.  
3. Develop tools that facilitate use of the geostatistical models by water managers that need to predict water-quality conditions in areas of basin-fill aquifers that have little or no sample data. 

Methods (Data Interpretation Approach and Feasibility):

Geostatistical models will be constructed to relate water-chemistry conditions to several natural and human factors. Investigators will compile a model calibration data set and a model verification data set. Both calibration and verification data sets will be populated with water-chemistry data as the predictor variable, and environmental-condition data to represent the explanatory variables. The calibration data set will be populated with data for wells in “case-studied basins”, which are ground-water basins sampled during NAWQA Cycle 1 (generally as SUS’s) and are described in the previous 3 reports of this 4-report series. These basins have a substantial amount of water-quality data and information about the effects of natural and human factors on the quality. The model verification data set will be populated with data for wells in basin-fill aquifers outside of the case-studied basins. 
Explanatory variables will represent environmental conditions near the well and across the entire basin. The explanatory variables will include factors related to physiography, geology, water-budget components, land use, and water use. Examples of specific factors that potentially could be included in the model are land use around the well, population density around the well, water use in the basin, bedrock lithology of surrounding mountains, annual precipitation, mean temperature, aquifer thickness, aquifer volume, area of aquifer with/without a confining layer, transmissivity, thickness of unsaturated zone, length of flowpaths, change in hydraulic head since predevelopment, potential predevelopment and present-day natural recharge, recharge from anthropogenic activities (irrigation, septic tanks, engineered recharge), and total change in aquifer storage since predevelopment. In some cases, factors that are relatively well characterized may be used to estimate factors that have not been directly measured, such as average ground-water residence time.
The statistical analysis will develop models using regression trees, logistic regression, or other supervised learning methods. It will focus on key constituents such as dissolved solids, nitrate, arsenic, uranium, and selected pesticides and VOCs.  Computer-based tools will be developed to assist water managers and others to readily use the geostatistical model results for their own analysis. The tools will be GIS-based and allow for application of the geostatistical models in other basins of the Southwest with similar environmental settings as the case-studied basins. This will allow water managers in the Southwest to be able to focus data collection efforts and resources on factors that have the greatest impact on water quality in their area.
Data Sources:
The geostatistical models will require water-chemistry data for the predictor variable and environmental condition data for the explanatory variables. Water-chemistry data will come from the National Water Information System (NWIS), and possibly STORET. Both NAWQA and non-NAWQA data on ground-water chemistry will be used and are readily available.  Explanatory variables will be derived from data sets that can serve as proxies for natural and anthropogenic factors that may affect ground-water quality in the basin-fill aquifers. These data will come from many citable sources such as the USGS Water Use database, the National Land Cover Dataset, the PRISM precipitation dataset, the USGS DEM data, Population Census data, Census of Agriculture, and digital State Geologic Maps. These geospatial datasets have already been compiled as part of the 1st report in the SWPA report series.
Water-level and well construction data will come from the USGS-GWSI database. Aquifer properties, aquifer conditions, and water budget component data are mostly compiled already for the 2nd report of this 4-report series; those data came from many different reports. 

QA Plan (for non-USGS Data): If the STORET data are deemed sufficient in quantity and suitable for the model verification dataset, a QA plan will be developed. The success of this investigation is not reliant on the STORET data. 
Complexity: This complex investigation requires and has attained a skilled staff with experience in ground-water quality investigations (Jena Green, Dave Anning, Sue Thiros, Laura Bexfield), GIS data set development (Tim McKinney), statistical analysis (Dave Anning), project coordination (Dave Anning, Sue Thiros). 
Risks/Contingencies: 
There have been many local-, regional-, and national-scale studies that have related water-quality conditions to natural and human factors. We feel that there is a high probability for success in building the geostatistical models in this study. This report is somewhat flexible if time constraints arise because it has the option to decrease the number of constituents to be modeled. 

Contacts: Sue Thiros (sthiros@usgs.gov), Jena Green (jmgreen@usgs.gov), David Anning (dwanning@usgs.gov), Tim McKinney (tmckinney@usgs.gov), Laura Bexfield (bexfield@usgs.gov)
What regulatory or water-management programs will use the findings and how? 

Ground-water quality has become an important issue in the Southwestern U.S. as the occurrence of natural contaminants and the detection of anthropogenic contaminants (even in areas of generally sparse recharge) has increasingly forced water suppliers to abandon individual public-supply wells or conduct expensive treatment on the water produced by existing wells. Few simple, inexpensive tools currently are available for water managers and suppliers to assess the susceptibility and vulnerability of their ground-water resources to natural and anthropogenic contamination. Simple assessment tools that use readily-available data would allow water managers to better determine how to apply their limited resources to efforts at data collection, monitoring, and source-water protection. 
Data Archive Plan: Calibration and verification datasets will be archived in accordance with NAWQA guidance. 
Communication Plan:
· While working on the study, communicate project plans to USGS personnel through the project review process, and contact/develop relationships with potential stakeholders.

· Publish report on USGS pubs website

· Write technical announcements adaptable for email, list serves, newsletters, and other forums to be distributed to key contacts with State, regional, and national stakeholders, including with trade associations and professional societies. Distribution list will be similar to that for dissolved solids report
· Develop a briefing sheet that presents the major findings of the report for distribution to a non-technical audience at meetings, conferences, and workshops and to interested parties.

· Place report link and major findings on the NAWQA Southwest Principal Aquifers Group website, the main NAWQA website, Water Science Center websites (for southwestern states), and other USGS websites
· Construct a web-based tool as a communication product for the SWPA studies that contains the data sets compiled for and models developed from the regional analysis. This tool will make NAWQA ground-water studies, data, and findings from the region more accessible. 

· Present major findings at State and regional meetings and conferences 

Publication Plan:
The report is planned to be written mostly in FY08-09 and published by the end of FY10. Funds are planned in early FY11 to present findings from the study at meetings and conferences. This report is somewhat flexible if time constraints arise because it has the option to decrease the number of constituents to be modeled. Therefore, major stories on at least one or two constituents from this foundational report will be available for the Circular.

Budget summary and supporting files:
The budget associated with this report, approximately $491,000 for the period from FY08-FY11 ($109,760 in FY08, $187,040 in FY09, $154,570 in FY10, and $39,450 in FY11), covers the cost of labor for data analysis and report writing and EPN/publication costs. More budget details are provided in the ancillary files associated with the SWPA 5-year plan. For a detailed timeline and budget, see worksheets in the SWPA planning spreadsheet at http://water.usgs.gov/nawqa-only/aq/PAR.BRCA.Budget.xls.
12/28/2007

3

