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Abstract

The Michigan and Indiana Districts of U.S. Geological Survey seek to investigate and report on the interaction between ground water and surface water the St. Joseph River Basin, a tributary basin to Lake Michigan. Key components of the research include the incorporation of detailed three-dimensional glacial geology maps into the ground-water modeling process and the use of ground-water age dating to provide constraints for inverse modeling.  The proposed research will motivate technical advances in ground water modeling that will translate to many other sites nationwide.  The detailed numerical model of the St. Joseph River basin that results from this effort will serve as a basis for studies of the fate and transport of agricultural chemicals in the basin.  As this river basin is the largest source of agricultural chemicals to Lake Michigan, a detailed understanding of the hydrology of the system is needed to assess transport mechanisms and to provide a scientific basis for management of non-point source pollution in the Great Lakes.

Benefits of Research

The investigation of ground-water/surface-water interactions in the St. Joseph River basin will set the standard for hydrologic research in complex glacial settings.  The numerical model that is the major component of this research project will require a three-dimensional hydrogeologic description of the basin, detailed field data for calibration, and a high degree of refinement to yield a model that is accurate enough to address ground-water/surface-water interactions on relatively small spatial scales and short time frames.  Benefits of the research include:

· Development of the required hydrogeologic model to assess the value of improved three-dimensional geologic mapping for ground-water model development in glacial settings.  The Geologic Discipline of the USGS is conducting studies in counties in the St. Joseph River basin to generate detailed, three-dimensional geologic maps. These maps could prove extremely beneficial in the development of ground-water models.  They are, however, expensive to generate and are not currently available for many areas of interest.  We will meet with geologists from the Geologic Discipline to contrast the hydrogeologic model generated through the use of water-well logs with fully three-dimensional geologic interpretations.  We expect that input from the Geologic Discipline researchers will change the hydrogeologic model, and we will use statistical methods to quantify the improvement in the model capabilities once this level of geologic detail is incorporated.  

· Assessment of ground-water discharge to streams on a scale intermediate to those usually inferred from field data.  Typically, either large-scale ground-water discharge is estimated through the use of hydrographs or small-scale ground-water discharge is measured or inferred using seepage meters or streambed piezometers.  The modeling effort and associated field work will allow us to estimate ground-water discharge at intermediate scales relevant to issues including quantification of the transport mechanisms for agricultural chemicals in the basin.

· Assessment of visualization tools and numerical model development for complex glacial settings.  The numerical model we envision will require more hydrogeologic detail than typically included in numerical models of systems of this size.  We have access to nearly 30,000 wells logs for the counties in Indiana and Michigan in the St. Joseph River basin, and we would like to exploit this information.  As part of this research, we will test several methods to build the three-dimensional numerical model from these well logs, geologic databases, and surface geology maps.  Results of this task will benefit others building models in glacial settings that dominate much of the upper portion of the United States.

· Demonstration of the use of age-dating techniques with inverse methods for ground-water model calibration.  Radioisotope and stable isotopes in both ground and surface water samples from the basin will be measured.  These isotopes will be used to age date the samples and to help determine ground-water flow paths in the system. The information will then be used in conjunction with MODFLOW-2000 to calibrate the transient three-dimensional numerical model of the system. 

· Development of both the hydrologic understanding of the St. Joseph River basin and a detailed numerical model that will allow us to address the important question, “What controls the distribution of atrazine that is being discharged to the St. Joseph River?”  There is interest in the discharge of atrazine, and other agricultural chemicals, to the St. Joseph River and thereby to Lake Michigan by local, state, national, and international authorities and organizations.  The modeling and field data produced by this project will be invaluable for seeking additional funding to study the fate and transport of agricultural chemicals.
Tasks

The major tasks for the research are:

· Develop hydrogeologic framework for numerical model.  This will be accomplished by using the nearly 30,000 well logs from Michigan and Indiana in the St. Joseph River basin.  At least three methods of converting the information in the well logs to MODFLOW-2000 (ground-water model) data files will be used.  The first, and most standard, method is to import the well logs into a database that may be used in conjunction with ArcInfo.  Transects are then selected and subsets of the well logs are used to manually generate unit geometries within ArcInfo.  These geometries are exported from ArcInfo to preprocessing programs for MODFLOW-2000.  The second method will be to use software and tools such as EVS and EarthVision to develop geometries that may be exported to MODFLOW.  Researchers from the Indiana District will work with collaborators from the Indiana University Center for Geospatial Analysis to complete this subtask.  The third method to be tested will be to develop an ad hoc conversion program that will use geostatistics to generate correlated and conditioned data sets for MODFLOW-2000 from the numerical codes used in the well log database.   Parameters for the conditioning will be estimated by generating three-dimensional variograms from the numerical codes used in the well log database and generating anisotropic model variograms to describe the data.

· Collect field data including radioisotope and stable isotope concentrations in ground water and surface water in the river basin including tritium, helium, and sulfur hexafluoride.  This information will be used to determine ground-water ages that will be incorporated into the inverse procedures.  Seepage and stream discharge in selected reaches within the river basin will be measured using seepage meters, staff gages, or dilution gaging.  This information provides additional constraint for the inverse procedures and also guides data collection for ground-water quality assessment and agricultural chemical discharge from ground water to surface water.  Atrazine and atrazine-breakdown products will be measured at select locations in the basin.  This baseline data is required to seek additional funding on non-point source pollution and discharge to the Great Lakes. The USGS Michigan District will commit funds for the atrazine data collection and analysis. The USGS Michigan District also has written a joint proposal with the Institute for Water Research at Michigan State University to the National Institutes for Water Resource, National Competitive Grants Program to fund atrazine sampling and analysis in the basin

· Refine and apply techniques to use age dates to constrain the inverse procedures used in MODFLOW-2000 to calibrate the transient ground-water flow model based on the related work by Sanford et al. (OFR 99-0203, OFR 00-0488).  

· Calibrate the ground-water/surface-water numerical model for the St. Joseph basin using the inverse tools available in MODFLOW-2000 and the methods and guidelines for model calibration discussed by Hill (WRIR 98-4005). The effectiveness of age dating in constraining the model will be assessed by examining model performance using residuals to head and flux targets. In addition, a statistical evaluation of the inverted parameters including uniqueness and correlation will be performed. We expect that including the age dates will help decouple input parameters targeted in the inverse procedure and provide a model with higher reliability.

· Meet with the Geologic Discipline to learn about the three-dimensional geologic data available in the area and to compare the hydrogeologic data generated from drilling logs to this data.  Update the numerical model based on the information from the Geologic Discipline and compare results of the updated model with the original model.  Assess the additional value brought to the model by the detailed geological data and attempt to quantify both the improvement in performance and the level of data required to achieve a desired level of detail in a numerical model.

· Use the calibrated model to assess ground-water/surface-water interaction in the river basin.  This analysis will provide stream discharge information at a variety of scales. The analysis also will provide the hydrologic framework for investigating agricultural chemical transport in the watershed.

Collaboration

This project requires substantial collaboration among federal, state, and local agencies to meet all project goals and to incorporate the agricultural transport issue. During the project we will seek out opportunities for collaboration and leveraging of resources. Currently, three opportunities are promising:

· National Institutes for Water Resource, National Competitive Grants Program. The USGS assisted the Institute for Water Research (IWR) at Michigan State University with a proposal directly aligned with this project. The IWR proposal is directed at measuring head, flux, atrazine concentration, and ground-water age at a few to several key transects normal to the St. Joseph River or its tributaries. The work will be conducted primarily by a graduate student at MSU, under the direction of Howard Reeves.

· Central Great Lakes Geologic Mapping Coalition. Clearly, mapping products from and collaboration with Coalition geologists is critical to the final products of this project. The project work plan has been designed to provide ample time for completion of Coalition products needed for this effort. We plan to ensure cooperative planning and completion of products by direct communication with USGS and State geologists. We will also make clear our needs to USGS Program Managers, the Eastern Region Director, and the Great Lakes Coordinator.

· Agricultural-Issues Stakeholders. There is substantial interest, ranging from local to federal, in the source and transport of agricultural chemicals to the St. Joseph River. The USGS co-sponsored a June 2002 workshop with the Friends of the St. Joseph River, Indiana Department of Environmental Management, Michigan Department of Environmental Quality, USEPA, Great Lakes Commission, and Western Michigan University on water-quality issues in the St. Joseph Watershed. We expect a result of this workshop to be a clear understanding of this study by participants and substantial interest in financing water-quality sample collection and analysis. Currently, sampling for atrazine and other chemicals is being funded by the USGS Michigan District through its Cooperative Water-Resources funds. This funding will continue in the absence of funding from outside sources.

Timeline and Products

The research will lead to several reports including:

· FEDERAL FISCAL YEAR 2003 – Report on the methods used to generate hydrogeologic models in glacial terrains from well log information.

· FEDERAL FISCAL YEAR 2005 – Final report on the effectiveness of incorporating detailed three-dimensional geologic data into the modeling process. Report on the use of age dates within the inverse procedures in MODFLOW-2000.

The techniques proposed to generate hydrogeologic models from well logs and other appropriate spatial data will be implemented during federal fiscal year 2002 for Elkhart County, Indiana and Berrien County, Michigan.  During 2003, the research team will meet with Geologic Discipline to compare these hydrogeologic models to geologic models for the area.  We anticipate modification of the models based on these comparisons.  Generic simulations will be performed to compare simulations based on the alternative models with and without detailed geologic information.  Locations for field sampling will be finalized during federal fiscal year (FY) 2003.  The proposed budget increases for FY 2004 and FY 2005.  In FY 2004 field sampling to determine seepage rates, ground water age, and near-stream heads will be performed.  These data will be used in inverse procedures using MODFLOW-2000 and the ADV or other appropriate transport package to calibrate the alternative models.  Statistical analysis associated with the inverse procedure and the ability to capture ground-water/surface-water interaction will be used to compare the alternative models. In FY 2005, the remaining fieldwork will be completed, alternative model comparison will be finalized, and final reports based on this work will be prepared.
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