Groundwater Withdrawals and Affects on Great Lakes Nearshore Water and Habitat Quality

Workplan Federal Fiscal Years 2002-2003

Background.  Great Lakes nearshore areas are a focal point for many of the critical water quantity, quality, and natural-resources issues faced by the Great Lakes scientific- and resource-management communities.  An interdisciplinary team representing the four USGS disciplines developed a Pilot Project Plan in 2001 to focus USGS interdisciplinary research expertise on Great Lakes nearshore environments. The team proposed to develop an “Earth System Science” approach and conceptual model of the Great Lakes nearshore ecosystem to guide both fundamental scientific data collection and the development of decision support systems for issues related to water quantity and flow, quality, and habitat in the nearshore areas of the Great Lakes.  The nearshore team proposed to foster and coordinate, in collaboration with the scientific- and resource-management communities of the Great Lakes Basin, development of a conceptual model of the linked biological, hydrological, geological and land use processes in coastal and nearshore ecosystems.  With a focus on fish habitat and recreational water quality, three basic tasks were envisioned:

1. Interdisciplinary hypothesis generation toward development of a conceptual model of integrated coastal and nearshore zone processes.  

2. Compilation and analysis of an integrated retrospective database that will help define the linkages and identify parameters and components of a model.  

3. Assembly of a conceptual model that identifies the critical linkages, information, and data needs for effective management of water-dependent natural resources in the nearshore.  

Western Basin of Lake Erie Chosen as Study Site.  In 2002-2003, the USGS team will take initial steps to accomplish these tasks by 1) building on current USGS studies in the Western Basin of Lake Erie; 2) compiling and structuring retrospective data from USGS and other regional sources regarding hydrology, geology, biological communities and water quality in the study area, and 3) conducting a pilot data collection project at selected Western Lake Erie nearshore sites.  The Western Basin of Lake Erie was chosen as the study area for partnership development, based on ongoing USGS studies in the area, as well as interest and program plans of potential federal, state or nongovernmental partners.  Within the USGS, the following efforts are already underway:

1. Groundwater modeling by the USGS to address the effects of quarry de-watering on groundwater levels and flows.  The model will extend into portions of Ohio and nearshore Lake Erie.

2. Similar interest in dewatering of shallow aquifers in adjoining Fulton and Lucas counties in Ohio expressed by the Toledo Area Metropolitan Council of Governments and member communities.

3. Interest of the USGS Ground-Water Resources Program in supporting regionalization of the existing studies to address ground-water/surface water interactions in the nearshore and contributions to the Great Lakes.

4. Studies of fish population dynamics associated with geologic substratum in west-central Lake Erie and numerous previous studies of fish and benthic invertebrate dynamics in the western basin of Lake Erie by the USGS Great Lakes Science Center.

5. Surficial geologic mapping in Lucas County, Ohio and Monroe County, Michigan and additional mapping of the Lake Erie coastline.

6. Plans within the USGS to map infrastructure in 120 high-priority US cities, including Toledo and Detroit. 

7. Plans to conduct a Pilot Coastal Aquatic GAP assessment in the Western Basin of Lake Erie by the Great Lakes Science Center.

Focus on Issues of Groundwater Withdrawals in the Nearshore.  The immediate focus of USGS activities will be on identifying linkages between groundwater hydrology (quantity and flux) and groundwater quality and biotic resources in the unique geologic/geographic setting of the western basin of Lake Erie.  Groundwater levels have declined throughout most parts of Monroe County, Michigan over the past 10 years as described in a recent data report by Nicholas and others (2001; see Figures 1 and 2).  The decline in groundwater levels is also observed in wells in Ohio (Toledo Metropolitan Area Council of Governments, Kurt Ericksen, verbal communication, January 2002). 

The magnitude of the groundwater flux to the nearshore of western Lake Erie has clearly changed over the past 100 years. Wells in the area are no longer artesian, and water levels in the bedrock aquifer in many areas of the county are below lake level implying flow reversal.  The working hypothesis is that such large changes in groundwater flow dynamics have a profound affect on nearshore water and habitat quality. It appears that there is enough variation in flux from the northeast to the southeast corner of Monroe County to test this hypothesis in the field.  

General Tasks.  USGS activities will be focused on specific sites identified by modeling and field verification at which significant differences in groundwater flux (or flow reversals) are hypothesized to govern aquatic community dynamics.  Retrospective data available from USGS and other sources will be gathered and geologic and biologic information will be compiled from ongoing USGS activities such as surficial geologic mapping and the Pilot Coastal Aquatic GAP analysis.  These data will be overlaid on new information of groundwater dynamics to identify sites for field collection of site-specific information on geologic substrate, water flux, water quality, and benthic invertebrate communities.  Specific tasks, in sequential order, will include:

1. August/September 02.  Preliminary compilation of retrospective data on water levels, flow dynamics, geology, water quality, and aquatic biota in the region.

a. compilation of maps and images for the region 

b. compilation of aquatic biota information 

c. compilation of geologic information 

d. compilation of additional hydrologic information for Lucas and Monroe Counties 

e. compilation of water-quality information 

2. September-October 02.  Identification from modeling and retrospective data of potential field study locations.  Development of interdisciplinary hypotheses.  

3. September-October 02.  Field reconnaissance of potential study sites and collection of initial data on groundwater flux, groundwater and nearshore water chemistry (S. Haack), and contemporary biologic features.  

4. November 02-April 03.   Review/Summary of reconnaissance data, compilation of GIS and selection of final sampling sites. 

5. May-July 03.  Collection of more detailed data following from item 4, and benthic invertebrate sampling.  Data to be collected includes, but is not limited to: 

Appearance - geologic materials, biotic communities, (divers and surface observations)

Confounding surface features - breakwalls, contamination sites, etc.

Flux information - seepage meters, piezometers, etc.

Water Chemistry -


Nutrients (Dissolved Nitrate, Ammonium, and Phosphorus,)


Major Ions (Calcium, Magnesium, Potassium, Sodium, Bicarbonate, 

Carbonate, Chloride, Fluoride, Sulfate, and Phosphate)

Wastewater Analysis - about 60 compounds including some solvents, napthalenes, detergents, hormones, fumigants, etc. 

Trace Metals 

Isotopes of Water

Bacteria - E. coli and enterococci 

Dissolved oxygen, specific conductance, pH and redox.  

6. July-August 03.  Review/summarize data. 

Products.   Products resulting from this effort will be -

· Integrated retrospective Great Lakes nearshore data for a specific site(s). 

· Definition of the nature and elements of the interdisciplinary database and/or GIS system needed for application of an earth system science approach to the nearshore.

· A preliminary model database/GIS for a specific nearshore site.

· Information displayed on a model USGS web site for integrated nearshore science in the Great Lakes  
The interdisciplinary database/GIS and web interface will serve as a valuable tool for exploring linkages between coastal and nearshore processes throughout the Great Lakes. The database/GIS and web interface would serve as a guide to future research directions and program development in the Great Lakes, with the intention of establishing a set of integrated nearshore studies in the Great Lakes that could become part of a USGS Coastal Program or Coastal Science Initiative in the future.  In addition to providing a model of how integrated data can be displayed and used to interpret complex nearshore processes, the web page would include all relevant data sets, including those from USGS and other agencies, along with a summary of findings from this study.  

Benefits and Relevance: The work outlined meets the funding guidelines of the Great Lakes Protection Fund and Great Lakes Commission whose current interests include “Restoring Natural Flow Regimes”.  Physical modifications such as changes in land use and water withdrawal that accompany resource extraction for urban development have significantly altered the water levels and natural flow regimes of the coastal area of the western basin of Lake Erie. The current project will seek to determine the effects of these withdrawals on the quantity and quality of groundwater flow to the nearshore zones of the lake and its biotic community. This information will create a framework for water resource use decisions that allows improvements to the Great Lakes ecosystem to be considered as a part of urban development. 

The work outlined also meets the needs and interests of the Council of Great Lakes Governors to develop Annex 2001 to the Great Lakes Charter. The Charter Annex will create a durable decision-making standard to govern the use and diversion of Great Lakes water. Both parties seek to improve the decision-making capabilities of the States with regard to the groundwater withdrawals and their effects on water-dependent natural resources.

The work plan promotes the development of integrated science within the USGS, a major component of change called for in the Bureau Strategic Plan.

The project supports the mutual goals of the Nearshore project and the Great Lakes Coastal GAP analysis pilot project by providing products needed by both projects in an efficient and cost-sharing manner.

The project supports the goals of the Ground-Water Resources Program by providing research across State boundaries on the effects of groundwater flow on aquatic biota.
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Figure 1. Distribution of USGS observation wells in Monroe County and declines (1991-2001).
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Figure 2. Base map for Monroe County MODFLOW model.
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