Work Unit:

Geophysical Modeling for Anomalous Seepage Assessment and Long-Term Monitoring

Lead Principal Investigator:  

Jose L. Llopis, Geotechnical and Structures Laboratory (GSL)

Requirements Statement:

Corps flood-control and water-retention structures are designed to seep. However, unexpected changes in seepage are common, often are not detected or monitored, and usually indicate the need for maintenance or quick action to avoid failure of a levee, embankment dam, or floodwall.  Urbanization has encroached on aging flood-control structures, increasing the threat to life and property of non-monitored non-designed seepage.  A quantitative and non-intrusive method to monitor actual flow of water through or under a flood-control or water-retention structure, or to quantify changes from the baseline seepage condition is required to provide adequate protection against untimely failure of aging earthen flood control structures. 

Technical Objective:

The objective of this work unit is to advance the state of the art of the self-potential (SP) geophysical method to map and visualize seepage through and under flood-control and water-retention embankments in 3-D.  The resulting new method will provide direct, near real-time, and site-specific information about seepage direction, depth, and rate.  The proposed method will incorporate existing geotechnical data already in the Districts with data from a library of properties of embankment materials being built as part of this work unit, and combine them with electrical properties measured in-situ via SP to generate flow rate information.  This monitoring method will be the basis for permanent seepage monitoring networks in flood-control and water-retention networks, to be fielded in a follow-on work unit.

Approach:

In the first phase, geophysical inversion algorithms will be combined with geotechnical and physical-properties data into a fast and robust PC-based software program built on the existing 2-D SPPC program developed under REMR to calculate probable linear flow paths. This adaptation will result in a rapid 3-D code that utilizes the positive aspects after the self-potential (SP) geospatial method.  This improvement will allow USACE Districts to rapidly and accurately define baseline seepage conditions and monitor seepage during floods and preemptively during non-flood times.  After the properties library and the PC-based tool are developed, long-term monitoring networks can be designed and deployed in a follow-on work unit (Phase II).  

In phase two, an automated long-term monitoring system will be designed, deployed, and tested.  Requisite data acquisition, processing and interpretation, and visualization software will be developed.  Application of SPPC and MODFLOW-SP to the monitoring data will produce time-lapse evolution of the flow path.  The long-term monitoring approach will subsequently be implemented in coordination with the Dam Safety Interest Group (DSIG), a prestigious international research consortium, in a large-scale test.  All data acquisition and visualization products associated with the monitoring network will have GPS coordinates and will be compatible with any GIS and the common delivery framework.  The modeling software, Soil Properties Library, and automated monitoring network design will be made available to Corps Districts via the TOWNS web site and PROSPECT training courses. 
Benefits:

Districts will be able to use the SP method to directly and non-intrusively monitor seepage in embankment dams, foundations, abutments, and levee reaches with known performance problems, either periodically or continuously after the technology is incorporated into a site-installed monitoring network.  Data will be compatible with geographical information systems (GIS) for flood-fighting data being developed in other work units.  The method also is useful during non-flood times to monitor seepage preemptively, for targeting best use of repair and maintenance resources and avoiding flood damage.  The method can also be used for water-supply retention structures where unexpected seepage means loss of a precious and carefully managed resource.  It is a major advancement relative to commercial off-the-shelf geophysical or other monitoring method because it gives an actual measurement of seepage location and rate, and tied to the geotechnical properties with which the Districts already are familiar.  Use of the products of this work unit will improve functional performance and enhance the service life of flood control systems while increasing public safety and reducing risks.

Progress:

The following progress has been made to date in an Innovative Flood Technologies Program work unit:

· Determined the upgrade feasibility of program SPPC and outlined the desired enhancements.  

· Conducted a limited assessment of SPPC predictions with analytical solutions, and conducted a simulation of SP anomalies associated with flow through a homogeneous dam to investigate the transition from flow sources to pressure sources.  

· Initiated software modifications to SPPC to enhance its capabilities and make it more user-friendly.

· Completed design of a laboratory device for measuring SP coupling coefficients and physical properties.

· Evaluated the effect of physical and chemical of properties of soils on cross coupling coefficients.  

· Evaluated new automated electrical resistivity system capabilities at a levee site to assess performance of system and newly acquired 3D resistivity inverse modeling program.  
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	1-Oct-2002
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