Work Unit:

Cumulative Effects of Piping Erosion on Levees

Lead Principal Investigator:  

M. Eileen Glynn, GSL

Requirements Statement:

Progressive internal erosion by piping presents a major failure threat to levees built of or on cohesionless soils.  Failure under high-water conditions is either the direct result of piping or the result of a combination of events initiated by piping.  Piping is the phenomenon that creates localized flow channels under levees in soil under high seepage gradients.  These channels develop on the landside of the levee as sand boils and progress under the levee toward the source of seepage.  The impact of piping on engineering performance depends on the degree of instability created by the internal erosion process. There is not currently an accepted theory or design procedure that identifies a failure mechanism.  The current method for conducting seepage analysis is deficient in accounting for time effects and the geologic environment.  This is especially important because ongoing research funded under the “Innovative Flood Damage Reduction Program” (IFDR) (Kuszmaul, et. al., 2001) shows a clear correlation between geologic environment and sand boil occurrence.  This research also documented recent District concerns that, after the 1993 flood, piping events along the central and lower Mississippi valley are increasing in frequency and occurring under lower flood stages.  An increase in piping occurrence with subsequent flooding suggests a gradual decrease in foundation density/strength, or a cumulative weakening effect.  It is clear that in order to make advances on prediction and mitigation of levee stability, it is necessary to develop a fundamental understanding of the soil mechanics involved in a piping event.

Technical Objective:

The technical objective of this work unit is to update the USACE method of seepage analysis with particular focus on the impact of piping on levee stability and seepage.  The examination of case histories and analysis of physical modeling will provide new knowledge, thereby promoting innovative methods of monitoring levees during high-water events and mitigation for levees damaged from piping.

Approach:

Under the existing IFDR work unit, case histories of piping incidence, including engineering and geologic properties at the sites, have been collected.  Statistical analyses to determine the importance or the relative influence, of these variables on piping will be undertaken.  Spatial analyses to determine the significance of geologic or geometric features with respect to where piping occurs along a river will be conducted.  From these multivariate analyses, an empirical model that predicts relative risk for piping will be developed.  High-risk seepage and piping scenarios will be simulated in the laboratory in order to more clearly define the important physical process in piping.  Specific products include interim and final reports describing the improved analysis method and the associated spatial database (in ArcView) of levee properties and piping incidents.  The database will be available to users of the Levee Inspection Tool build under IFDR.  Guidance documents that give examples of the improved method for seepage and stability analyses will be prepared.  

Benefits:

The improved method of seepage and stability analysis will improve the Corps’ confidence in their estimate of levee performance during high water.  The spatial database will standardize the method of collecting seepage data during these events, thereby directly advancing the capabilities of District offices to map the evolution and severity of piping in their levee systems in near real time.  An updated method of seepage and stability analysis for levees will improve the design of new levees and prediction of an existing levee’s seepage mitigation measures.  A better understanding of the piping phenomenon will naturally promote avenues for innovative mitigation techniques.  By using the proposed standard method of data collection and GIS, the Corps will speed up evaluation of levee performance, thereby concentrating resources at critical levee reaches during flood events.  

Progress:

None.  This is a new start work unit for FY03.

Primary Tasks/Products:

	Task Name/Product Name
	Planned Start
	Planned Finish
	Actual Started
	Actual Finish

	Complete data collection of case histories
	2002
	2002
	
	

	Conduct preliminary statistical analyses
	2002
	2002
	
	

	Conduct preliminary physical modeling
	2002
	2002
	
	

	Conduct final statistical analyses
	1-Oct-2003
	2003
	
	

	Conduct full suite of scale physical modeling
	1-Oct-2003
	2003
	
	

	Link ERDC – Levee GIS with Levee Inspection Tool and Englink  
	1-Oct-2003
	2004
	
	

	Conduct test data analysis
	1-Oct-2003
	2004
	
	

	Complete guidance report
	1-Oct-2003
	2004
	
	

	Conduct Workshop to transfer technology
	1-Oct-2003
	2005
	
	


