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Prediction of Piping Incidence
Landside of Levees - An Empirical
Model

This research explores the use of an empirical model to identify locations susceptible to
piping during flood events. The model uses traditional and non-traditional parameters of
seepage design to calculate a piping probability along short intervals of levee (i.e., 200-ft
sections). Non-traditional parameters include previous levee performance (i.e., previous
piping incidence or no previous piping) and the configuration of the alluvial
geomorphology proximal to the levee footprint. The model was developed using piping
data and levee characteristics of the Prairie Du Rocher (PDR) levees in southwestern
Illinois. The motivation for this study was the observations of increased piping incidence
after the flood of 1993. Since then, District personnel have documented increased piping
severity with subsequent flooding of lower duration and stage.

The model is applied using a Geospatial Information System (GIS) that delineates selected
levee propertles model parameters and the Ievee footprints in real-world coordinates. The

pessy ; model run is performed within the GIS
and results are displayed in map form
for immediate use. The results include
a base map, which is usually a digital
ortho-photo quadrangle with the levee
footprint identified and separated into
200-ft-long segments. Each segment is
categorized by the model results as
having a high, medium, or low
probability of piping in future floods.
Model2b-High p The segments are color coded by
Model2b-Medium S  category; high (red), medium (yellow)
Model2b-Low =8 and low (green). The model parameters
Piping_Loc_1995 i &  can also be displayed graphically, such

: as contours of the Z, and Dy,

geomorphology, and previous piping
locations.

| Explanation

Among the model parameters that
proved to be significant in building the
empirical model were the confining
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observations in 1995, Sacramento River, CA. the location of previous piping along
the levee. Evidence of previous piping

June 2010
https://swwrp.usace.army.mil/


https://swwrp.usace.army.mil/�

Issue

Potential Users

Products

Benefits

Point of Contact

Partners

locations was shown to be the best indicator of future piping locations. In cases where
previous piping locations were unknown, unfavorable geomorphology underlying and
surrounding the levee was the next best indicator. This concept of levee alignment and the
influence of geomorphology on seepage is widely known and noted in the literature.
However, this concept is not easily quantified or included in a conventional analysis.

Once a levee is subjected to excessive hydrostatic pressures and sand boils (internal
erosion or piping) develop, they tend to reoccur during later floods. Corps field personnel
have noticed sand boils reoccurring at the same locations during floods of the same or
lower stage than that which initiated the boil. The conventional seepage analysis will
predict whether piping is likely to occur along a typical levee reach using average material
property values. The analysis cannot predict where in the reach that it is likely to occur
because sand boils coincide with anomalous properties or features not addressed by the
2-D seepage analysis such as nearby swales.

This research has developed a systematic approach to evaluating the phenomenon of
piping along levees and determining a probability for piping to occur based on four
significant parameters. This approach should be used to augment the current seepage
analyses, because the empirical model uses smaller levee sections for analysis (250-ft
versus 1,000-ft or more) and considers the effect of previous piping and geomorphology
on the probability of piping. These are the two most influential factors related to piping
and are not addressed systematically with the conventional analysis, but are indirectly
addressed.

Engineers who conduct levee seepage analyses and design, and engineers conducting risk
and reliability research

Decision-makers, levee inspectors and field personnel who monitor levee performance
during normal and emergency response operations.

Technical Report ERDC/GSL-TR-04-12: Describes development of the prediction tool and
application to Mississippi River levees; Empirical statistical model for the prediction of
piping; Piping observation sheet developed to standardize documentation of seepage and
piping throughout the Corps and geotechnical community concerned with levee
performance; Extensive piping spatial database for Prairie Du Rocher, Ft. Chartres, East
Sacramento River and Feather River levee systems (technical report_in progress
documenting application of prediction tool along Sacramento and Feather River levees,
CA).

The empirical model for predicition of piping provides a new approach for evaluating the
piping potential along levees. It is a beneficial augmentation to the conventional analysis
because it systematically addresses the two most influential factors related to piping: the
alignment of the levee footprint atop the river geomorphology and previous piping
incidence. The results can be displayed visually and therefore are easily interpreted and
transferred to levee inspectors, decision-makers, and stakeholders. Prioritizing
maintenance based on vulnerability to piping.
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