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Abstract

Mississippi River flooding in 2013 and 2016 caused severe underseepage
and development of several medium to large high-energy sand boils
behind the landside levee toe at Kaskaskia Island, IL. This levee system is
located between St. Louis and Cape Girardeau, MO, and is part of the
Kaskaskia Island Drainage and Levee District on the Middle Mississippi
River. Flooding on the Mississippi River in 2013 and 2016 was below the
design flowline for this levee. This report documents a case history study
into the causes of seepage, piping, and sand boil development at a levee
reach at Kaskaskia. Site-specific geotechnical data were collected and
evaluated to determine the causes for poor performance at the studied
levee reach locations. Data collected involved design documents, geologic
and geotechnical borings, closely spaced cone-penetrometer tests (CPTs),
electrical resistivity surveys, laboratory soil testing of sand boil ejecta, CPT
samples from targeted stratigraphic horizons in the subsurface, and both
piezometer and river-stage data. These data indicate sand boils present
within this levee reach involved a chronic seepage condition that became
progressively worse through time. This condition was directly related to
the underlying site geology, namely the top stratum thickness and the
depositional environment in this levee reach.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Introduction

Background

Incidents involving severe underseepage and several large, high-energy
sand boils at the landside levee toe occurred during flooding in 2013, 2014,
and 2016 on the Middle Mississippi River between St. Louis and Cape
Girardeau, MO. These floods varied from moderate to major; however,
water levels were well below the design flood the levees were built to
withstand. This report documents a case history study into the causes of
seepage, piping, and sand boil development at a levee site at Kaskaskia, IL,
in the Kaskaskia Drainage and Levee District (Figure 1).

Figure 1. Location of study site in southern lllinois.
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Purpose and scope

The purpose of this report is to examine the geologic and hydrologic
conditions responsible for several large sand boils on the eastern and south-
eastern sides of Kaskaskia Island, IL. The focus of this investigation was to
better understand the factors involved in internal erosion at this location.
Activities performed during the course of this study included a literature
review, geologic mapping, field investigations involving cone-penetrometer
tests (CPTs), laboratory soils testing of sand boil ejecta and selected CPT
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samples, geophysical exploration, elevation surveys involving Light
Detection and Ranging (LiDAR), data analyses and processing, and pre-
paration of this report. The specific purpose for collecting these data was to
better understand both geologic and geotechnical parameters responsible
for sand boil formation and development.

Collection of site-specific data from the Kaskaskia Island study will be used to
identify important geotechnical parameters, such as top stratum or blanket
thickness, Unified Soil Classification System (USCS) soil types, engineering
soil properties, geologic depositional environments, stratigraphic context,
and hydraulic gradients that are responsible for seepage conditions and poor
levee performance. Results from this investigation will be used to calibrate
laboratory sand boil models and will aid in the development of better
predictive tools to evaluate levee performance and to improve on current
analytical solutions used by geotechnical engineers.

Dr. Michael Navin, Geotechnical Engineer, U.S. Army Corps of Engineers
(USACE), St. Louis Engineer District, Geotechnical Branch, assisted the
U.S. Army Engineer Research and Development Center (ERDC) field
investigators in 2014 and 2015 at Kaskaskia Island. Dr. Navin provided
background information and assisted with access to the area.

Kaskaskia, IL, study area

Kaskaskia Island is located on the west bank of the Mississippi River midway
between St. Louis and Cape Girardeau, MO (Figure 2). Kaskaskia was not an
island initially, but large flood events during the late 1800s created an oxbow
island and abandonment of the town’s population from the area.

Kaskaskia was an important town in the 18th century and was a center
for commerce and transportation along the Mississippi River. Located
in Randolph County (Figure 3), it was the first state capital of Illinois
and had a population of 7,000 people (McDonough 1883). The town
was flooded in 1844 and again in 1881 when the Mississippi River
incrementally changed its course, creating an oxbow island and
separating the town from the Illinois side of the river (Figure 4). The
Mississippi River assumed the lower course of the Kaskaskia River at its
mouth near Chester, IL.



Figure 2. Kaskaskia Island is located on the west bank of the Mississippi River, approximately halfway between
St. Louis, MO, and Cape Girardeau, MO.

%%
s
Genevieve

Kaskaskia

Island

Cape */

(]DOSIC earth Girardeal

L 4

Chestery

6T-0C-41 0Qy3




Figure 3. Map of Randolph County, IL, in 1876 before the Mississippi River changed course
(Warner and Beers 1876, David Rumsey map collection).
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Figure 4. Historic maps of channel changes leading to island development
(Simons et al. 1974).
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Flood control history

Flood control was needed on the island, and the Kaskaskia Island
Drainage and Levee District was formed in 1916 (Figure 5). The District
included levees between river miles 111.6 and 115.5 and reduced the risk of
flooding to 9,362 acres of land (Bhowmik et al. 1994).

Figure 5. Proposed levee alignment in a 1914 survey of the island
(MRC President’s File #547).
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After the Flood of 1942, this section of levee was federalized and upgraded
to meet the existing design requirements for that time. This upgrade
provided protection equivalent to a 10-yr flood (USACE St. Louis
District 1977a).

The St. Louis District was authorized in the 1940s and 1950s to raise levees
between Alton, IL, and Gale, IL, to meet a 50-yr level flood protection
standards (USACE St. Louis District 1976); however, Kaskaskia Island levee
was not part of the USACE (1956b) Alton to Gale Investigations because it
already had been rehabilitated in 1942. A major flood of record occurred in
1973 and led to overtopping of the levee at Kaskaskia. This flood prompted
additional major upgrades to the levee system. The levee was raised to 40.5 ft
or an increase in height by 8 ft with a riverside enlargement that included an
increase in crown width from 10 ft to 20 ft (Figure 6). Gravity drains were
also rebuilt and enlarged (USACE St. Louis District 1979a, 1979b). Seepage
berms were constructed in select areas at Kaskaskia to prevent ongoing
seepage problems (Figure 7).

A major flood occurred in 1993 that was recorded as the worst flood in Illinois
history and led to a levee breach (Figures 8 and 9). There was above normal
precipitation during the spring that continued through the summer. A levee
breach occurred at Kaskaskia Island that flooded 14,000 acres of land,
including the entire island (Bhowmik et al. 1994). Figure 9 shows standing
water in the town of Kaskaskia after the breach event.

The maximum depth of the scour hole at Kaskaskia reached 50 ft. About
1 million cubic yards of soil were removed over a period of several days
during flooding (Chrzastowski et al. 1994). Figure 10 shows the levee
breach during the flood. The Great Flood of 1993 was a flood of record
and a 100-yr event on the nearby Chester staff gage (RM 109.9). The
levee system was again rebuilt following this flood. Numerous
engineering borings and laboratory soil test data are available to
characterize the stratigraphy at the breach site and from around the
island. Failure of the levee at this location was due to loss of pervious
foundation soils by seepage and piping and a large sand boil activity.

Seepage and boil activity (Figure 11) were severe enough to require flood-
fighting remediation again during the 2013 high-water event further
downstream of the 1993 breach site. The 2013 Flood was approximately a
20-yr event, well below the current design of the levee for a 50-yr event.
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Additional sand boils continued to flow during periods of low-level flooding.
In 2014, and in the large Flood in 2016, Kaskaskia Island was selected as a
study site and was accessible from the levee road; local landowners and the
levee district were supportive of ongoing research at this site.



Figure 6. Configuration of the 1978 levee raise at Kaskaskia.
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Figure 7. Locations (in red) where seepage berms were constructed during the
1977 levee rehabilitation at Kaskaskia Island.
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Figure 8. Location of breach at Kaskaskia levee in 1993.
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Figure 9. Floodwater in farming area on Kaskaskia Island in 1993 after
levee breach. (Photo courtesy of St. Louis District.)
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Figure 10. Levee breach at Kaskaskia in 1993 during flooding.
(Photo courtesy of St. Louis District.)

Figure 11. Active sand boils at Kaskaskia Island at the levee toe
during the 2013 Flood.
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General mechanics of sand boils

Development of sand boils and internal erosion (piping) is considered to
be a major failure mechanism of levees. Turnbull and Mansur (1961) sum-
marized the dynamics of sand boil development beneath levees under-
going flood-induced seepage.

“If the hydrostatic pressure force in the pervious substratum (alluvial
aquifer) landward of the levee becomes greater than the submerged
weight of the overlying strata, the excess pressure may cause heaving of
the upper soil layers and rupture at weak spots with a resulting concen-
tration of seepage flow. Flow from these weakened locations may

increase to form sand boils.”

Problems with the levee foundations begin to occur once fine particles
start to erode and are carried by the seepage flow and eventually break the
surface to form a sand boil. An open channel develops with a cone of sandy
material being deposited on the landward side of the levee. This opening
and sand ejecta cone are referred to as a sand boil. Many corrective
measures have been designed to relieve the hydrostatic pressure in the
alluvial aquifer to decrease and/or stop this process, including sand
bagging around the boil, the placement of relief wells in the reach,
construction of seepage berms for added weight and to extend the seepage
path, cutoff walls through the foundation, and sublevees to permit a
tailwater to form behind the landside area (USACE 1956a, 1956b).

Sand boil activity discovered at the Kaskaskia Island site in 2013
occurred during a low-level flood. A common belief by many USACE
levee engineers is that in chronic seepage areas, sand boil activity can
form at lower levels of flooding because of the accumulated effects of
internal erosion at these locations.

Focus of case history studies

Answers to questions about internal erosion have historically not been
addressed in earlier studies of underseepage (USACE 1956a, 1956b) and
are made possible from the current field study. Important questions
involving internal erosion to be examined during this investigation of the
Kaskaskia Island study site are as follows.
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1. What are the engineering and geologic properties of the sand boil
ejecta?

2. Where is the source of the ejecta in the stratigraphic column?

3. What are the contributing factors in terms of the geology and
associated engineering properties?

4. Isit possible to image active sand boil areas with geophysical methods
and identify characteristic signatures?

5. Can geophysical methods be effectively used as a predictive tool for
evaluating levee vulnerability?

Units of measure used in this report

Units of measure reported throughout this document include both
English and System International (SI) metric values. Legacy USACE
documents and district convention reports English measurements for
project description, distance, elev