


The Corps of Engineers’ response required using every flood risk reduction resource within the
Mississippi River watershed, the 3 largest in the world, to shave height from historic crest
levels during the flood’s most dangerous hours. In Missouri, for the first time since 1937
operation of the Birds Point-New Madrid (BPNM) Floodway was required to relieve pressure on
the MR&T system features adjacent to and upstream of the Floodway. It has been estimated that
this one action lowered stages 3.5 feet or more at Cairo, Illinois. In Illinois and Kentucky,
uncontrolled underseepage became the main focus in preventing failures that would have flooded
thousands of acres, hundreds of structures, and placed numerous lives at risk.

Following the operation of the Floodway in May 2011, the Commander, Mississippi Valley
Division, issued a memorandum directing the Memphis District to implement make safe and
stability operations based on a target elevation (stage) of 51 feet on the Cairo gage to provide a
stable base for flood fight operations and subsequent reset operations by 30 November 2011.
Based on previous physical model studies and the design of the operation plan, a stage of 51 feet
is required to safely pass 550,000 cfs of the total Mississippi River Project Design Flood (PDF)
discharge of 2,360,000 cfs. However, at that stage the level of protection for the Floodway is
minimal as compared to the pre-operation level of protection. Evaluation of the risk to system
performance associated with an interim or higher level of protection is herein based on
geotechnical and hydraulic analyses.

4. Geotechnical Assessment of Key Areas in MO/IL/KY. Although no "safe" condition exists
when sand boils are present, the risk to failure of project levees due to sand boils is significantly
lower at Cairo gage readings below 55 feet. Detailed geotechnical investigations, observations,
and analysis related to sand boils adjacent to project levees in Missouri, [llinois, and Kentucky
have been conducted; pertinent information related to the relative safety of the project levees due
to sand boils is presented below.

The Epic Flood of 2011 crested at 61.72 feet at the Cairo gage. Although significant sand boil
activity threatened the integrity of the levee systems, there were no breaches in the Cairo, Illinois
or Fulton County, Kentucky systems. This fact may suggest that the levee systems can withstand
future river levels similar to these experienced during the spring 2011 event. However,
significant flood fighting efforts were required in these systems prior to and during the crest.
Additionally, future sand boil activity may be greater as a result of the damage to the clay
blanket from the 2011 event. Because the flood duration and floodwater rate of rise are different
for every event, prediction of performance during future events is difficult and should be
considered estimations.

Experienced geotechnical engineers have evaluated the flood fight records to estimate the
maximum gage reading at Cairo that can be maintained by flood fighting without putting
significant stress on the Cairo, Illinois and Fulton County, Kentucky levee systems. These
geotechnical engineers have calculated gradients at both Cairo and Fulton County in the past.
However, gradient calculations are only an indication of when a sand boil will start. After a sand
boil starts, it is difficult to predict if the levee will fail or not as a result of the internal erosion of
the foundation. Since we have records of multiple flood events and performance data related to
sand boil activity, flood fight records are the best method of predicting future sand boil activity.



In general, sand boils have been observed in three general areas in the Cairo, Illinois system.
These areas include the Klondike area, the Future City area, and the northern part of the City of
Cairo. In general, hundreds of boils small to medium sized with throat diameters less than 6
inches developed in the Klondike and Future City areas at relativity low heads (approximate 52-
53 feet on the Cairo gage). These boils are generally managed by flooding areas within the
pumping station sump areas, highway ditches, or other low lying areas. Because of the number
and size of the boils noted in these areas, we anticipate that similar flood fighting activities will
be successful in future events similar to the 2011 event.

Larger high energy boils have been noted in the northern area of the City of Cairo for many
years, but have been documented recently during the 1975, 1995, 1997, 2002 and 2011 events.
In most cases, the boils developed prior to the crest. For example, a large high energy boil
developed on May 23, 2002 approximately 100 feet from the floodwall near the water plant at an
approximate 53.8 feet on the Cairo gage (see attached photograph). Sand boils in the northern
area of Cairo have not always developed in the same location, but were similar in size and
energy level. In each of these events, field personnel had a difficult time ringing the boil and
controlling the quantity of sand transported. Each boil and the related internal erosion of the
foundation materials posed a significant risk to system integrity.

On April 28, 2011, a large sand boil developed at a Cairo gage reading of 58.7 feet. In 1975 and
1995, boils developed at elevations greater than 55.5 feet. In 2002, the boil developed at 53.8
feet. During 2005, 2008, and early spring 2011, the gage was no higher than 53.9 and no large
boils developed. The flood fight records shown in Table 1 suggest that large boils are likely to
form at an elevation greater than approximately 54 feet at the Cairo gage.

Based on flood records reviewed for the Fulton County, Kentucky levees, small sand boils and
pin boils start when the Cairo gage reaches approximately 53 feet. During the 2002, 2005, 2008
and early spring 2011 events (less than 55 feet on the Cairo gage), sand boil activity was
manageable and required only minor ringing to control sand boil activity. However, more
significant ringing was required in 1997 (56.2 feet on the Cairo gage) and the 2011 event to
control sand boil activity. Records suggest that sand boils begin in the worst areas of Fulton
County (mile 7) at a Cairo gage reading of approximately 56 feet or greater.














































































