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What is a Levee? 

“a man-made structure, usually an earthen embankment, designed and constructed 
in  accordance with sound engineering practices to contain, control, or divert the 

flow of water in order to reduce the risk from temporary flooding.” 

- Federal Emergency Management Agency (FEMA) 

 

Relief well 



Levee Systems in the United States 

Federal Emergency Management Agency's Midterm 

Levee Inventory as of July 2012. 
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Federal Emergency Management Agency's Midterm 

Levee Inventory as of July 2012. 

Factoids: 
- 100,000+ miles of levees in all 50 States 
- Nearly 85 % are locally-owned, operated and 

maintained. 
- ASCE Grade D- infrastructure report 
- Public safety at risk with tens of millions living and 

working in protected areas 
- Repair and rehabilitation estimated at $100 billion 
- Flood damage saved = $141 billion 

Currently, rough estimates put the cost to 

repair and rehabilitate the nation’s levees 

at more than $100 billion. Annual floods 

can increase these costs. For example, 

after severe flooding in the Midwest in 

2011, the cost to repair damaged levees on 

the Mississippi and Missouri rivers is 

estimated to be more than $2 billion. On 

average, levee and flood control facility 

damages average $4.2 bill ion annually for 

Corps levees. If this amount was 

extrapolated to the estimated 100,000 

miles of nonfederal levees in the nation, 

the annual expected damage would be 

approximately $15 billion per year.10 The 

USACE Civil Works budget, however, is on 

average just below $5 billion annually, with 

only approximately $415 million going 

toward flood control. 



Levee Failures 



Levee Systems in the United States 

Federal Emergency Management Agency's Midterm Levee 
Inventory as of July 2012. 

Failure 
Modes 



Levee Systems in the United States 

Federal Emergency Management Agency's Midterm Levee 
Inventory as of July 2012. 

Seepage 



Why does a levee fail? 
 

• Geologic Variability:  Unaccounted for soil/bedrock 

conditions from standard investigations – e.g., thin 

surficial blankets, higher permeability zones, 

interconnected uniform granular zones. 

• Flood load exceeds design:  Increase in seepage 

pressures beyond expectation, under-designed system 

to carry flows away from levee. 

• Maintenance activities ignored:  Embankment 

erosion remains unchecked; excess vegetation; relief 

wells plugged; animal burrow holes left, collapsed 

culvert penetrations; encroachments, etc. 

 



Levee Project Setting 

GREENDALE 





Lawrenceburg Levee System 
The National Levee Database (NLD),3 

operated by the U.S. Army Corps of 

Engineers (USACE), is an inventory of 

most of the levees that the USACE has 

designed, maintained, and inspected, and 

is available to the public. The NLD 

inventory currently comprises 

approximately 14,700 miles of levees, or 

about 2,350 systems.4 The FEMA levee 

inventory will eventually be combined with 

this national inventory to provide a single 

comprehensive source for users to identify 

areas of concern and to access information 

about levees in their neighborhood. The 

goal is to obtain additional data from states 

and local authorities to include almost all 

levees in the country. 

The levees in the NLD average more than 

55 years old and protect approximately 14 

million people who live or work behind the 

structures.5 In 2011, these levees helped in 

the prevention of more than $141 billion in 

flood damages,6 and they provide a 6:1 

return on flood damages prevented 

compared to initial construction costs.7 

Larger levee systems such as the 

Mississippi River and Tributaries system 

can provide as much as a 24:1 return 

ratio.8 Unfortunately, of the USACE 

monitored levees that have been rated, 

only 8% are found to be in acceptable 

condition, while about 69% are minimally 

acceptable, and 22% are labeled as 

unacceptable.9  



 

• Existing System - designed and constructed from 

1940 to 1944 under the direction of the U.S. Army 

Corps of Engineers, Cincinnati District 

• Substantial system – about 18,300 ft in length, with 

max. height of 44 ft; wraps around the city. 

• Flood control – access openings (four trafffic gates, 

two railroad gates, 5 pumping stations, 173 pressure 

relief wells along landside toe. 

• Well spacing from 50 to 150 ft, penetration ranges 

from 6 to 17 percent into the aquifer. 

Levee Project Characteristics 
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Challenges Encountered 

During Evaluation  

• Geologic Setting and Scale:  Variability of 

alluvial/glacial deposits; 5 mile length of levee. 

• Lack of Performance Observations:  No 

documentation of levee inspections, behavior during 

flood conditions, or water/groundwater levels or flow 

measurements made historically.  

• Construction/maintenance activities:  No repair or 

rehabilitation of existing relief well system had 

occurred. 

 



Subsurface Investigations 
 

• Pre-Construction - 447 borings in the late 1930s 

and early 1940s. 

• Re-certification – from August 2008 to March 

2009, 93 soil test borings drilled along 26 cross-

sections. 

• Some areas, greater than 1,000 ft between 

borings 

• Grain size correlated to permeability - -> no field 

pump testing originally, and then limited. 



Geophysical Survey 
 2D Electrical Resistivity  

 

Data Collection 

- AGI Supersting R8 Earth 

     Resistivity Meter 

 

- dipole-dipole array 

     of 56 to 84 electrodes 

 

- 3 to 4 m electrode spacing 

Data Analysis 

- Data inversed-modeled 

     using the software  

     EarthImager v. 2.4  

     to obtain “actual” true 

     resistivity cross-sections 

     of the subsurface. 



Resistivity Color Scale 

 
BLUE  

Clayey soils (shallow) 

Shale/weath. LS (deep) 

 

GREEN and YELLOW  

       Silty sands/Clayey Sands 

 

YELLOW and RED 

• Sand and gravel  

 Material Types 



Lawrenceburg Levee 

2D- Electrical Resistivity Profile Lines 
The National Levee Database (NLD),3 

operated by the U.S. Army Corps of 

Engineers (USACE), is an inventory of 

most of the levees that the USACE has 

designed, maintained, and inspected, and 

is available to the public. The NLD 

inventory currently comprises 

approximately 14,700 miles of levees, or 

about 2,350 systems.4 The FEMA levee 

inventory will eventually be combined with 

this national inventory to provide a single 

comprehensive source for users to identify 

areas of concern and to access information 

about levees in their neighborhood. The 

goal is to obtain additional data from states 

and local authorities to include almost all 

levees in the country. 

The levees in the NLD average more than 

55 years old and protect approximately 14 

million people who live or work behind the 

structures.5 In 2011, these levees helped in 

the prevention of more than $141 billion in 

flood damages,6 and they provide a 6:1 

return on flood damages prevented 

compared to initial construction costs.7 

Larger levee systems such as the 

Mississippi River and Tributaries system 

can provide as much as a 24:1 return 

ratio.8 Unfortunately, of the USACE 

monitored levees that have been rated, 

only 8% are found to be in acceptable 

condition, while about 69% are minimally 

acceptable, and 22% are labeled as 

unacceptable.9  
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Clay Blanket Layer 

Pervious Layers 

Soil Boring Well Record Developing Sand Boils 
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WATER LEVEL MONITORING 



RIVER LEVEL MONITORING 



Estimate Levee Toe Water Levels  
From River Flood Stage Conditions 

Correlate Water Level to River Levels 

Crest  
Elevation of  

Levee 

Predicted Water Level Pressure at Toe 
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Relief Well Rehabilitation and Assessment 
The National Levee Database (NLD),3 

operated by the U.S. Army Corps of 

Engineers (USACE), is an inventory of 

most of the levees that the USACE has 

designed, maintained, and inspected, and 

is available to the public. The NLD 

inventory currently comprises 

approximately 14,700 miles of levees, or 

about 2,350 systems.4 The FEMA levee 

inventory will eventually be combined with 

this national inventory to provide a single 

comprehensive source for users to identify 

areas of concern and to access information 

about levees in their neighborhood. The 

goal is to obtain additional data from states 

and local authorities to include almost all 

levees in the country. 

The levees in the NLD average more than 

55 years old and protect approximately 14 

million people who live or work behind the 

structures.5 In 2011, these levees helped in 

the prevention of more than $141 billion in 

flood damages,6 and they provide a 6:1 

return on flood damages prevented 

compared to initial construction costs.7 

Larger levee systems such as the 

Mississippi River and Tributaries system 

can provide as much as a 24:1 return 

ratio.8 Unfortunately, of the USACE 

monitored levees that have been rated, 

only 8% are found to be in acceptable 

condition, while about 69% are minimally 

acceptable, and 22% are labeled as 

unacceptable.9  



Relief Well Rehabilitation/Documentation 

Original Record 

Rehabilitation Video Location 

Elevation Survey 



Estimation of Permeability 

Variation Along Levee 

Pump Testing of Relief Wells 



Variation of  

Permeability Values 

Pump Testing of Relief Wells 

Permeability is not constant!! 



Lessons Learned 

Enhanced subsurface characterization with geophysical 

techniques provides signficant additional data to 

evaluate potential seepage locations, and informs 

monitoring efforts of the levee. 

Collection of field measurements and observations 

during high water  events will improve predictions made 

by simplified engineering analytical methodologies. 

Inspection and maintainance of levee systems is critical 

for retaining expected performance standards. 



THANKS! 


