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• USACE
• Background
• Levee Design Manual – 3 Problems
• Example – Moose Creek
• Example – Herbert Hoover Dike
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• Military Construction
• Base Operations
• Environmental Support
• Geospatial Engineering

Acquire, Manage &
Dispose 

• DOD Recruiting Facilities
• Contingency Operations
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• Navigation, Hydropower
• Flood control, Shore Protection
• Water Supply, Regulatory 
• Recreation, Disaster Response
• Environmental Restoration

Homeland 
Security

• Critical Infrastructure 
Protection
• The Infrastructure     Security 
Partnership
• Contingency and Disaster 
Operations

• DOD 
• Federal
• State 
• Local
• International

Research &
Development
• Military Engineering
• Terrain & Geospatial
• Structures
• Environment
• Water Resources
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USACE INFRASTRUCTURE

“Infrastructure follows Floods,
People Follow Infrastructure”

Portfolio 
Characteristics:
– Majority are Earthen
– Aging (+55 years)
– Relatively untested

+2,500 Levees
715 Dams
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Dams

USACE INFRASTRUCTURE

715 Dams
80% Earthen and 20% Concrete Gravity on 

Improved Foundations
PAR of +12.8M
Property at risk = +1T
Total length of 267 miles
Average age = +55
Pass extreme flows in controlled manner

2,500 levee segments
95% Earthen, 5% Concrete Floodwall on 

unimproved foundations
PAR of +9.5M
Property at risk = +$1.3T
Total length of 14,700 miles
Average age = +55
Pass extreme flows in uncontrolled manner

Levees
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BACKGROUND
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8HISTORY – WATER RETAINING STRUCTURES 
(DAMS AND LEVEES)

• Engineering organizations, private consultants, and government 
agencies have been using regulations, manuals, and guidance 
published by the Corps of Engineers for nearly 75 years

• The guidance currently published aggregates many of the lessons 
learned by the profession from their experience observing the 
performance of dams and levees worldwide

• The approach taken by our predecessors, to pass that knowledge to 
future generations, has led to an improvement in the design and 
construction processes over the course of the last 75 years
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THE UNDERLYING ISSUE
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10FOUNDATIONS, FILTERS, AND INTERNAL 
EROSION
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CONDUITS AND EARTHQUAKES
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1927 LEVEE PERFORMANCE
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LEVEE DESIGNS 1927 – 1970’S

• Examinations of levee failures – led directly to levee design standards
• Geomorphology studies
• Much R&D at the Waterways Experiment Station

• Stability
• Underseepage
• Focused on Lower Mississippi
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DESIRE TO REVISE LEVEE DESIGN MANUAL
3 Significant Problems Identified
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PROBLEM NO. 1
Not every levee conforms to levee geometry in the lower Mississippi
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“It’s great if you are from the Lower 
Mississippi, but there’s nothing about the 
types of designs we do here in 
_____________.”



20

20



21

FLOOD FIGHTING SAND LEVEES
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2011MISSOURI RIVER PERFORMANCE HISTORY 
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• Factors of safety called out
• Traditional dimensions discussed but requirements not set
• Past performance and engineering judgment are paramount

FS = 1.6

Berm

Pervious Substratum

Top Stratum

LeveeRiver
Channel

DWSE

Levee Toe

FS = 1.0

Berm Width

Berm Toe

Berm Crown

23/74

SEEPAGE BERM DESIGN
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PROBLEM NO. 2
We don’t have an analytical model for every failure mode
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MARCHAND LEVEE FAILURE 1983
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FLOW SLIDES IN SAND

26/7
4
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INTERNAL EROSION
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PROBLEM NO. 3
We don’t have a model that incorporates intervention
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Example Flood Fighting 
Evaluation

“More than expected 
and, but for flood 

fighting, levee would 
have failed”

Ensley Berm, Memphis 
2011Levee did not fail, but internal erosion pipes projecting towards the 

river found in 2012.

FLOOD FIGHTING
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Example Flood Fighting 
Evaluation 

“Flood fighting occurred 
but levee failed”

L-575 Breach, NW 
Atchison County Levee 
District, Hamburg Iowa 

2011Possibly due to defects in riverside cap - fourth pipe formed and 
breached on June 13, 2011.

FLOOD FIGHTING
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32THIS IS NOT THE INTERVENTION WE’RE TALKING 
ABOUT…
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GENERAL PROCESS AND EXAMPLES
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GENERAL PROCESS
1. Have a baseline Potential Failure Mode Assessment and risk assessment
2. Design project using traditional factors of safety
3. Calculate the risk for that design
4. Evaluate the tolerability of the design
5. Modify the design
6. Calculate the risk for that design
7. Evaluate the tolerability of the design

2/8/2022
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MOOSE CREEK DAM
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MOOSE CREEK DAM
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MOOSE CREEK DAM – ALTERNATIVE



39

MOOSE CREEK DAM - HEAVE
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MOOSE CREEK DAM – RISK REDUCTION40
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HERBERT HOOVER DIKE
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HERBERT HOOVER DIKE
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HERBERT HOOVER DIKE
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• 2001 – 2005 
 Did not meet exit gradient design criteria
 Designs formulated to meet criteria
 Cutoff wall through CIZ A – 200’/65 m deep
 ~$10M/mile = $2.5 Billion

• 2006 – New Guidance
 Evaluate Risk
 Formulate 2 alternatives
 1 – Just to tolerable levels
 2 – Tolerable levels + 1 order of magnitude

HERBERT HOOVER DIKE – BACKGROUND 

2/8/2022



45

HERBERT HOOVER DIKE – FAILURE MODE45
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HERBERT HOOVER DIKE – ALTERNATIVES 46
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HERBERT HOOVER DIKE – EVALUATION 47
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HERBERT HOOVER DIKE - EVALUATION48

Keys:
• CIZ D-G dropped out
• $300M vs $2.5B
• Met individual and 

societal risk
• ALARP to account for 

uncertainty
• Does not meet design 

standards for exit 
gradient
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Questions?
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