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Executive Summary  
The authorities of Public Law 84-99 Program provide reimbursement for specific damages to 
levees that result from high-water events.  Engineering Regulation 500-1-1; Civil Emergency 
Management Program (ER 500-1-1) contains the principle guidance followed by the Federal 
Government in repairing flood risk reduction projects following a damaging flood event.  This 
program also provides the opportunity for consideration and implementation of a nonstructural 
alternative (NSA) in lieu of repairs in-place.  Following the 2011 Missouri River flood event, 
levee sponsors for L-575 and L-550 were given the option to pursue a nonstructural alternative 
(NSA) under the PL84-99 program, but did not choose this option.  However, information 
regarding an NSA option was not fully developed at the time of these discussions.  L-550 and L-
575 are currently under repair, primarily as repair in place levees, however a levee setback is 
being constructed for a middle reach of L-575 due to levee integrity concerns.  
 
The basic idea of a levee setback is to relocate a segment of the levee from its current alignment 
near the banks of the river to location farther away from the banks. A setback alignment would 
take advantage of better geotechnical conditions, opening up habitat potential, and an increase in 
flood conveyance.  Increased conveyance decreases water surface elevations, subsequent 
pressure on levees, and thereby increases the level of protection and resiliency provided by the 
system.  Decreased water surface elevations may lead to a slight decrease  in operations and 
maintenance (O&M) and repair, rehabilitation and replacement (R,R&R) activities.     
 
The existing alignment of the Missouri River levee system is recognized to have 
breach/foundation distress from underseepage and boil activity concerns as a result of hydrologic 
conditions and flow constrictions.  The repetitive cycle of repairing levees in-place after each 
major flood event has resulted in increased O&M and RR&R costs, increased flood risk, and a 
general concern over the effective level of protection.  Levee repairs in-place do not reduce flood 
risk. Additionally, the current alignment of federal levees has acted to disconnect the river from 
its historic floodplain causing environmental degradation and impaired habitat for fish and 
wildlife.   It several locations, bridges (rail and highway) and abutments, have encroached into 
the river’s conveyance area, increasing stages on the upstream side and increasing velocities on 
the downstream side, which also influence the performance of the levees. 
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Flood related concerns, such as overtopping and levee breaching, and environmental impacts 
have been identified and documented since the levee system was constructed in the1950s, and 
continue today.  The continued short-term approach of repairing damaged levee systems in-place 
following a major flood event, supports a continued cycle of federal and local expenditures 
without the benefit of additional flood risk reduction.  Under a levee setback alternative, 
hydrologic aspects would improve, providing opportunity for improved levee system resiliency, 
reduced risk of failure, and reduction in future federal expenditures for maintaining and repairing 
the system of levees.  With testing, it may be determined that geotechnical characteristics also 
benefit.  Hydrologic and geotechnical benefits of a levee setback can include:  
 

• decreased hydrologic loading 
• decreased flood velocities 
• reduced erosion and scour 
• placement of levee on more suitable geotechnical foundations  
• and, if constructed to the same elevation, an  increased level of protection  
 

The economics benefits provided by a levee setback alternative are directly related to hydrologic 
and geotechnical conditions that exist for a setback levee alternative. A summary of the benefit 
cost analysis completed for this assessment is provided in Table E-1.  The analysis was 
completed for the Repair In-Place Alternative and two levee setback alternatives: the Setback 
Alternative with Pre-Flood Level of Protection, and the Setback Alternative with the Pre-Flood 
Levee Elevation.  The Repair In-Place Alternative is the combined results of the Project 
Information Reports (PIR) originally completed in September, 2011 for L-550 and L575, as 
required by the PL84-99 program. 
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Table E-1: BCR Summary for Conceptual Levee Setback Alternatives ( $ millions) 

  

Repair In-Place 
Alternative  
(from PIRs) 

Setback 
Alternative with 
Pre-Flood LOP  

Setback 
Alternative with 
Pre-Flood Levee 
Top Elevation 

L-550 LOP 20- years 20- years 28- years 

L-575 LOP 30- years 30- years 
30-yrs  upper L-575 
 56 yrs lower L-575  

System Protected Area 72.9 sq miles  64.6 sq miles  64.6 sq miles  
Traditional BCR: 
Total Cost $166.8  $193.8  $212.6  
Annual Cost $10.7  $12.7  $14.0  
Annual Benefit $33.3  $32.1  $32.3  
BCR 3.11 2.52 2.30 
BCR including R,R&R: 
Annual Cost $10.7  $12.7  $14.0  
Annual Benefit 
 (including R,R&R) $33.3  $32.5  $33.2 to $34.7  
Annual R,R&R Cost Saving $0.0  $0.4  $1.0 to $1.8  
BCR 3.11 2.55 2.37 to 2.48 

Other Benefits Associated with Levee Setback Alternatives:  
Reduced damage to critical infrastructure:  
• Cooper Nuclear Power Station, $2.4 million cost-savings based on 2011 event 
• Nebraska City Coal Plant,$4.4 million cost-savings based on 2011 event 
• reduced damage to transportation and other infrastructure   
 
System benefits: 
• Increased LOP behind adjacent and opposing levees 
• Reduced O&M and R,R&R costs for adjacent and opposing levees 
 
Emergency, evacuation and cleanup cost-savings: 
• Less frequent need for emergency operations and flood-related activities 
 
Ecosystem benefits: 
• Increased potential for 6,471 additional acres of fish and wildlife habitat  

 
As shown in the Table E-1, this assessment completed an analysis of the anticipated costs and 
benefits associated with a levee setback.  As shown in the table all alternatives are economically 
feasible, with a benefit cost ratio (BCR) greater than 1.  The traditional BCR was completed 
utilizing the standard PIR approach as directed by ER 500-1-1, where only protection benefits to 
structure and contents and cropland are quantified.  The BCR including R,R&R quantified the 
benefit from reduced R,R&R with a levee setback alternative.  It should be noted, that this 
benefit is likely conservative and undervalued based upon the limitations of this analysis (see 
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Section 7 for further details), so the BCR including R,R&R for either setback alternative would 
likely be greater than shown in Table E-1. Likewise, O&M cost-savings are likely 
underestimated in the BCR for the setback levee alternatives, due to a lack of information for 
O&M costs for setback levees.  For this analysis, a per mile of levee O&M cost was used based 
upon existing levee conditions, thus no per mile O&M cost difference was captured between the 
setback levee alternative and the Repair In-Place Alternative so the only difference is the reduced 
levee length with the setback levee alternatives, although some additional auxiliary benefits may 
be available due to an old structure versus new structure. 
 
The “Other Benefits Associated with the Levee Setback Alternative” summarized in Table E-1, 
are benefits associated with the levee setback alternatives, but are not typically quantified as part 
of a PIR.  These benefits are associated with the hydrologic and geotechnical benefits under a 
setback levee alternative.  It was estimated that the levee setback alternatives can provide a 
decrease in hydraulic loading of 2 to 3 feet through the project area, to 4 feet in decreased 
loading, and create hydraulic loading benefit through reduced stages as far as 30 miles upstream.  
This reduction in hydrologic loading can increase the level of protection provided by the existing 
systems by approximately 40 to 50 percent for the systems containing the levee setbacks, and by 
100% for nearby systems.  In addition, decreased flood velocities of between 13 to 44 percent 
would reduce the potential for levee failure, erosion and scour.  As listed in Table E-1, the 
reduced loading on the levee system, would lead to reduced damages to critical facilities and 
infrastructure, system benefits, and cost-savings for emergency evacuation and flood clean-up.  
In addition there would be increased potential for habitat restoration with a setback levee 
alignment.  Under a setback levee alternative, the river would be better connected with its 
floodplain restoring some of the natural riverine processes necessary for creating potential 
habitat suitable for fish and wildlife species and providing opportunities for alternative farm 
practices (bio-mass, forestry, etc).  
 
As shown in Table E-1, the setback levee alternatives cost between 16 and 27 percent more than 
the Repair In-Place Alternative but overtime the repair costs would be less.  The cost to construct 
both setback levee alternatives includes the cost of removing and regrading the existing levees, 
the existing levees would be used as a source of fill for the setback levees.  This relatively small 
difference in cost between constructing new levees under the levee setback alternatives shows 
how extensive the repairs were for the Repair In-Place Alternative.  
 
There are a number of issues which were identified as part of this project which hinder the 
implementation of levee setbacks as part of the PL 84-99 program and Civil Works in general.  
These issues include the lack of a clearly defined process in ER 500-1-1, time and resource 
constraints, an urgency to make repairs without the benefit of pre-planning or specific 
consideration of other alternatives, overall project costs and authorities to cover those costs, and 
real estate impacts. 
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1 Background, Purpose and Scope 
 
 

1.1   Background 
In response to flood damages incurred in the 2011 Missouri River flood the Omaha District is in 
the process of repairing numerous levee systems throughout the district, and particularly along 
levee systems L-550 and L-575.  These levee systems experienced geotechnical breaches during 
the flood event, and as a result many square miles of inundation occurred.  Following the 
Missouri River Flood of 2011, much of the existing flood risk reduction infrastructure located 
along the Missouri River, from Council Bluffs, Iowa and Omaha, Nebraska downstream, to 
Kansas City, Missouri, required significant repairs, rehabilitation, and/or replacement (R,R&R).  
In accordance with FRAGO 2 to OPORD 2011-50 (2011 Greater Mississippi Basin Flood 
Repairs and Post-Flood Assessment of Response Operations), USACE is in the process of 
responding to historic floods within the entire Mississippi River Basin, encompassing the 
Mississippi River and Tributaries System, the Missouri River, the lower Ohio River, the 
McClellan-Kerr Arkansas River Navigation System, and the Gulf Intracoastal Waterway.  A 
determination of emergency repairs needed to prepare the system for the next high water event 
and a post-flood assessment of the system performance, including a review of the operational 
decision-making process, is necessary to identify opportunities for improving system operation 
and performance.   
 
Under authority of 33 U.S.C. 701n, commonly referred to as Public Law 84-99 Rehabilitation 
and Inspection Program, (PL 84-99), the program provides federal funding for rehabilitation of 
flood damaged flood protection systems.  ER 500-1-1; Civil Emergency Management Program 
(ER 500-1-1) includes guidance on the application of PL 84-99.  Due to the massive amount of 
flooding which occurred along the Missouri River in 2011, numerous discussions and debate 
were conducted regarding ER 500-1-1 Section IV – Nonstructural Alternatives to Structural 
Levee Rehabilitation, where the option of implementing an NSA project could be considered in 
lieu of a structural repair, or as referred to throughout this document, a repair in-place.  
Generally, ER 500-1-1, which is undergoing review and revisions at the time of this assessment, 
describes the principle purposes of a NSA project to be for floodplain restoration, provision or 
restoration of floodways; and/or reduction of future flood damages and associated structural 
repair costs.  In this context, not only would the entire removal of an existing levee be considered 
a nonstructural alternative, but the restoration of the historic floodplain through reduction in 
future flood damages by setting portions of the existing levee back from the river is an 
acceptable NSA alternative, if the benefits can be shown to outweigh the costs.  In accordance 
with ER 500-1-1 there exists  a process for the development of a nonstructural alternative (NSA) 
which includes a levee setback option.  In the past, this alternative has not been selected by local 
levee sponsors, but due to significant damages from erosion and costly foundation design 
challenges, the levee sponsor is considering a small levee setback along L-575 in the vicinity of 
Highway 2.  While that levee setback is being considered for implementation due to engineering 
challenges, it is covered in this report, but not to the extent the other levee setbacks are 
considered.  The urgency to making repairs to protect property from subsequent flooding largely 
precludes the information sharing and vision building that would be necessary to give proper 
consideration for alternatives other than repair in-place. 
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ER 500-1-1 outlines the benefits and allowable expenses for a NSA.  These benefits and 
expenses allow for a variety of nonstructural alternatives including the construction of levee 
setbacks.  The basic idea of a levee setback is to move the location of the levee from its current 
alignment on the banks of the river to an area back away from the banks, placing it onto better 
foundation materials, opening up potential habitat areas, and increasing flood conveyance. This 
increase of conveyance decreases the water surface elevation and thereby increases the level of 
protection provided by the system.  These concepts are illustrated in Figure 1-1.  
  

Figure 1-1: Comparison of Conceptual Levee and Setback Levee Cross-Sections 
 

Subsequent to the selection of the alignments presented in this report, local sponsors have shown 
support for the development of a levee setback on L-575 at the location of the Highway 2 Bridge.  
That setback effort, which is described in more detail later in this report, is occurring on the basis 
of poor foundation material in which to conduct repair in-place actions.    
 
It should be noted that some of the on-going levee repairs at breach areas located along levees L-
550 and L-575 are often referred to as ‘setbacks’.  These setbacks however, are small changes in 
the levee alignment typically associated with the repair of the levee breach location.  They are 
much smaller in magnitude than necessary to provide the benefits associated with a NSA setback 
alignment. 
 
 
1.2  Purpose 
The purpose of this report is to assess the potential for modifying the alignment of existing 
federal levees L-575 and L-550 as an alternative to repair in-place levee repairs.  Following the 
flood event of 2011 the majority of L-550 and L-575 were repaired in the same alignment as 
their pre-flood condition. This report provides a comparison between the feasibility of the Repair 
In-Place Alternative (which is being implemented), and two levee setback alternatives; Setback 
Alternative with Pre-Flood Level of Protection (LOP), and the Setback Alternative with Pre-
Flood Levee Elevation.  In order to provide a comparison between the Repair In-Place 
Alternative and the levee setback  alternatives it was necessary to assume that no repairs had 
been conducted, and that existing conditions are the post-flood conditions (with breaches).  This 
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report documents the analysis completed, the results of the analyses, and provides 
recommendations for next steps. 
 
The assessment identifies opportunities for improving system operation and performance, 
fulfilling the conditions of FRAGO 2 and the OPORD 2011-50.    
 
 
1.3  Scope 
The PIR process is used to economically justify federal funding to repair PL84-99 Rehabilitation 
and Inspection Program (PL84-99) flood risk reduction projects damaged by eligible high water 
events.  As required by FRAGO 2 to OPORD 2011-50, this report evaluates the potential 
technical, economic, and environmental benefits resulting from a federal levee setback 
alternative.  A primary goal of this assessment was to complete an analysis consistent with the 
traditional PIR process as outlined in ER 500-1-1.  Assumptions used for this assessment are 
based upon the assumptions used for the repair in-place PIR analyses completed for L-550 and 
L-575.  It should be noted, that a traditional PIR process is executed in a fast-paced manner 
consistent with an emergency situation and a more considered approach of new alternatives isn’t 
possible.   
 
While the primary effort under the PIR process was to complete critical repairs to the levees to 
bring them back to their pre-flood conditions by March 1, 2012, the date when spring runoff is 
typically anticipated for the Missouri River basin, each PIR did contain a Notice to Sponsor 
form, inquiring as to whether the levee district spokesperson would be interested in considering a 
nonstructural alternative project (NSAP) in lieu of repairs in-place.   The effort to consider 
something other than a repair in-place action, such as the NSAP alternative, had not been 
adequately developed or presented in a comprehensive manner to the levee districts, county 
officials and state officials, so that a full array of  alternatives (repair in-place, remove, setback) 
could be considered. 
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2  Levee System and Floodplain Development History 
The Missouri River downstream from Omaha, Nebraska and Council Bluffs, Iowa primarily 
consists of a navigation project with stabilized banks, an engineered channel, and a system of 
agricultural levees protecting vast acres of farmland.  These levees were constructed between the 
mid-1940s and the early 1980s. Specifically Levee Systems L-550 and L-575 were handed over 
to public sponsors in 1951 and 1948, respectively.  The following report sections describe the 
history of the levee systems, significant flood events, and relevant studies.  In general there have 
been a number of flood events, which are regularly followed by assessments, studies, and 
reports.  The following sections also demonstrate that there has also been an evolution in levee 
design concepts and appropriate methods of addressing flood risk. 
 
 
2.1.  Levee System Design and Construction 
The Missouri River Agricultural Levees, Sioux City, Iowa to St. Louis were authorized by the 
Flood Control Act, approved 22 December 1944.  The project consisted of earth-filled levees 
with two-feet of freeboard above the design flood.  Minimum width of the leveed river was set 
by the Flood Control Act at 3,000 feet from Sioux City to the mouth of the Kansas River.  In 
addition, a 1,000 foot setback of the levee from the established bank line was typically 
recommended.  Design discharges were set as 250,000 cubic feet per second at Omaha and 
295,000 cubic feet per second (cfs) at Nebraska City.  While much of the system does maintain 
these minimum floodway widths numerous locations along the river exist with widths less than 
the 3,000 feet minimum, especially at bridge constrictions where widths commonly vary from 
1,200 feet to 1,600 feet, and reach as low as 1,090 feet.   
 
It should be noted that while a “floodway” width of 3,000 feet was recommended, this usage of 
the term “floodway” predates the modern concept of a floodway as defined by the Federal 
Emergency Management Agency (FEMA).  The modern concept of a floodway is largely 
defined by the National Flood Insurance Program (NFIP) and is the area required to convey the 
base flood event without increasing the water surface elevation of that flood more than one foot 
at any point (Title 44Code of Federal Regulations 60.3).  The current levee system has a much 
more significant impact on flood elevations.  A review of peak flow stage events at Nebraska 
City shows an increase of greater than 4 feet as a result of encroachments and accretion into the 
natural floodplain.  At the time of the levees design, induced stage effects and the effects of 
rating curve shifts were not studied (Missouri River Levee System; Phase II General Design 
Memorandum, November 1975).   

It is outside of the scope of this study to determine what a modern floodway width would be for 
this specific reach of the Missouri River.  Studies completed by the Nebraska Game and Parks 
evaluated the historic channel alignment and floodplain extents along the Missouri River prior to 
channelization and levee construction (A Sustainable Middle Missouri River Concept, 2009).  
Nebraska Game and Parks identified erodible corridor widths of 5,300 feet to 7,000 feet, which 
would likely serve as a starting point for levee alignments based on geotechnical concerns.  From 
a hydrologic standpoint the Platte River provides an example, where non-levee portions of the 
river provide floodway top widths in excess of 5,000 feet to as high as 14,000 feet.  From these 
values it can be estimated that a modern floodway would provide widths of  approximately 5,000 
feet to 9,000 feet. 
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2.2 1952 Flood, 1956 Benefits Re-Evaluation, and the 1962 System Restudy 
The first major test for the Missouri River Levee Systems came in 1952.  At this time many of 
the levee systems had not been constructed.  The 1952 event resulted in a discharge of 396,000 
cfs with a record stage of 40.2 feet at Omaha, Nebraska.  In the stretch of agricultural levees 
downstream of Omaha, Nebraska and Council Bluffs, Iowa, levee systems L-575, L-550, and L-
536, breached.  The 1952 flood caused an estimated $179 million dollars in damages along the 
entire Missouri Valley from the Dakotas to St. Louis.  The 1952 event remains the flood of 
record for Omaha. 
 
Following the 1952 flood, two studies were conducted to re-evaluate the economic feasibility of 
construction of the previously authorized levee projects; the Main Stem Flood Control Benefits 
Re-evaluation (dated 1956), and Missouri River Agricultural Levee Restudy Program (dated 
1962).  These studies had the objective to determine which levee units, or groups of physically 
interrelated levee units would provide benefits equal to or in excess of their costs. 
 
 
2.3 The 1968 National Flood Insurance Program, Environmental Protection, and the 1975 

Phase II General Design Memorandum 
Between the 1952 flood and the 1986 flood, two major legislative processes impacted the 
modern concept of floodplain management and flood risk. First, the National Flood Insurance 
Program (NFIP) was created by Congress through the National Flood Insurance Act of 1968.  
Second, the environmental movement gained momentum in the 1960’s and 1970’s, focusing the 
Nation’s attention on how to better protect and restore its natural resources. 
 
The National Flood Insurance Program enabled property owners in participating communities to 
purchase flood insurance protection from the government.  NFIP also promoted the concept of a 
floodway and a floodplain fringe.  It recognized that the construction of encroachments including 
levees, embankments, and structures in the floodplain had adverse impacts on flood stages and it 
established regulations to limit these impacts.  Over time, standards for levees also evolved, 
changing the requirements for levees beyond those originally incorporated in many levee system 
designs.  

During the 1960’s and 1970’s appreciation for, and concern over the environment gained 
momentum leading ultimately to the development of environmental legislation.  This included 
the National Environmental Policy Act (NEPA), the Endangered Species Act (ESA), the Clean 
Water Act (CWA), and the Clean Air Act (CAA).  One of the most significant effects of NEPA 
was to set up procedural requirements for all federal government agencies to ensure that 
environmental impacts were factored into the decision-making process for federal undertakings, 
such as decisions related to floodplain development.  The ESA focused on limiting habitat 
destruction in order to protect imperiled species from extinction as a result of unregulated 
economic growth and development.  Likewise, CWA and CAA (among dozens of other laws 
passed in the 1970’s), provided new protections for specific natural resources that were 
increasingly being impacted as a result of high levels of development. 
In a sense, the Missouri River Levee System Phase II General Design Memorandum, dated 
November 1975, incorporated concepts from both the NFIP and the new environmental laws into 
policy applicable to the river system.  This memorandum identified the effects of induced stages, 
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the effects of rating curve shifts, and environmental and social well-being considerations for the 
Missouri River Levee System. 
 
 
2.4 1984 Flood, 1986 Adequacy Study, and the 1990 System Re-evaluation 
Large areas of the Missouri River Basin received intermittent heavy rainstorms during the 
months of May and June of 1984 that led to flooding in June.  While damage to the levee 
systems from this event was anticipated to occur,  loading of the levees exceeded what was 
expected.  Due to this, a 1986 study evaluated the adequacy of Missouri River Levee System.  
This system adequacy study identified that many of the levee systems could not meet their 
authorized design loading.  The study investigated “upgrading” the levees (i.e.: raising the 
elevation), to provide their authorized capacity and was determined to be economically 
unfeasible.  No nonstructural alternatives were considered in this study.  The Missouri River 
Levee System Reevaluation of 1990 completed a similar analysis.  This evaluation of structural 
levee raises identified benefit to cost ratios of between 0.1 - 0.4 for most levee systems. 
 
 
2.5 The 1993 Flood, the 1994 Galloway Report, and the 1995 Floodplain Management 

Assessment 
An unusual combination and sequence of hydro-meteorological events occurred in the spring and 
summer of 1993 which culminated in the widespread Midwest flood event known as The Great 
Flood of 1993. The flooding occurred as a result of a previous wet fall, normal to above-normal 
snow accumulation, rapid spring snowmelt accompanied by heavy spring and early summer 
rainfall. 
 
The flood was among the most costly and devastating to ever occur in the United States, with 
$15 billion in damages, much of which occurred below the Omaha District.  During this event 
Levee System L-550 on the Missouri River breached. 
 
Following the 1993 flood event, the Interagency Floodplain Management Review Committee 
was tasked to delineate the major causes and consequences of the 1993 Midwest flood.  The 
Committee also evaluated the performance of existing floodplain management and related 
watershed management programs which resulted in the publication of Sharing the Challenge: 
Floodplain Management into the 21st Century, commonly referred to as the Galloway Report.  
Some of the conclusions from the Galloway Report are: 
 

• The need to consider both structural and nonstructural means to mitigate flood damages 
• Human activity throughout the basin has caused significant loss of habitat  
• Levees can cause problems in some critical reaches by backing water up on other 

levees or lowlands 
• Many levees are poorly sited and will fail again in the future 

 
The Floodplain Management Assessment of the Upper Mississippi and Lower Missouri River of 
1995 was a congressionally authorized study completed in response to the Midwest Flood of 
1993. This study focused on providing a comparison of impacts and costs associated with a wide 
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array of alternative policies, programs, and structural and nonstructural measures.  The report 
emphasized preparing the system for even larger floods in the future. 
 
 
2.6 2010 Flood 
The 2010 Missouri River flood event was the result of Missouri River tributary runoff.  This 
flood is most notable for the damages it caused to the flood protection infrastructure.  The levee 
systems located along the Missouri River were notably tested during the 2010 event, but did not 
fail.  Minor to moderate damage was experienced primarily along the river, and to flood 
protection systems.     
 
 
2.7 2011 Missouri River Flood Event 
The 2011 flood was triggered by record snowfall in the Rocky Mountains of Montana and 
Wyoming along with near record spring rainfall in central and eastern Montana.  According to 
the National Weather Service, in the second half of the month of May 2011, almost a year's 
worth of rain fell over the upper Missouri River Basin. Extremely heavy rainfall in conjunction 
with record snowpack in the Rocky Mountains contributed to this flood event.  All six major 
USACE reservoirs located  along the Missouri River released record amounts of water to prevent 
overflow which led to flooding that threatened numerous communities, critical facilities, and 
major infrastructure along the river from Montana to Missouri.   
 
Five levee breaches occurred on the reach of the Missouri River from Rulo, Nebraska upstream 
to Omaha and Council Bluffs.  Three breaches occurred on the L-575 levee system; two inlet 
breaches (riverside) and one outlet (landward) breach.  The L-550 levee system experienced an 
upstream riverward breach which filled the system with floodwater and caused an outlet breach 
downstream.   
 
At the time of this assessment, significant efforts to repair federal levees located along the 
Missouri River in preparation of flood season were ongoing.  ER 500-1-1 provides the policies 
for the Civil Emergency Management Program under the authorities of the PL84-99 program. 
 
 In accordance with ER 500-1-1, if a federal flood control project is damaged in a flood and is 
eligible for rehabilitation assistance, the project could be repaired as designed, or a Nonstructural 
Alternative (NSA)   may be requested in lieu of the structural repair.  The NSA option essentially 
allows the levee sponsor to use the federal funding that would have been authorized to 
rehabilitate the flood control project and apply it towards the restoration of the natural 
floodplain, and to reduce future flood damages impacting the operation and maintenance of 
existing structural projects. Levee setback to restore the floodplain or levee removal may be 
considered as an NSA project to reduce flood elevations and to lower erosive velocities, which 
are associated with the majority of damages caused by flooding.  
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3 Problems and Opportunities 
As described in Section 2, the current alignment of the Missouri River Levee System is based 
primarily on designs developed in the 1940’s and early 1950’s.   Like most levee systems of that 
era the overriding design goal was to maximize the size of the protected area behind the levee, in 
order to provide protection to agricultural activities, residential, commercial and agricultural 
structures and infrastructure.    By maximizing the amount of protected area  (increasing 
agricultural potential), and maintaining levee alignments in relatively straight lines along the 
banks of the river, it was thought that the best benefit to cost could be obtained.  In the 1940’s 
and 1950’s, the concept of maximizing the protected area was well received.  National floodplain 
management programs were decades away from being initiated, and loss of fish and wildlife 
habitat was a secondary concern.  This approach resulted in poorly aligned levee systems, 
systems that were often located too close to the river, resulting in negative hydrologic impacts, 
negative environmental impacts, and increased concerns over integrity of the levee systems.  
 
A more risk based approach, adherence to new levee safety regulations, and habitat impacts 
would indicate that if the Missouri River levees were aligned today, they would likely be 
different.  Levee setbacks, which are associated with the NSAP process, provide an opportunity 
to modify the existing alignment to be more in-tune with modern levee design approaches. 
 
 
3.1. Recurring Problems  
The following sections describe some of the recurring problems associated with the current levee 
alignments along the Missouri River.  This section of the report is followed by an opportunities 
section where the unique opportunities associated with a levee setback levee are described.  
 
Flood risk is a combination of the probability that damages will occur and the consequences of 
those damages.  Levees provide a structural method of mitigating this risk.  Levee safety 
encompasses many concepts related to the ability of a levee system to provide this mitigation.   
 
In summary, the lands located closest to the river are naturally lower in elevation and comprised 
of less suitable levee foundation soil types.  By locating levees in these areas, flood conveyance 
result in increased velocity, leading to increased hydraulic loading and erosion.  Increased 
hydraulic loading and erosion causes increased geotechnical concerns due to the less stable soil 
type near the river, and the need for  greater levee heights to compensate for the lower ground 
elevations near the river and higher stages form encroachment of the floodway.  In addition, 
these  physiological conditions lead to increased levee damage due to the more frequent 
hydraulic loading and associated erosion, requiring more frequent and extensive operations and 
maintenance (O&M) activities, as well as more extensive repair, rehabilitation and replacement 
(R,R&R) costs after a major flood event.  These same low lying lands provide the greatest 
habitat potential and when disconnected from the river represent significant negative  habitat 
impacts. 
 
Sections 3.1.1 and 3.1.2 provide details about levee system problems related to hydrologic and 
geotechnical conditions. Section 3.1.3 discusses problems related to repetitive and increasing 
costs for levee repairs and damages.  Section 3.1.4 describes the cost problem associated with 
constructing a levee setback alignment.  



 
Missouri River Levee Setbacks Assessment                                    April 2012 
 
 

19 
 

3.1.1. Flood Risk and Levee Safety - Hydrologic Conditions  
Hydraulic constrictions are locations where an insufficient amount of flood conveyance exists.  
This limited conveyance leads to increased velocities, the potential for scour, and increased flood 
stages.  Section 3.1.1.1 discusses the identification and impacts of these constrictions; Section 
3.1.1.2 discusses the dynamic nature of flood risk estimation.  
 
 

3.1.1.1. Hydraulic Constrictions and Resulting Problems 
The April 1946 Missouri River Levees (Sioux City, Iowa to the Mouth); Definite Project Report, 
indicated through extensive investigations that “minimum floodway width between agricultural 
levees, based on the results of preliminary studies, prepared floodway widths between levees 
which would vary from a minimum of 3,000 feet from Sioux City, Iowa, to Kansas City, 
Missouri, and 5,000 feet from Kansas City to the mouth.”   
 
Further investigation during this assessment resulted in identifying numerous locations where the 
levee to levee floodway width or the levee to natural high bluff floodway width was significantly 
smaller than recommended in the 1944 Flood Control Act.  
 
Table 3-1 illustrates the extent of pinch points and flow constrictions between Omaha/Council 
Bluffs and Rulo.  It should be noted that at locations which have less width than the authorized 
3,000 feet, a new floodway assessment would result  in widths greater than 3000 feet (estimated 
between 5,000 feet and 9,000 feet for the river reach between Omaha and Rulo).  This table 
illustrates that numerous constriction points exist, specifically in the levee to natural high bluff 
conditions, and at bridges.  A modern levee design would result in a more efficient hydrologic 
system, both along the levees and at bridge crossings. 
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Table 3-1: Top Widths at Constriction Points Omaha/Council Bluffs to Rulo 

Federal                       
Levee System Levee to Levee       

(feet) 
Levee to Bluff          

(feet) 

Width at 
Bridge    
(feet) 

R-520  34,390  
L-536  3,280  
L-550 3,170 2,730 1,770 
R-548 3,170   
R-562 3,780   
L-575 3,780 3,140 1,090 
R-573 4,960   
L-594 4,090 2,780  

Lake Waconda 4,091   
L-601  3,010  

L-611-614 2,910 2,390 1,260 
R-613 2,950   
R-616 2,910  2,500 
L-624  10,510  
L-627 2,760  1,180 
Omaha 3,000 2,890 1,180 

 
By locating levees too near the river, hydrologic conditions are adversely impacted.  The 
construction of a levee removes flow area available for the passage of flood waters.  The areas 
located closest to the river generally provide the deepest flow areas and as such the most 
conveyance.  In response, velocities increase and water surface elevations increase to obtain 
more flow area.     Figure 3-1, taken from Heini and Pinter 2012, shows the typical response of 
hydrologic conditions resulting from the construction of a levee. For cross sections upstream or 
adjacent to a levee, this figure shows increased stages resulting from levee construction during 
high flow events.    
 
A plot of velocities along the Missouri River can be used to identify a number of locations with 
constrictions, or “pinch points”.   Figure 3-2 shows the velocities modeled in the 100-year flood 
event from Rulo to Bellevue, Nebraska.  This figure identifies the relationship between manmade 
constrictions such as bridges and levees and high velocity locations. 
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Figure 3-1: Impacts of levees on hydraulic relationships  
(taken from Heini, Pinter, 2012) 
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Figure 3-2: Velocity Profile of the Missouri River 

 
 

Induced stages, or increased water surface elevations are the result of decreased conveyance and 
increased velocities.  Figure 3-3 shows the rating curve of annual peak flow events at Nebraska 
City.  In this figure it can be seen that the construction of the Missouri River Levee System along 
with roadway and railroad embankments have contributed to increased flood stages (5+ feet), 
well in excess of 1 foot allowed by modern standards.  These increased stages lead to increased 
frequency of overtopping of levee systems, as well as to higher hydrostatic forces, increased 
seepage, and ultimately higher risk of failure prior to overtopping.   
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Figure 3-3: Change in Stage Flow Relationship Resulting from Levee Construction 

 
 

3.1.1.2. Dynamic Nature of Flood Risk  
Riverine hydraulics are affected by erosion and sedimentation.  Prior to the construction of 
levees, significant floodplain widths were available for the river to adjust to sedimentation, 
however the floodplain being relatively disconnected prevents the river from adjusting and as 
such the stage necessary to convey flood flows can change.  Similarly the modern understanding 
of flow frequency is based up on historic record.  In the Midwest this record is limited to the past 
70 years with some historic events prior to regular data collection.  This leads to uncertainty in 
estimates.  Our understanding of climate continues to improve our ability to estimate 
precipitation estimates.  All of these relationships show that there is uncertainty in our ability to 
estimate risks arising from dynamic factors.   
 
 

3.1.2. Flood Risk and Levee Safety - Geotechnical 
A levee is an embankment constructed primarily to furnish flood protection from seasonal high 
water and therefore it is subject to water loading for periods of only a few days or weeks a year.  
In addition to overtopping, levee failure can occur in a variety of ways, including internal erosion 
(underseepage or through-seepage leading to piping), slope instability, and surface erosion of the 
levee embankment.  The risk of failure increases with the depth of loading on a levee, and 
velocities along the levee.  Also, in the case of internal erosion the risk of failure increases with 
the frequency of loading.  To reduce the likelihood of failure, risk based levee alignments are 
typically located on more suitable  foundation materials in areas where hydraulic conditions are 
less likely to cause erosion of the levee embankment, and where levee heights are not 
excessively high (i.e.:  higher elevation ground located away from river’s edge) and the hydraulic 
differential during loading would  be typically lower than for levees located on the banks of the 
river. 
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3.1.2.1. Missouri River Levee System Geological/Geotechnical Conditions 
Prior to the construction of the Missouri River navigation channel and levee systems, the 
Missouri River was a geomorphically active floodplain with braided channels, chutes, sandbars 
and backwater areas.  Riverine and floodplain habitats were created and maintained by the 
natural processes of erosion and deposition which continuously reshaped the channel and 
floodplain.  
 
In general, the Missouri River levee systems are located near the river banks and their alignments 
are typically founded on a blanket layer of silts and clays, underlain by sandy, pervious materials 
corresponding to the historic braids and channels typical to the Missouri River Floodplain.  
Levees constructed on the sandy, pervious material are susceptible to underseepage under 
hydrostatic forces, and typically require an extensive system of underseepage control measures 
such as landside seepage berms and/or relief wells.   
 
 

3.1.2.2. Geotechnical Failure Modes 
Due to the geotechnical conditions in the existing Missouri River levee systems alignments, there 
is a risk of a variety of geotechnical failure modes.  In general, the risk of these geotechnical 
failure mechanisms increase with higher levee loadings.  Ground elevations near the river 
channel are lower near the river, as such levees located in these low lying areas are required to be 
taller in order to protect at the same elevation.  In addition, levee systems are loaded more 
frequently the closer they are to the river channel 
 

3.1.2.2.1. Internal Erosion Due to Poor Foundation Conditions 
Seepage and piping caused by the levee being constructed on pervious foundation material has 
historically occurred along the Missouri River levee systems.   Underseepage berms and/or relief 
wells are typically constructed to mitigate seepage and piping conditions.  Sand boils have 
historically been reported during flood events.   
 
With each flood event, piping continues to move foundation materials, causing more pervious 
and more pronounced pipes to occur. This causes adverse underseepage conditions to occur that 
become more prevalent with each event.       
 
 

3.1.2.2.2. Erosion and Scour Induced Failure Mechanisms 
In some cases, underseepage control is obtained through the use of the natural impervious 
blanket on the riverside and landside of the levee.  If erosion and scour occur to a depth below 
the natural impervious blanket, the underseepage flow path is shorten, which may cause critical 
underseepage conditions that could lead to seepage and piping distress.   
 
If erosion occurs to the levee embankment, the two most common geotechnical failure 
mechanisms include: 1) slope instability which may compromises the impervious face of the 
levee leading to seepage and piping through the levee embankment or 2) slope instability causing 
sloughing and loss of the levee elevation that leads to overtopping.   
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3.1.3. Repetitive and Increasing Costs and Damages 
The following sections describe repetitive and increasing costs and damages experienced with a 
levee system.  Operations and Maintenance and R,R&R are described in the following two 
sections, followed by section 3.1.3.3; Increasing Consequences, and section 3.1.3.4; Levee 
Realignment Costs. Annual operation and maintenance, coupled with rehabilitation, repair, and 
replacement must occur continuously.  As discussed below, O&M,R,R&R are significant 
expenditures which must be executed by the levee sponsor to remain in good standing and active 
within the PL-84-99 program. 
 
 

3.1.3.1. Operations and Maintenance Costs 
Levee districts are required to maintain their levee to an acceptable or minimally acceptable 
overall condition rating  in order to be eligible for rehabilitation assistance under the PL84-99 
program.  Typical O&M activities include mowing, spraying woody vegetation, rodent control, 
and relief well maintenance. However, according to conversations with  levee district personnel 
for L-575 and L-550, their O&M activities also include erosion repair, such as adding/replacing 
soil and rock on the riverside of their levee.  It’s difficult to accurately quantify the O&M costs 
associated with erosion control activities due to the multiple levee districts involved, but it is a 
common activity and cost for the districts.  
 
 

3.1.3.2. Repair, Rehabilitation, and Replacement Costs 
As directed by ER 500-1-1, USACE assists with rehabilitation of damaged levees  after a flood 
event.  Currently, several Missouri River levee segments  are subjected to high velocities, 
increased levee loading, and potentially unstable sandy soils, all factors that contribute to the 
increased potential for  erosion, and surface sloughing along the levee embankment.  These 
factors may also contribute to the severity of damages incurred during a major flood event, such 
as the 2011 event.  The total program level repair costs after the 2011 flood event for L-575 and 
L-550 was estimated at $166.8 million.     
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3.1.3.3. Increasing Consequences 
Federal levee systems are often designed and justified based upon land, structures, and 
infrastructure that they protect.  In many instances and over time, the levee design represents a 
static condition once it has been constructed and the river basin remains dynamic with changes in 
hydrologic conditions (runoff, ice affects, and precipitation patterns), river geomorphology 
(aggradation, degradation), and land use (natural floodplain to farmland to urban). The more  
development occurs behind a levee, in what once was the natural floodplain, the more the 
damageable consequences increase.  Figure 3-4 shows the typical cycle of levee construction and 
floodplain development, which increases risk and consequences. 
 

 
Figure 3-4:  Cycle of Levee Construction and Development (Lyle, 1998) 

 
The cycle of levee construction or in the case of L-550 and L-575, levee repair and 
reconstruction has created a situation similar to the cycle shown in Figure 3-4, where land 
owners have a certain expectation regarding the existence of the levee and its level of protection, 
and have made land use decisions accordingly. In addition, multiple public infrastructure 
investments have been made in the floodplain including construction of transportation 
infrastructure (such as Interstate 29), railroads, public utilities, and agriculture, residential and 
commercial infrastructure. Therefore a pattern of increasing consequences has occurred leading 
to an increased risk of flood damages.  This increased flood risk can be addressed in two ways, 
rebuilding the levee with a repair in-place and continuing the pattern of increased risk and 
increased repair expenditures, or considering a levee realignment alternative that will reduce the 
flood risk and ultimately lead to a reduction in expenditures for damage repair.  
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3.1.3.4. Levee Construction Costs 
Levees function as a static obstruction to moving flood waters.  Section 2; Levee System and 
Floodplain Development History, discussed the dynamic nature of flood risk and the changing 
understanding on how best to address this risk.  Application of a static solution, the levee design 
for a specific frequency event, to a dynamic set of problems, climate, land use, runoff, 
development, inevitably means that the applied solution may require  modifications in the future 
to maintain the same level of protection as when constructed.   
 
.  When the levee systems investigated in this report  were constructed, land, material, and labor 
costs were significantly less than present day costs.  Additionally, design standards and 
regulatory permitting requirements were less rigid than today. Resources to address realignment 
are not typically available.  Even levee systems protecting large communities can have difficulty 
allocating the resources to modernize flood protection systems.   
 
 

3.1.4. Ecological Process / Loss of Habitat 
Historically, the Missouri River was characterized by a constantly shifting channel, numerous 
smaller braided channels, chutes, sloughs, islands, sandbars and backwater areas (MRNRC 
1998). These natural features, which supported grassland, river-bottom forest, and wetland 
habitats, were created and maintained by a pattern of erosion, transport, and deposition that 
continuously reshaped the channel and floodplain (NRC 2011). Habitats supported at least 160 
species of resident and migrant wildlife and 156 species of native fish in the mainstem river and 
its tributaries. The river was and continues to be an important migration route for migratory birds 
(Hesse et al. 1993). 
 
Under the 1944 Pick/Sloan Plan and the 1945 Missouri River Bank Stabilization and Navigation 
Project (BSNP) a network of dams and riverbank stabilization structures were built to control 
and manage the flow of water in the Missouri River. Construction of six main stem dams in the 
upper reach (Yankton, South Dakota to Fort Peck, Montana) transformed one-third of the 
Missouri River ecosystem into lake environments (MRNRC 1998) substantially changing the 
annual flow patterns, sediment loads, temperature regime, and nutrient exchange in the river 
system (USGS 2011). This, in turn, disrupted patterns of plant dispersal, establishment and 
growth, and of fish and wildlife breeding and foraging (Batzer 2008). 
 
 Nearly 424,000 acres of natural river floodplain lands were inundated by the reservoirs in South 
Dakota and Nebraska, resulting in a 75 percent loss of grassland, timber, and aquatic riverine 
habitat (MREAP, 1996).  Sediment transport largely decreased as finer sediment became trapped 
behind the dams causing channel bed degradation and bank erosion downstream of each dam 
(NRC 2011; Poff et al. 1997). In the lower Missouri River reach (Sioux City, Iowa to St. Louis, 
Missouri), revetments and levees built to maintain a navigation channel largely disconnected the 
river from its floodplain (Galat et al. 1989).  Controlled flows caused much of the natural habitat 
in the lower river to be cultivated for cropland resulting in floodplain forest coverage decreasing 
from 76 percent in 1826 to 13 percent in 1972 while cultivated lands increased from 18 percent 
to 83 percent (IFMRC 1994).  By 1982 the lower Missouri River experienced over a 40 percent 
decline in wetlands, a 97 percent decline in sandbars, and a 12 percent decline in grasslands 
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(MDNR, 2006). As a result of the BSNP, from 1912 to 2003, an estimated 522,000 acres of 
Missouri river habitat were lost in the channelized reach (USACE 2003).  
 
It is well known that hydrologic regimes are considered a key factor driving ecological function 
(Thomaz et al. 2006), and the movement of water and sediment largely drive habitat formation in 
river floodplain ecosystems (Poff 1997).  Collectively, the extensive alterations that have 
occurred over the last century to the Missouri River (to both form and flow) have altered nearly 3 
million acres of natural riverine and floodplain habitat on the Missouri River (MRNRC 1998).  
 
 

3.1.4.1. Loss of Native Species 
The isolation of the Missouri River from its floodplain has greatly impacted the rivers ability to 
maintain its natural ecological functions and services, and significantly changed the 
environmental conditions in which native species had evolved. Connectivity between a river and 
its floodplain are important to the flow, exchange and pathways that move organisms, energy and 
matter throughout watersheds (MNDNR 2012), and high biodiversity typically found across 
natural floodplains cannot be maintained without the rejuvenating forces of floods and channel 
meandering (NRC 2002). Flood control operations and river training structures have prevented 
periodic overbank flooding and erosion processes necessary for the regeneration and 
maintenance of cottonwoods. As a result of these significant alterations to the river-floodplain 
ecosystem, cottonwood forests that once dominant along the river have ceased reproduction. 
Native wildlife species have fared similarly under this changed condition, with 51 of 67 native 
species having been rated as uncommon or decreasing across all or part of their historic range, 
and aquatic insect diversity has declined by 70 percent (NRC 2002).  Over eighty species on the 
Missouri have been listed under state statutes as rare, threatened, or endangered, including 
twenty-four fish, twenty-two birds, fourteen plants, six reptiles, six mammals, six insects, and 
two mussels (Whitmore & Keenlyne, 1990). 
 
 

3.1.4.2. Threatened and Endangered Species  
The Endangered Species Act (ESA) was passed in 1973 in order to protect the plant and animal 
species that are at risk of becoming extinct. In compliance with the ESA, the U. S. Fish and 
Wildlife Service (USFWS) and the Corps entered into a formal consultation process to address 
the effects of the operations of the Missouri River on federally listed threatened and endangered 
species.  This resulted in a Biological Opinion (BiOp) by the USFWS in 2000, and amended 
BiOp in 2003 determining that Corps operations would result in jeopardy to the threatened and 
endangered pallid sturgeon (Scaphirhynchus albus), interior least tern (Sterna antillarum), and 
piping plover (Charadrius melodus).  Although the bald eagle was removed from the endangered 
species list in 2007, the BiOp found that Corps operations would result in incidental take of bald 
eagles (Haliaeetus leucocephalus) in the form of harm (e.g., significant habitat modification or 
degradation).   
 
Loss of habitat and changes to natural flows are contributing to the decline and fragmentation of 
the pallid sturgeon population. Because the sturgeon feeds on aquatic invertebrates and fish that 
prey upon aquatic invertebrates, the lower velocity margins of the main and side channels were 
essential habitats for the pallid sturgeon (NRC 2002). The primary and secondary production that 
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resulted from overbank flooding was likely important in supporting a food base for the sturgeon 
and other species of native fish. Piping plover and interior least tern populations have declined in 
response to the lack of open sandbars for nesting and the increase in predators, which have 
decreased nest success and chick survival.  Bald eagles depend on the adjacent cottonwood forest 
for nesting, roosting, and wintering habitat along the Missouri River (USFWS 2000). 
 
 

3.1.4.3. Recovery Efforts 
 The BiOp provides the Corps with a Reasonable and Prudent Alternative (RPA) to their action 
that if accomplished, would preclude jeopardizing the three listed species. The BiOp further 
defines Reasonable and Prudent Measures (RPM) to minimize incidental ‘take’ of species.  The 
2000/2003 BiOp requirements include establishing shallow water habitat (SWH) for the pallid 
sturgeon, emergent sandbar habitat (ESH) for the piping plover and least tern, and protecting and 
restoring cottonwood habitat for the bald eagle.  In response, the Corps developed the Missouri 
River Recovery Program (MRRP) which addresses actions in the 2000/2003BiOp and 
encompasses the BSNP Mitigation Project.  The MRRP is focused on recovering native game 
and fish species including the pallid sturgeon, least tern, and piping plover by restoring some of 
the Missouri River’s natural form and function, creating an ecosystem in which native river 
species will thrive in conjunction with human needs and uses (USACE 2011b).  
 
The BiOp requires the restoration of 20 percent of the SWH which existed prior to construction 
of the BSNP. To meet this requirement, which only applies to the river below Gavins Point, 20 to 
30 acres of SWH per river mile or 19,565 acres of constructed SWH must be in place by 2020 
(USACE 2011). SWH may be restored through flow management, channel widening, side 
channel chutes, manipulation of existing aquatic habitat, manipulation of summer flows, or 
combinations thereof (USACE 2007b).  Land acquisition to meet SWH goals set in the BiOp is 
defined under the BSNP Mitigation Project, which was authorized under the Water Resources 
Development Act of 1986, and modified in 1999.  The total amount of land authorized under the 
BSNP Mitigation Plan is 166,750 acres (NRC 2011).  As reported in the 2010 Annual Report for 
the Biological Opinion (USACE 2011b), total lands acquired for the MRRP was 60,476 acres.  
The Annual Report estimates that from 2001 to 2009, the Corps created approximately 3,443 
acres of SWH.   
 
The ESH Program mechanically creates sandbar habitat for the least tern and piping plover. 
Sandbars can be created and maintained by mechanically building new areas, clearing existing 
sandbars of vegetation or modifying river flows during the year. Sandbar acreage goals needing 
to be achieved by the year 2015 include: 50 acres of habitat per river mile below Garrison Dam; 
20 acres per mile below Fort Randall Dam; 80 acres per mile at Lewis & Clark Lake; and 80 
acres per river mile below Gavins Point Dam (MRRP 2007; USACE 2011a), or 11,886 acres of 
ESH on the system by 2015 (USACE 2011a).  From 2004 to 2009 approximately 750 acres of 
ESH was created.    Mechanical creation of SWH and ESH is an on-going effort.   
 
A Final Cottonwood Management Plan / Programmatic Environmental Assessment (CMP/EA) 
was completed in 2011 with the purpose of guiding management actions along the Missouri 
River to provide a diverse age class of cottonwood stands over the natural range of cottonwood 
forests (USACE 2011d).  The CMP/EA has yet to be implemented, and as such, an annual cost 
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has not been allocated for cottonwood mitigation and future reforestation activities. Costs would 
likely include, but not be limited to,  site preparation/ removal of invasive species, watering,  
monitoring and potentially propagation (seeding, plantings). 
 
 
3.2.  Opportunities  
Despite the risks associated with levees and the consequences due to overtopping or failure, 
levees do provide a level of flood risk reduction.  Balancing flood risk reduction with the impacts 
associated with levees is the goal of properly designed, constructed and maintained levee 
systems.  The changing attitude toward the environment and a more robust understanding of life 
safety and property damage has altered the way in which engineers approach levee design.   
 
The implementation of levee setbacks at historic damage areas may provide flood risk reduction 
benefits.  Benefits would be achieved through lowering flood stages, decreasing erosive 
velocities, providing more reliability and resiliency to the system, and reducing costs associated 
with ongoing O&M and R,R&R.  In addition, with a setback levee alignment there is greater 
opportunity for natural habitat creation.  The following sections discuss the opportunities that 
arise from the selection of a levee setback as an alternative to repairing in-place.  
 
 

3.2.1  Flood Risk Reduction and Levee Safety 
Sections 3.1.1 and 3.1.2 discussed the interrelationship between levee location and adverse 
impacts to flood risk through hydrologic impacts and geotechnical concerns.  Risk is defined as 
the consequences of failure multiplied by the probability of failure.  In summary, the lands 
located closest to the river are at a lower elevation, comprise the largest amounts of conveyance 
and generally are comprised of less stable or unsuitable foundation soil types.  By locating levees 
close to the river, conveyance is cut off from the river resulting in increased velocity, leading to 
increased hydraulic loading and erosion of the levee.  The increased hydraulic loading and 
erosion compounds the natural geotechnical concerns due to soil types and required levee 
heights.  This series of factors leads to decreased levee safety and increased flood risk. 
 
Levee setbacks provide an opportunity to rebuild levees to a location that allows the floodwaters 
room for conveyance.  This approach addresses risk, not just by protecting against high stages, 
but also reducing the stage-flow relationship. The magnitude of these benefits is related to the 
extent and location of a levee setback.  By locating levee setbacks in areas with hydraulic 
constrictions and/or areas with recognized geotechnical concerns these benefits can be 
maximized.  Additionally, by locating levee setbacks where they can have a hydraulic benefit to 
adjacent systems and/or critical facilities flood risk is benefited to multiple levee systems.  These 
benefits are discussed in more detail in Section 5. 
 
 

3.2.2 Repetitive and Increasing Costs and Damages 
Historically, levee safety has been viewed as a simplistic process of providing a static solution in 
response to a dynamic problem.  Levee advocates are beginning to recognize the burden of 
O&M, R,R&R costs for levee sponsors.  Opportunities to construct a levee setback could provide 
a significant reduction in these ongoing costs.   
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 Increased development behind levees leads to increased consequences.  The growing 
consequences merit the development of a more sustainable system.  Unfortunately the 
opportunity to develop this sustainable solution is not common.  Post flood recovery funding 
does provide a unique opportunity to either reduce consequences by incorporating more 
floodplain management within the protected area or by lowering the probability of failure by 
modifying or reducing the hydrological and geotechnical failure modes. 
 
 

3.2.2.1 Operations and Maintenance Costs 
The costs of maintaining a levee system are significant.  Levee owners must fund ongoing O&M 
costs, such as mowing, spraying woody vegetation, and rodent control to ensure the levee 
remains operational.  In addition levee owners are required to complete regular inspections of 
their projects, and clean and repair specific project features such as relief wells, drainage culverts 
and pumps.  In addition, many levee owners regularly incur expenses for debris removal, 
restoring riprap and adding soil and rock to their levees to maintain levee integrity.   
 
The construction of setback levees would provide generally shorter levee lengths and lower 
construction heights.  The decrease in project size has a direct impact on reducing O&M 
expenses.  The reduction in hydraulic loading and/or velocities would lead to a decreased need 
for debris removal and erosion and scour repair by the local sponsors. 
 
 

3.2.2.2 Repair, Rehabilitation, and Replacement 
The effort to rebuild after the 2011 flood was enormous (estimated at $168 million for levee 
repairs to L-550 and L-575).  The construction of a levee setback would reduce the probability of 
breaches and non-breach damages that require R,R&R expenditures.  Consideration of future 
R,R&R expenditures are not usually addressed as a part of the PL 84-99 PIR analysis, rather the 
analysis is based upon the “life of the project” which is directly tied to the level of protection 
(LOP) of the levee. Also, under the PL84-99 program, levees are typically repaired to their 
existing LOP, so there is no consideration of a change in the LOP as part of the analysis.   
 
 

3.2.2.3. Increasing Consequences 
Damage to flood control, transportation, utilities and other infrastructure will require public 
interests to rebuild.  Similarly, private property, both residential and agricultural, has been 
heavily impacted and will require significant investments to return to pre-flood conditions.  
Much of this damage is outside of the originally conceived consequences when the levee projects 
were designed.  The construction of these levees was intended to provide protection to 
agricultural areas, but since that time,  construction of the interstate system, public utilities, and 
residential and agriculture structures has occurred.  This increase in development directly leads 
to increased consequences and increased flood risk.   
 
Mitigating the risk is achieved in two ways: first, the levee setback reduces the level of 
improvements and placement of capital stock in the newly unprotected areas over time. The 
evacuated floodplain would become an area less likely for development as it would not be 
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protected by the levee thus reducing the increase in development and consequences.  Second, by 
increasing the resiliency of the levee system through decreased loading, the probability of these 
consequences would be reduced, thereby achieving a more acceptable level of risk.  
 
 

3.2.3 Levee Construction Costs 
Levee construction is an expensive endeavor; the effort to rebuild levees after the 2011 Flood 
Event had a program level cost estimate of approximately $168 million.  The expense of 
construction for L-550 and L-575, regulatory processes involved with levee construction, and 
existing uses in areas protected by levees prevent levees from evolving in relation to the dynamic 
nature of flood risk (a levee is designed for specific set of flood flows making it a static element, 
while the river basin is constantly changing over time).   
 
The PL84-99 program provides repair for specific damages to levees that result from high-water 
events.   ER 500-1-1 provides the policies for the implementation of PL 84-99. ER 500-1-1 
outlines the process for the development of a nonstructural alternative (NSA).  ER 500-1-1 
outlines expected benefits and allowable expenses for a NSA.  ER 500-1-1 outlines a process of 
involving other public entities through an interagency levee task force.  The intent of this 
interagency process is to allow those agencies with programs for nonstructural alternatives to 
repairing levees the opportunity to work with public sponsors who may wish to consider a 
nonstructural alternative.  The selection of a NSA also permits for a  broader array  of expenses, 
including real estate.   
 
Typically levee damages repaired through PL 84-99 funding have not been as significant as they 
were in 2011 or 1993, and as such, need to consider a more holistic realignment of levee systems 
is needed after a major event has occurred.  The R,R&R associated with these large scale flood 
events  provide a unique opportunity to setback the levee system to align with our current 
understanding of levee design.  
 
 

3.2.4  Habitat Creation  
Levee setbacks provide an opportunity to restore geomorphic and ecosystem functions in riverine 
habitats through river-floodplain reconnection. A floodplain that is hydrologically connected to 
its river allows for the exchange of flow, sediment, nutrients, and organisms. Most river 
ecologists agree that a combination of habitat formation and natural hydrology are required to 
sustain aquatic communities and riverine function, (USFWS 2003b). This could be accomplished 
through implementation of a floodway concept, (Figure 3-5) involving setback levees to provide 
floodway capacity as envisioned in the original Pick-Sloan Plan (Rasmussen 1993). This Plan 
called for a floodway from Sioux City to the mouth of the Missouri ranging in width from 3,000 
to 5,000 feet.    
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Figure 3-5: Levee Setback Alternative Floodway concept in Pick-Sloan Plan 

(Rasmussen 1993) 
 

Restoring some level of floodplain functionality would also help meet the obligations of the 
2000/2003 BiOp.  As described in Section 4.1.1.3, the Corps of Engineers currently spends 
millions of dollars per year mechanically/artificially creating habitat.  With a setback levee 
alignment, the river is naturally reconnected to its floodplain, reducing the need for 
mechanical/artificial habitat creation. In addition, a levee setback alternative would help the 
Corps as it strives to meet its minimum acres of habitat created under the 2000/2003 BiOp. This 
in turn would help restore the habitat base in riverine sections that would benefit the pallid 
sturgeon, least tern, and piping plover,  promote regeneration of cottonwoods and address 
mitigation needs.  Overall, restoration of the functionality of the historic floodplain could reduce  
program funding directed at increasing those functionalities.  
 
In addition, setback levee alignments integrate floodplain restoration and flood risk management 
(a major ecosystem service of floodplains).  This concept will likely become increasingly 
important in a future where changes in climate and land-use patterns lead to increased flood risk 
(Opperman et al. 2010).  Reconnecting the river to its floodplain under a setback levee 
alternative, is a more resilient approach for addressing dynamic flooding risks and is a 
sustainable approach for habitat restoration.  
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4 Levee Setback Alternative Development 
This report has the objective of assessing the feasibility of levee setbacks as an alternative to 
repair in-place as a part of the PL 84-99 Program.  Three levee setback segments were identified 
along the L-550 and L-575 systems which are assessed in detail. A fourth setback levee location, 
middle L-575, in the vicinity of Highway 2, is also presented in this report as it illustrates a 
potential setback that is progressively moving forward at the time of this report due to severe 
geotechnical issues associated with the existing levee alignment, the availability of federal lands 
to accommodate the setback alignment, and a  change in attitude from the levee district, local 
landowners, county and state officials.     
 
For the purposes of this assessment, the three locations were evaluated as a single project. Two 
setback levee alternatives were evaluated including a Setback Alternative with Pre-Flood Levee 
Elevation and a Setback Alternative with the Pre-Flood Level of Protection (LOP).  Both of these 
alternatives are compared to the repair in place alternative. The first alternative, setback 
alternative with pre-flood levee elevation, would be constructed to the original elevation, this in 
connection with the decreased loadings would results in an increased level of protection and 
related benefits.  The second alternative, Setback Alternative with the Pre-Flood LOP identified 
the level of protection the system provided prior to the flood and reconstructs to this level of 
protection.  In the second alternative, the height of the levee is reduced and as a result so is the 
construction costs.  The following sections outline the site selection process and provide a 
general description of these sites. 
 
 
4.1  Site Selection Factors 
A number of factors were considered during the selection of setback levee alignments for this 
conceptual assessment.  These factors included engineering considerations, habitat potential, 
location of structures and agricultural lands, land ownership, and potential willingness of levee 
districts to consider a NSA project.  
 
The first factor considered was the location of constriction points along the river.  This step 
involved reviewing high velocity locations (as shown in Figure 3-2), and assessing the potential 
hydraulic benefits from a setback levee as well as potential habitat benefits. Next, field 
information gathered from 2011 levee surveillance, MICA tool, and annual inspections were 
reviewed.  This information was used to identify levee segments of known weakness or historic 
maintenance problems.  Severely damaged areas from the 2011 flood were given priority.  In 
addition, potential stage reduction benefits to adjacent levee system were considered during the 
site selection process.  
 
The location of productive agriculture lands, residential structures, as well as critical public 
infrastructure and facilities were all considered during the site selection process. For example, 
potential benefits to critical infrastructure, such as Cooper Nuclear Power Station, were 
considered during the setback levee alignment design.  Once the river segments were identified 
that have high potential for a setback levee, the specific alignment of the setback levee was 
identified with the objective of minimizing impacts on prime agricultural lands.  A GIS-based 
land use exercise was completed as part of this step, including the identification of prime 
agricultural lands, current habitat areas, and areas impacted by high sand deposition from the 
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2011 floods. Lastly, property ownership was evaluated to minimize real-estate impacts and the 
creation of uneconomic remnants.   
 
Following the 2011 flood, levee sponsors were met with to discuss the option of a nonstructural 
alternative.  While the sponsors did not elect to pursue the nonstructural alternative, they were 
receptive of the possibility but hesitant due to a lack of familiarity with the concept.  Ongoing 
efforts at Highway 2 to implement a small levee setback indicates that some levee sponsors are 
receptive to the nonstructural levee setback alternative.  
 
 
4.2 Selected Setback Sites  
Three Levee Setbacks were analyzed in some detail for this report.  The following sections 
discuss two of these setbacks located near the Nishnabotna River confluence (4.2.1) and the third 
setback at Aspinwall Bend (4.2.2) 
 
 

4.2.1 Lower L-575 Setback and Upper L-550 Setback 
The L-550 and L-575 levee systems are two of the largest levee systems located in Omaha 
District, protecting 61.8 and 111.8 square miles respectively.  The Nishnabotna River separates 
the L-550 and L-575 systems.  A combination of levee setbacks was selected at the confluence of 
the Nishnabotna River.  
 
With regard to hydraulic impacts this location includes a number of constriction points.  Across 
the Missouri River from the Nishnabotna River confluence, a natural high bluff line and  levee 
system R-562, cause a series of constriction from Missouri River mile (RM) 541 to 555.   
 
With regard to areas of geotechnical concerns, the most upstream of these setbacks is located 
along the downstream portion of the L-575 Levee System.  The extent of the setback levee was 
established to replace a segment of levee which experienced two levee breaches during the 2011 
flood.  As a result of the levee breach, the area landward of the current L-575 alignment 
experienced significant damages due to high velocity erosion, standing water, wave action and 
sediment deposition.  The upstream L-550 setback levee would extend from the existing levee 
location along the Nishnabotna River to a downstream location in the Nishnabotna Conservation 
Area.  The upstream L-550 setback levee was established to replace a segment of levee which 
experienced levee breaches in every major flood event in recent history including 1952, 1993, 
and 2011.   
 
Infrastructure on the Nebraska side of the river could benefit from a setback at this location 
including the R-562 Levee System, the R-573 Levee System, and the Omaha Public Power 
District (OPPD) Nebraska City Coal Power Plant (located in the protected area behind R-573).   
 
With regard to habitat potential, the confluence of the Nishnabotna River provides a unique 
habitat opportunity.  River confluences create locally large floodplain areas and provide 
substantial lengths of connected habitat for fish spawning and young-of-year production. These 
areas serve as a connection between the main channel and the tributary system, which is 
important for migration, dispersal, and reproduction of various organisms (USACE 2011c). By 
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constructing a levee setback between the Missouri River and the Nishnabotna River, the rivers 
could be better connected to the historic floodplain providing important confluence habitat areas.  
Within this river reach  the Nishnabotna Conservation Area already exists, and additional 
conservation and habitat areas are located both upstream and downstream from the confluence 
area.  
 
A review of the pre-flood aerial imagery related to L-575 and upper L-550 was completed to 
ensure that a minimum number of structures would be impacted by the setback levee alignment. 
The review identified 2 residential structures, 4 agricultural structures and 12 grain bins that 
would be impacted by the L-575 setback levee alignment.  A review of post-flood aerial imagery 
identified that most of these properties were significantly damaged as a result of the flood. A 
review of the pre-flood aerial imagery of upper L-550 identified 1 residential structures, 1 
agricultural structure and 14 grain bins which would be impacted by upper L-550 levee setback.  
A review of 2011 post-flood aerial imagery identifies that areas downstream of the breach 
incurred the most damage from the 2011 flood. 
 
Figures 4-1 and 4-2 show the alignments that were selected for this assessment. 
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Figure 4-1: Conceptual Lower L-575 Levee Setback Alternative  
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Figure 4-2: Conceptual Upper L-550 Levee Setback Alternative  
 



 
Missouri River Levee Setbacks Assessment                                    April 2012 
 
 

39 
 

4.2.2. Lower L-550 Setback 
Aspinwall Bend is a large bend of the Missouri River located at the downstream extent of the L-
550 levee system.   The downstream end of L-550 includes a large peninsula of protected area 
where the levee system extends to the west, forming a point.  This peninsula requires a long 
length of levee in relation to the amount of protected area provided.    
 
Lower L-550 includes a constriction point at RM 526.  At this location a top width of 2,730 feet 
exists.  Also at this location, the river is forced to make a meander of 180 degrees  at this bend 
with no overbank conveyance due to the levee, accentuating the hydrologic impacts of the 
constriction point.   
 
With regard to areas of geotechnical concerns, the peninsula of protected area requires 3.25 
linear miles of levee to protect 4.5 square miles of land.  This includes segments of levee which 
are recognized as requiring regular repairs by the Corps and local sponsor.    The extent of this 
setback levee was established to replace a segment of levee that was significantly damaged 
during the 2011 flood.  This segment includes the outlet breach of the L-550 system (as well as 
the locations for the outlet breaches from the 1952, and 1993 events).  Figure 4-3 illustrates the 
alignment that was selected for this assessment. 
 
Critical infrastructure located near Lower L-550 includes the R-548 Levee System which 
contains the Cooper Nuclear Power Station and its access road and auxiliary structures.  The City 
of Brownville, Nebraska, which is located upstream, would receive a hydrologic benefit from the 
levee setback. 
 
With regard to habitat potential, this area was used as an index location for habitat assessment.  
This assessment is documented in Section 5.5.  This assessment concludes that the area provides 
positive habitat potential from a depth and duration of flooding aspect.  This area is also located 
across the river from the Nemaha River confluence which again provides a unique habitat 
opportunity. As described previously, confluence areas serve as a connection between the main 
channel and the tributary system, which is important for migration, dispersal, and reproduction of 
various organisms (USACE 2011c). 
 
A review of the pre-flood aerial imagery related lower L-550 was completed to ensure that a 
minimum number of structures would be impacted by the setback levee alignment. A review of 
the pre-2011 flood aerial imagery indicates that 1 residential structure, 1 agricultural structure 
and 1 grain bin would be impacted by setback levee alignment.  A review of 2011 post-flood 
aerial imagery shows that most of this property was likely significantly damaged as a result of 
the 2011 flood event 
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Figure 4-3: Conceptual Lower L-550 Levee Setback Alternative 

. 
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4.3. General Plan Development 
The general plan and concept of the levee setback alternatives is not significantly different from 
the repair in-place alternative.  There are generally three differences which would be the extent 
of real estate interaction, removal of the existing levee alignment, and potential change in land 
use riverward of the setback levee.   
 
 

4.3.1 Construction Process 
The construction process for the levee setback alternatives would be similar to a typical levee 
construction project, except that the existing levee footprint would need to be excavated and 
associated infrastructure decommissioned. Additionally, the existing levee footprint could 
provide a source for some borrow material.  Within the scope of this assessment it is anticipated 
that either setback alternative would require less material than what is available from the existing 
levee simply because setback levee alternatives would be shorter in length than the existing levee 
alignment. Thus the existing levee alignment should provide sufficient random material to 
construct a robust levee cross section without obtaining or hauling offsite borrow material.  
Additional fill would be obtained from local borrow sources near the proposed levee alignment.   
 
Recent levee construction experience has shown that impervious material of sufficient quantities 
is typically not available within the existing levee cross section. Local borrow sources close to 
the setback levee alignment would be utilized for impervious material.  Lastly, the existing relief 
wells would need to be decommissioned, along with drainage structures and pump stations. It is 
estimated that the overall construction period would be slightly longer than repair in-place 
actions for the levee reach relocated based upon the quantity of construction required and real-
estate implications. 
 
Utilizing materials from the existing levee alignment provides simple access to materials, 
minimizing costs while also maintaining the smallest construction footprint possible, limiting 
temporary habitat disturbance to a single small location.  The replaced levee segments would be 
taken down to grade. 
 
 

4.3.2 Changes in Land Use 
Changes in land use may occur with a levee setback alternative, however given current patterns 
of farming riverward of the existing levee alignment it is unclear how substantial these changes 
would be.  Additional land located riverward of the setback levee would become unprotected.   A 
GIS-based review of current land uses for the area (approximately 7,226 acres) that would be 
located riverward to a levee setback indicates that overall 83 percent of this land is currently used 
for agriculture purposes and 17 percent for other uses including habitat and recreation.  
According to local levee districts, up to 80 percent of the land riverward of the existing levee 
alignments are used for agricultural production during dry years.  Therefore, it’s assumed that 83 
percent of the land that would be located riverward of the setback levees would remain in 
agricultural production during dry years, unless additional actions were subsequently taken to 
utilize opportunities to restore ecosystem values associated with the levee setback. 
The scope of this report provided for analysis of a single levee setback alignment alternative.  
Other alternatives, such as varying levee alignments, maintaining an agricultural levee with a 
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lower level of protection (than the current L-550 and L-575 levees), conversion of the area 
riverward of the setback levee to controlled flood conveyance, or improved habitat potential 
through the construction of wetlands or habitat projects could also be considered.  Typically, 
these issues would be addressed during a detailed feasibility- level alternatives analysis; however 
the scope of a traditional PIR analysis does not permit for consideration of these issues. If these 
issues were further evaluated and included in future analyses, it’s possible that additional 
benefits would be identified.  For example, some residual protection could likely be provided to 
cropland behind the new, lower height agricultural levees. 
 
 

4.3.3 Increases to Level of Protection 
The construction of the setback levee alternative at the pre-flood levee elevation means that the 
setback levee alternative would be constructed at the same levee elevation as the repair in-place 
levee alternative.  As such, with the reduction in loading frequency due to the setback levee 
alignment and with the elevation of the levee would provide the system with a higher level of 
protection.  The second alternative, the setback levee alternative with the pre-flood level of 
protection, would construct the levee setback to a lower elevation while providing the same level 
of protection as the repair in-place condition.  For this scenario the level of protection does not 
change, but the construction costs are less.  Section 5 provides details about the anticipated level 
of protection associated with each levee setback alternative. 
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5 Setback Alternative Alignments 
Two setback levee alternatives are evaluated for this conceptual assessment: Setback Alternative 
with Pre-Flood LOP, and Setback Alternative with Pre-Flood Levee Elevation.  The setback 
levee alignments and levee lengths are the same for the two alternatives, only the setback levee 
heights change. The following sections provide further details about the levee setback 
alternatives.   
 
 
5.1. Site Specific Details 

5.1.1.  Setback General Information  
Table 5-1 provides the general information on the length of the setback levee, change in 
protected area, acres of cropland that would be riverward of the setback levees, and impacted 
structures.  This general information applies both to the setback alternative with pre-flood levee 
elevation and setback alternative with pre-flood level of protection since it’s based upon levee 
length and alignment.   
 

Table 5-1: Levee Setbacks General Information  

  
Lower L-575 

Setback  
Upper L-550 

Setback  
Lower L-550 

Setback  
Length of Setback Levee (mi)  5.6 7.3 3.5 
Length of Replaced Levee (mi) 7.9 8.6 8.6 
Change in protected area (sq mi)  3.82 3.89 4.02 
Croplands impacted (sq mi) 2.29 2.33 2.41 
Impacted Structures  - Residential  2 1 1 
Impacted Structures  - Agricultural  4 1 1 
Impacted Structures - Grain Bins  12 14 1 
 
Table 5-2 shows the change in levee lengths and protected area for each of the levee systems 
before and after the construction of levee setbacks. The Repair In-Place Alternative protected 
area includes 1,581 structures.  Under a proposed levee setback alternative, 43 structures or 2.7 
percent of the structures would no longer be protected, although those same structures are not 
currently protected beyond a 20- to 30-year level of protection.  
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Table 5-2: Comparison of Repair In-Place and Setback Levee Systems  
Levee System  L-575 L-550 
Length        

Total existing length (mi)  41.3 31.6 
Total length with setback (mi)  39.0 25.6 
Percent reduction in length  5.6% 19.0% 

Protected Area     
Protected Area before setbacks (sq mi) 111.8 61.8 

Protected area after setbacks (sq mi) 108.0 53.9 
Percent reduction in protected area  3.4% 12.8% 

Protected Structures 
      Number of structures protected before setbacks 1071 510 

    Number of structures protected before setbacks 1051 487 
    Percent reduction in protected structures 1.8% 4.5% 

 
 

5.1.2. Construction Quantities 
Due to the prevalence of sandy, pervious material in the Missouri River floodplain and in most 
cases insufficient quantities of impervious material, the levee embankments are typically 
constructed of earthen fill brought from off-site.  A typical cross section of earth fill levee 
embankment is presented below in Figure 5-1.  The earth fill is comprised of an impervious 
riverside face with the remainder of the levee being comprised of random fill which are typically 
sandy, pervious material. 
 

 
Figure 5-1: Typical Levee Cross Section 

 
Construction quantities were calculated for each of the levee setback alignments.  Tables 5-3 
through 5-5 provide the estimated quantities for the Setback Alternative with pre-flood levee top 
elevation (LTE).  Tables 5-6 through 5-8 provide quantities for the Setback Alternative with pre-
flood level of protection (LOP). The following engineering assumptions were established to 
calculate the estimated construction quantities: 

• For the Setback Alternative with Pre-Flood Levee Top Elevations based on National 
Levee Database (NLD)survey elevations 

• For the Setback Alternative with Pre-Flood LOP, top elevations were based on the 
hydraulic model results related to the levees’ level of protection. 

• Bottom elevations are based on TIN data developed in connection with the 2007 Missouri 
River Floodway Model 

• 3 feet horizontal:1 foot vertical side slopes  
• 12 foot top width  
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• Quantities of relief wells are based on length ratio from existing levee to setback levee 
• 150 foot long seepage berms were developed based on recent experience and are 

generally greater than 4 times the levee height 
• Levee material will be hauled from original levee alignments as the first priority and 

supplemented with borrow in the vicinity of the setback levee 
• Real Estate includes all required lands within the setback levee footprint (including 

seepage berms) and 15 foot buffer on each side 
• Site restoration includes final grading and seeding of original alignment abandonment of 

relief wells, removal of drainage structures and removal of pump stations. 
 

 
Table 5-3: Construction Quantities at Lower L-575 

Setback Alternative with Pre-Flood LTE   
Item Quantity Unit 
Levee Section w/ 150 ft berm     

Cohesive Fill 1435200 CY 
Random Fill 854200 CY 

Levee Surfacing 9900 Tons 
Topsoil 203100 CY 
Seeding 213 Acres 

      
Drainage Structures 14 Each 
      
Relief Wells 83 Each 
      
Pump Stations 2 Each 
      
Real Estate Required 232 Acres 
      
Site Restoration     

Seeding 142 Acres 
Abandon Relief Wells 94 Each 

Drainage Structure Removal 17 Each 
Pump Station Removal 2 Each 
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Table 5-4: Construction Quantities at Upper L-550  
Setback Alternative with Pre-Flood LTE 

Item Quantity Unit 
Levee Section w/ 150 ft berm     

Cohesive Fill 1402100 CY 
Random Fill 941100 CY 

Levee Surfacing 14200 Tons 
Topsoil 218900 C.Y. 
Seeding 230 Acres 

      
Drainage Structures 3 Each 
      
Relief Wells 97 Each 
      
Pump Stations 1 Each 
      
Real Estate Required 277 Acres 
      
Site Restoration     

Seeding 130 Acres 
Abandon Relief Wells 103 Each 

Drainage Structure Removal 4 Each 
Pump Station Removal 1 Each 

 



 
Missouri River Levee Setbacks Assessment                                    April 2012 
 
 

47 
 

Table 5-5: Construction Quantities at Lower L-550  
Setback Alternative with Pre-Flood LTE 

Item Quantity Unit 
Levee Section w/ 150 ft berm     

Cohesive Fill 796900 CY 
Random Fill 477800 CY 

Levee Surfacing 6300 Tons 
Topsoil 111900 CY 
Seeding 117 Acres 

      
Drainage Structures 7 Each 
      
Relief Wells 15 Each 
      
Pump Stations 1 Each 
      
Real Estate Required 127 Acres 
      
Site Restoration     

Seeding 152 Acres 
Abandon Relief Wells 34 Each 

Drainage Structure Removal 9 Each 
Pump Station Removal 1 Each 
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Table 5-6: Construction Quantities at Lower L-575 
Setback Alternative with Pre-Flood LOP 

Item Quantity Unit 
Levee Section w/ 150 ft berm     

Cohesive Fill 800200 C.Y. 
Random Fill 854200 C.Y. 

Levee Surfacing 9900 Tons 
Topsoil 181900 C.Y. 
Seeding 191 Acres 

      
Drainage Structures 14 Each 
      
Relief Wells 83 Each 
      
Pump Stations 2 Each 
      
Real Estate Required 211 Acres 
      
Site Restoration     

Seeding 142 Acres 
Abandon Relief Wells 94 Each 

Drainage Structure Removal 17 Each 
Pump Station Removal 2 Each 
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Table 5-7: Construction Quantities at Upper L-550  
Setback Alternative with Pre-Flood LOP 

Item Quantity Unit 
Levee Section w/ 150 ft berm     

Cohesive Fill 902200 C.Y. 
Random Fill 941100 C.Y. 

Levee Surfacing 14200 Tons 
Topsoil 201400 C.Y. 
Seeding 211 Acres 

      
Drainage Structures 3 Each 
      
Relief Wells 97 Each 
      
Pump Stations 1 Each 
      
Real Estate Required 259 Acres 
      
Site Restoration     

Seeding 130 Acres 
Abandon Relief Wells 103 Each 

Drainage Structure Removal 4 Each 
Pump Station Removal 1 Each 
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Table 5-8: Construction Quantities at Lower L-550  
Setback Alternative with Pre-Flood LOP 

Item Quantity Unit 
Levee Section w/ 150 ft berm     

Cohesive Fill 679800 C.Y. 
Random Fill 477800 C.Y. 

Levee Surfacing 6300 Tons 
Topsoil 110000 C.Y. 
Seeding 115 Acres 

      
Drainage Structures 7 Each 
      
Relief Wells 15 Each 
      
Pump Stations 1 Each 
      
Real Estate Required 125 Acres 
      
Site Restoration     

Seeding 152 Acres 
Abandon Relief Wells 34 Each 

Drainage Structure Removal 9 Each 
Pump Station Removal 1 Each 

 
 
5.2. Hydraulic Impacts 
Following the completion of the Upper Mississippi Rivers System Flow Frequency Study in 
2003 (UMRSFFS), the results were prepared for incorporation into updated Missouri River 
floodplain mapping through a FEMA contract.  In order to develop a FEMA floodway for the 
river, a steady flow HEC-RAS model was developed and calibrated to the results of the 
UMRSFFS study.  This floodway model for the Missouri River was developed and submitted to 
FEMA in 2007.  During the flood event of 2011, the 2007 FEMA hydraulic model was updated 
and calibrated based upon the 2011 flood event field data.  This data included 12 USGS/USACE 
automated stage gages, 39 gages installed by USACE for monitoring during the event, and stage 
flow measurements collected by USGS.   Calibration adjustments made to the model included 
cross section datum conversion, update of levee elevations based upon survey data collected in 
for the National Levee Database, adjustments to ineffective flow elevations to match field data, 
and inclusion of vertical variation of Manning’s roughness values.   
 
The levee setback alternatives were modeled with adjustment of the levee and ineffective flow 
stations at specific locations to align with the conceptual levee alignments and flow conditions.  
The following sections document the hydraulic benefits which would occur with the levee 
setback alternatives.   
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5.2.1 Benefits to Velocities  
Table 5-9 presents the changes in channel velocity at constriction points in the location of the 
levee setbacks.  These velocities relate to the hydrologic efficiencies of the system, as well as the 
potential for erosion and scour. With regard to hydraulic loading the velocity reductions under a 
Setback Levee Alternative are presented in the following sections. 
 

Table 5-9: Channel Velocity Reductions Due to Levee Setbacks 

Location 

Repair In-
Place 

Velocity  
(1% annual 

chance 
discharge) 

Setback 
Alternative 

Velocity  
(1% annual 

chance 
discharge) 

Change in 
Velocity 

(ft/s)  (ft/s) % reduction 
At Aspinwall Bend (Lower L-550) 8.52 4.73 44 
Constriction between L-550 and High Bluff 
Downstream of R-562 (Upper L-550) 8.42 6.53 22 
First Constriction between L-575 and R-562 
 (Lower L-575) 7.40 6.41 13 
Second Constriction between L-575 and R-562 
(Lower L-575) 7.56 5.72 24 
 
 

5.2.2. Decreases in Water Surface Elevation  
Table 5-10 shows the change in water surface elevation of the 1% annual chance flood event.  
This table indicates that significant benefits, from 2 to 4 feet can be obtained in the areas of the 
levee setbacks.  Areas located upstream of the setbacks can receive benefits in excess of 1foot, 
and to a lesser degree, benefits can reach a significant distance upstream (approximately 35 river 
miles).  The fluctuations in water surface elevations relate to the location of the levee setbacks.  
Upstream through the lower L-550 setback area the hydraulic benefit increases.  The water 
surface elevation decrease then start to decrease along the mid portion of L-550, until the upper 
L-550 setback area where the benefits again increase.  The increase in benefits continues through 
the upstream limit of the lower L-575 levee setback reach.   
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Table 5-10: Change in Water Surface Elevation of the 1% Annual Chance Event 

Location Description 
River Mile 

Change in WSE 
 (1% annual chance 

discharge) 
(1960) (feet) 

Downstream Limit of L-550  524.7 -0.75 

Downstream Limit of R-548  529.6 -4.09 

Cooper Nuclear  531.7 -2.83 

Upstream Limit of R-548  534.1 -1.43 

Brownville Bridge   535.3 -1.1 

River Mile 538  538.1 -0.7 

Downstream Limit of R-562   542.5 -2.59 

Upstream Limit of L-550   543.3 -2.54 

Downstream Limit of L-575  543.7 -2.4 

Upstream Limit of R-562  548.6 -3.12 

Downstream or R-573  552.7 -3.02 

OPPD Coal Power Plant  555.2 -1.5 

Upstream Limit of R-573  557.6 -0.66 

Nebraska City Bridge   561.6 -0.32 

River Mile 566  566 -0.12 

Upstream Limit of L-575  573.3 -0.04 

Downstream Limit of L-594  574.1 -0.04 

Downstream Limit of Lake 
Waconda   

575.7 -0.02 

Upstream Limit of Lake Waconda   577.3 -0.02 
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5.2.3. Benefits to Levee Level of Protection  
Levee systems are often characterized as providing a specific level of protection in terms of a 
frequency event (i.e. 25-, 50-, 100-, 500-year).  The level of protection can be calculated based 
on the elevation at the top of the levee or to some elevation below the top of the levee, such as 2 
feet below the top of the levee (allowing for the Missouri River levee system authorized 2 feet of 
freeboard).   With a setback levee alignment, the hydraulic loading on levee system decreases 
and the system is able to provide a higher level of protection without necessarily being 
constructed to a higher levee top elevation.  The following report sections provide information 
on this benefit.  
 
 

5.2.3.1. Benefits to Level of Protection with Levee Setbacks  
Table 5-11 presents the level of protection provided by the existing levee alignments for L-550 
and L-575, as reported in the original Project Information Reports (PIR).  It also presents the 
change in LOP that would result from the reduced loading potential associated with the 
conceptual levee setbacks.  These values are computed based on hydraulic modeling developed 
following the 2011 event and are associated with an exceedence event of loading 95% of the 
levee systems.   
 
In order for an economic analysis to be comparable to the Project Information Reports conducted 
for L-550 and L-575, it was necessary to assign level of protection values corresponding to the 
original PIRs.  The original PIRs assumed levels of protection of 20-year and 30-year for L-550 
and L-575, respectively.  Table 5-12 provides the level of protection used for the economic 
analysis.  For L-575, no increase in level of protection was provided for structures and contents 
in the upper portion of the levee would still be subject to loading at the same level are pre-
project.  For L-550, an increase of 8 years was used as it represented the lower increase in level 
of protection between the upper and lower reaches of the levee. 
 
These values are only used for the construction at pre-flood elevation alternative.  For the 
construction at the pre-flood level of protection alternative, no increase in protection is assumed 
for L-550 or L-575. 
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Table 5-11: Levee Loading Frequencies at Setback Systems 
 (frequency in years) 

  
L-575 

upper / lower 
L-550 

upper / lower 
Frequency of Loading to Pre-Flood 

Freeboard with Repair In-Place 
Alternative  53 / 44  16 /25  

Frequency of Loading to Pre-Flood 
Freeboard with Setback Alternative to 
Pre-Flood Levee Elevation 79 / 44  28 /33  

Frequency of Loading to Levee Top 
with Repair In-Place Alternative 155 /106  39 / 55  

Frequency of Loading to Levee Top 
with Setback Alternative to Pre-Flood 
Levee Elevation  220 / 110  86 /70  

 
 

  Table 5-12: Changes to Levee Loading Frequencies at Setback Systems Used 
In Economic Analysis of the Construction at Pre-Flood Elevation Alternative 

(frequency in years) 
  L-575 L-550 

Frequency of Loading to Pre-Flood 
Freeboard with Repair In-Place 
Alternative 30 20 

Frequency of Loading to Pre-Flood 
Freeboard with Setback Alternative to 
Pre-Flood Levee Elevation  

30 yrs upper L-575 
56 yrs lower L-575 28 

Frequency of Loading to Levee Top 
with Repair In-Place Alternative   100 100 

Frequency of Loading to Levee Top 
with Setback Alternative to Pre-Flood 
Levee Elevation 100 100 
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5.2.3.2. Benefits to Level of Protection for Levee Systems Adjacent to Levee 
Setbacks  

If one of the setback alternatives were constructed, there would be level of protection benefits to 
levee systems adjacent and across from the setback levee systems. Table 5-13 shows the level of 
protection provided by levee systems R-548, R-562 and L-573 under the repair in-place 
alternative.  While hydraulic benefits would extend into the L-594 levee system, Lake Waconda, 
and L-601 systems, the benefit would not significantly alter the loading frequency.  These 
benefits would occur for either setback alternative, but are not quantified as part of the economic 
analysis for either setback alternative; further details about the likely economic benefits 
associated with these changes in levee loading frequency are discussed in the economic section 
on system benefits. 
 

Table 5-13:  Levee Loading Frequencies at Systems Adjacent to Setbacks 
(frequency in years) 

  R-548 R-562 R-573 
Frequency of Loading to Pre-Flood Elevation 

with Repair In-Place Alternative 17 44 57 
Frequency of Loading to Pre-Flood Elevation 

with Either Setback Alternative  36 114 105 
Frequency of Loading to Levee Top with 

Repair In-Place Alternative 49 113 166 
Frequency of Loading to Levee Top with 

Either Setback Alternative  95 288 360 
 
 
5.3. Geotechnical Impacts  
The construction of levee setbacks would lower loading elevations, lead to less frequency of 
loading, decrease exposure to velocities, and because the levees would be constructed upland of 
the river bank toward  more suitable foundation  soils, the levee would have greater geotechnical 
stability.  The hydrologic and geotechnical benefits associated with the setback levee would lead 
to reduced O&M costs as well as reduced R,R&R costs. While the setback levee alignments 
would still cross old river meanders, more of the alignment would be located away from the 
active channel system.  In addition, both setback levee alternatives would increase the reliability 
of protection due to the more stable soils upon which the levees are constructed.  Many of these 
items are discussed in more detail in the benefit cost analysis of section 6.0.  
 
 
5.4. Real Estate Considerations 
One of the largest differences in a levee setback, with comparison to a repair in-place action is 
the impacts to land use and real estate costs.   A repair in-place action   has little to no real estate 
considerations, unless placement around a breach and scour hole, and additional underseepage 
controls.  This is because most of the property necessary would already be permanent interest of 
the federal sponsor.  In the case of minor setbacks (such as around a breach location) some real-
estate actions would be required, but land use changes would remain minimal.  Levee setbacks 
would have impacts related to the levee footprint, the riverward property, and the overall land 
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use of the riverward lands. The proposed levee setbacks at lower L-575 and upper L-550and 
lower L-550 will impact approximately 45 private landowners and 3 USACE real estate parcels 
which have a long contiguous stretch.  The following sections detail these real estate 
considerations. 
 
 

5.4.1. Levee Footprint 
There are 471.0 acres of land required for the footprint of the proposed setbacks.  PL 84-99 
program requires that levee sponsor maintain permanent interest in the footprint of the levee.  
This property would be acquired through easement or fee title.  There are no relocations for 
bridges, roads, or railroads identified for either proposed levee setbacks (Figures 4-1 through 
 4-3).    
 
The non-Federal Sponsor’s costs are estimated at $160,000 for labor, including attorney fees for 
deed preparation, acquisition closing costs, labor, and related miscellaneous real estate costs, 
plus $3,532,500 for the required property. 
 
 

5.4.2. Impacted Land Use 
As a part of the levee setback alternative, 11.7 square miles of land which is currently protected 
would be located riverward of the proposed setback levee alignment.  These properties are not 
required to be under permanent interest of the sponsor or federal government, as such no 
purchases or easements would be necessary. A review of this property shows that approximately 
83% of this land is currently in agricultural usage.  As previously presented in this report, post-
levee setback land use is likely to remain in a similar pattern of agricultural usage. The riverward 
acreages might also provide opportunities for extensive critical wildlife habitat and as well as 
mitigation by allowing the creation of a sustainable ecosystem that supports thriving populations 
of native species while providing for current social and economic values.  
  

 5.5 Improved Habitat Potential 
As mentioned in section 3.1.4, connectivity between a river and its floodplain are a key 
component in maintaining the ecological integrity of floodplain ecosystems. The proposed levee 
setbacks considered in this report would allow hydrological connectivity to the land that would 
be opened up riverward of the new levee alignment, subjecting it to more frequent flooding.  
This connectivity would restore some of the natural riverine processes while potentially creating 
suitable habitat for fish and wildlife species. In addition, if material utilized from the previous 
levee is not of sufficient amounts for construction of the new levee, borrow areas would most 
likely be used. With minimal grading, these depressional areas left behind during the borrow 
process would be favorable sites for wetlands to naturally establish.   
 
It is estimated that 83 percent of the land in the affected area is currently farmed. The remaining 
17 percent has not been suitable for farming and consists of areas of open water, saturated soils, 
riparian forest or scrub-shrub, and wetlands. Land use patterns of floodplain lands opened up to 
the river under this setback proposal is not likely to significantly change. Because active farming 
would be taking place in dry years, natural succession would be interrupted prior to bottomland 
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habitats becoming permanently established (i.e. newly established cottonwoods and other wet-
mesic plants would be plowed under). Therefore, large extents of natural habitat would not 
automatically result from levee setbacks. However, should a landowner decide to place land into 
a conservation easement or restoration program (e.g. Wetlands Reserve Program), that land 
would provide  an excellent opportunity for new functional floodplain habitats to become 
established.   And during wet years these farmed areas would provide a mosaic of habitats 
essential for food-web productivity and native-fish habitat.  
 
Although agriculture will likely remain the dominant land use after a levee setback, farmland 
that is subjected to periods of inundation produce wet habitats that are considered an important 
component for biodiversity (Bailey et al., 2007). For example, water movement patterns during 
seasonal flooding produce patches of aerobic and anaerobic soils on the floodplain allowing for a 
range of nutrient and decomposition dynamics to occur. Alternating dry and wet phases increase 
organic matter decomposition and nutrient cycling and shorten periods of stagnation, compared 
with conditions in permanently inundated habitats (Ward & Stanford 1995).  Shallow standing 
water boosts the production of benthic aquatic invertebrates, which provides a food source for 
wildlife higher up the food chain (e.g., fish, waterfowl,  and shorebirds), and provides moderate 
amounts of plant detritus (Bailey et al., 2007; NRCS 2006). Plant debris or litter can come from 
decaying crop vegetation or residual straw. When soils are saturated, fungi, bacteria and 
microinvertebrates will accelerate litter decomposition (NRCS/USDA 2006). Floodplain water is 
often less turbid than river water and can thus support greater rates of photosynthesis from 
aquatic vascular plants and algae (Ahearn et al., 2006). This primary productivity in turn 
supports high productivity of zooplankton and aquatic invertebrates (Opperman et al., 2010).   
 
River organisms such as fish can enter floodplains (inundated farm fields) during high flows and 
gain access to the high productivity of floodplain habitats, as well as refuge from the fast, turbid 
waters of the river during high flows. Many fish species time their spawning to coincide with 
flooding so that their offspring can rear within food-rich and sheltered floodplain habitats.  Early 
findings presented by federal and state agencies regarding fisheries sampling on the Missouri 
River during the 2011 flooding event corroborate the above. Preliminary data indicate that on 
low elevation areas along the Missouri River, adult and juvenile pallid sturgeon have been found 
to utilize submerged floodplains. These sturgeon were found to have been successfully feeding 
on insects and small fish. Many other types of juvenile fish were also found in the inundated 
floodplains (USACE 2012).    
 
With implementation of the proposed levee setback, areas not currently farmed (17%) would also 
be directly influenced by restored river connectivity during flood events. Vegetation 
communities that currently exist behind the levees that have not been converted to cropland or 
other land use consist mainly of mature stands of cottonwood and willow, scrub-shrub 
understory, and transitional species such as green ash and American elm. The remnant areas of 
wetlands tend to be fairly low-quality (e.g., reed canary grass, cattails).  Because these areas are 
not anticipated to be farmed after a levee setback, the exposure to periodic high and low flows 
would allow a diversity of habitats of various successive stages to become established. This 
diversity of habitats would be highly valuable, and serve to provide habitat suitable to a greater 
variety of organisms. These more natural habitats would be more suitable to native species and 
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would help to limit invasive species and other faunal associations more compatible with a non-
natural floodplain (NRC 2002).  
 
The areas of the lower L-575, upper L-550, and lower L-550 proposed for levee setbacks share 
similar patterns in riverine-floodplain interactions, including their seasonally dominant physical 
environmental and ecological processes (USACE 2011c). It is assumed that periodic inundation 
of the floodplain would occur in each area of levee setback, and physical, biological, and 
chemical processes would be comparable for each of these areas.  Based on this assumption, the 
proposed levee setback at the lower L-550 segment was used as a representative study area to 
evaluate the general biotic responses that would most likely occur given a specific flow event, 
depth range, and time of duration. The general biotic responses would similarly occur in the 
levee setback areas at lower L-575 and upper L-550.  Figure 5-2 shows the entire reach that 
encompasses lower L-575, upper L-550, and lower L-550. The boxed area highlighted in orange 
on Figure 5-2 depicts the location of the representative study area (lower L-550).  This 
representative area is slightly different than the evaluated setback alignment but similar results 
are expected for alternative alignments.  Within this study area, the focus of biotic response is on 
land that is situated between the existing levee alignment (black bold line), and the new levee 
alignment (yellow-checkered line). Table 5-14 shows the generalized biotic responses that would 
occur in relation to various flood events; however, these are defined in a broad scope and biotic 
responses are not limited to only those listed in Table 5-14, or to just a certain year flood event as 
there is significant overlap and variability throughout the spectrum of the 2-year to 100-year 
flood events that are dependent on the magnitude, frequency, timing, and duration of any given 
event, which in turn regulates the ecological processes in the river ecosystem (Poff 1997).  
Figures 5-3 through 5-6 correlate with the water depth column of Table 5-14 (darker colors of 
blue represent deeper water) providing a visual indication as of the water depth in the area 
between the new and existing levees. The 25-, 50- and 100-year events were combined in Figure 
5-6 as the depths and area of inundation for all three events were nearly identical. As shown in 
Figure 5-3, the 2-year flood event would inundate the entire land area riverward of the new levee 
setback alignment. This indicates that 2-year events have the capability of boosting primary and 
secondary productivity and provide fish access to floodplain habitat for rearing, foraging, and 
cover. Depths and elevations are two conditions that determine the type and distribution of plant 
communities in a floodplain. Frequency, duration and season of flood are other important 
considerations. Floodplain areas that have not been converted to cropland or other uses typically 
contain open water and some remnant areas of mature cottonwood and willow stands, scrub-
shrub understory, green ash, American elm, and wetlands  (USACE 2011c). These vegetative 
communities are indicative of the plant species and distribution that would most likely become 
established and successfully colonize the newly reconnected floodplain.  Based on the diversity 
of depths and durations that are apparent within Figures 5-3 through 5-6, and in Table 5-14, it is 
clear that the area, if allowed to interact with the river, would have high levels of benefits, and a 
high potential for establishment of a diversity of much more natural floodplain habitats if farmers 
decided to place the land into conservation easements or other conservation programs. 
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Table 5-14:  Generalized Biotic Responses in Relation to Flow Events, Depth, and Duration 
Flood 
Event 
(years) 

Water  
Depth 

Approximate 
Acreage 

Duration 
(days) 

General Biotic Response 

2-yr 0-2 
2 to 4 ft 
4 to 6 ft 
6 ft + 

 

          52 
        281 
        551 
      1332 

 

2  - <8 days 
for all water 
depths 

Substrates are significantly mobilized; 
primary and secondary productivity 
initiated; aquatic species gain access to 
floodplain for foraging, rearing, resting, 
cover; fresh sediment deposited; 
colonization of cottonwood/ willow on 
sediment deposits; process of 
anaerobic/aerobic conditions that may 
favor wetland vegetation; release of 
nutrients and organic material 

5-yr 0-2 
2 to 4 ft 
4 to 6 ft 
6ft + 

 

   minimal 
        53 
        88 
    2067 

 

2  -  >8 days 
for all water 
depths 

Hydrologic connectivity to floodplain 
spurs spawning cues; fish refuge, foraging; 
cottonwood/willow seed dispersal; fish and 
invertebrate production increases; 
groundwater recharge; initiates succession/ 
production/ decomposition of riparian and 
aquatic vegetation; retention and exchange 
of organic material, nutrients and carbon. 

10-yr 0-2 
2 to 4 ft 
4 to 6 ft 
6ft + 

  

minimal 
minimal 
95 
2110 

 

2 weeks – 4 
weeks 
for all water 
depths 

Hydrologic connectivity to floodplain 
spurs spawning cues; seed dispersal; 
diversity of wetland vegetation increases; 
recruitment of large woody debris; 

25-100 yr 0-2 
2 to 4 ft 
4 to 6 ft 
6ft + 

 

minimal 
minimal 
minimal 
almost all 

 

2 weeks - 8 
weeks, with the 
25 year event at 
the lower range 
of duration and 
increasing 
accordingly with 
larger events 

Rejuvenate mature riparian stands to early 
successional stages, form and maintain 
side channels, scour floodplains, 
perpetuate off-channel wetlands (Trush et 
al. 2000). 
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Figure 5-2 Proposed Levee Setbacks at Lower L-575; Upper L-550; and Lower L-550  

(orange box depicts the representative study area at Lower L-550) 
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Figure 5-3: 2-year Flood Event Depths  Figure 5-4: 5-year Flood Event Depths 
 

   
Figure 5-5:  10-year Flood Event Depths  Figure 5-6: 25-100 Flood Event Depths 
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6 Middle L-575 Levee Setback at Highway 2 
Section 5 of this report discussed the details regarding three large scale conceptual levee setbacks 
(lower L-575, upper L-550, and lower L-550).  At this time none of the levee setbacks discussed 
in section 5 are being implemented, however, following the 2011 flood one levee setback has 
been selected for construction.  This setback is located along the middle portion of L-575 at 
Highway 2.  This setback is not presented with a detailed economic analysis l as a part of this 
report.   A discussion on this levee setback project which includes a transportation feature,  is 
presented here.  Many of the observations and recommendations provided in this report section 
are based upon experience with the Middle L-575 Levee Setback at Highway 2.  
 
While the assessment on the three conceptual levee setbacks described in section 5 was being 
conducted, discussions were also taking place with  levee district sponsors, Fremont County, 
Iowa supervisors and Emergency Management personnel, local landowners and the Iowa 
Department of Homeland Security to consider relocating a portion of the existing federal levee 
(middle L-575, in the vicinity of Highway 2) landward away from the bank of the river.  The 
2011 flood had taken its toll on this reach of the levee as erosion and underseepage of the levee 
system caused significant damages.  In an effort to mitigate the high costs of repairing the levee 
in-place, the levee district has agreed to move forward with a plan to setback the levee.   
 
The levee setback area includes a 3.5 mile long reach of levee located north of Highway 2 and a 
0.75 mile reach of levee located on the south side of Highway 2.  As shown in Table 3-1, a 
significant constriction also occurs at this location due to the levee alignment, and most notably 
from the location of the Highway 2 Bridge.  By setting the levee back from the river, a stage 
reduction of approximately one-third of a foot could be achieved. Additional stage reduction 
could be achieved by implementing this setback in conjunction with increased conveyance at the 
bridge (lengthen the bridge, add another span, or incorporate box culverts).  The additional 
bridge conveyance could increase stage reductions between 1.5 to 2.0 feet.  Figure 6-1 provides 
the current conceptual location of this proposed levee setback. 
 
A PIR document was developed for the repair in-place alternative for this levee location.  The 
Omaha District Readiness Branch is the lead element in considering the costs and potential 
savings in moving forward with a levee setback, which while originating from the need to lower 
repair costs along a reach of levee which has undergone historic levels of damage, the result will 
be similar to the levee setbacks discussed in detail within this report; reduction in loading, flood 
stages, erosive velocities, and a re-connectivity of the historic floodplain to the river. The 
following report sections provide additional information regarding this proposed levee setback. 
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Figure 6-1: Conceptual Middle L-575 Levee Setback Alternative 

 

6.1     Middle L-575 Damage Description 
The existing levee in this reach was constructed across a remnant meander of the Missouri River. 
The Missouri River flood plain is restricted in this reach the abandoned approach fill of the Old 
Highway 2 Bridge and by high bluff line located on the Nebraska side at Nebraska City.   In 
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addition, the levee at Station 901+00 kinks riverward at a location where a wide upstream 
floodplain concentrates overbank flows against the levee embankment.  The overbank bank 
flows recaptured historic borrow areas at this location resulting in the loss of the riverside berm 
and embankment erosion.  Sand boils were located along the entire levee in this reach but were 
concentrated in the areas were eroded berms and embankment were noted.  The sponsor was 
actively flood fighting this reach when the levee failed upstream.  The sponsor stated that the 
flood fight at this location was a losing battle and that the levee would have failed had it not 
breached upstream.  The sponsor stated that this reach has been a problem area with seepage and 
lack of freeboard. 
 
 
6.2    Middle L-575 Repair In-Place Discussion 
The repair in-place alternative would consist of rebuilding the levee cross-section in the area 
where flood flows eroded the protective riverside berm and encroached into the levee section.  
The scour area would be filled with sand and capped with cohesive soil for erosion resistance.  A 
piggy-back would be added onto the landside of the levee sideslope in these areas.  A 50-foot 
deep sheetpile cutoff wall would be required along a 3,400 foot long stretch of levee where the 
levee crosses a remnant meander where the streambank erosion occurred, coupled with extensive 
sand boils. A 150-foot seepage berm would be added to essentially the entire reach with 
additional relief wells.  
 
 
6.3 Proposed Middle L-575 Levee Setback  
The levee setback is approximately 3 miles long on the north side of Highway 2 and 1 mile on 
the south.  The levee would be setback approximately 1,000 to 2,500 feet from the existing levee. 
The setback levees would have a crown width of 20 feet, a riverward side slope of 1-foot 
Vertical: 3-foot Horizontal, a landward side slope of 1-foot Vertical: 5-foot Horizontal and a 
150- foot wide landside seepage berm, 5-feet thick at the levee toe and 2 feet thick at the berm 
shoulder-.  New relief wells and abandonment of existing relief wells would also be required.  A 
10 foot wide by 4-inch thick layer of levee surfacing would be provided on the surface of the 
levee.  It should be noted that the existing levee shall be left in place until the new levee minus 
seepage berm  has been constructed.  The existing levee will be degraded and used as fill to bring 
the setback to final grade. Some of the materials to be used as a component of the setback levee 
will be temporarily stockpiled landward of the existing levee.   Quantities and costs associated 
with the north levee repair in-place and setback alternative are presented in Tables 6-1 and 6-2 
provide a PIR level cost assessment between the repair in-place alternative and the proposed 
levee setback alternative for the north side and south side of Highway 2.  
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6.4  Proposed Middle L-575 Levee Setback Quantities and Costs 
At the time of this report alignment 5 is the primary alignment under consideration, as it would 
not impact the two private property locations, and no funding source has been identified to 
purchase these properties.  The following discussion and tables pertain to alignment 5; the 
overall scope of effort for alignment 3 would be largely similar.   
 
Alignment 5 is a levee setback is approximately 3 miles long on the north side of Highway 2 and 
1 mile on the south.  The setback levees would have a crown width of 20 feet, a riverward side 
slope of 1-foot Vertical:3-foot Horizontal, a landward side slope of 1-foot Vertical:5-foot 
Horizontal and a 150 foot wide landside seepage berm, 5 feet thick at the levee toe and 2 feet 
thick at the berm shoulder -.  New relief wells and abandonment of existing relief wells would 
also be required.  A 10-foot wide by 4-inch thick layer of levee surfacing would be provided on 
the surface of the levee.  It should be noted that the existing levee shall be left in place until the 
base of the setback has been constructed.  The existing levee will be degraded and used as fill to 
bring the setback to final grade. Some of the materials to be used as a component of the setback 
levee will be temporarily stockpiled landward of the existing levee.  Quantities and costs 
associated with the north levee repair in-place and setback alternative are presented in Tables 6-1 
and 6-2 provide a PIR level cost assessment between the repair in-place alternative and the 
proposed levee setback alternative for the north side and south side of Highway 2  
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    Table 6-1  Middle L-575 Repair In-Place  vs. Levee Setback  (North side) 

Item 
Repair In-Place 

Quantity 
Levee Setback 

Quantity 
Riprap 15,000 tons 5,400 tons 

Temporary Stockpiling of Riprap 0 5,400 tons 
Stripping 56,500 cy 95,500 cy 
Sand Fill 350,000 cy 303,000 cy 

Temporary Stockpiling of Sand 
For later Reuse in Berm 0 97,000 cy 

Random Fill 23,400 cy 571,000 cy 
Underwater Fill 50,000 cy 

 Geotextile 11,000 sy 7,400 sy 
Cohesive Fill 30,000 cy 295,000 cy 

Topsoil 70,000 cy 115,400 cy 
Levee Surfacing 5,000 tons 6,100 tons 

Seeding 83 acres 117 acres 
Rehabilitation of Existing Wells 40 0 

Abandon Existing Wells 0 40 
Sheet Pile 170,000 sf 0 

Permanent erosion control mat 
(armor max) 200,000 sf 0 

New Relief Wells 128 40 
Total Cost $14,220,644.00 $10,884,244 
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6.5 Hydraulic Analysis 
A hydraulic analysis of potential levee setback options was conducted along the Missouri River 
Levee L-575 along the reach of the river in the vicinity of the Hwy 2 Bridge at Nebraska City.  
The levee setback is located along an area of adverse hydraulic impacts.  Two roadway 
embankments exist at this location; the current Hwy 2 embankment, and the abandoned Hwy 2 
embankment, which is located approximately 0.5 miles upstream of the current bridge.  The 
landside of the current levee alignment is low lying topography, which is of low agricultural 
value.   A large portion of the land is currently owned by the Federal Government and/or other 
public entities.  
 
 

6.5.1 Model Calibration 
The existing condition is based on the 2007 Missouri River HEC-RAS Floodway model.  
Updates to the bridge geometry were necessary to incorporate analysis of alternatives.  
Modifications were made to the model and then the model was calibrated at the bridge to historic 
high water and USGS measurements at the stream gage.   Calibration efforts were directed at the 
higher flow values and measurements associated with the rising limb of the flood hydrograph, 
prior to the effect of levee breaching.   Calibration of the hydraulic model was reliant upon the 
measurements taken at the Nebraska City gage, as illustrated in Figure 6-2. 
 

 
Table 6-2 Middle L-575 Repair In-Place  vs. Levee Setback  (Southside) 

Item In-Place Quantity Setback Quantity 
Stripping 15,000 CY 31,900 CY 
Sand Fill 85,185 CY 324,000 CY 

Cohesive Fill 0  98,300 CY 
Topsoil 14,056 CY 38,500 CY 

Levee Surfacing (Restore Berm 
Road) 3,825 tons 1,370 tons 

Seeding 18 acres 39 acres 
Rehabilitation of Existing Wells 40 0 

Abandon Existing Wells 0 0 
New Relief Wells 102 0 

Total Cost $4,657,657.46 $2,910,382 
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Figure 6-2: Hydraulic Calibration to the Nebraska City Gage  

 
 

6.5.2 Hydraulic Benefits  
While each of the setback alignments provide a hydraulic benefit, it can be seen from Table 6-3 
that the magnitude and reach of the benefits increases with the extent of the flow area available. 

 
 

Table 6-3 Stage Reductions in the 1% Annual Chance Exceedence (100-year) Flood Event   
 
 
 
 
Location  

Near 
Hwy 2 

(ft) 

Upper 
Limit of 
L-575 

(ft) 

Lower 
Limit of 
L-594 

(ft) 

Lower 
Limit of 

Lake 
Waconda 

(ft)  

Upper 
Limit of 

Lake 
Waconda 

(ft)  

Upper 
Limit of 
L-594 

(ft) 

Lower 
Limit of 
L-601 

(ft) 

Upper 
Limit of 
L-601 

(ft) 
Levee Setback  
w/o Bridge 1.53 0.39 0.34 0.21 0.13 0.07 0.06 0.01 
Levee Setback   
w/ Bridge 1.85 0.46 0.4 0.24 0.15 0.08 0.07 0.01 
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The hydraulic benefits, as stage reduction, positively impact the frequency of the levee system 
loading not only to the upstream end of the system, but also to the design freeboard (2-feet below 
levee crest at 250,000 cfs) and 3-feet below levee crest.  Tables 6-4, 6-5, and 6-6 provide the 
recurrence interval, in years, of loading the levee with stages to these values for the different 
levee systems.  

 
Table 6-4 Frequency (years) of Loading Reductions to Levee Crest  

  

Recurrence Interval of loading to  of 95% of system   
Upper 575        

(above HWY 2) L-594 
Lake 

Waconda L-601 
Existing  80 140 330 190 
Levee Setback w/o Bridge  125 145 370 195 
Levee Setback w/ Bridge  160 150 380 195 
 
 

 
 

   Table 6-5 Frequency (years) of Loading Reductions to 2-feet below Levee Crest 

 

Recurrence Interval of loading to  of 95% of system  
Upper 575        

(above HWY 2) L-594 
Lake 

Waconda L-601 
Existing  40 60 140 90 
Levee Setback w/o Bridge  55 65 155 90 
Levee Setback w/ Bridge  65 65 160 90 
 
 
 

    Table 6-6 Frequency (years)of Loading Reductions to 3-feet below Levee Crest 

  

Recurrence Interval of loading to  of 95% of system  
Upper 575        

(above HWY 2) L-594 
Lake 

Waconda L-601 
Existing  25 40 65 60 
Levee Setback w/o Bridge  35 45 70 65 
Levee Setback w/ Bridge  40 45 70 65 
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7 Benefit Cost Analysis 
As required by ER 500-1-1, a benefit cost analysis must be completed to determine the economic 
feasibility of levee repairs under the PL84-99 program.  ER 500-1-1 specifies that in preparing a 
benefit cost analysis the benefits to be considered shall be “residential establishments; 
commercial establishments, including the protection of inventory; and agricultural 
establishments, including the protection of crops”.  The focus established by ER 500-1-1 for the 
benefit cost analysis, excludes consideration of other factors that may be impacted by a levee 
repair.  These factors may include impacts on future repair, replacement and rehabilitation costs, 
emergency operations expenses related to critical infrastructure, as well as potential benefits for 
fish and wildlife habitat.   
 
The purpose of the benefit cost analysis is to evaluate the economic feasibility for constructing 
levee setback segments instead of repairing the levees in place for L-550 and L-575.  Originally, 
PIR’s were completed for the repair in-place repairs for L-550 and L-575 under the PL 84-99 
program.  Thus a first step for evaluating the economic feasibility of the setback levee 
alternatives was to complete a traditional benefit cost analysis in accordance with ER 500-1-1, in 
order to provide a direct comparison between the original PIR’s completed for L-575 and L-550 
and the conceptual Setback Alternatives.   
 
In accordance with established guidance and procedures, repair, replacement and rehabilitation 
(R,R&R) costs are not explicitly accounted for in PL 84-99 analyses.  Instead, the period of 
analysis is the same as the estimated pre-damage LOP, without freeboard.  This may make sense 
under normal circumstances, however, if an alternative repair scenario changes the overall levee 
LOP or changes the frequency of damages, there is apt to be a benefit that is not captured in 
current analyses.  An example of the latter is if a levee is set back further from the river, perhaps 
even on higher ground, and there is less frequent erosive damage to the toe of the levee.  This 
decreased damage to the levee is significant because it maintains the levee’s resiliency when a 
large flood event does occur, and could even reduce costs associated with repairing the levee 
after a large flood event.   Non-breach R,R&R costs were a major portion of the overall expense 
for repairing L-575 and L-550 after the 2011 flood event, accounting for $87 million of the total 
$166 million levee repair costs. 
 
 The benefit for reduced R,R&R could be significant, but it is very difficult to simply calculate in 
a way that is directly comparable to the PIR analysis.  The concept of an annualized benefit for 
reduced R,R&R would almost certainly involve a longer and consistent period of analysis, 
probably 50 years, so that all alternatives could be compared on a more equal footing. Also 
needed would be an approach for estimating R,R&R costs associated with various water surface 
elevations and flood event years.  
 
A benefit-cost analysis was conducted for two levee setback scenarios, both with and without an 
attempt at quantifying an annual R,R&R benefit.  A qualitative assessment and discussion of the 
other factors that may be impacted by levee alignment and design decisions is also provided.  
While this abbreviated analysis isn’t adequate to serve as any kind of a decision document for 
investments worth tens or even hundreds of millions of dollars, it has been very helpful for 
highlighting some of the limitations and constraints in our current PL 84-99 analytical 
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framework.  It has also been helpful for identifying some of the more significant benefits that are 
not included today in considering other, potentially superior alternatives to fixing in place. 
The two setback alternatives evaluated for this study include the setback alternative with pre-
flood LOP, and the setback alternative with pre-flood levee top elevation.  The setback 
alternative with pre-flood LOP would maintain the minimum LOP provided by the repair in-
place action, 20-year LOP for L-550 and 30-year LOP for L-575.  The setback alternative with 
pre-flood levee top elevation would involve setting the levees back but constructing the levees at 
the same elevation as the repair in-place alternative.  This would provide a minimum LOP of 28-
years for L-550 and 30-years for L-575.  In addition, a range in the LOP for L-575 is evaluated 
including 30-years for upper L-575, and a higher level of protection of 56-years for lower L-575.  
 
The following section describes the costs of the levee alternatives and is followed by a 
discussion of benefits and then a comparison of alternatives.   
 
 
7.1. Costs of Alternatives 
Total costs include the levee repair or construction costs, real estate costs, interest during 
construction, and annual operations and maintenance costs (O&M).  These costs are considered 
the investment cost of the alternative.  
 

7.1.1 Investment Cost 
The investment cost of a levee construction or repair project include construction costs, real 
estate costs, and interest during construction.  Both setback levee alternative would require the 
acquisition of real estate within the levee setback footprint.  The total investment cost for 
repairing the original levees (i.e.:  Repair In-Place Alternative) is approximately $167 million.  
The total cost of constructing a new levee setback is approximately $194 million for the setback 
alternative with pre-flood LOP, or $213 million for the setback alternative with pre-flood levee 
top elevation, respectively, 16 and 28 percent more than the cost to repair the levees in place.    
 
 

7.1.2 Annual Cost 
In the original PIR’s completed for L-575 and L-550, total costs were amortized over the period 
of analysis consistent with the project’s LOP.  The LOP and period of analysis for the setback 
alternative with pre-flood LOP is consistent with the PIR’s, or 20-years for L-550 and 30-years 
for L-575.  The levee setback alternative with pre-flood levee top elevation provides a LOP of 
28-years for L-550, 30-years for upper L-575 and 56-years for lower L-575.  For this alternative, 
a conservative approach is used in order to maintain consistency for the period of analysis 
between alternatives and eliminate what would be the reduction of annualized costs due to 
amortizing total costs over a longer period.  So rather than using periods of analysis consistent 
with the higher LOP’s, the period of analyses of 20-years for L-550 and 30-years for L-575 are 
used.    
Annual operation and maintenance (O&M) costs are added to annual costs to estimate total 
annual project costs.  Operation and maintenance cost estimates were developed on an average 
per mile basis, from information gathered from local levee districts.   Either setback levee 
alternative will have a lower O&M cost than the fix in place alternative, because the length of 
levee will be reduced (by approximately 8.7 miles).  There will likely be a slight difference in 



 
Missouri River Levee Setbacks Assessment                                    April 2012 
 
 

72 
 

O&M costs between the setback alternative with the pre-flood LOP, and the setback alternative 
with pre-flood levee elevation; however this finer resolution of detail has not been captured for 
this analysis. 
 
The total annual cost for the Repair in-place action is $10.7 million.  The total annual cost for the 
setback alternative with pre-flood LOP is $12.7 million and the total annual cost for the setback 
alternative with pre-flood levee top elevation is $14.0 million.  
 
 
7.2. Benefits of Alternatives 
The benefits considered for this analysis begin with an evaluation of categories typically 
included in the benefit cost analysis under the PL84-99 program, including structures and 
contents, and agriculture.  This is followed by a discussion of other potential benefit categories 
including R,R&R costs-savings, benefits to critical infrastructure, system benefits, emergency 
evacuation and cleanup, and habitat benefits. 
 
 

7.2.1 Structures and Contents   
In total, there are 1,581 structures in the 100-year floodplains existing behind the alignments of 
L-575 and L-550.  The value of these structures is estimated at $215.5 million.  Under either 
setback levee alternative, 43 structures, or 2.7 percent of the total 1,581 structures would be 
located riverward of the setback levee and would be  unprotected.  
 
As described in the PIR’s for L-550 and L-575, flood damages to structures and contents are 
estimated based on location, type of structure, approximate depth of flooding by event, and 
curves identifying the relationship between flood surface elevations relative to the main floor and 
the percentage of total structure value and total content value.  Flood damages prevented to 
structures and content is estimated using this information and the estimated LOP of each levee.  
The LOP and period of analysis for the setback alternative with pre-flood LOP is 20-years for L-
550 and 30-years for L-575.  A range was used to estimate the LOP for the setback alternative 
with pre-flood levee top elevation in order to produce one analysis that was directly comparable 
to the repair in-place alternative and the setback alternative with pre-flood LOP, as well as a 
more liberal approach that utilized higher LOPs. Thus the setback alternative with pre-flood 
levee top elevation utilized two sets of LOP estimates: the more conservative estimate of 28-
years for L-550 and 30-years for L-575, along with the more liberal estimate that maintains the 
LOP at 28- years for L-550 and 30-years for upper L-575, but increases the LOP to 56-years for 
lower L-575.  
 
The reduction in damage to structures and content varies depending upon the alternative and the 
LOP assumed.  Reduction in damage to structures and contents is approximately $19.2 million 
with the repair in-place alternative and approximately $18.9 million with the setback alternative 
with pre-flood LOP.  For the setback alternative with pre-flood levee top elevation, reduction in 
damage to structures and contents is estimated between $19.0 million and $19.5 million.  It is 
worth noting that structures and contents that would be newly unprotected are currently in the 
floodplain even with the levees in place. 
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7.2.2 Agriculture 
Flood damages to agriculture are based on the total number of acres of cropland inundated.  
Agricultural structures and content are captured as part of the separate analysis completed on 
structures and contents.  Like the PIR’s completed for L-575 and L-550 damages are estimated 
using normalized crops prices and local information on yields.  Overall there are 111,638 acres 
in the 100-year floodplains behind levees L-575 and L-550.  The footprint of the setback 
alternative with pre-flood  LOP would cover 595 acres and decrease cropland by 494 acres, 
while the footprint of the setback alternative with pre-flood levee top elevation would cover 636 
acres and decrease cropland by 528 acres.  Based upon a review of GIS data showing current 
land use patterns in the area that would be riverward of the setback levee, 83 percent of the area 
is used for agriculture while 17 percent is currently used for ecosystem, recreation and other 
purposes.  The analysis assumes that these land use patterns will continue with the 
implementation of  the levee setback  alternative based on the information provided from local 
levee districts that cropland riverward of the current levee alignment is farmed.  However, as 
described Section 5.4.2, even with continued agricultural use, habitat benefits may still occur 
with a Setback Levee Alternative.  
 
It is assumed that 50 percent of cropland is planted with corn and 50 percent is planted with 
soybeans.  Based upon conversations with county extensions offices, it is estimated that 96 
percent of the area behind the setback levees is cropland. 
Similar to structures and contents, the reduction in damage to agriculture varies depending upon 
the alternative and the LOP assumed.  Reduction in damage to agriculture is approximately $14.1 
million with the repair in-place alternative.  Reduction in damage to agriculture with the setback 
alternative with the pre-flood LOP is $13.2 million.  Reduction in damage to agriculture with the 
setback alternative with the pre-flood levee top elevation is between $13.3 million and $13.4 
million. 
 
 

7.2.3 Repair, Rehabilitation and Replacement 
As described in the sections on Hydraulic Conditions (3.1.1) and Geotechnical (3.1.2), Missouri 
River levee systems are generally located near the river banks on silt, clay and sandy, soil types.  
Levees located near the river banks are subject to increased water velocities and decreased 
conveyance which leads to increased water surface elevation.  Higher water surface elevations 
increase the likelihood of levee loading and related erosion.  The risk of levee failure increases 
with increased levee loading, exacerbating this issue is the underlain foundation  soils that the 
levees are typically located on increasing the potential for underseepage and hydrostatic forces. 
As described in the geotechnical section, in addition to overtopping, levee failure can occur 
because of increased loading leading to internal erosion, slope instability, and surface erosion of 
the levee embankment.  The risk of these failures increases with the depth of loading on a levee, 
and velocities along the levee.  These conditions ultimately lead to a need for levee repair, 
replacement and rehabilitation (R,R&R). 
 
In contrast, a setback levee alternative would move the levee away from the river bank to a 
higher elevation and possibly more suitable foundation soils.   Since the levee would be further 
from the river bank, levee loading would be less frequent and levee erosion and damage would 
be less frequent as well.  Table 5-11 presents the decrease in loading  stages for the 100-yr event,  
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similar results are present for more frequent out of bank events.  This reduction in loading 
frequency leads to reducing the cost associated with repairing or maintaining the levee.1

 
Consideration of future R,R&R expenditures are not usually addressed as a part of the PL 84-99 
PIR analysis, rather the analysis is based upon the “life of the project” which is directly tied to 
the LOP of the levee.  So, in a sense, future R,R&R expenses are expected to occur in 20-years 
(for a 20-year levee) or in 30-years, etc.  However, with either setback levee alternative the 
decreased frequency and depth of loading on the levee would lead to less routine R,R&R 
expenses.  In an attempt to capture this cost-savings from decreased levee loading and decreased 
R,R&R costs, an estimate of this benefit was developed for L-550 and L-575.  The estimate is 
based upon the repair costs associated with the 2011 flood event.  Costs were divided into breach 
and non-breach repairs, and then average costs were estimated, including a per breach repair 
costs and an average per mile non-breach repair costs.   

 

 
 No R,R,&R cost-savings would occur with the repair in-place alternative.  Under the setback 
alternative with pre-flood LOP, the annual benefit due to R,R&R cost-savings is estimated at 
approximately $0.4 million.  Since the LOP remains the same for this setback alternative as the 
fix in place alternative, the return period for breach and non-breach expenses is the same, 
although in reality there would likely be a more significant reduction in non-breach R,R&R just 
from being further from the river and perhaps on higher and more solid ground.  Non-breach 
R,R&R costs were a major portion of the overall expense for repairing L-575 and L-550 after the 
2011 flood event, accounting for $87 million of the total $166 million levee repair costs.   
 
R,R&R cost savings for the setback alternative with the pre-flood elevation are based on reduced 
levee length and a higher LOP which translates into longer return periods for damaging flood 
events.  L-550 is assumed to maintain a 28-year LOP, but two different levels of protection were 
evaluated for L-575.  R,R&R annual cost-savings for L-550 and L-575 alternative with pre-flood 
elevation are estimated to be $0.9 million with a 30-year LOP for the entire L-575, and a $2.4 
million annual cost-savings with a 30-year LOP for upper L-575 and a 56-year LOP for lower L-
575. 
 
It is likely that the total R,R&R cost-savings are underestimated, since with either setback levee 
alternative water stages are likely to be lower than with the fix in place alternative.  Evaluating 
this potential benefit was beyond the scope of this analysis.  
 
 
7.3 Benefits to Critical Facilities and Infrastructure  
There are several critical facilities and other infrastructure that would benefit from the reduced 
stages associated with a setback levee alternative compared with the repair in-place alternative.   
Quantifying these benefits as part of the benefit cost ratio was not possible within the scope of 
this analysis, however a qualitative discussion is provided.   These potential benefits are not 
included in standard PL 84-99 analysis. 

                                                           
1 Note, that there is a technical difference between costs categorized as R,R&R costs and those categorized as 
O&M costs.  As described ER 500-1-1, the Corps helps with R,R&R activities to repair a levee after a flood event, 
while the levee sponsor is responsible for O&M costs required to maintain the levee’s condition and function. 
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7.3.1 Cooper Nuclear Power Station  
Cooper Nuclear Power Station (CNS) is located at approximately RM 532.5 adjacent to Levee 
R-548 and across the Missouri River from Levee L-550. According to the hydraulic modeling 
completed for this analysis, water surface elevations would decrease by 2.83 feet at Cooper CNS 
from the repair in alternative, under either setback levee alternative at the one percent annual 
chance flood event.  According to personal communications with CNS engineering staff, this 
stage reduction would provide cost-savings for CNS by decreasing the likelihood that certain 
flood protection measures required for the station will be needed.   A letter of support from 
Cooper Nuclear Station for studying levee setback alternatives is attached to this report. 
Currently, according to its emergency preparedness plan CNS is required to take the following 
steps at the associated water surface elevation: 

• At 895 feet mean sea level (msl) heightened river monitoring and inventorying flood 
protection supplies  

• At 898 feet msl install flood barriers at exterior openings of structures and procurement 
of additional fuel for backup diesel generators  

• At 899 feet msl declare a "Notification of Unusual Event",  notify the Nuclear 
Regulatory Commission and the public 

• At 900 feet msl install temporary secondary flood barriers at internal locations inside 
buildings to provide additional protection to safety-related systems and components  

• 902 feet msl station shuts down 
 

In 2011, the Missouri River reached 899.1 feet msl and a Notification of Unusual Event was 
declared.  Later the river reached an elevation of 900.6 feet and several flood protection 
measures were completed.   CNS erected barriers around transformer yards, switch yards, 
warehouses and support buildings.  In addition, CNS constructed plywood and sandbag barriers 
and openings for non-critical plant structures.  CNS submitted $2.4 million to FEMA for 
reimbursement of costs incurred as part of their emergency flood operations.  In addition, the 
state spent approximately $115,000 in additional labor hours.  If the flood stages had been 2.83 
feet lower, or 897.74 feet msl versus 900.57 feet msl, it is likely that the CNS would have chosen 
to either not erect the $2.4 million in flood protection measures, since they would have been 
below 900 feet msl or they could have reduced the number or level of flood protection measures 
implemented.  
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In addition, CNS and its staff experienced many of the same inconveniences and added expenses 
experienced by many other people living along the flooding Missouri River. For example, 
flooding of Hwy 136 in Missouri and its resulting closure of the Brownville Bridge had a 
significant impact on CNS personnel living on the Missouri/Iowa Side of the River.  This issue 
was further complicated with the similar closure of Highway 2 and its bridge near Nebraska City 
to the north, and the closure of Highway 111 in Missouri near Rulo, Nebraska, and the Highway 
159 Bridge at Rulo, Nebraska to the south, drastically increasing the commute time to the plant.  
It was necessary for the Nebraska Public Power District to make arrangements for temporary 
housing for personnel needed on site, and for telecommunications support for those who could 
work from home.  CNS is required to ensure that a number of qualified staff trained in 
Emergency Operations are within 45 minutes of the plant in case of an emergency at all times.  It 
is also important to be aware that levee R-548 protects the only access to CNS when the river 
reaches flood stages, which could be problematic to the continued operation of that facility 
during major flood events. 
 
 

7.3.2 Nebraska City Coal Power Plant 
The Omaha Public Power District (OPPD) Nebraska City Coal Power Plant is located on the 
Missouri River near RM 560 adjacent to Levee R-573.  According to hydraulic modeling 
completed for this analysis, water surface elevations are expected to decrease by 1.5 feet at 
OPPD Nebraska City Coal Power Plant for the one percent annual chance flood event under 
either setback levee alternative. According to personal communications with plant engineering 
staff, reduction in water stages would benefit the plant by reducing the flood prevention 
measures required during a flood event. 
 
During the 2011 flood event, the plant spent $1.3 million monitoring and repairing Levee R-573. 
OPPD spent $8.8 million on-site at the plant completing flood protection measures to ensure 
critical plant infrastructure was protected, including raising Levee R-573 and constructing a 
back-up earthen berm.  In addition, OPPD spent $8.0 million raising the rail line in to the plant to 
ensure the coal supply needed to continue plant operation was maintained.  
 
During the 2011 flood event, peak stages reached 924.3 feet msl.  Fortunately the measures 
enacted by the plant prevented breaching and operations continued as usual. In the event that a 
levee overtopped or failed, OPPD plant engineers estimate that the following expenses would 
occur:  

• At 922 feet msl shutdown switch yard – cost to rehab is approximately $10 million 
• At 925 feet msl minor plant site damage – cost to repair estimated at $2 to $5 million 
• At or above 926 feet msl major plant site damage – cost to repair  estimated at $75 to 

$100 million 
 
If a plant shutdown were to occur, there would be additional economic impacts related to loss of 
power and the associated replacement of power to OPPD customers.  Across their entire service 
area, OPPD estimates that the 2011 flood cost the utility $100 million to purchase additional 
power to meet customer power demands and to make repairs necessary to restore power. 
As described above, under either setback levee alternative, water surface elevations are expected 
to decrease by 1.5 feet at the plant.  Based upon conversations with plant engineers, it is 
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estimated that the cost-savings to the plant would occur due to a reduced frequency of enacting 
flood protection measures.  It is estimated that costs associated with flood protection measures 
could decrease by half, to approximately $4.4 million, for an event comparable to the 2011 flood.   
 
 

7.3.3 Transportation Infrastructure 
Major interstates and highways intersect the project footprint and area of influence including 
Interstate 29, Highway 136 and Highway 2.  During a major flood event, such as the flood of 
2011, these key components of transportation infrastructure were closed for several months.  For 
example, Highway 2 was closed for over six weeks.  According to the Iowa Department of 
Transportation, the user costs per day for closing Highway 2 is estimated at $240,000 so during 
the 6 week closure over $10 million in user costs were incurred (personal communications with 
Iowa Department of Transportation).  User costs include added vehicle operating costs and delay 
costs due to the flooded highway. The reconstruction cost for Highway 2 was approximately $4.0 
million.  Near Highway 2, several miles of Interstate 29 were covered by the floodwaters and the 
interstate was closed for over four months.  
 
Highway 136 in Atchison County, MO was closed for more than four months due to the 2011 
floods. Costs to repair Highway 136 were estimated at approximately $6.8 million (Missouri 
Department of Transportation News Release, 2011). 
 
 
7.4 Emergency, Evacuation and Cleanup Cost-Savings 
During an emergency flood situation, local, state and the federal government expend large 
amounts of money establishing preventative flood measures, responding to emergencies and 
helping communities rebuild after major flood events.  Any actions that reduce the need for 
emergency actions or reduce likely damage from a flood event would lead to cost-savings for 
agencies and organizations involved in flood emergency, evacuation and cleanup activities. 
 
 
7.5 System Benefits  
Section 5.2.2; Decreases in Water Surface Elevation, described that with the levee  setback  
alternative, areas located upstream and downstream of, and across the river from L-550 and L-
575 would have decreased water surface elevations.  Areas upstream from the setback experience 
stage decreases in excess of 1 foot and benefits may reach as far as 35 river miles.  As described 
in the repair, rehabilitation and replacement section, decreased water surface elevations lead to 
decreased loading which reduces repair and maintenance costs.  So with the setback levee 
alternative, levees adjacent to L-575 and L-550 could experience a reduced cost associated with 
R,R&R and potentially O&M.  A quantitative estimate of this system benefit is beyond the scope 
of this analysis, but should be evaluated as part of a future analysis.  
 
 
7.6 Ecosystem Benefit – Habitat Creation 
Human activity including straightening of the river, construction of levees and river control 
structures, and regulation of flows throughout the basin has caused significant loss of habitat. 
Although it is anticipated that most of the land riverward of a setback levee would continue to be 



 
Missouri River Levee Setbacks Assessment                                    April 2012 
 
 

78 
 

farmed during dry years, during high flow events (2-year to 100-year events) there would be an 
increased potential for the availability habitat.  As described in section 6.2.2, Agriculture, it is 
estimated that approximately 83 percent of land riverward of the proposed setback levees is used 
as cropland, while 17 percent is currently used for ecosystem, recreation and other purposes.  
Approximately 6,471 acres would be converted from protected land to potentially being flooded 
in any given year.  As such, and considering their location within the Missouri River corridor and 
its former meander belt, these areas represent a significantly increased opportunity for ecosystem 
restoration 
 
Ecosystem service is a term used to collectively describe the benefits people and other organisms 
(i.e., plants, fish and animals) obtain from ecosystems.  The Missouri River system provides 
many goods and services with an economic value to society (e.g., hydropower, irrigation, 
navigation, recreation). They also provide nonmarket values such as clean air, soil and water 
quality, flood protection, biological diversity, educational opportunities, support for highly 
productive fisheries, and aesthetics (Viers, 2006).   
 
Following are a few key examples of ecosystem services and their importance for species that 
directly or indirectly depend on river-floodplain connectivity.  

• Floodwaters deposit fresh sediment, seeds and other plant materials on the floodplain, 
resulting in natural recruitment of cottonwood and willows, leading to the establishment 
of riparian forest.   

• Sediment deposition creates diverse topography (ridge-and-swale) on the floodplain and 
rich soils, thereby increasing habitat diversity. 

• Provides valuable habitat for flora and fauna, including wintering waterfowl, neotropical 
birds, native fish, and amphibians/reptiles. 

• Provides important spawning and rearing areas for many fish species, some of which 
cannot complete their life cycles without access to healthy floodplains and associated 
wetlands (Fischenich, 2000). 

• Increases groundwater recharge, and increases flexibility in reservoir management, 
allowing greater water supply storage (Opperman et al. 2010). 

• Reduces pesticides, sediment and nutrients in river water. 
• Floodwater movement across the floodplain and through riparian forests, warms, cycles 

nutrients, and produces abundant plankton, zooplankton and aquatic insects (Viers, 
2006). 

 
Although not quantifiable from an economic standpoint, the benefits derived from providing 
hydrologic connectivity between the floodplain and the river system promotes natural processes 
that provide a high output of ecosystem services.  
 
The benefit for providing potential habitat could be significant with a Levee Setback Alternative 
as well.  Rather than needing to mechanically/artificially create shallow water habitat, a levee 
setback provides an opportunity to naturally restore the geomorphic and ecosystem functions of 
the riverine habitat through the river-floodplain reconnection.  While it is nearly impossible to 
place a dollar figure on ecosystem services, one can begin to get an idea of the value placed on 
such services, by looking at the investments being made as part of Missouri River Recovery 
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Program. As mentioned in section 3.1.7, mechanical creation of shallow water habitat (SWH) 
and emergent sandbar habitat (ESH) is an on-going effort by the Corps, with minimum annual 
expenditures exceeding $50 million.  . The minimum cost for mechanical creation of SWH to 
meet goals set in the BiOp for pallid sturgeon was approximately $35,800 per acre, while the 
minimum cost for mechanically creating ESH is $31,000 per acre (USACE 2011a; USACE 
2011b).  With a Setback Levee Alternative, mechanical creation of habitat would likely not be 
necessary, instead natural processes are reestablished through reconnecting the river to its 
floodplain.  
 
From a national investment standpoint there is a high focus on and high cost in the restoration of 
natural habitats and recovery of threatened and endangered species on the Missouri River. These 
costs could potentially be off-set to some degree by partially restoring floodplain connectivity 
and a portion of natural river-based processes that come from it. Any natural processes that 
might be restored to the Missouri River via the setback of levees would have a very high  return 
to the nation. While those values alone are well worth investment toward restoration of the 
floodplain, other nonmarket values such as clean air, water quality, educational opportunities, 
and aesthetics would also be gained.  Although the economic values of these “products” are 
difficult to measure in monetary terms, it is clear they are important to sustaining a healthy 
ecosystem (MEA 2005). 
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8 Alternatives Comparison 
 A summary of the quantified costs and benefits of the no action alternative, the repair in-place 
alternative, and the levee setback alternatives, as well as a summary of the qualitative evaluation 
of levee setback potential benefits is presented in Table 8-1.   
 
The traditional benefit cost analysis shows that there is little difference between the traditional 
benefits provided by the repair in-place alternative and the benefits provided by either setback 
alternative.  The small decrease in benefits with the setback alternatives is due to the fact that the 
setback would decrease the amount of cropland protected by the levee (by approximately 6 
percent of the total 106,056 acres of cropland, which comprises 96 percent of the 111,638 acres 
of land protected by the repair in-place alternative), and it would decrease the number of 
structures partially protected by the levee (by 2.7 percent).  In addition the table shows that the 
cost to construct a new setback levee is somewhat higher  than the cost of repairing the repair in-
place alternative but even under this limited accounting of benefits, the setback levees are very 
feasible.  This is an indication of the severity of damage to the levees L-550 and L-575 during 
the 2011 event.  
 
When R,R&R cost-reduction benefits are taken into account, the BCR does not change for the 
repair in-place alternative since the levee LOP and alignment remain the same. R,R&R cost-
savings for the setback levee alternative with the same LOP are due to the decreased levee length 
compared to the repair in-place alternative.  R,R&R cost savings for the setback alternative with 
pre-flood levee elevation are based upon reduced levee length as well an increased LOP which 
translates into a longer return period for high water events.  A LOP range is used for this 
estimate with L-550 maintaining a 28 year LOP, and L-575 ranging from 30 year LOP for the 
entire levee, or 30 year LOP for upper L-575 and 56-year LOP for lower L-575.  
 
There are several additional benefits that could be obtained with either setback levee alternative.  
These benefits are primarily associated with reduced water stages providing cost-savings to 
critical infrastructure, adjacent levee systems, and reducing the need for emergency evacuation 
and cleanup.  In addition, either levee setback alternative would provide increased opportunity 
for the establishment of fish and wildlife habitat.  As described in section 3.2.3 Habitat Creation, 
a levee setback provides an opportunity to restore geomorphic and ecosystem functions in 
riparian habitats through river-floodplain reconnection. 
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Table 8-1: BCR Summary for Conceptual Levee Setback Alternatives (in $millions) 

  

Repair In Place 
Alternative  
(from PIRs) 

Setback 
Alternative with 
Pre-Flood LOP  

Setback 
Alternative with 
Pre-Flood Levee 
Top Elevation 

L-550 LOP 20- years 20- years 28- years 

L-575 LOP 30- years 30- years 
30-yrs  upper L-575 
 56 yrs lower L-575  

System Protected Area 72.9 sq miles  64.6 sq miles  64.6 sq miles  
Traditional BCR computations:  
Total Cost $166.8  $193.8  $212.6  
Annual Cost $10.7  $12.7  $14.0  
Annual Benefit $33.3  $32.1  $32.3  
BCR 3.11 2.52 2.30 
BCR computations including R,R&R benefit: 
Annual Cost $10.7  $12.7  $14.0  
Annual Benefit (including 
R,R&R) $33.3  $32.5  $33.2 to $34.7  
Annual R,R&R Cost-

 
$0.0  $0.4  $1.0 to $1.8  

BCR 3.11 2.55 2.37 to 2.48 

Other Benefits Associated with Levee Setback Alternatives:  
Reduced damage to critical infrastructure:  
• Cooper Nuclear Power Station, $2.4 million cost-savings based on 2011 event 
• Nebraska City Coal Plant,$4.4 million cost-savings based on 2011 event 
• reduced damage to transportation and other infrastructure and decreased  traffic disruption  

 
System benefits: 
• increased LOP behind adjacent and opposing levees 
• reduced O&M and R,R&R costs for adjacent and opposing levees 
Emergency, evacuation and cleanup cost-savings: 
•  less frequent need for emergency operations and flood-related activities 

 
Ecosystem benefits: 
• Increased potential  for 6,471 additional acres of fish and wildlife habitat 

 
 
8.1  Fundamental Observations 
Based on a simple comparison of the BCR’s for Fix In Place Alternative and the Setback Levee 
Alternative, it appears that the Fix In Place Alternative should be the recommended alternative. 
However, when evaluating the alternatives from a broader perspective it becomes clearer that the 
additional benefits associated with a setback levee may greatly outweigh the greater cost 
associated with constructing a new levee within a new levee footprint.   
Several fundamental observations can be highlighted based upon study results, including: 
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• Most significantly, each alternative shows a positive benefit to cost ratio, in other 
words, each alternative is feasible or would be “worth the federal investment”. 

• Repair in-place is the most cost effective solution by traditional analysis, but there are 
many benefits that are not accounted for with the traditional PL84-99 approach. 
Repair, replacement and rehabilitation (R,R&R) costs would be reduced with a setback 
levee due to shorter length, less frequent loading and erosion, and (where LOP 
increases due to increased conveyance) in less frequent breaching.  
 

The economic analysis considered traditional and some nontraditional (R,R&R and auxiliary) 
costs and benefits to determine the feasibility of implementing a nonstructural levee setback in 
lieu of repairing the levee in-place.  There are additional benefits which are systemic to the 
current river system which were not captured in the benefit-cost analysis.  For instance, the 
Cooper Nuclear Power Station would benefit from not going off line with power production to 
an estimated amount of $500,000 per day (Nuclear Regulatory Commission) if they encountered 
failure of their system due to flooding.  They have already encountered flood risk concerns 
surrounding their access road and the power transmission area.  The Nebraska City Coal Power 
Plant also faces significant concerns from loss of power production and transmission, to plant 
access, and coal delivery by rail, if threatened with a significant flood event.  Auxiliary benefits 
could be identified from the positive affect lower stages and velocities would have on adjacent 
levees and infrastructure.  
 
It is also apparent that the levee systems (L-575 and L-550) have encountered repetitive damages 
since being constructed.  If an insurable structure (residential or commercial) were to receive 
flood losses twice in a ten-year period, other federal authorities would be utilized to relocate or 
mitigate the structure so that no future damages occur.  If the levee system were insured as are 
structures, then relocation to a new alignment would be considered due to decreased flood risk, 
increased resiliency, and more system sustainability would occur.         
 
 
8.2  Recommendations for Further Economic Analyses 
The following items are provided as recommendations for future analysis: 

• Levee setbacks appear to be feasible and even promising based upon the abbreviated 
assessment completed for this report.  A much more rigorous and site inclusive study 
would further identify opportunities to accomplish the various potential benefits cited, 
including benefits much more systemic in nature. 

• PIR’s are funded at a very minimal level, which likely makes sense when a simple, low-
cost fix is needed in order to maintain levee integrity.  However, much more extensive 
and rigorous analyses and consideration of factors beyond the traditional benefit and cost  
analysis are needed for consideration of other than repair in-place.   Because there is such 
an urgent need to reestablish protection following large damaging flood events, it is really 
necessary to work out acceptable methodology and assess other alternatives such as 
setbacks, and perhaps even lay the groundwork for potential implementation before such 
occurrences of future flood events, perhaps even systemically. 
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• An attempt has been made to show a range over which R,R&R reduction benefits might 
be realized.  Significant R,R&R benefits could be captured with setback alternatives, but 
precisely quantifying those benefits requires a more complex analysis than what has been 
completed here.  For example, as described previously non-breach costs were a 
significant portion of the 2011 levee repair costs, accounting for $87 million of the $167 
million levee repair costs.  Non-breach repair expenses would surely be reduced under a 
setback levee alternative.  Benefits from reduced R,R&R were assessed for this analysis 
and calculated based on a longer return period for breach and non-breach R,R&R, as well 
as for reduced levee length, on a limited basis.  

• There are also other alternatives in addition to setbacks that may have merit in specific 
applications, alternatives such as notching, elimination, and lowering of levees and those 
should also be given consideration in a system wide evaluation. 
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9 Conclusions 
Conclusions from this assessment are grouped into Engineering and Environmental Conclusions 
and Economic Conclusions. 
 
 
9.1  Engineering and Environmental Conclusions 
Numerous constrictions or pinch points are located between Omaha/Council Bluffs and Rulo, 
reach of the Missouri River federal levee system. While risk based levee design would provide 
top widths well in excess of the originally designed minimum channel width of 3,000 feet, 
encroachments as low as 1,090 feet exist on the Missouri River.  These constrictions cut off 
conveyance,  and lead to environmental impacts.   
 
Levee Setbacks provide a method to alleviate these impacts and provide a sustainable solution.  
The selection of levee setback locations is a key part in the process and necessary to ensure 
benefits are achieved.  
 
This assessment has shown that several reaches of federal levees (L-575 and L-550) undergo 
frequent loading and because of their proximity to the river, and as a result of this loading, 
portions of these levees have undergone repetitive damages due to higher river stages and greater 
erosive velocities combined with surface sloughing and underseepage problems.   
 
As each major flood event passes and the same levees are repaired in similar fashion from one 
flood event to the next, there is good reason to ask “If you continue to do what you have always 
done, why would you expect different results in the future?”  
 
 
9.2 Economic Conclusions 
The assessment found that any of the levee alternatives are economically feasible because each 
alternative had a BCR greater than 1.  The Repair In-Place Alternative had the highest BCR, 
however the analysis found that there are likely significant benefits to O&M and R,R&R that are 
not adequately captured as part of the BCR calculation.  In addition there are several un-
quantified benefits associated with the levee setback alternatives that warrant consideration when 
levee construction or reconstruction decisions are being made.  These benefits include: benefits 
to critical infrastructure such as power plants and transportation infrastructure as well as reduced 
traffic delays; benefits to emergency, evacuation and cleanup costs; system benefits to adjacent 
levees including reduced O&M and R,R&R costs; and ecosystem benefits due to increased 
potential for fish and wildlife habitat.  
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10  Observations and Recommendations 
The scope of this study was to develop an assessment of the feasibility of levee setbacks as a 
nonstructural alternative to repair in-place as a part of the PL 84-99 program.  Throughout the 
assessment a number of challenges were noted which warrant additional attention.  While it was 
outside of the scope of this assessment to provide a comprehensive review of the current PIR 
process or other obstacles that inhibit or prevent the nonstructural levee setback alternative from 
being readily implemented, there are internal processes which could be improved.  The following 
sections identify concerns with ER 500-1-1, time and resource constraints, and other concerns, 
which if improved, would provide a more comprehensive and collaborative approach to the 
development of levee setbacks. 
 
 
10.1 Observations on ER-500-1-1  
ER 500-1-1 is the primary document providing guidance on the PL 84-99 process.  The 
following observations and recommendations are noted regarding ER 500-1-1 
 
 

10.1.1 Definition of a NSA  
Following the 2011 Flood discussions regarding what was and was not a NSA were held, and 
whether a levee setback would be considered a NSA. 
 
One line of thought stated that the construction of a levee (a structural flood damage reduction 
measure) could not be part of a nonstructural approach.  ER 500-1-1 (5-17 c (6)) does identify 
“Construction to promote, enhance, control, or modify water flows into, out of, through, or 
around the nonstructural project area” as an acceptable cost.    
 
Another concern was that the development of a NSA must encompass the entire levee system.  
Numerous sections of the ER 500-1-1 (5-17 c (6), 5-16 j) provide insight that following the 
construction of a NSA there could be protected and unprotected portions of the levee system.  
 
A third discussion was that ER 500-1-1 (5-16 j) would prevent future flood-related assistance, 
and as such there would be no benefit for a sponsor to remain the program.  Further reading of 
the section, specifically defining “formerly protected areas” and separating these areas from 
areas remaining under protection could prevent this confusion. 
 
 

10.1.2 PIR Benefit-Cost  Quantification  
ER 500-1-1 provides the framework for the PIR process.  The cost benefit quantification portion 
of this process is largely formatted for the evaluation of the repair in-place action.   Expansion of 
the ER 500-1-1 to provide a more detailed discussion on the benefits that can be accounted for as 
part of the PIR process and how these benefits should be quantified.  Sections 6 and 7 of this 
report document a number of benefits associated with levee setbacks and the difficulty in 
incorporating them into the benefit-cost quantification process.   
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10.1.3 Least Cost Alternative 
ER 500-1-1 (5-11 e (3)) identifies that “If the public sponsor prefers an alternative method of 
repair that is not the least cost to the Federal government alternative, the public sponsor shall pay 
100 percent of the additional costs above the least cost alternative”.  ER-500-1-1 does not define 
what the least cost alternative is.  It can be debated that this means the lowest cost for 
construction (lowest one time investment cost), it can also be debated that this would be the 
project with the best benefit-cost ratio or lowest ongoing costs, as in O&M and R,R&R.   
 
It is recommended that ER 500-1-1 be revised to allow consideration of a wider array of 
potential benefits so that alternatives, such as described herein this report, may be implemented 
and over the long-term are shown to provide an economic benefit to the federal government, 
local drainage districts, area landowners, and adjacent utilities and infrastructure.  
 

10.1.4 Interagency Approach 
Section 5-14 of ER 500-1-1 discusses the development of the Interagency Levee Task Force 
(ILTF).  The intent of this interagency process is to allow those agencies with programs for 
nonstructural alternatives to repairing levees the opportunity to work with public sponsors who 
may wish to consider a nonstructural alternative (5-9 (c)).  Experience following the 2011 flood 
showed that while other agencies are willing to be involved in the process, there is a lack of 
definition on what programs these agencies should be using to assist with the implementation of 
a NSA. 
 
 
10.2 Time and  Resource Constraints  
The urgency of repairs following a catastrophic flood event such as 2011 flood largely precludes 
the collaborative and thoughtful consideration and consensus-building required to transition 
away from the repetitive repairs experience.  Typically, levee districts and USACE  are 
concerned with having the levee system fully repaired before the next flood season, so they have 
less than a year to complete levee repairs.  Thus the focus is on getting the levee back to its pre-
flood  condition, but nothing is done to reduce overall flood risk.  This assessment has shown 
that levee setbacks can result in lower flood stages and less erosive velocities which means fewer 
local and federal dollars are required for O&M, and R,R&R.  However, the engineering 
processes, the real estate reviews, coordination with sponsors, and economic analyses are 
complex and time consuming when compared to repairing in place, but the outcome can result in 
financial savings and a more resilient levee system. 
 
 

10.2.1 Time Constraints 
Inline repairs provide a timely approach to repairs, much of this is because the study necessary to 
justify such repairs is relatively simple.  There are no added benefits versus the pre-flood 
conditions; as such there is less of a study necessary to fully understand the implications of an 
inline repair.  Similarly, an inline repair requires little to no debate on final alignments and real-
estate impacts.  
 
In response to this constraint it is recommended that for levees where the use of  the PL 84-99 
process would assist in realigning levees with a risk based approach to levee safety, the PIR 
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review process be allocated more time.  This could be accomplished by starting the PIR process 
earlier and/or holding back from coordination with public sponsors on the alternative for repair 
in-place until all potential alternatives are adequately prepared for presentation. This would 
require assessments to be initiated during the flood event, possibly even prior to the flood event 
as an initial assessment, rather than after the flood waters have gone down.  An earlier start to the 
assessment of alternatives could reduce the flood risk associated with implementing 
nonstructural alternatives in lieu of repair in-place actions.  
 
In order to be in position for consideration of a nonstructural alternative in the future, such as a 
substantial levee setback which does alter the existing flood risk, shelf-ready documents are 
required. It is recommended that additional detailed assessments be conducted for each hydraulic 
constriction located between Omaha/Council Bluffs and Rulo, so that in the future advanced 
communication, coordination, and collaboration may occur at the onset of a major flood event. In 
addition it is recommended that outreach to the appropriate state agencies, county officials, and 
most importantly, the local levee district representatives, occur during nonemergency times 
along the river so as to prepare resources for future actions when the river decides to flood again. 
 
 

10.2.2 Resources Constraints 
Similar to the time constraints identified in Section 10.2.1, resources available from a personnel 
standpoint and financial standpoint must be allocated to develop the NSA option.  Current 
funding for the PIR process is consistent with the timeline that is being pushed for the process, 
and constrains the ability to look beyond the in-place repair options.   
 
The level of assessment for comparison of a repair in-place action and a NSA project is very 
limited.   Current funding levels for PIR reviews are  constrained in relation to the federal 
expenditure for repairs, and the incorporation of a NSA makes proper assessment of alternatives 
more difficult. 
 
 
10.3 Real Estate Considerations  
One of the largest challenges associated with the development of a levee setback is the real-
estate considerations.  As part of the PL 84-99 program, real-estate acquisitions are the 
responsibility of the project sponsor.  Continued involvement in the PL 84-99 program requires 
that the sponsor maintain permanent interest in the footprint of the levee, but does not require 
interest in the lands which would be set riverward of the levee.  If a sponsor selects a NSA 
project, ER 500-1-1 does identify real-estate costs as an acceptable expense (5-17 c (1)), 
however the cost of real-estate and requirement that the least cost alternative be the financial cap 
for federal expenditures (5-11 e (3)) would largely prevent this from being an acceptable 
expense. 
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10.4 Sponsor Capabilities,   Coordination and Collaboration 
One of the recognized constraints was the capabilities of levee sponsors.  Many responsibilities 
and decision making authority fall on the levee sponsor.  This responsibility requires a great deal 
of resources.  In major cities these responsibilities can be managed by personnel with a thorough 
background in the issues employed by the community (financial managers, engineers, legal 
counsel).  With smaller communities and local levee districts these resources may not be in 
place.  As documented previously the NSA levee setback alternative is a more in-depth process 
than in-place repair options.  Understanding the implications (costs and benefits) could require a 
more in depth background.   
 
Additionally, many of the benefits derived from a levee setback are for areas which are not part 
of the levee district (flood stage reductions).  No input from those receiving these benefits is 
identified in ER 500-1-1.   
 
Levee sponsors need  to have access to the necessary resources (financial management, legal 
counsel, and engineering). While ER 500-1-1 specifies a levee district spokesperson for the 
decision making process between levee repairs and nonstructural alternatives, additional 
coordination and collaboration between the levee sponsor, impacted landowners, county 
officials, state officials, and federal partners is needed to break the current cycle of preparing for 
the next flood event by taking the same course of actions as taken after the last flood event.   
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