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Third Report of the National Academy of Engineering/ 
National Research Council 

Committee on New Orleans Regional Hurricane Protection Projects 
 
 
 
 
 
 Hurricane Katrina struck the U.S. Gulf Coast on August 29, 2005.  The New Orleans 
metropolitan region was heavily impacted, as were large portions of the Alabama, Louisiana, and 
Mississippi Gulf coasts.  New Orleans was especially affected because of the failure and 
overtopping of many sections of the city’s and the region’s hurricane protection system.  Over 
one thousand lives were lost and property damage was extensive, making Hurricane Katrina one 
of the most devastating natural disasters in U.S history. 

To improve scientific and engineering understanding of the structural performance of the 
hurricane protection system for the New Orleans metropolitan area during Hurricane Katrina, the 
U.S. Army Corps of Engineers established the Interagency Performance Evaluation Task Force, 
or IPET, in October 2005.  The IPET consists of hundreds of experts from federal agencies, 
academia, and the private sector, working in 10 study groups.  All IPET study groups are led or 
co-led by Corps of Engineers staff.  The IPET is gathering and evaluating data directed toward 
better understanding in five broad areas: 

 
 1. design and status of the hurricane protection system pre-Katrina; 
 2. storm surges and waves generated by Hurricane Katrina; 
 3. performance of the hurricane protection system during and after the event; 
 4. societal-related consequences of Katrina-related damage; and 
 5. risks to New Orleans and the region posed by future tropical storms. 
 
 The Assistant Secretary of the Army for Civil Works requested the National Academy of 
Engineering (NAE) to convene an independent review committee to provide advice to the IPET 
effort.  In December 2005 the NAE and the National Research Council (NRC) appointed the 
Committee on New Orleans Hurricane Protection Projects for this purpose.   

The IPET has issued interim reports as it has proceeded with its analyses.  The first two 
IPET interim reports were issued in January and March 2006.  The NAE/NRC committee has 
followed the progress of the IPET, has met several times with IPET officials and other experts, 
and has issued two letter reports that provide advice on the first two IPET interim reports.  The 
NAE/NRC committee reports were issued in February and May 2006.  This is the NAE/NRC 
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committee’s third letter report and it reviews the IPET June 1, 2006, Final Draft (the IPET 
report, and all IPET documents, can be viewed at: https://ipet.wes.army.mil/; accessed October 3, 
2006).  This committee is scheduled to issue a fourth and final report in 2007, which will review 
the IPET final report.  This report will also offer lessons learned from the Katrina experience, as 
called for in the committee’s statement of task.1 
 Before commenting on the content of the IPET June 1, 2006, Final Draft, it is worth 
noting the extent of the study defined by the IPET.  Each of the five IPET study objectives would 
by themselves define an ambitious scope of work.  To merge all five objectives into a single 
project, to be completed in roughly one year’s time, has created one of the more extensive and 
complex studies ever undertaken by the Corps of Engineers (and the other participating IPET 
agencies and scientists).  The IPET has accepted its charge with vigor and enthusiasm, collecting 
impressive amounts of data and conducting many detailed and useful analyses on a rigorous 
schedule. 

The IPET has produced three main draft reports in 2006 and plans to issue its final report 
in 2007.  Any study group given the charge and the time constraints of the IPET would be 
greatly challenged to produce a comprehensive report.  Indeed, the five IPET study objectives 
define a set of studies that could have taken several years or even decades to complete.  Thus, 
whereas the following report contains criticisms and suggestions for improvement, it is written 
with great appreciation for the realities and limitations inherent in an all-encompassing study 
slated for completion on a very short timeline.  Our NAE/NRC committee continues to be 
impressed by the diligent efforts of the IPET team, and appreciates the IPET’s spirit of 
cooperation and openness in helping our committee conduct its reviews of IPET reports. 
 This report is divided into three main sections.  The first section is entitled “Executive 
Summary of the IPET Report.”  It comments on the organization, presentation, and content of the 
June 1, 2006, Final Draft Executive Summary.  The second section is entitled “Geotechnical 
Concepts and Analyses.”  The third section is entitled “Risk and Reliability”; it comments on 
Volume VIII of the IPET Final Draft, which addresses the topic of engineering and operational 
risk and reliability analysis.  The report concludes with a short Summary. 
 
 

EXECUTIVE SUMMARY OF THE IPET REPORT 
 

 The IPET June 1, 2006, Final Draft includes a 50-page Executive Summary and 
Overview that summarizes key concepts and findings.  The report consists of over 6,000 pages of 
text, charts, figures, and appendixes.  Given the size of the report, it is crucial to have an 
Executive Summary that is accessible and comprehensible by the public and decision makers.  
This section identifies concerns regarding the June 1, 2006, Final Draft Executive Summary and 
offers advice on how it might be improved in the IPET final report. 

 
 

                                                           
1 The committee’s full statement of task is listed in Appendix A of this report.  Those interested in further details of 
this committee’s establishment and progress should consult the committee’s first two letter reports, which are 
available at www.nap.edu. 
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Uneven Style and Inconsistencies 
 

 Those sections of the Executive Summary that present engineering and scientific terms 
and description of the storm and its impacts, and describe the scope of Hurricane Katrina, its 
impacts, and the IPET investigations (see pp. I-14-40) are clearly linked with the body of the 
IPET June 1, 2006, Final Draft.  However, portions of the Executive Summary reach premature 
closure on important topics, gloss over uncertainties and differences of opinion, and assume a 
tone that is at times legal in nature.  For example, the Executive Summary begins with discussion 
of the lack of a true hurricane protection system for the New Orleans region but shortly thereafter 
begins to backtrack and at times becomes defensive.  An example of this is found in the opening 
paragraph under “Hurricane Protection System” (p. I-5), which states, 
 

There was no evidence of government or contractor negligence or malfeasance.  
With the exceptions noted below, the system was generally built as designed, and 
design approaches were consistent with local practice. 
 

 A determination of whether mistakes in structural design and systems performance 
constitute “negligence or malfeasance” was not addressed in the IPET report and is beyond this 
committee’s charge.  “Negligence” and “malfeasance” are terms with strong legal overtones; the 
IPET studies were designed as technical investigations of structural performance and storm surge 
risks, not as a legal investigation. 
 
• The IPET final report should focus on scientific and engineering issues, with less 

emphasis on legal concerns regarding negligence or malefeasance.  The first two 
sentences within the Hurricane Protection System (Volume III) of the Executive 
Summary (p. I-5), and the corresponding section in the Executive Summary to Volume 
III (p. III-7) that make assertions regarding “negligence and malfeasance” and “design 
approaches” are inappropriate and should be removed. 

 
 

Presentation of Key Concepts and Findings 
 

 The IPET June 1, 2006, Final Draft Executive Summary is presented in a multilayered 
structure, with “overarching findings,” “principal findings,” “detailed findings,” and 
“overarching lessons learned.”  A summary might be organized in many different ways; but the 
relations among these varied layers are not clear and these tiers do not help explain the overall 
IPET report structure and key concepts and findings. 
 Much of the Executive Summary is written at a general level and is not well connected to 
the analyses that underpin the body of the report.  On pp. I-10-12, for example, concepts of 
resilience, risk-based planning, awareness, and capability are discussed.  Although the concepts 
are important, the discussion here is poorly linked to the body of the report.  The Executive 
Summary places great emphasis on the concept of resilience, for example, but nowhere in the 
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main body of the report is the term clearly defined, nor is the concept extended and applied as a 
unifying principle throughout the report.  For example, the IPET report states: 
 

The key objective of the IPET is to understand the behavior of the New Orleans 
Hurricane Protection System in response to Hurricane Katrina and assist in the 
application of that to the reconstruction of a more resilient and capable system (p. 
I-1) (emphasis added). 
 
Resilience may be a relevant and useful concept in planning and managing hurricane 

protection; but it is inappropriate to introduce a central term or concept in an Executive 
Summary that is not developed significantly in the main body of the report.  As a result, use of 
this term appears to be an afterthought, rather than a guiding theme within the study.  
Furthermore, reference to resilience as a “key objective” is confusing with regard to the 
existence of five IPET study objectives. 
 There are other gaps between the Executive Summary and key issues within the main 
body of the report.  The IPET is grappling with many complex issues at various levels of 
conceptual and technical detail.  These issues include strengths and vulnerabilities across the 
hurricane protection system, varying levels of risk of storm surge across the region, and 
uncertainties in storm and storm surge probabilities.  The IPET report has five stated objectives 
(not a single objective, as suggested in the previous quote), one of which focuses on risks to the 
New Orleans region posed by future tropical storms.  As stated in the IPET June 1, 2006, Final 
Draft, this objective is explained as “The Risk and Reliability: What was the risk and reliability 
of the hurricane protection system prior to Katrina, and what will it be following the planned 
repairs and improvements?”2  Of the five report objectives, this is the most future oriented, as the 
others focus on evaluations of events before and during Hurricane Katrina. 

The IPET June 1, 2006, Final Draft defers discussion of these issues until the risk 
analysis portion of the study is completed.  Although the risk and reliability team has conducted 
a significant amount of background work for this evaluation, little evidence and no preliminary 
discussions of this work are found within the Executive Summary.  Such a discussion could have 
included a summary of the goals of the IPET risk analysis; the decision to employ a joint 
probability method, alternative methods that were considered and why this method was selected; 
assumptions, strengths, and weaknesses of the method; a discussion of uncertainties that are 
likely to be part of the risk analysis results; and discussion—including preliminary maps of 
elevation and storm surge and flooding risks—of how future storm surge risks might affect the 
region. 

Finally, if the IPET reports are to be useful in decisions regarding resettlement and 
reconstruction, they will have to present information in a manner that is both understandable to 
the general public and addresses primary questions of concern to the public and elected officials.  
Citizens and public officials in the New Orleans region are eager to know more about future risks 
and how the IPET investigations can help them make informed decisions.  For example, two 
                                                           
2 This objective was explained differently in the IPET March 2006 interim report, as “Risk: Following the 
immediate repairs, what will be the quantifiable risk to New Orleans and vicinity from future hurricanes and tropical 
storms.” 
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important questions for homeowners, businesses, and elected officials are “What is the risk of 
being affected by hurricane storm surge?” and “What level of protection should be provided?”  
Even though answers to such questions entail many complexities, the IPET should strive to 
address such questions as clearly and candidly as possible.  It is important to direct some portion 
of the IPET study to the public to ensure its relevance and usefulness.  Communication of 
complex concepts to the public presents challenges.  Nevertheless, the public is looking to the 
IPET to help inform resettlement decisions for New Orleans and the region.  It is also important 
that the public appreciate the value of the IPET’s extensive efforts. 

 
• The Executive Summary in the IPET June 1, 2006, Final Draft is not fully consistent 

with the body of the report.  Summaries in future IPET reports should more closely 
match the bodies of those reports.  Summaries should also be written in a style that 
officials and citizens can clearly understand. 

• The Executive Summary should clearly and concisely present the report’s key findings 
and conclusions with regard to the study’s five primary objectives. 

 
 

Systemwide Risks and Conditions 
 

Levee Conditions and Systemwide Storm Impacts 
 
 One IPET objective is to provide a better understanding of the design criteria and status 
of the pre-Katrina New Orleans hurricane protection system.  To help meet this and the other 
IPET objectives, it will be important for the IPET final report to include a clear depiction and 
display of the hurricane protection system’s key features before, during, and after Hurricane 
Katrina.  Readers of the report should be able to easily find figures and related tabular data that 
depict the extent and condition of the hurricane protection system before and after Hurricane 
Katrina. 

The IPET June 1, 2006, Final Draft devotes a great deal of general discussion to the 
performance of “T-walls” vs. “I-walls.”  Given this emphasis, one would expect a good summary 
and figure of the dimensions and locations of T-walls and I-walls.  However, the report lacks a 
clear summary discussion of T-wall and I-wall performance, as well as a clear figure(s) and 
map(s) of these structures and their dimensions and locations.  As a result, it is not clear whether, 
for instance, I-walls performed worse than T-walls because of inferior condition, or whether they 
were simply exposed to greater loads than were T-walls.  Figure 4, p. I-20 in the Executive 
Summary includes some information about general levee location throughout the hurricane 
protection system, but it is incomplete and provides little specific information about levee 
heights, condition, and so on.  It would also be useful to know the length of levees, levee design 
elevations, and best estimates of elevations just prior to Hurricane Katrina. 

Where data on I-walls and T-walls are presented there are some inconsistencies.  For 
example, in Appendix 12 of Volume V (p. V-12-10), the summary of damages from Hurricane 
Katrina states that 12,750 feet of the New Orleans East back levee suffered major damage.  Table 
12-2, located just below that summary, shows very different numbers.  Furthermore, Appendix 
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12 shows damages to levees in New Orleans East, but there is no comparable analysis of St. 
Bernard Parish.  The Executive Summary also should clearly explain where the system 
performed well and where it failed.  
 
 
Regional Geology 

 
Volume V of the June 1, 2006, Final Draft is entitled “The Performance—Levees and 

Floodwalls.”  Within Volume V, there are references to systemwide data; data in the appendixes 
(p. V-12-10), although useful, are limited.  The main text fails to provide the type of an overview 
of regional geology and synthesis of geologic processes that are required to establish a context 
for evaluating the hurricane protection system.  Attention was drawn to this deficiency in this 
committee’s first report (NRC, 2006a), and a summary of the regional geology was included in 
subsequent IPET reports.  Although reference to regional geology is made in Appendix II, 
Volume V, the level of discussion is somewhat limited: regional geology is described in a single 
paragraph in Volume V in the June 1, 2006, Final Draft and is absent from the Executive 
Summary.  

The IPET report (in Volume V) should include a summary of regional geology to explain 
respective elevation differences across the New Orleans area, identify localized problems with 
soft clay deposits and underseepage conditions, and offer reasons for present and future 
subsidence and settlement issues.  A comprehensive assessment of the geology and its 
engineering implications establishes governing principles that affect performance of various 
hurricane protection structures across the region. 

  
• The Executive Summary’s focus should be broadened beyond a few select breach sites 

and present higher-quality illustrations of the hurricane protection system.  These 
should include more detailed description of the location and performance of levee, I-
walls, T-walls, and other protective structures.  

• The Executive Summary (and Volume V) should incorporate a more thorough 
discussion—including regional maps—of geologic conditions and dynamics and their 
implications for failure mechanisms and strengths and weaknesses of the hurricane 
protection system. 

 
 

Uncertainties and Risks 
 

Uncertainties and risks are prominent concepts within the IPET analyses and are of 
paramount importance for future planning and decision making by New Orleans officials and 
citizens.  There will likely be large uncertainties attached to the estimates of future storm 
recurrence intervals, risks to the city of storm surge, and reliability of the hurricane protection 
system.  The Executive Summary does not explain and discuss these uncertainties and their 
implications, except at a conceptual level.  For example, there is broad, conceptual discussion of 
the merits of “risk-based planning” (e.g., p. I-11), but no subsequent explanation of how 
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estimates of storm surge for the New Orleans region will be generated, why those estimates will 
include uncertainties, or what the concept of risk entails for future land use planning and 
development. 

The Executive Summary is also weakened by attempts to be definitive at points where 
conditions do not justify such certainty.  For example, a central topic in the IPET studies has 
been geotechnical investigations at key levee failure sites, notably at the 17th Street Canal, the 
Inner Harbor Navigation Canal, and the London Avenue Canal.  The IPET has conducted 
geotechnical analyses at these sites, as has a team of engineers sponsored by the National 
Science Foundation (NSF).  The IPET and the NSF-sponsored teams have exchanged 
information regarding possible levee failure mechanisms, but differences remain in views 
regarding the primary failure mechanism(s) at these sites.  These differences are legitimate, and 
final agreement concerning these failures may never be reached (see NRC, 2006b, pp. 10-12, for 
a discussion of these IPET and NSF studies). 

 
• The Executive Summary should place a stronger emphasis on explaining and 

illuminating key uncertainties within its analyses and the implications of uncertainties 
for future planning and decision making.   

 
 

GEOTECHNICAL CONCEPTS AND ANALYSES 
 

Volume V of the IPET June 1, 2006, Final Draft addresses the performance of the 
Hurricane Protection System during Hurricane Katrina, focusing on two lines of investigation: 
(1) studies of breaches that have been attributed to premature3 foundation failures of I-wall 
sections at the 17th Street, London Avenue, and Inner Harbor Navigation Canal (IHNC) sites,4 
and 2) surveys of erosion along reaches of the system where levees were overtopped.  Based 
upon these investigations, the IPET has drawn conclusions about soil and structural performance 
and raised issues that have implications for future practice not only in New Orleans but also for 
hurricane and flood protection structures in other parts of the country.  These issues include 
causes of breaches, site characterization, analytical methods, factor of safety, and erosion of 
levee soils, each of which is addressed in the following sections. 
 
 

Causes of Breaches 
 

Extensive documentation regarding the 17th Street Canal breach appeared in the first two 
IPET reports (January 2006 and March 2006) and was reviewed in this committee’s first two 

                                                           
3 These breaches occurred at storm surge levels below the top of the I-walls and clearly well below their original 
design level (accounting for reductions in flood wall elevation since the time of construction).  The IPET executive 
summary adopts a more euphemistic description, stating that “the performance was less than the design intent.” 
4 There is also a brief description of the stability of I-walls along the Orleans Avenue canal (Appendix 10).  There is 
no information provided on the three foundation failures that contributed 70 percent of the flooding in Orleans East 
(according to statements in the Executive Summary; p. I-7). 
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reports (NRC, 2006a,b).  The IPET June 1, 2006, Final Draft describes similar methods of data 
collection, analyses, and physical modeling for the two London Avenue breaches (Volume V, 
Appendixes 7, 8, 9), while a much reduced scope of investigation is provided for the IHNC 
(Volume V, Appendix 11).  A lack of documentation for the IHNC that is consistent in scope and 
depth with that for the 17th Street Canal and London Avenue breaches is a weakness in the IPET 
June 1, 2006, Final Draft—especially given the damage in the Lower Ninth Ward that resulted 
from the IHNC breaches. 

The Volume V Executive Summary concludes that the foundation failures at the 17th 
Street Canal and at the IHNC5 occurred in “weak foundation clay,” while those at the London 
Avenue Canal resulted from “intense seepage and high uplift water pressures in the sand 
foundation” with “a common element” relating to “development of a gap between the wall and 
soil on the canal side” (p. V-1).  In contrast, the Executive Summary states that all foundation 
failures were “induced by the formation of a gap” (p. I-7) and that this was not considered in 
original design. 

Gap formation, however, should not have been an unexpected mechanism; nor did it 
exclusively lead to all foundation failures.  For example, the formation of a gap between I-wall 
and soil was demonstrated in full-scale field tests performed nearly 20 years ago by the Corps of 
Engineers (Jackson, 1988).  Moreover, the consequences of gap formation are affected by shear 
strength of the underlying soils.  Although the phenomenon of gap formation has been 
investigated in depth (including the use of centrifuge tests), undrained shear strength of marsh 
and clay deposits has been investigated in an uneven manner, with important data, especially 
direct simple shear strength data, absent in the IPET June 1, 2006, Final Draft.  In meetings and 
in discussions with IPET members, the members have indicated that IPET has gathered these 
direct simple shear strength data.  This useful information should be included in the IPET report 
and integrated into the report’s geotechnical analysis. 

Based on review of the IPET analyses conducted to date, this committee concludes that: 
1.  Low undrained shear strength of low permeability foundation soils (referred to as 

marsh and grey/lacustrine clays) clearly contributed to the failure of the I-wall at the 17th Street 
Canal.  The lack of reliable shear strength data, particularly laboratory test data, gathered by 
IPET does not allow for a clear resolution of resisting forces.  Moreover, it inhibits reaching a 
firm conclusion regarding relative contributions of gap formation and soil strength to safety 
factor, and raises concerns about the characterization of clay and marsh deposit strength at other 
locations.  In addition, the highly variable strength data do not support the assertion that the 
breach occurred at a location of local weakness in the underlying marsh/clay layers within the 
levee.  Although the failure mechanism proposed by IPET is plausible, back-analyses only match 
the observed surge elevation at failure by introducing a full-depth gap and assuming very low 
shear strength in the clay beyond the toe of the levee. 

2.  Underseepage was a major contributing factor for the London Avenue Canal breaches.  
In the event of a storm surge in the canal, both the levee sections and the design I-wall 
embedment depths would not meet simple design criteria considered for upward hydraulic 
gradients (e.g., for Mississippi River levees; see Turnbull and Mansur, 1961).  The IPET team 
                                                           
5 This should be more clearly stated as the north breach on the east bank of the Inner Harbor Navigation Canal 
(adjacent to the Florida Avenue Bridge). 
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has performed elaborate deformation analyses, using finite element methods, which require 
reduced frictional strength within the sand to match the surge elevations at the time of breaching.  
The IPET team has not provided conclusive evidence that this corresponds to the critical 
mechanism of failure. 

3.  Physical model tests have successfully simulated failures of I-walls for both the 17th 
Street and London Avenue Canal sections.  The IPET team should be congratulated for the 
successful completion of these complex tests. 

4.  The IPET June 1, 2006, Final Draft is the first of the IPET reports to provide 
information on the four breaches that occurred along the IHNC.  Documentation of these 
breaches (Appendix 11) is brief and insufficient for independent review because (1) there is no 
explanation of the local geology (the subdivision of marsh deposits and introduction of 
“interdistributary” units); (2) the undrained strength profiles are highly questionable; (3) stability 
is based on rigid-body limit equilibrium analyses with circular arc failure mechanisms and a full- 
depth gap; and (4) there is no discussion of anomalies of the structural condition of the I-walls at 
the breach sites that might have been observed. 

5.  Examples of other lingering issues regarding alternative failure mechanisms include 
the impacts of large differences in settlement across the protection system, the toppling of large 
trees that had encroached into levees, and the presence of soft clay layers not identified in 
present geotechnical investigations.  Without considering these types of factors, the proposal of a 
single failure mechanism could lead future designers to focus on narrowly drawn conclusions, 
leading to neglect of other, equally plausible failure modes.  The IPET final report should 
include a broader discussion of these other possible modes of failure. 

 
• The IPET report should include more substantial documentation to support the 

hypothesis that breaches along the IHNC were caused by overtopping and erosion or by 
foundation failure.  It should also include information that examines other possible 
modes of failure and why these failure modes have been rejected. 

• The IPET report should address the shear strength of marsh and clay deposits more 
comprehensively, and provide more thorough laboratory and field data for both 
quantifying the strength and identifying the soil layer in which failure occurred. 

 
 

Site Characterization 
 

The quality of the site characterization studies is the key determinant for successful 
diagnosis of geotechnical failures.  In previous reports this committee has expressed reservations 
about site investigation methods and interpretation presented in the IPET reports.  The site 
investigations carried out by IPET are not consistent with current geotechnical engineering 
practice.  This section summarizes these primary limitations. 

Site stratigraphy should integrate observations from borehole logs, field probing tests 
(notably piezocone penetration records), and local geological knowledge.   It is unclear how this 
process has been carried out to reconstruct cross sections of the state of the levees prior to 
Hurricane Katrina.  The reports lack detailed plans showing how site investigations relate to 
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surveyed features of the breaches,6 and the cross sections are generally hand drawn.  The soils 
data, which are provided through the public website, are not well organized.  A parallel study by 
Seed et al. (2006) shows a more detailed interpretation of the stratigraphy at the 17th Street 
Canal breach site. 

Laboratory test data can provide reliable information on shear strength properties of soils.  
The IPET team has not reported results from state-of-the-practice laboratory sampling and 
testing methods.  The IPET June 1, 2006, Final Draft attributes the large “scatter” in previous 
laboratory strength measurements to natural soil variability.  In fact, the sampling procedures, 
test specimen selection, and use of unconsolidated (UU and UC) triaxial shear tests likely 
contribute to this scatter.  Best practices in soft-ground engineering were established more than 
30 years ago—much of it in research sponsored by the Corps of Engineers—using procedures 
that minimize the effects of sample disturbance (Ladd and Foott, 1974).  

The IPET has relied almost exclusively on cone penetration data7 to estimate undrained 
shear strength profiles in low permeability fill, marsh, and clay units (and frictional strength of 
sand at the London Avenue Canal).  These data show quite uniform properties beneath the crest 
of the levee.  There is, however, little information supporting the interpretation of undrained 
strength profiles at the toe of the levee.  It is erroneous to assume normally consolidated 
properties for the marsh and clay units beyond the levee (this issue is also discussed by Seed et 
al., 2006).  The risk assessment of the levee system (Volume VIII) incorporates geotechnical 
information derived principally from site investigation methods and data from the 17th Street 
and London Avenue Canal breaches.  These data are limited and thus unlikely to cover the full 
range of subsurface conditions and variability affecting the entire New Orleans hurricane 
protection system.  The IPET has conducted some simple soil strength tests (e.g., cone 
penetration data) at sites beyond the 17th Street Canal.  These data should be used to help present 
a broader, systemwide picture of soil properties.  

 
• The IPET should present site plans and soil profiles at the breach sites in a printed 

graphic format, containing stratigraphic interpretation and soil properties consistent 
with good geotechnical practice. 

• The IPET report should estimate clay and marsh deposit strengths at locations other 
than the 17th Street Canal—both beneath and adjacent to levees—with available 
laboratory test data. 

 
 
 

                                                           
6 The only plans show boring locations superimposed on maps accessed from Google websites.  While useful, maps 
from these sites have insufficient resolution for detailed engineering investigations.  Surveyed features, such as large 
trees, swimming pools, etc., are not included in the plans. 
7 Current geotechnical engineering practice is based on piezocone devices that make concurrent measurements of tip 
resistance and pore water pressures during penetration.  These two independent measurements are necessary to 
eliminate cross-coupling effects that introduce a bias in the data.  Many of the IPET soundings are based on a more 
primitive cone penetrometer device that does not measure pore pressures.  This raises additional concerns about the 
accuracy of the derived IPET strength profiles. 
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Analytical Methods 
 

The IPET has used two independent analysis methods for evaluating mechanisms of 
failure at the breach sites—Limit Equilibrium Methods and nonlinear (deformation-based) Finite 
Element techniques.  Several features of these methods deserve close attention.  Limit 
Equilibrium Methods are standard geotechnical analysis techniques (e.g., Duncan and Wright, 
2005; Krahn, 2001) that provide direct assessments of stability (e.g., for a specified loading 
condition or shear strength distribution within the soil) by searching for the critical failure 
surface within the soil mass.  It is not clear why the IPET calculations have been restricted to 
circular arc failure mechanisms, which apparently are not the critical mechanisms associated 
with levee breaching, as they are inconsistent with Finite Element analyses and physical model 
tests the IPET has conducted.  The IPET team has not reported on analyses for planar and other 
alternative sliding surfaces and has thus opened itself to criticisms of its conclusions. 

Finite Element analyses are well established within geotechnical practice (e.g., Duncan, 
1994; Potts and Zdravkovic, 2001) and offer unique capabilities to model both coupled ground 
deformations and seepage.  The selection of constitutive models in the current analyses is limited 
by lack of reliable strength and stiffness data (usually obtained from laboratory tests).  The IPET 
finite element analyses are able to simulate the large deformations of the I-wall that occur due to 
the storm surge, but they generate a full failure mechanism (at the assumed failure surge height) 
only when a gap is introduced at the soil-wall interface.  Although this represents a plausible 
failure mechanism, it is but one of several possible failure mechanisms. 

  
• The IPET report should integrate field observations, Finite Element analytical results, 

centrifuge test findings, and Limit Equilibrium analysis to assess safety factors for 
sliding surfaces that match deformation patterns both on-site and in centrifuge models.  
These deformation patterns include planar and composite sliding surfaces other than 
circular arcs. 

 
 

Factor of Safety 
 

Throughout the IPET reports and associated presentations, a factor of safety of 1.3 is used 
as the value in geotechnical stability analyses.  This factor represents a margin of safety with 
respect to unknowns in order to obtain satisfactory performance of levees and other geotechnical 
facilities.  The selection of this numerical value seems to reflect long-standing Corps of 
Engineers practice, as opposed to careful assessment of the critical role of levees in protecting 
lives and property in high storm surges. 

The IPET should review the rationale for the criteria, such as factors of safety, that future 
designs must meet.  The evaluation should consider whether some other criterion, such as margin 
of safety or a reliability index, might be more appropriate for these structures.  Surely the safety 
factor or level of safety should be related to the loss if the structure fails.  For example, a levee 
protecting hundreds of millions of dollars of property should have a higher safety factor than one 
protecting hundreds of thousands of dollars of property.  And an urban levee designed to protect 
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large numbers of people should have a higher factor of safety than one designed to protect 
farmland.  Furthermore, the evaluation should consider the well-known result that different 
methods of analysis yield different factors of safety, even for similar failure modes. 

 
• The IPET should reexamine its criteria for selecting factors of safety for levees in the 

New Orleans region.  It should provide guidance for appropriate safety factors as they 
relate to different land uses and levels of human occupation.  It should also include 
alternate reliability criteria used in design. 

 
 

Erosion of Levee Soils 
 

The IPET investigations have shown that levee overtopping by Katrina was accompanied 
in many locations by severe erosion of levee soils.  It is imperative that procedures be developed 
and applied for quantifying the suitability of levee soils with respect to erosion resistance and for 
establishing acceptance criteria for soil used in future levee construction and rehabilitation.  The 
IPET June 1, 2006, Final Draft provides visual and qualitative descriptions of levee soils that 
were susceptible to erosion.  This erosion is attributed to fill materials and placement methods on 
the basis of empirical survey evidence.  However, no explicit recommendations for procedures 
that should be used in the future to quantify soil resistance to erosion are provided.  Given the 
substantial amounts of soils that must be certified for future levee construction in New Orleans, 
there is a need for improved methods to quantify soil erosion resistance. 

 
• The IPET report should provide additional guidance for: 

1. identifying erodible soils; 
2. quantifying the degree of soil resistance to erosion; and 
3. selecting and placing soils to resist erosion, including armoring. 

 
 

RISK AND RELIABILITY 
 

 Volume VIII of the IPET June 1, 2006, Final Draft entitled “Engineering and Operational 
Risk and Reliability Analysis” is structured to provide findings central to many of the five IPET 
report objectives, namely, estimates regarding risks of future storms and of the structural 
reliability of the hurricane protection system.  Results from this chapter’s analysis are not 
presented in the IPET June 1, 2006, Final Draft (IPET intends to issue these results later in 
2006).  The following section thus does not comment on findings from Volume VIII of the IPET 
June 1, 2006, Final Draft, but rather on some methodological considerations that underpin that 
chapter. 
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IPET Risk and Reliability Estimates 
 

The framework employed in Volume VIII of the IPET June 1, 2006 Final Draft to 
generate estimates of risk and reliability consists of five sequential components.  The first is a 
model (Holland, 1980) for estimating wind and atmospheric pressure fields during hurricane 
events.  This model requires the selection of six characteristic storm parameters at land fall: 
central pressure deficit, radius of maximum winds, a radial pressure profile parameter, storm 
forward speed, landfall location, and approach direction.  IPET selected 1,155 combinations of 
the six characteristic hurricane parameters to cover a wide range of possible hurricanes.  
Probabilities of occurrence for the various hurricane parameters were assigned using a 
combination of published scientific papers and historical records of hurricanes in the New 
Orleans vicinity.  The second component is a rainfall model that is based on the hurricane’s 
central pressure deficit and the radius to maximum winds.  The third component is the ADCIRC 
storm surge model plus a correction factor for wave effects.  This was used to compute the water 
level along the hurricane protection system for each hurricane.  No probabilities are explicitly 
assigned to results from the rainfall or the ADCIRC/wave models.  The fourth component is a set 
of fragility models for estimating structural responses of critical components of the hurricane 
protection system as a function of the water level and the specific location in the hurricane 
protection system.  Based on available experimental data and expert judgment, probabilities of 
occurrence were assigned to the set of fragility models.  A fifth component, the Joint Probability 
Method (JPM), was then used to compute the probability of occurrence of a specific outcome 
(e.g., failure of the hurricane protection system at a specific location) based on the probabilities 
assigned to each of the other four components. 
 Whereas the IPET framework is not an unreasonable approach to estimating risks and 
reliability of the hurricane protection system, it does contain potential limitations.  The selection 
of the five models and the assignment of probabilities to variables within them are somewhat 
subjective; moreover, all of the models are subject to significant and often unknown uncertainty.  
For example, water level calculations using ADCIRC on a coarse or medium resolution grid 
together with the simple wave correction procedure is very different from the method used in 
Volume IV (ADCIRC on a fine resolution grid coupled to the WAM wave model and STWAVE 
wave models) to model Hurricane Katrina.  The hurricane, rainfall, water level, and fragility 
models are run sequentially.  Uncertainties thus will be propagated through the calculations.  
Final estimates from the Joint Probability Method are likely to have large uncertainties and hence 
may be of little use for establishing an absolute probability of failure for any section of the 
hurricane protection system.  They may also be of little value for assessing relative probability of 
failure of different sections of the hurricane protection system. 

Given the uncertainties that will be attached to results of the risk and reliability estimates, 
it is critical that the methods, assumptions, and errors in each model component are presented 
clearly.  Furthermore, a thorough error analysis should be performed to determine the uncertainty 
in the final results obtained from the Joint Probability Method.  A rigorous error assessment will 
be critical for establishing the level of confidence that can be placed in results of the risk and 
reliability analysis.  Failure to report on the error contained in each model component will inhibit 
a better understanding of the primary source(s) of uncertainties in the final estimates.  Results 
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from the Joint Probability Method applied only to the hurricane model should be compared to the 
historical record of Gulf hurricanes.  The comparison could, for example, be based on storm 
category at landfall (in its first two letter reports this committee recommended that the IPET 
assemble a history of Gulf Coast hurricanes).  This comparison should consider data for Atlantic 
Coast and Gulf of Mexico hurricanes including those in the 1990s and 2000s, to reflect an 
apparent increase in hurricane frequencies since the mid-1990s.   

It would be useful to identify those model runs in the risk analysis ensemble that most 
closely resemble the standard project hurricane (SPH) and Hurricane Katrina, and then use these 
model runs as case studies on both the SPH design and the Katrina event.  In other words, what 
would the newly formulated risk and reliability analysis suggest about the probability of 
catastrophic flooding from the SPH or Hurricane Katrina? 

It is also important to ensure that the risk and reliability estimates have practical 
applications with regard to the hurricane protection system.  It is also important that they be 
understood by a public that is looking to the IPET report to provide essential information for 
both public policy and individual decisions in a post-Katrina setting.  All elements of the 
hurricane protection system, and hence the risks associated with that system depend on some 
level of hurricane storm surge protection.  Yet, the IPET report does not provide information on 
this most important aspect of the risk analysis—what surge levels will the city be protected 
against?  Instead, the IPET risk analysis relies on a joint probability approach that implicitly 
includes surge heights without explicitly providing this fundamental information. 

 
• The IPET risk analysis approach is conceptually coherent and logical, and may be a 

useful risk evaluation tool.  Nevertheless, levels of uncertainty in estimates of risks of 
flooding are expected to be large.  The overall uncertainty within the analysis should be 
carefully evaluated and presented to establish the level of credibility of final results. 

• Each model component used in the risk and reliability model should be thoroughly 
described, and its results reported and validated.  Uncertainties within these 
components and their results also should be presented clearly. 

• The IPET risk approach should be used to assess the probability of storms that most 
closely resemble both the Standard Project Hurricane and Hurricane Katrina; this will 
add useful context to the overall risk and reliability analysis. 

• Results should be provided from each component of the risk and reliability analysis to 
help the public and elected officials understand the level of protection provided by the 
hurricane protection system in terms of storm parameters, surge level, and the overall 
system.  

 
 

Use of Scenario Events to Augment the Risk and Reliability Analysis 
 

 The summaries of outcomes and associated probabilities of the very large number of 
possible hurricane events investigated by IPET are likely to be difficult to explain clearly to the 
public, and may be of limited practical value to elected officials.  As described in this 
committee’s second letter report (NRC, 2006b), a set of historical and “worst case” surge/wave 

Copyright © National Academy of Sciences. All rights reserved.

Third Report of the NAE/NRC Committee on New Orleans Regional Hurricane Protection Projects 
http://www.nap.edu/catalog/11772.html

http://www.nap.edu/catalog/11772.html


15 
 

 
 

conditions throughout the region could be simulated using a select set of hurricanes (e.g., 
designed from historical storms such as Betsy, Camille, Katrina, and from expert judgment) and 
the models developed for the forensic component of the IPET study.  This set of storms could be 
selected from the much larger set of storms being used for the risk and reliability analysis.   

Knowledge of worst case scenario storm conditions can be a useful guide in 
reconstructing and redesigning hurricane protection structures and plans.  Knowledge of 
historical storms would be helpful for providing context for the results of the worst case storm 
scenarios.  The selection of a limited set of hurricanes would be somewhat subjective, and the 
end result would not be a formal probability of failure for the system.  However, the results 
would be intuitive and helpful in strengthening the decision-making process for future 
resettlement and reconstruction. 

In a June 18, 2006, letter from Lewis E. Link, IPET director, addressed to Dr. Wayne 
Clough, chairman of this NAE/NRC committee, Dr. Link responded to this NAE/NRC 
committee’s second report (NRC, 2006b).  In this letter Dr. Link notes that IPET chose not to 
conduct such a “deterministic ensemble” analysis (this letter is included as Appendix B in this 
letter report).  Although this IPET decision should be respected, Dr. Link’s letter does not 
explain fully how this decision was reached.  Contrary to Dr. Link’s assertion, the analysis 
suggested in the NRC (2006b) report is not restricted to a specific period of record; rather its 
members can be tailored to reflect past or projected future conditions as deemed to be 
appropriate.  Nor is it confined to definition by a specific set of parameters. 

An issue of great importance is that the hurricane protection system design was not 
updated as technology advanced and as environmental conditions changed (e.g., losses of 
wetlands).  One aspect of determining hurricane protection system failures during Hurricane 
Katrina is to assess whether current technology shows that the system is designed adequately for 
the SPH.  To accomplish this, the IPET should re-evaluate the authorized levee/floodwall heights 
associated with the SPH using ADCIRC, WAM, and STWAVE models that were validated for 
Katrina.  This comparative evaluation would identify whether these new models indicate the 
need for revised hurricane protection system heights.  This exercise would have the added 
benefit of providing an assessment of how the surge and waves due to Katrina compare with 
those previously estimated for the SPH. 

 
• To complement its joint probability method results, the IPET should create a set of 

hurricane scenarios that simulate a variety of possible future storm conditions in the 
greater New Orleans region.  This set of scenarios should include both important 
historical storms and worst case scenario storms.  These scenarios could either be 
generated as an additional set of possible storms or be selected from previous runs the 
IPET has generated.  This would provide an assessment of whether current design is 
adequate to protect against a range of possible hurricane conditions. 

• The IPET should evaluate the present system design using the best available 
contemporary models and methods, using Standard Project Hurricane storm 
parameters.  This would provide an assessment of whether the authorized 
levee/floodwall heights are adequate to meet earlier design criteria. 
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Interagency Coordination 
 

There appears to be a lack of consensus on an appropriate method for estimating risk and 
reliability of the hurricane protection system among IPET and groups such as the Corps of 
Engineers (which is leading the Louisiana Coastal Protection and Restoration [LaCPR] study), 
the Federal Emergency Management Agency (FEMA, which is conducting mapping studies that 
are to include related risk estimate studies), and the National Oceanic and Atmospheric 
Administration (NOAA).  The hazards of hurricane storm surge and coastal inundation are too 
important to be addressed with less than the best interagency coordination and scientific methods 
and knowledge.  The IPET should work closely with these agencies to avoid complications that 
may  result from inconsistent methods and results among federal studies and programs, and to 
avoid confusion in communicating results to the public. 

  
• IPET should coordinate its risk and reliability analysis with other relevant programs 

and agencies, especially the Corps of Engineers LaCPR study, FEMA, and NOAA. 
 
 

SUMMARY 
 

 The post-Katrina context of New Orleans hurricane protection is subjecting the IPET 
investigation to a high level of scrutiny.  The IPET is producing a report of keen interest to 
multiple audiences that include engineers, experts in a broad array of related disciplines (e.g., 
public policy, history, ecology), elected officials at different administrative levels, the media, and 
citizens and citizen interest groups.  The IPET report not only should be technically sound but it 
must also provide clear answers to fundamental questions important to a broad audience.  In the 
end it is important that the good efforts of the IPET not be regarded primarily as a technical and 
inaccessible exercise.  Clear statements of the primary IPET outcomes—including uncertainties 
where they exist—will be of value not only for the public but also for future initiatives, such as 
the Louisiana Coastal Restoration and Protection program, which will build upon IPET study 
findings. 

The IPET June 1, 2006, Final Draft contains weaknesses in its Executive Summary, 
geotechnical concepts and analyses, and risk and reliability modeling that will need to be 
remedied for the document to be both technically credible and a useful guide for citizens and 
elected officials.  Connections between the report’s Executive Summary and the body of the 
report are often difficult to discern.  The IPET’s final report will be strengthened by placing a 
strong emphasis on ensuring that the Executive Summary reflects clearly the content and main 
sections of the main body of the report. 

The IPET is conducting a study of regional and national importance that will be 
referenced for years to come.  The IPET experts have expended considerable efforts to bring 
their study to its current point, for which they should be commended.  Our NAE/NRC committee 
offers this report in the spirit of contributing positively to the IPET effort.  We look forward to 
future collaboration with the IPET as we continue our review of their important evaluations of 
the New Orleans hurricane protection system. 
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APPENDIX A 
STATEMENT OF TASK 

COMMITTEE ON NEW ORLEANS REGIONAL HURRICANE PROTECTION PROJECTS 
 

Hurricane Katrina and the subsequent flooding of much of the New Orleans metro area prompted many questions 
about the geotechnical and hydraulic conditions and performance of the city's hurricane protection system.  To help 
provide credible scientific and engineering answers regarding the performance of this system, an Interagency 
Performance Evaluation Task Force (IPET) has been convened. The IPET effort is being led by the U.S. Army 
Corps of Engineers.  The IPET is also working with a review team from the American Society of Civil Engineers 
(ASCE).  The IPET, which includes both federal and non-federal scientists and engineers, is divided into ten teams 
focusing on different topical areas*.  The IPET is focusing its investigation on 3 primary topics: a) design capacity 
of the hurricane protection system, b) forces exerted against the system and system response, and c) factors that 
resulted in overtopping, breaching, or failure of levees and floodwalls.  The IPET issued a draft final report on June 
1, 2006.  The IPET will issue a final report later in 2006 (current plans call for a September release of this report). 
 
This NRC/NAE committee will focus its review on the following tasks: 
1) review the data gathered by the IPET and the ASCE teams and provide recommendations regarding the adequacy 
of those data, as well as additional data that will be important to the IPET study and should be gathered; 
2) review the analyses performed by the IPET and ASCE to ensure their consistency with accepted engineering 
approaches and practices; 
3) review and comment upon the conclusions reached by the IPET and ASCE teams, and;  
4) seek to determine lessons learned from the Katrina experience and identify ways that hurricane protection system 
performance can be improved in the future at the authorized level of protection. 
 
The NRC/NAE committee will issue four reports:  
1) a preliminary, letter report that comments on the adequacy of the nature of the data being collected by the IPET 
and ASCE teams (due in February 2006);  
2) an interim report that represents the midpoint of the committee's evaluation and project (due June 1, 2006), and; 
3) a report that reviews the IPET June 1, 2006 draft final report (due in September 2006) 
4) a final, comprehensive report that summarizes the committee's evaluation of the IPET final report (due in January 
2007). 
 
The timeline for these four NRC/NAE reports conforms with plans regarding IPET report progress.  The first two 
NRC/NAE reports will be drafted and issued following the review and evaluation of the IPET 30% and 60% 
completion reports, respectively.  The third NRC/NAE report will review the IPET draft report (which was issued on 
June 1, 2006).  The fourth NRC/NAE report will review the IPET final report. 
 
*The committee's review will focus on the analysis of IPET teams in the areas of: data collection and management (perishable, 
systems data, and information management), interior drainage systems models, numerical models of the Hurricane Katrina surge 
and wave environment, storm surge and wave physical modeling of hydrodynamic forces and centrifuge breaching, geodetic 
vertical survey assessment, and the analysis of floodwall and levee performance. 
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APPENDIX B 
IPET RESPONSE TO COMMITTEE REPORT 2 COMMENTS 

 
18 June 2006 
 
Dr. G. Wayne Clough 
Chair NAE/NRC Committee on New Orleans Regional  
Hurricane Protection Projects 
 
Dear Dr. Clough: 
 
 Thank you for your comprehensive second letter report titled “Second Report of the National Academy of 
Engineering / National Research Council Committee on New Orleans Regional Hurricane Protection Projects” 
providing an evaluation of the information presented in the Interagency Performance Evaluation Task Force (IPET) 
second report dated 10 March 2006.  Your review is critical in synthesizing the facts presented in the IPET reports.  
We are pleased to read in your overall assessment that IPET has made progress on several fronts and believe you 
will find many of your review comment have been integrated into the draft IPET Final Report released 1 June 06.  
The purpose of this letter is to provide information on how your review comments positively influenced the draft 
IPET Final report.    
 
The use of a geographic information system (GIS) within IPET has progressively increased since IPET first report. 
The GIS continues to be beneficial in unifying regional spatial analysis and promoting system wide analysis, 
visualization, and communication.  The GIS was used to organize and facilitate system wide evaluation of designed, 
pre and post Katrina levee crest elevations, and surge and wave conditions.  GIS is also the core capability for the 
IPET system – wide risk assessment, and has been especially important in the integration of the many information 
sources needed for the reliability, consequence and inundation analyses. To more effectively implement the GIS, a 
GIS team composed of members from IPET, Task force Guardian, Task Force Hope, and the New Orleans district 
was established on 7 February 06.  This GIS team had weekly meetings to promote system wide analysis, 
visualization and communication.  We recognize that there are many more avenues for exploiting GIS and to use 
this capability in a more global sense for tying all IPET information and products together. Time has prevented 
exploitation of some of these options, however, the GIS is being transitioned over to the New Orleans District for 
continued development and use in the project life cycle process.   
 
As you note, IPET has made excellent progress in modeling the large-scale hydrodynamics of Hurricane Katrina.  
Wave-surge model interaction was considered in the regional hydrodynamic modeling that is documented in the 
draft IPET Final Report.  ADCIRC was run without wave forcing to compute the regional storm surge field as a 
function of time.  All near shore wave models (the four STWAVE model domains) were then run using the 
time/space varying surge field to change the water depth field considered in the wave modeling.  Time and space 
varying radiations stresses were computed from these wave model simulations.  ADCIRC was re-run with the time- 
and space-varying wave radiation stresses.  The contribution of wave radiation stresses to the regional storm surge 
field is presented and discussed in the draft IPET Final Report, Volume IV, “The Storm” main text and supporting 
appendices. 
  
The vertical datum information was used to modify the topography and bathymetry information used in the final 
ADCIRC and STWAVE modeling.  Levee and floodwall crest elevation data, relative to the NAVD88 
2004.65 datum, was incorporated into the ADCIRC model as best we could in the time available (some of these data 
became available very late in the study process).  The work done to incorporate datum adjustments is documented in 
an appendix to The Storm, Volume IV.  Some additional work to incorporate levee/wall crest elevations has been 
done subsequent to the draft IPET final modeling, and these data will be factored into current ADCIRC model of the 
region, which will be applied in the S.E. Louisiana Coastal Protection Restoration (LaCPR) study.   
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A number of sensitivity tests were done to examine the sensitivity of model results to input data uncertainty, model 
coefficients and model formulation for certain processes, and tide/wave contributions to storm waves and water 
levels.  Those results are documented in The Storm (Volume IV) main text and supporting appendices.  A number of 
statistical comparisons (model results compared to measurements) were done to examine computed wind, wave, and 
water level accuracy, in response to an earlier request by the NRC reviewers.  Those results are documented in the 
main text of Volume IV and appendices. 
 
The draft IPET Final Report integrates two of the three detailed hydrodynamic study methods by coupling the 
physical model and the numerical models in the sense that the results from each were compared in the entrance 
regions of the canal.  Engineering analysis were used to set the water levels within the canals from the water levels 
at the boundaries in Lake Pontchartrain, so these results were also coupled into all of the final detailed 
hydrodynamic wave runs.   
 
Although more sensitivity tests can always be of value, a fairly wide range of tests with ADCIRC, and the other 
detailed hydrodynamic models was used for water level analysis.  We did not have the chance to run many 
sensitivity tests on the wave predictions within the canals or along the major flood protection levees in IPET Report 
2.  For this reason, we tried to avoid interpreting the wave information in a completely deterministic manner within 
that report.  We agree completely with the comment that it will be important to run such studies and that information 
will be provided in the IPET Final Report. 
 
The geotechnical investigation has progressed significantly since IPET Report 2.  The draft IPET Final Report 
contains additional information on regional geology including varying rates of subsidence across the region.  This 
detailed regional geology provides significant information that was used to determine the soil profiles along the 
hurricane protection system.  The geotechnical investigation is closely integrated into the risk and reliability analysis 
to provide a system wide assessment of vulnerabilities.  A system wide assessment of levee vulnerability will be 
provided in the risk and reliability analysis.  The decision to place closure gates at the outfall canals significantly 
reduces the vulnerability of these canals.  Findings and lessons learned from the IPET performance evaluation were 
continuously shared with Task Force Guardian benefiting the reconstitution of the hurricane protection system.  The 
key vulnerabilities of existing structures within the system are identified in the draft IPET Final Report with the 
lessons learned.  
 
Alternate breaching mechanisms have been addressed in the draft IPET Final Report to include the potential for 
instability at other locations.  The risk analysis is addressing the statistical and probabilistic procedures for 
charactering the vulnerabilities of the soil conditions throughout the system.  The most reliable IPET field testing 
results came from the CPT tests for the clays.  Results from the DSS and field vane test are being added to the IPET 
report.  The National Science Foundation sponsored results are also being reviewed to assess applicability to the 
IPET report. To date, the information received from the University of California at Berkeley Team has been 
consistent with the IPET geotechnical data.  
 
The risk studies are intended to provide a relative measure of the hurricane risks and vulnerabilities that exist in New 
Orleans (NO) due to the performance of the Hurricane Protection System (HPS).  This will provide USACE 
decision makers with additional information to use in determining future investments in the HPS.  As with any risk 
analysis, the values determined in the analysis are not used to make final engineering decisions on the 
configurations, locations or design of projects.  Additional detailed engineering studies are required to finalize any 
project design. 
 
The risk and reliability analysis is challenging.  The IPET Risk and Reliability Team (R&R) is comprised of leaders 
in the field of risk analysis and all methods used have been thoroughly reviewed by the team members and the 
American Society of Civil engineers External Review Panel.  Aleatory and Epistemic uncertainties are considered in 
the analyses and the results will reflect these uncertainties.  The risk analysis will not be used as the basis for re-
occupying the region.  This will be a state and local government decision that is beyond the control of IPET and 
USACE. 
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The hurricane rates used in the risk analysis are based on the probability of hurricanes striking the NO area.  The 
probability of a single hurricane affecting NO is approximately 23% for any given year therefore the sum of the 
hurricanes rates total 23%.  The joint probability method used does not assign rates such as 1/100, 1/50 or 1/400 to 
any given storm in the 1800 storm sample.  The elevation-frequency relationship is determined based on the entire 
1800 sample of possible storms.  Public and government officials should be educated concerning the meaning of the 
recurrence numbers.  The IPET Risk team’s risk communication plan has been developed with this in mind. 
 
In an effort to further discuss the joint probability method, an attachment is provided with some additional 
information on the IPET methodology. This will be expanded upon in the IPET final report. 
 
The IPET R&R team will provide some additional information in the final report concerning the history of 
hurricanes in the region.  The characteristics of the historical hurricanes are included in the parameter sets used in 
the suite of ADCIRC runs and several historic storms, for which accurate parameters are available, and are being 
used in the calibration process.  The standard project hurricane has not been considered as a specific run since it is 
not an historic hurricane but was determined using an alternative method of analysis. 
 
The IPET risk analysis considers more than 180 reaches and more than 330 individual gates, transitions and features.  
Fragility curves have been developed to determine the probabilities of failure as a function of water elevation for 
each reach and feature.  The hurricane protection system has been modeled as a series system as described in your 
letter report section titled “Risks to the Hurricane Protection System”. 
 
The difficulties described in your committee’s report pertaining to establishing the probabilities of failure of 
individual components of the protection system and the need for validation and verification of the results is 
understood.  The Risk team is currently in the process of conducting validation studies that will be described in 
detail in the IPET final report.  As previously stated, the risk model does not specifically consider the SPH as used 
for the original design of the HPS. 
 
With regard to the deterministic approach proposed in your letter report, IPET sees this approach as being similar to 
the EST methodology used to develop the SPH.  It is not IPET’s opinion that this approach “will provide a better 
understanding of surge and wave response potentials for a representative set of hurricanes. This approach is likely to 
be more valuable for assessing the near-term state of the hurricane protection system than a highly questionable 
probabilistic analysis.”  The proposed approach would be primarily based on a short period of record of hurricane 
events and would not consider the full range of hurricanes considered to be possible in the NO area.  In addition, Cat 
5 hurricanes are defined primarily based on wind speed and not in the context of the six parameters used to define a 
hurricane so there is no clear definition of what constitutes a Cat 5 hurricane.  The approach would also not consider 
the performance of the many features that make up the HPS so the potential for breaching or component failure 
would not be included. 
 
For these reasons, the Risk team selected the joint probability approach to define possible hurricanes and a 
probabilistic reliability method to evaluate component performance. The dialogue currently underway between the 
NRC Committee and IPET concerning hurricane modeling and parametrics is a highly valuable forum to explore 
these issues and to ensure that the hazard definition for the Risk Analysis is appropriate for the purpose of the effort.  
 
As encouraged in your report, it is the intent of IPET and USACE to use their considerable knowledge to help 
inform the public and elected officials about risks associated with hurricanes and flooding.  The Risk team has 
prepared a Risk Communication plan to assist USACE leadership in informing state and local officials of the results 
of the risk analyses.  It is hoped that this information will assist them in their emergency preparedness and future 
planning for the NO region. 
 
We are committed to understanding the behavior of the New Orleans hurricane protection system in response to 
Hurricane Katrina and using that knowledge to reconstitute a more resilient hurricane protection system.  Thank you 
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for your continued assistance in helping achieve this important and challenging objective.  We look forward to your 
future overall assessment and recommendations on the draft Final IPET Report. 
 
     Respectfully, 
 
 
 
     Lewis E Link, Ph.D,  
     Director, IPET   
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Rafael L. Bras, Massachusetts Institute of Technology, Cambridge  
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Richard A. Luettich, University of North Carolina, Chapel Hill  
Peter Marshall, consulting engineer, Norfolk, Virginia  
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APPENDIX D 

ACKNOWLEDGEMENT OF REVIEWERS 
 

 This report was reviewed in draft form by individuals chosen for their diverse perspectives and technical 
expertise in accordance with the procedures approved by the NRC’s Report Review Committee.  The purpose of this 
independent review is to provide candid and critical comments that will assist the NRC in making its published 
report as sound as possible, and to ensure that the report meets NRC institutional standards for objectivity, evidence, 
and responsiveness to the study charge.  The review comments and draft manuscript remain confidential to protect 
the integrity of the deliberative process. 
 
 We thank the following for their review of this report: Keith W. Bedford, Ohio State University; John J. 
Cassidy, Bechtel Corporation (retired); Robert A. Dalrymple, Johns Hopkins University; Russell L. Elsberry, U.S. 
Naval Postgraduate School; Paul H. Gilbert, Parsons, Brinckerhoff, Quade, and Douglas, Inc.: Lester B. Lave, 
Carnegie Mellon University; and, Robert V. Whitman, Massachusetts Institute of Technology.  
 
 Although these reviewers provided constructive comments and suggestions, they were not asked to endorse 
the report’s conclusions and recommendations, nor did they see the final draft of the report before its release.  The 
review of this report was overseen by Robert A. Frosch, Harvard University, who was appointed by the NRC’s 
Report Review Committee, and by Norbert R. Morgenstern, University of Alberta, who was appointed by the 
NRC’s Division on Earth and Life Studies.  Drs. Frosch and Morgenstern were responsible for ensuring that an 
independent examination of this report was conducted in accordance with NRC institutional procedures and that all 
review comments received full consideration.  Responsibility for this report’s final contents rests entirely with the 
authoring committee and the NRC. 
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