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LEVEES

Summary

The levees protecting New Orleans were not built to 

survive the most severe hurricanes. It was a well-known 

and repeatedly documented fact that a severe hurricane 

could lead to overtopping or breaching of the levees and 

fl ooding of the metropolitan area. In fact, for years the 

U.S. Army Corps of Engineers (USACE) has had a written 

plan for unwatering (i.e., draining) New Orleans in such 

a contingency. This well-known threat was the motivation 

for FEMA to sponsor the “Hurricane Pam” exercise. The 

potential for Katrina to be “the Big One” and breach the 

levees was also the key reason for the National Weather 

Service, Governor of Louisiana, and Mayor of New 

Orleans to issue such dire warnings.

Once construction of the levees was completed by 

USACE, the responsibilities for operating and maintaining 

the levees were split among many local organizations, 

which is the standard cooperation agreement for carrying 

out fl ood control projects nationwide. The costs of 

constructing these projects are shared, with operation 

and maintenance being a 100 percent local responsibility. 

These include levee boards in each parish, as well 

as separate water and sewer boards. The number of 

organizations involved, and disagreements among them, 

makes accountability diffuse and creates potential gaps 

and weaknesses in parts of the fl ood protection system. 

In one case, improvements to levee strength which may 

have mitigated or prevented some of the critical breaches 

that fl ooded downtown New Orleans were rejected by 

the competing local organizations. There also appear to 

have been lapses in both maintenance and inspections of 

selected levees, including those that breached. Also, prior 

to Hurricane Katrina, residents along those same levees 

reported they were leaking, another potential lapse in 

maintenance.

Despite the well-known importance of the levees, 

and the consequences of failure, the local levee boards 

responsible for maintaining and operating the levees 

did not have any warning system in place. While 

federal regulations require that they monitor levees 

during periods of potential fl ooding, the requirement is 

impractical to implement during a hurricane. In addition 

to no warning system, the loss of communications and 

situational awareness, and only sporadic reports of 

fl ooding from a variety of sources, made it diffi cult to 

confi rm that there were breaches in the levees and then 

to assess the damage. These factors, as well as physical 

diffi culties of getting to the breach sites, combined to 

delay repair of the levee breaches.

The ultimate causes of the levee breaches, and 

subsequent fl ooding of New Orleans, are yet to be 

determined. At least four forensic investigations are under 

way to examine scientifi c evidence and determine the 

reasons for levee breaches. These include investigations by 

USACE’s Engineer Research and Development Center, the 

National Science Foundation (NSF), the American Society 

of Civil Engineers (ASCE), and Louisiana State University 

(LSU). Possible causes include (1) the design was not 

appropriate for the purpose, (2) the storm exceeded levee 

design standards, (3) the levees were not actually built 

to the original design standards, (4) the levees were not 

properly maintained, or (5) a combination of these and 

other factors.

Finding: Levees protecting 
New Orleans were not built for 
the most severe hurricanes

New Orleans is protected from fl ooding 
by a system of levees

As noted in the BACKGROUND 

chapter, hurricanes threaten the 

Gulf coast every year, and New 

Orleans is particularly vulnerable 

because of its location and 

topography.1 The majority of the 

metropolitan area is below sea 

level. Over the years, the city has 

continued to sink, due to drainage, 

subsidence, and compaction of the 

soils.2 As an example of previous 

damage, Hurricane Betsy brought 

extensive destruction to New 

Orleans when it made landfall in Louisiana in September, 

1965.3 Unfortunately, many of the descriptions and 
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photos from Hurricane Betsy sound and look familiar 

to our nation as it considers the damage from Hurricane 

Katrina, forty years later. According to USACE’s after 

action report on Hurricane Betsy…

■ She left in her wake a path of devastation unparalleled 

by any other storm in the recorded history of 

Louisiana.4

■ Betsy inundated over 5,000 square miles in Louisiana, 

including highly populated urban areas in Orleans and 

St. Bernard Parishes.5

■ Extensive fl ooding was caused by overtopping and 

breaching of existing protection levees in Orleans, 

Plaquemines, and St. Bernard Parishes.6

■ As Betsy’s winds and tidal surge rolled inland, entire 

buildings were swept away from their foundations and 

fl oated as far as 10 miles away.7

■ Betsy left 81 dead, over 17,600 injured, and caused the 

evacuation of 250,000 to storm shelters.8

■ Betsy left thousands homeless in south Louisiana. 

Returning refugees often found only a pile of debris 

where their homes had stood just days before.9

■ Betsy left numerous towns in south Louisiana with no 

means of communication.10

After Hurricane Betsy in 1965, federal and state 

governments proposed a number of fl ood control projects 

to deal with the threat of hurricanes and the fl ooding they 
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might cause in New Orleans.11 These included a 

series of control structures, concrete fl oodwalls, 

and levees along Lake Pontchartrain and several 

other waterways.12 One of the major projects 

is formally called the Lake Pontchartrain and 

Vicinity, Louisiana Hurricane Protection Project.13

This project included levees along the Lake 

Pontchartrain lakefront, the 17th Street Canal, 

the London Avenue Canal, the Orleans Avenue 

Canal, the Intercoastal waterway, the Industrial 

Canal,14 the Mississippi River Gulf Outlet, and 

other areas.15 Although the project was federally 

authorized, it was a joint federal, state, and local 

effort with shared costs.16

Levees were designed for a “standard” hur-
ricane, not the most severe hurricanes

The levees protecting New Orleans were not 

designed to withstand the most severe hurricanes. 

According to USACE’s plans for unwatering New 

Orleans, “the hurricane protection system is not 

designed for the largest storms and as a result, 

the metropolitan area is vulnerable to fl ooding from 

hurricane storm surges.”17 USACE originally designed 

the levees around New Orleans to protect against a 

hurricane intensity that might occur once every 200-300 

years.18 This protection level was used by USACE, in 

consultation with the U.S. Weather Bureau,19 to develop 

specifi c criteria for a “standard project hurricane.”20 The 

“standard project hurricane” is a statistical compilation of 

many combined hurricane parameters or characteristics 

intended to simulate a natural hurricane occurrence in 

southeast Louisiana. The standard project hurricane was 

used not only for the Lake Pontchartrain project, but also 

nationwide for all hurricane protection projects where the 

loss of human life is possible.21 According to USACE, the 

“standard project hurricane” was used to design the New 

Orleans levees and is roughly equivalent to a fast moving, 

or “moderate,” category 3 hurricane.22 However, there is 

no direct comparison of the “standard project hurricane” 

to a specifi c category on the Saffi r-Simpson Hurricane 

Scale—which did not exist when the levees were 

designed.23 As shown in the table below, the “standard 

project hurricane” is equivalent to a hurricane with 

category 2 winds, category 3 storm surge, and category 4 

barometric pressure.24

In addition, there is no “standard” hurricane — the 

actual forces that levees need to withstand are a function 

of several factors. According to the preliminary NSF study, 

“the actual wind, wave and storm surge loadings imposed 

at any location within the overall fl ood protection system 

are a function of location relative to the storm, wind speed 

and direction, orientation of levees, local bodies of water, 

channel confi gurations, offshore contours, vegetative cover, 

etc. They also vary over time, as the storm moves through 

the region.”26 Similarly, USACE documents indicate that 

“[o]vertopping will depend upon the intensity of the storm, 

the track that the center or “eye” of the storm follows and 

the speed at which it travels along the track.”27

Although the Lake Pontchartrain project is named a 

hurricane “protection” project, a number of factors other 

than saving lives and property are included in the design 

of such projects. For example, in addition to protecting 

urban and community lives and health, the design of 

such projects must include environmental and economic 

effects, and ensure that benefi ts of the completed project 

outweigh its cost of construction.28 In discussing the 

design of the Lake Pontchartrain project in a 1978 

hearing, USACE District Commander for New Orleans, 

Table 1:
Comparison of “Standard Project Hurricane” with Saffi r Simpson Scale

 “Standard  Saffi r-Simpson Saffi r-Simpson Saffi r-Simpson
 project  category 2 category 3 category 4
 hurricane” hurricane hurricane hurricane

Central
pressure (1) 27.6 Hg 28.50-28.91 Hg 27.91-28.47 Hg 27.17-27.88 Hg

Wind speed (2) 100 mph 96-110 mph 111-130 mph 131-155 mph

Radius of maximum 
winds (3) 30 miles N/A N/A N/A

Average forward 
speed (3) 6 knots N/A N/A N/A

Storm surge 11.2-13 feet (4) 6-8 feet 9-12 feet 13-18 feet

GAO ANALYSIS OF USACE AND NOAA DATA.25

Table Notes: The shaded areas indicate those parameters with the closest match between the standard 
project hurricane and the Saffi r-Simpson Scale.

(1) Central pressure is measured in inches of mercury (Hg) or millibars.

(2) Wind speed for the standard project hurricane was measured as the maximum 5-minute average wind 
speed. The Saffi r-Simpson Scale uses the maximum 1-minute average wind speed, a lower threshold.

(3) USACE estimated the radius of maximum winds and the average forward speed for a standard project 
hurricane, and the Saffi r-Simpson Scale does not take either of these parameters into account.

(4) The standard project hurricane calculated maximum surge heights for different geographic areas within 
the Lake Pontchartrain area. The maximum surge height for the South Shore of Lake Pontchartrain—where 
the 17th Street, London Avenue, and Industrial Canals are located—was estimated at 11.2 feet.
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Colonel Early Rush, stated “Even though economists may, 

and in this case did, favor protection to a lower scale to 

produce a higher ratio of benefi ts to projected costs, the 

threat of loss of human life mandated using the standard 

project hurricane.”29

Potential for Katrina to breach levees was 
well-known, leading to urgent warnings

Even with its hurricane protection system, it was common 

knowledge that New Orleans was susceptible to hurricane-

caused fl ooding.30 The risks of a major hurricane and 

fl ooding in New Orleans had been covered in the general 

media — by Scientifi c American (October 2001) and 

National Geographic (October 2004) — as well as in 

emergency management literature.31 A recent article in the 

Natural Hazards Observer stated:

When Hurricane Katrina came ashore on August 

29, she ended decades of anticipation. There were 

few hazards in the United States more studied 

by scientists and engineers and there was ample 

warning that a strong storm could cause the City of 

New Orleans to fl ood.32

Emergency planners in the local area were particularly 

knowledgeable about this potentiality. A November 2004 

article in Natural Hazards Observer — written by Shirley 

Laska, of the Center for Hazards Assessment, Response 

and Technology, at the University of New Orleans — laid 

out the hypothetical case that Hurricane Ivan had hit New 

Orleans. The article cites a fi ctional situation that is now 

all too real to the nation.33

New Orleans was spared, this time, but had it not 

been, Hurricane Ivan would have… caused the 

levees between the lake and the city to overtop 

and fi ll the city “bowl” with water from lake levee 

to river levee, in some places as deep as 20 feet… 

Recent evacuation surveys show that two thirds of 

non-evacuees with the means to evacuate chose 

not to leave because they felt safe in their homes. 

Other non-evacuees with means relied on cultural 

traditions of not leaving or were discouraged by 

negative experiences with past evacuations. Should 

this disaster become a reality, it would undoubtedly 

be one of the greatest disasters, if not the greatest, 

to hit the United States, with estimated costs 

exceeding 100 billion dollars. Survivors would have 

to endure conditions never before experienced in 

a North American disaster. Hurricane Ivan had the 

potential to make the unthinkable a reality. Next 

time New Orleans may not be so fortunate.34

Because of the well-known potential for fl ooding, 

USACE has had a plan for several years for draining New 

Orleans — Unwatering Plan, Greater Metropolitan Area, 

New Orleans, Louisiana, dated August 18, 2000. This plan 

provides details on the hurricane protection system and 

describes methods to get the water out after catastrophic 

fl ooding from a hurricane. The premise of the plan is 

that a category 4 or 5 hurricane may produce storm surge 

water levels of suffi cient height to overtop the existing 

protection system.35 The plan lays out a series of scenarios 

that could occur, and suggests appropriate emergency 

responses to unwater the area.36 For example, in one 

case…

There is catastrophic fl ooding due to complete 

overtopping of the levees and fl oodwalls and 

inundation of the protected area. There will be 

extensive and severe erosion of levees and perhaps 

complete breaches. Due to the high water levels, all 

of the pumping stations will probably be fl ooded 

with major damages . . . . The levee districts and 

drainage departments may be dysfunctional to 

some degree.37

In more recent years, well before Hurricane Katrina, 

questions were raised about the ability of the Lake 

Pontchartrain project to withstand more powerful 

hurricanes than the “standard project hurricane,” such 

as a category 4 or 5 hurricane. USACE had discussed 

undertaking a study of modifi cations needed to increase 

the strength of the existing levees, but no formal study was 

undertaken.38

As discussed earlier in the HURRICANE PAM chapter, 

FEMA sponsored the “Hurricane Pam” exercise to look at 

the response to and recovery from a catastrophic hurricane 

hitting New Orleans and fl ooding the city. In that scenario, 

“It was a slow moving Category three storm, something 

that could quite easily happen, and [the exercise scenario 

was] designed so that it totally fl ooded the city, so that the 
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participants could try to understand the full impacts of a 

fl ooded New Orleans” according to Ivor Van Heerden, the 

LSU professor who used computer modeling to help create 

a realistic hurricane for the exercise.39 Again, the key reason 

for that exercise was the well-known potential for levee 

failure and catastrophic fl ooding in the metropolitan area.

As Katrina turned and began its track toward New 

Orleans, the potential for the levees overtopping or 

breaching and fl ooding New Orleans resulted in a number 

of dire warnings from federal, state, and local offi cials. As 

also discussed in the EVACUATION chapter, the National 

Weather Service issued a warning on Sunday, August 28, 

stating that Katrina was “a most powerful hurricane with 

unprecedented strength,” that “devastating damage” was 

expected, that “most of the area will be uninhabitable 

for weeks,” and that there will be “human suffering 

incredible by modern standards.”40 Governor Blanco 

also made dire predictions, stating in several interviews 

on Saturday and Sunday that fl ooding in New Orleans 

was a major concern. On Saturday at approximately 8:00 

p.m., she appeared on CNN and said that in New Orleans 

“[t]he storm surge could bring in 15 to 20 feet of water. 

[People in the city of New Orleans] will not survive that 

if indeed that happens.”41 Similarly, in a news conference 

on Sunday morning, Mayor Nagin said, “The storm surge 

most likely will topple our levee system.”42

Finding: Responsibilities 
for levee operations and 
maintenance were diffuse

USACE oversees design and construction then 
turns levees over to local sponsors

Several organizations are responsible for building, 

operating, and maintaining the levees surrounding 

metropolitan New Orleans. USACE generally contracts 

to design and build the levees.43 After construction, 

USACE turns the levees over to a local sponsor.44 USACE 

regulations state that once a local sponsor has accepted 

a project, USACE may no longer expend federal funds 

on construction or improvements. This prohibition does 

not include repair after a fl ood. Federally authorized 

fl ood control projects, such as the Lake Pontchartrain 

project, are eligible for 100 percent federal rehabilitation 

if damaged by a fl ood.45 The Mississippi River levees are 

the exception to the arrangement just described. USACE 

operates and maintains these levees. These levees generally 

withstood Hurricane Katrina, except for a breach south of 

New Orleans in Plaquemines Parish—the parish that took 

the full force of Hurricane Katrina at landfall.46

The local sponsor has a number of responsibilities. In 

accepting responsibilities for operations, maintenance, 

repair, and rehabilitation, the local sponsor signs a 

contract (called a Cooperation Agreement) agreeing to 

meet specifi c standards of performance.47 This agreement 

makes the local sponsor responsible for liability for 

that levee.48 For most of the levees surrounding New 

Orleans, the Louisiana Department of Transportation 

and Development was the state entity that originally 

sponsored the construction. After construction, the state 

turned over control to local sponsors.49 These local 

sponsors accepted completed units of the project from 

1977 to 1987, depending on when the specifi c units 

were completed.50 The local sponsors are responsible for 

operation, maintenance, repair, and rehabilitation of the 

levees when the construction of the project, or a project 

unit, is complete.51

Local sponsors do not have control over all factors 
that could affect their parts of the levee system

The local sponsors include a variety of separate local 

organizations. For example, different parts of the 

Lake Pontchartrain and Vicinity, Louisiana Hurricane 

Protection Project, were turned over to four different 

local sponsors — to include the Orleans, East Jefferson, 

Lake Borgne, and Pontchartrain levee districts.52 In 

addition, there are separate water and sewer districts that 

are responsible for maintaining pumping stations.53 The 

USACE unwatering plan notes these arrangements by 

stating that, among other factors, “the political boundaries 

with internal local levees have resulted in this series of 

loops or bowls of low lying ground encircled by levees 

and fl oodwalls. Each of these areas is served by its own 

drainage collection and pumping stations.”54

The different local organizations involved had the 

effect of diffusing responsibility and creating potential 

weaknesses. For example, levee breaches and distress were 

repeatedly noted at transition sections, where different 

organizations were responsible for different pieces and 
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thus two different levee or wall systems joined together. 

According to USACE, “[a]t sections where infrastructure 

elements were designed and maintained by multiple 

authorities, and their multiple protection elements came 

together, the weakest (or lowest) segment or element 

controlled the overall performance.”55 Similarly, a scientist 

working on the NFS study, Raymond Seed, stated there 

needs to be better coordination of these transition sites.56

Peter Nicholson, head of an ASCE team investigating the 

levees, said in response to a question of whether transition 

sections mattered:

Well, certainly we fi nd that each individual 

organization will do as they see fi t, and when the 

two sections of the fl ood control system operated 

or owned, designed, maintained by each of those 

different organizations come together, they may 

be in two different manners. They may have 

two different heights. They may be two different 

materials.57

The different organizations also have different agendas, 

and sometimes these can thwart efforts to improve 

the safety of the overall system. Seed also provided an 

example where USACE had suggested improvements 

to the strength of the system that were rejected by the 

competing organizations. According to Seed: 

No one is in charge. You have got multiple 

agencies, multiple organizations, some of whom 

aren’t on speaking terms with each other, sharing 

responsibilities for public safety. The Corps of 

Engineers had asked to put fl ood gates into 

the three canals, which nominally might have 

mitigated and prevented the three main breaches 

that did so much destruction downtown. But 

they weren’t able to do that because, unique to 

New Orleans, the Reclamation Districts who are 

responsible for maintaining the levees are separate 

from the Water and Sewage District, which does the 

pumping. Ordinarily, the Reclamation District does 

the dewatering pumping, which is separate from 

the water system. These guys don’t get along.58

While required inspections of levees were done, 
some defi ciencies in maintenance were not 
fully addressed

Both USACE and the local sponsors have ongoing 

responsibility to inspect the levees. Annual inspections are 

done both independently by USACE and jointly with the 

local sponsor.59 In addition, federal regulations require 

local sponsors to ensure that fl ood control structures 

are operating as intended and to continuously patrol 

the structure to ensure no conditions exist that might 

endanger it.60

Records refl ect that both USACE and the local sponsors 

kept up with their responsibilities to inspect the levees. 

According to USACE, in June 2005, it conducted an 

inspection of the levee system jointly with the state and 

local sponsors.61 In addition, GAO reviewed USACE’s 

inspection reports from 2001 to 2004 for all completed 

project units of the Lake Pontchartrain project. These 

reports indicated the levees were inspected each year and 

had received “acceptable” ratings.62

However, both the NSF-funded investigators and 

USACE offi cials cited instances where brush and even trees 

were growing along the 17th Street and London Avenue 

canals levees, which is not allowed under the established 

standards for levee protection.63 Thus, although the 

records refl ect that inspections were conducted and the 

levees received acceptable ratings, the records appear to 

be incomplete or inaccurate. In other words, they failed to 

refl ect the tree growth, and of course, neither USACE nor 

the local sponsor had taken corrective actions to remove 

the trees.

In addition, there was apparently seepage from one 

canal before Hurricane Katrina, indicating problems had 

developed in the levee after construction. Specifi cally, 

residents of New Orleans who live along the 17th Street 

Canal said water was leaking from the canal and seeping 

into their yards months before Hurricane Katrina caused 

the levee system to collapse. The leaks, they said, occurred 

within several hundred feet of the levee that later failed.64

National Public Radio, which reported the story, said:

State and federal investigators say that a leak may 

have been an early warning sign that the soil 

beneath the levee was unstable and help explain 

why it collapsed. They also say if authorities 

had investigated and found that a leak was 
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undermining the levee, they could have shored it 

up and prevented the catastrophic breach.65

National Public Radio also reported that work orders 

confi rm that the Sewerage and Water Board had visited 

the location of the seepage a number of times. However, 

both USACE and the Orleans Levee District, with shared 

responsibilities for inspecting the levees, reported that 

they had not received any reports of seepage at the site.66

Finding: The lack of a warning 
system for breaches and other 
factors delayed repairs to levees

Actual levee breaches caused 
catastrophic fl ooding in New Orleans

Katrina made landfall as an 

“extraordinarily powerful” 

hurricane.67 Katrina was expected 

to be a category 4 or 5 storm, 

although a recent updated 

analysis from the National 

Weather Service concluded it 

made landfall at the upper end 

of a category 3 hurricane (with 

estimated maximum sustained 

winds of 110 knots) near Buras, 

Louisiana.68 While Katrina had 

weakened from its peak intensity 

of category 5, it remained a very 

large hurricane — the extent of 

tropical-force and hurricane-force 

winds were as large as predicted 

when Katrina was at maximum 

intensity.69 Due to Katrina’s large 

size, it is possible that sustained 

winds of category 4 strength 

briefl y affected the extreme 

southeastern tip of Louisiana.70

However, the sustained winds over 

all of metropolitan New Orleans 

and Lake Pontchartrain likely 

remained weaker than category 3 

strength.71

The storm surge, not the winds, is the most destructive 

part of a hurricane,72 and Katrina produced a massive 

storm surge. A precise measurement of Katrina’s storm 

surge in the New Orleans area is diffi cult to measure, in 

part because of the widespread failures of tide gauges. 

However, various efforts are under way to make a 

defi nitive determination, particularly near the levees.73

While the surge varied by location, some preliminary 

estimates are that the storm surge off Lake Borgne, which 

abuts New Orleans, was approximately 18-25 feet.74

One of the highest credible reports of storm surge 

came from the Hancock County, Mississippi, emergency 

operations center, where the storm surge was 27 feet.75

One reason for the large size of the storm surge was that 

Katrina, although making landfall as a strong category 3, 

had already generated large northward propagating swells 

when it was a category 4 and 5 hurricane during the 24 
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hours before landfall.76 One of the instrument buoys 

located south of Dauphin Island, Alabama, measured 

a wave height of 55 feet — which matches the largest 

signifi cant wave height ever measured by such a buoy.77

Because the eye of Katrina passed just slightly to the east 

of New Orleans, the hurricane threw unusually severe wind 

loads and storm surges on the fl ood protection systems.78

The surge overtopped large sections of the levees during 

the morning of August 29 east of New Orleans, in Orleans 

and St. Bernard Parish, and it also pushed water up the 

Intercoastal waterway and into the Industrial Canal. The 

water rise in Lake Pontchartrain strained the fl oodwalls 

along the canals adjacent to its southern shore, including 

the 17th Street Canal and the London Avenue Canal.79

Breaches along all of these canals led to fl ooding of 80 

percent of New Orleans to depths up to 20 feet.80 The 

fl ooding of central New Orleans led to the most widespread 

and costly damage of the hurricane. It also led to the 

diffi culties encountered by emergency responders that are 

documented elsewhere in this report.

The lack of warning systems and degraded 
communications prevented situational awareness 
of the breaches in the levees, and delayed repairs

Despite the well-known importance of the levees, and the 

consequences of failure, the local levee boards responsible 

for maintaining and operating the levees do not have any 

warning system in place.81 Federal regulations require 

local sponsors to ensure that fl ood control structures are 

operating as intended and to continuously patrol the 

structure during fl ood periods to ensure that no conditions 

exist that might endanger it.82 However, it would be 

impractical to monitor the levees during a hurricane. 

The Executive Director of the Orleans Levee District, Max 

Hearn, stated:

As the hurricane approached, and as water levels 

began to rise, District employees monitored the 

water levels and patrolled the fl ood control system. 

As weather conditions deteriorated and became 

unsafe, the District’s employees were pulled into 

sheltered areas to ride out the storm.83

Again, with the large number of local organizations 

involved, it was not always clear who would be 

responsible for monitoring the levees and sounding the 

alarm if there was a breach. According to one scientist, 

“If the lines of responsibility and who is in charge aren’t 

clear, it is very hard to decide who needs to be issuing 

warnings and public notices….”84

Given that Hurricane Katrina led to the loss of power 

and severely degraded communications, as discussed 

in the COMMUNICATIONS and COMMAND AND 

CONTROL chapters, it is not clear that any warning 

system would have survived or have been effective. In the 

absence of communications that would have provided 

situational awareness, there were many rumors of fl ooding 

and its causes that had to be confi rmed before assessment 

teams and repair teams could be dispatched. There were 

many sources of these reports of fl ooding.

■ Monday August 29, at 6:00 a.m., fl oodwaters began 

fl owing into Jackson Barracks, according to Louisiana 

National Guard offi cers. Jackson Barracks is near 

the Orleans Parish – St. Bernard Parish line, and the 

fl oodwaters were determined later to be from the 

Industrial Canal breach. By late Monday morning, the 

fl oodwaters were 8-10 feet deep at Jackson Barracks, 

requiring the Louisiana National Guard to abandon 

their operations center and re-establish it at the 

Superdome.85

■ Monday, August 29, at 7:30 a.m., the state Emergency 

Operations center (EOC) received reports of fl ooding 

in the last conference call before communications 

were lost. Jefferson Parish relayed unconfi rmed reports 

of signifi cant fl ooding in the east bank. New Orleans 

reported extensive fl ooding in the east and on the lake 

front. St. Bernard Parish reported “overtopping” of the 

Industrial Canal and 3 feet of water in Arabi. When 

the State Coordinating Offi cer (SCO) Jeff Smith asked 

if those fl ooding rumors were confi rmed, the parish 

deputy sheriff said they were confi rmed and noted 

that his building was surrounded by white caps. Smith 

also stated he was aware of 3-4 feet of fl oodwaters at 

Jackson Barracks.86

■ Monday, August 29, morning (exact time unknown), 

USACE district commander fi rst heard sporadic reports 

about levee overtopping and breaches.87 The sources 

of these early reports included local radio stations 

and a USACE employee reporting overtopping at the 

Industrial Canal.88 Later that day, the USACE district 
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commander issued a situation report, noting fl ooding 

with 4-5 feet of water in Kenner (Jefferson Parish); 

fl ooding with 10 feet of water in Arabi (St. Bernard 

Parish); and water coming into Lakeview (New 

Orleans) from the 17th Street Canal. The report also 

said that there was a one-block section of the Industrial 

Canal that had breached.89

■ Monday, very late evening (exact time unknown), off 

duty police offi cers began calling their police stations 

from their residences to report fl ooding near the 17th 

Street and London Avenue Canals, according to the 

New Orleans Police Department. Deputy Chief Lonnie 

Swain said that these reports were the department’s fi rst 

knowledge that fl ooding was moving into central New 

Orleans — they had been aware of fl ooding in East 

New Orleans (from Lake Pontchartrain) and the Lower 

Ninth Ward (from the Industrial Canal).90

Beyond these reports known to the National Guard, the 

EOC, and the New Orleans Police Department, USACE 

was trying to determine the detailed status of the levee 

system. However, the USACE district commander in New 

Orleans also suffered from a lack of communications 

capabilities.91 As noted earlier, there is no early warning 

system for levee breaches in New Orleans.92 On Monday 

at about 3:00 p.m., the commander and a team ventured 

out to conduct early assessments of the situation. They 

were unable to conduct a thorough review because of the 

high winds, debris, and fl ooding. Although they had to 

return to the bunker, it was clear to them at that point that 

New Orleans had suffered catastrophic fl ooding and they 

began to review plans for unwatering New Orleans.93

On Tuesday, August 30, at about 9:00 a.m., the USACE 

district commander was able to get a helicopter and see 

the extent of the fl ooding from the air.94 The USACE 

district offi ce began to develop more detailed plans for 

repairing the levees after the airborne reconnaissance on 

August 30.95 USACE has authority to provide a variety 

of emergency response actions when levees fail or are 

damaged.96 Any repairs to federally constructed levees are 

funded 100 percent by the federal government.97

There were also physical barriers that made assessments 

and repair diffi cult. Specifi cally, emergency repair 

operations to close some of the breaches were seriously 

hampered by lack of access roads. USACE regulations 

generally require access roads on top of levees to allow 

for inspections, 

maintenance, and 

fl ood-fi ghting 

operations, and 

most USACE levees 

built in the United 

States meet this 

requirement.98

However, in New 

Orleans, exceptions 

were made to these 

regulations because 

of its highly urban 

nature. Access roads 

were foregone when 

it was decided to use 

I-walls in the levee 

crowns to minimize 

right-of-ways into 

surrounding neighborhoods.99 When Hurricane Katrina 

led to the breaches in the levees, the lack of access roads 

atop the levees resulted in very signifi cant increases in 

time and cost to repair the damaged areas.

Poor communications, diffi culties in doing assessments, 

and physical barriers all served to delay efforts to repair the 

levees. Levee repairs did not begin until Wednesday, when 

USACE began marshalling resources — such as contractors, 

materials, and equipment — at the 17th Street Canal 

site.100 The Louisiana National Guard was also involved 

in these early efforts to conduct emergency repairs of the 

17th Street Canal. That afternoon, USACE began dropping 

3,000 pound sandbags into the breach.101 The next day 

contractors started delivering sand, gravel, and rock to 

the breach site on a newly-built access road. At both the 

17th Street Canal and the London Avenue Canal, Army 

Chinook and Blackhawk helicopters dropped 7,000 pound 

sandbags—an average of 600 per day—into the breaches. 

One breach took over 2,000 sandbags before engineers 

could see the bags under the water surface. According to 

one witness before the Select Committee, the need for sand 

was so great that USACE broke into a local business and 

“took” $580,000 worth of sand.102 One week later, the 17th 

Street Canal breach was closed.103

Once the levee repairs were underway, USACE turned 

its attention to unwatering New Orleans and other 

fl ooded areas.104 Since at least 2000, USACE has had 
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a detailed plan for unwatering greater New Orleans in 

the event of fl ooding. These unwatering plans were also 

discussed in the “Hurricane Pam”exercise (discussed 

previously).105 The exercise assumed the levees did not 

breach, however there was fl ooding due to overtopping 

which inundated New Orleans with at least 10 feet of 

water. The purpose of the USACE unwatering mission was 

to remove water from fl ooded areas (New Orleans), seal 

off canals from Lake Pontchartrain, repair breaches, create 

a series of deliberate breaches in the levee system (to help 

drain them), and pump out fi nal excess with existing and 

temporary pumps.106

Through an emergency contracting process, USACE 

contacted four companies to complete the unwatering 

activities and, according to USACE, only one company—

Shaw Environmental of Baton Rouge—could respond in 

a timely manner.107 Projections made prior to Hurricane 

Katrina that it would take nine weeks to unwater New 

Orleans proved unfounded.108 On October 11 (43 days 

after Katrina landfall) USACE reported that all fl oodwaters 

had been removed from the city of New Orleans.109

Finding: Ultimate cause of levee 
failures is under investigation, 
results to be determined

Several investigations are under way to assess 
causes of levee failure

There are at least four ongoing “forensic” investigations 

to determine the cause of the levee breaches around 

New Orleans. These are being done by USACE’s Engineer 

Research and Development Center; the Center for the 

Study of Public Health Impacts of Hurricanes, LSU; 

the National Science Foundation, and ASCE. Each of 

these investigations has somewhat similar charters and 

overlapping membership.110

■ Interagency Performance Evacuation Task Force (IPET). 

The USACE Chief Engineer appointed the IPET, headed 

by the Engineer Research and Development Center, to 

examine and analyze data in a variety of areas (e.g., 

Geodetic Reference Datum, Storm and Surge Wave 

Modeling, Hydrodynamic Forces). At the request of 

the Secretary of Defense, the results will be analyzed 

independently by ASCE and the National Research 

Council.111

■ Louisiana State University (LSU). The Hurricane Center 

was appointed by the State of Louisiana to lead the 

state’s forensic investigation of the Hurricane Katrina 

levee failures. The investigation team includes engineers 

and coastal scientists conducting analysis of the storm 

surge levels, levee construction, and levee failures.112

■ National Science Foundation (NSF). NSF assembled 

a Levee Investigation Team consisting of leading 

national and international experts in major disasters.113 

Participating teams of scientists are from the University 

of California, Berkeley; the Geo-Institute of ASCE; the 

Coasts, Oceans, Ports and Rivers Institute of ASCE; and 

the Hurricane Research Center of LSU.114

■ American Society of Civil Engineers (ASCE). ASCE 

assembled an independent team of experts, consisting 

of professional engineers with a wide range of 

geotechnical engineering expertise in the study, safety, 

and inspection of dams and levees. The purpose of 

the team is to collect data and make observations to 

determine why certain sections of the levee system 

failed and others did not.115

Preliminary results suggest some levees did not 
withstand forces they were designed to withstand

Some of the investigators testifi ed or released reports on 

their preliminary fi ndings. For example, at a November 

2, 2005, Senate Hearing, witnesses included Paul Mlakar, 

of IPET; Ivor Van Heerden, of LSU; Raymond Seed of 

the University of California, Berkeley, representing the 

NSF; and Peter Nicholson of the University of Hawaii, 

representing the ASCE.116 These witnesses (except 

Mlakar) testifi ed on the preliminary fi ndings from their 

investigations. In addition, the NSF and ASCE investigators 

released a joint interim report, with initial fi ndings, at that 

hearing.117 A month after the Senate Hearing, IPET released 

an interim report with a summary of its fi eld observations, 

which generally concurred with the NSF/ASCE interim 

report.118 In evaluating the causes of levee and fl oodwall 

failure, these preliminary reports indicated the impact of 

the hurricane, and thus the potential causes of the breaches, 

varied by location.119

According to preliminary information from NSF, ASCE, 

and LSU, most of the levees and fl oodwall breaches on 

the east side of New Orleans were caused by overtopping, 
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as the storm surge rose over the tops of the levees and/or 

their fl oodwalls and produced erosion that subsequently 

led to breaches.120 A variety of factors led to overtopping 

of the Industrial Canal and the Mississippi River Gulf 

Outlet (MR-GO). An LSU Scientist, Hassan Madhriqui, 

said that MR-GO worked as a funnel which increased 

the height of the storm surge and “caused fl oodwaters to 

stack up several feet higher than elsewhere in the metro 

area and sharply increased the surge’s speed as it rushed 

through the MR-GO and into the Industrial Canal.”121 The 

overtopping eroded the backside of the canals, scoured 

out the foundations, and led to their collapse and thus 

major fl ooding of adjacent neighborhoods. According to 

Seed, “A majority of them [levee breaches] were the result 

of overtopping, and that simply means that the hurricane 

was bigger than the levees were built to take….”122

In contrast, there was little or no overtopping along 

most of the levees in the vicinity of Lake Pontchartrain. 

The only breach along Lake Pontchartrain was in New 

Orleans East, which was probably due to overtopping. But 

in the drainage canals that feed into Lake Pontchartrain 

— the 17th Street and London Avenue Canal — there was 

no overtopping, and the failures were likely caused by 

weaknesses in the foundation soil underlying the levees, 

the weakness in the soils used to construct the earthen 

levee embankments themselves, or weaknesses caused 

by vegetation growing along the levees. These were the 

most costly breaches, leading to widespread fl ooding of 

central New Orleans — to include the downtown area 

and several large residential neighborhoods.123 According 

to Van Heerden of LSU, “the surge in Lake Pontchartrain 

wasn’t that of a category 3 storm, and nor did it exceed 

the design criteria of the standard project hurricane.”124

Nicholson of ASCE concurred with this assessment, 

adding, “If the levees [on Lake Pontchartrain] had done 

what they were designed to do, a lot of the fl ooding of 

New Orleans would not have occurred, and a lot of the 

suffering that occurred as a result of the fl ooding would 

not have occurred.”125

However, these fi ndings are preliminary.126 Most of 

the investigations will not issue their fi nal reports until 

the spring or summer of 2006. For example, the USACE 

IPET report is scheduled to be completed in June 2006.127 

Possible causes of the levee breaches include a design not 

appropriate for the actual application (indicating a shared 

defi ciency), storm conditions simply too overwhelming 

for the designed levees to withstand (indicating an act of 

nature); levee walls not secured deeply enough into the soil 

or otherwise improperly constructed (indicating a USACE 

defi ciency); improper maintenance of the levees (indicating 

a local defi ciency); or a combination of factors.

Conclusion

Hundreds of miles 

of levees were 

constructed to defend 

metropolitan New 

Orleans against storm 

events. These levees 

were not designed to 

protect New Orleans 

from a category 4 or 

5 monster hurricane, 

and all the key players 

knew this. The original 

specifi cations of the 

levees offered protection that was limited to withstanding 

the forces of a moderate hurricane. Once constructed, 

the levees were turned over to local control, leaving the 

USACE to make detailed plans to drain New Orleans 

should it be fl ooded.

The local sponsors — a patchwork quilt of levee and 

water and sewer boards —were responsible only for their 

own piece of levee. It seems no federal, state, or local entity 

watched over the integrity of the whole system, which 

might have mitigated to some degree the effects of the 

hurricane. When Hurricane Katrina came, some of the 

levees breached — as many had predicted they would — 

and most of New Orleans fl ooded to create untold misery.

The forces that destroyed the levees also destroyed 

the ability to quickly assess damage and make repairs. 

The reasons for the levee failures appear to be some 

combination of nature’s wrath (the storm was just too 

large) and man’s folly (an assumption that the design, 

construction, and maintenance of the levees would 

be fl awless). While there was no failure to predict the 

inevitability and consequences of a monster hurricane 

— Katrina in this case — there was a failure of initiative to

get beyond design and organizational compromises to 

improve the level of protection afforded. ■
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“At the local level, I think the biggest failure was leadership didn’t take into account the fact 

that poor residents had no way of evacuating. I also think Governor Blanco should have 

called for a mandatory evacuation sooner and that Mayor Nagin should have coordinated 

better with Amtrak.”
Terrol Williams

New Orleans Citizen and Evacuee

Select Committee Hearing, December 6, 2005

“We estimate that over 1 million people, or approximately 90 percent of the affected 

parishes’ populations, evacuate[d] in about a 40-hour period. I don’t know of any other 

evacuation that has occurred with that many people under these circumstances with that 

high of percentage of people being evacuated in that short of a time period.”

Colonel (Ret.) Jeff Smith

Deputy Director, Louisiana Offi ce of Homeland Security

and Emergency Preparedness

Select Committee Hearing, December 14, 2005
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