Appendix A
Glossary and Definition of
Terms

Event tree analysis is an inductive analysis process that utilizes an event tree
graphical construct that shows the logical sequence of the occurrence of events
in, or states of, a system following an initiating event.

A failure mode is a way that failure can occur, described by the means by which
element or component failures must occur to cause loss of the sub-system or
system function.

Fault tree analysis is a systems engineering method for representing the logical
combinations of various system states and possible causes which can contribute
to a specified event (called the top event).

A fragility curve is a function that defines the probability of failure as a function
of an applied load level.

A hazard is condition, which may result from either an external cause (e.g.
earthquake, flood, or human agency) or an internal vulnerability, with the
potential to initiate a failure mode. It is a source of potential harm or a situation
with a potential to cause loss.

The performance of a system or component can be defined as its ability to meet
functional requirements. The performance of an item can be described by various
elements, such as flood protection, reliability, capability, efficiency, and
maintainability. The design and operation of system affects this performance.

A system is a deterministic entity comprising an interacting collection of discrete
elements and commonly defined using deterministic models. The word
deterministic implies that the system is identifiable and not uncertain in its
architecture. The definition of the system is based on analyzing its functional
and/or performance requirements. A description of a system may be a
combination of functional and physical elements. Usually functional descriptions
are used to identify high information levels on a system. A system can be divided
into subsystems that interact. Additional details in the definition of the system
lead to a description of the physical elements, components, and various aspects of
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the system. Methods to address uncertainty in systems architecture are available
and can be employed as provided by Ayyub and Klir (1996).

Reliability can be defined for a system or a component as its ability to fulfill its
design functions under designated operating and/or environmental conditions for
a specified time period. This ability is commonly measured using probabilities.
Reliability is, therefore, the occurrence probability of the complementary event to
failure.

Consequences for a failure event can be defined as the degree of damage or loss
from some failure. Each failure of a system has some consequence(s). A failure
could cause economic damage, environmental damage, injury or loss of human
life, or other possible events. Consequences need to be quantified in terms of
failure-consequence severities using relative or absolute measures for various
consequence types to facilitate risk analysis.

Risk is the potential of losses for a system resulting from an uncertain exposure to
a hazard or as a result of an uncertain event. Risk should be based on identified
risk events or event scenarios. Risk can be viewed to be a multi-dimensional
guantity that includes event-occurrence probability, event-occurrence
consequences, consequence significance, and the population at risk; however, it
is commonly measured as a pair of the probability of occurrence of an event, and
the outcomes or consequences associated with the event’s occurrence. Another
common representation of risk is in the form of an exceedance probability
function of consequences.

Probability is a measure of the likelihood, chance, odds, or degree of belief that a
particular outcome will occur. A conditional probability is the probability of
event occurrence based on the assumption that another event (or multiple events)
has occurred.

Safety can be defined as the judgment of risk tolerance (or acceptability in the
case of decision making) for the system. Safety is a relative term since the
decision of risk acceptance may vary depending on the individual or the group of
people making the judgment.

Risk analysis is the technical and scientific process to breakdown risk into its
underlying components. Risk analysis provides the processes for identifying
hazards, event-probability assessment, and consequence assessment. The risk
analysis process answers three basic questions: (1) What can go wrong? (2) What
is the likelihood that it will go wrong? (3) What are the consequences if it does
go wrong? Also, risk analysis can include the impact of making any changes to a
system to control risks.

Risk communication can be defined as an interactive process of exchange of
information and opinion among stakeholders such as individuals, groups, and
institutions. It often involves multiple messages about the nature of risk or
expressing concerns, opinions, or reactions to risk managers or to legal and
institutional arrangements for risk management. Risk communication greatly
affects risk acceptance and defines the acceptance criteria for safety.
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A scenario is a unique combination of states that lead to an outcome of interest.
A scenario defines a suite of circumstances of interest in a risk assessment. Thus
there may be loading scenarios, failure scenarios or downstream flooding
scenarios.
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Appendix B
IPET Public Website

In an effort to facilitate more efficient data searching, the taxonomy for the
IPET Public Website has been reorganized according to Pre-Katrina and Post-
Katrina data. While the Pre-Katrina data is still organized primarily according to
New Orleans Hurricane Protection Projects and the type of data stored, the Post-
Katrina data is currently organized as follows:

o (IPET) Interagency Performance Evaluation TaskForce
News Releases

Presentations

Reports

Soils

Structures

e Photographs

17th Street 2005 Sep Oct Nov

17th Street Slide Block Cores 2005 Oct Nov

9th Ward

Bayou Bienvenue 2005.09(Sep)30 10(Oct)05 06
Bayou Dupree

Chef Menteur Hwy US 90

Entergy Plant — Paris Rd and GIWW 2005.09(Sep)
Helicopter Tour 2005.11(Nov)15

IHNC - Inner Harbor Navigation Canal

London Canal

MRGO

MRGO Air Product 2005.10(Oct)05

MRGO and GIWW Levee West Boh Bros Contr 2005 Sep and Oct
MS River Levee East Bank Vic Pointe A La Hache LA 20050ct12
New Orleans Docks

Orleans Canal 2005.09(Sep)29 and 11(Nov)14
Orleans Canal Pumphouse 2005.09(Sep)30
Orleans Lakefront

Plaguemines Parish 2005 Nov

Users may view a list of the available documents, view a selected document
in the website’s view window or in a separate window, and download a specific
file to their computer. Since most of the files posted on the site are in .pdf format,
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a link to install the Adobe Acrobat Reader is provided. Also, a link to the New
Orleans District Advertised Solicitations website is provided. A new feature was
recently added to facilitate the collection of eyewitness account information via
the public website.

As of 23 February, 2006, there were 2,344 documents/datasets posted to the
IPET Public Website. Requests have been submitted for the approval to post
additional documents/datasets to the Public Website. Since the Public website
was opened on 2 November, 2005, the average daily number of hits to the Public
Website is 91, while the average weekly number of hits is 612.

Figure B1. Screen capture of the frontpage of the New Orleans Hurricane Protection Projects Data
website.
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Figure B2. Screen capture of a document displayed in the view window of the New Orleans Hurricane
Protection Projects Data website.

Users may view the date that a specific document was posted on the website
by simply placing their mouse over the name of the document.

Metrics are collected daily on the number of hits to this website.
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Appendix C
Data Repository — Organization
and Content

In an effort to facilitate more efficient data searching, the taxonomy for the
IPET Data Repository has been reorganized according to Pre-Katrina and Post-
Katrina data. While the Pre-Katrina data is still organized primarily according to
New Orleans Hurricane Protection Projects and the type of data stored (as shown
in Report 1, Appendix G), the Post-Katrina data is currently organized as
follows:

(IPET) Interagency Performance Evaluation TaskForce
* News Releases
* Presentations

Reports
Soils
Structures
e Region Wide Data
e Basemap
» Presentations
* Reports

e Photographs
» 17th Street 2005 Sep Oct Nov
o 17th Street Slide Block Cores 2005 Oct Nov
e 9th Ward
* Bayou Bienvenue 2005.09(Sep)30 10(Oct)05 06
» Bayou Dupree
*  Chef Menteur Hwy US 90
* Entergy Plant — Paris Rd and GIWW 2005.09(Sep)
» Helicopter Tour 2005.11(Nov)15
* IHNC - Inner Harbor Navigation Canal
* London Canal
* MRGO
*  MRGO Air Product 2005.10(Oct)05
*  MRGO and GIWW Levee West Boh Bros Contr 2005 Sep and Oct
* MS River Levee East Bank Vic Pointe A La Hache LA 20050ct12
* New Orleans Docks
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* Orleans Canal 2005.09(Sep)29 and 11(Nov)14
*  Orleans Canal Pumphouse 2005.09(Sep)30
* Orleans Lakefront
»  Plaguemines Parish 2005 Nov
e Project Information Reports
» Lake Pontchartrain LA and Vicinity
* New Orleans to Venice
e Structures
*  Floodwall Survey Profiles
» Miscellaneous Surveys
e Multi-Beam Channel Data
» Single-Beam Channel Data
» Topographic Surveys
e Videos - Aerial
* New Orleans East
»  Plaguemines Parish Lower
e Plaguemines Parish Upper
» St. Bernard Parish

The architecture of the Data Repository, described in the Data Collection and
Management section of IPET Report 1, is comprised of three main components:
an unstructured data component, a GIS data component, and a large datasets
component. An overall data manager integrates the data stored in the three
components such that users may access all datasets from one central application
without having to know which data is stored in which component. Following is a
summary of data that is currently stored in each component of the Repository:

GIS Data Component

GIS is a computer technology that uses a geographic information system as
an analytic framework for managing and integrating data, solving a problem, or
understanding a past, present, or future situation. GIS provides an automated
capability to link information to location data, such as people to addresses or
buildings to parcels. The information can be graphically layered to provide a
better understanding of how it all works together. A GIS is based on a structured
database that describes features (buildings, streets, streams, monitoring wells,
etc.) in geographic terms. The visualization component of GIS allows the
geographic feature information to be displayed in a map view and supports
queries, analysis, and editing of the data. The geoprocessing capabilities of GIS
allow users to combine existing datasets, apply analytic rules, and create new
derived datasets to support decision making. GIS is generally used as a decision
support tool to map the location and description of features, to determine patterns
of certain features, to determine what is near a specified feature, to map change
in an area, or to perform ‘what-if” analyses.

USACE enterprise standards have been defined to ensure that GIS is
implemented and managed in a manner that facilitates data sharing and
interoperability. An important feature of the enterprise GIS architecture is its
scalability and repeatability across corporate, regional, district, and field office
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levels. Scalable refers to its ability to accommodate a range in volumes of data
and users, while repeatable means that this configuration can be replicated at
corporate, regional, district, and field levels.

GIS is a fundamental component of this performance evaluation. GIS is
being used to perform structural, hydrologic, economic, and risk analyses and
visualizations. The Hurricane Protection System (levees, pumping stations,
floodwalls), breach locations, roads, water bodies, parish boundaries, levee
districts, digital elevations, and high water marks are just a few of the real-world
objects represented as GIS features (Figure C-1).

Figure C-1. Example of GIS features displayed in ArcGIS.

To assure that we are maximizing the effectiveness and efficiency of our
geospatial resources within IPET, TFG, TFH, TFX, MVD Forward and MVN, a
Geographic Information System (GIS) working group was established. The
working group consists of representatives from TFG, TFH, MVD Forward,
MVN, and each IPET Task. This group conducts weekly conference calls to
coordinate GIS efforts and to facilitate a smooth transition of IPET GIS data to
MVN when the performance evaluation is concluded. The IPET GIS component
was designed and implemented according to the Corps GIS Enterprise
Architecture. Data are stored in an Oracle database on a USACE Central
Processing Center server. Metadata is being collected and stored according to the
FGDC metadata standard. Web Mapping Services are being developed to deliver
some of the data layers and documents produced by the IPET. All USACE GIS
users can request and receive access information to connect to this data. GIS data
that is being developed by MVN, MVD Forward, TFG, and TFH will be sent to
the IPET Data Manager for inclusion in this enterprise GIS database.

Once the IPET has completed their work, all raster products, vector data
products and data sets will be replicated on MVN servers in Oracle databases.
This will allow quick retrieval of large raster and vector products at MVVN and
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provide a mirrored back up system at MVD to protect against data loss from
catastrophic events.

Large Datasets Component

Large Datasets, such as LIDAR, imagery, and Digital Elevation Model
(DEM) data, are stored on a terabyte server, with metadata and geospatial extents
of each dataset stored in an Oracle SDO database. Currently, the following
datasets are available:

o LIDAR data for both pre-Katrina and post-Katrina timeframes at varying
resolutions and spatial extents

o DEM datasets derived from LIDAR data

o Existing pre-Katrina DEM datasets provided by other organizations

Table C-1 lists the DEMs that have been adjusted to the new vertical datum
(NAVD88 2004.65) as well as the source from which they were derived and
other metadata about the source.

Table C-1
Year
DEM Source Collected by Collected | Postings | Coverage
Pre- LIDAR John E. Chance Inc. | 2000 Horizontal | Levees alignments surrounding
Katrina ~1ft. East Orleans, Pontchartrain
1ft. Levee South Shore, St. Bernard
Parish (MRGO, ICWW)
Post- LIDAR John E. Chance Inc. | 2005 Horizontal | Levee alignments surrounding
Katrina ~2ft. East Orleans, St. Bernard and
2ft. Levee Plaquemines
Post- LIDAR Joint Airborne Lidar | Jan-06 Horizontal | Levee alignment and back of
Katrina Bathymetry ~3ft. levees for Pontchartrain South
3ft. Levee Technical Center of Shore, London Ave. Canal,
Expertise 17th St. Canal, IHNC
Pre- LIDAR (existing DEM 3001, Inc. 2003 Horizontal | All surface areas in Southern
Katrina from http://atlas.Isu.edu) ~15ft. Louisiana
15ft.
Interior

The following procedure was followed to adjust the data posted in NAVD88
elevation to the new NAVD88 (2004.65) elevation datum:

1. The location and elevation of the available NGS (National Geodetic
Survey) control points for the New Orleans area were obtained from IPET
Vertical Datum team. These points have both the old (date varies) and new
elevation values obtained from NGS.

2. The deviations from the old elevation to the new elevations were
computed for each point using the following equation: deviation = old_elevation
—new_elevation. Since all new elevation data is lower than the old data, all
deviation values were positive. The data was converted to feet using the
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following conversion factor: 1 m = 3.28083333 ft. The values and associated
computations were stored in a spreadsheet table.

3. The location and deviation values were converted into ESRI generate
format. Only those control points where both old and new elevations were known
were converted.

4. The deviation values at these control points were used to create a raster
deviation surface with 1000’ horizontal spacing using the following Arclinfo
command:

idw0_100 = idw(adjust.gen, #, #, 2, SAMPLE, 12, #, 100,
3227549.1114483, 181878.84143203, 3936932.6150204,
733296.72876957)

5. The deviation surface was then rounded to three decimal places to reduce
interpolation artifacts using the following Arcinfo command:

idw1_100 = (float(int( (idw0_1000 * 1000) + .5)) / 1000)

6. The deviation surface was split into tiles to match the tiling of the DEMs
and the spatial resolution changed to match the 1’ horizontal spacing of the
elevation data.

7. Each raster tile from the data set was then converted to the new datum by
subtracting the deviation surface from the elevation data.

Following the datum adjustments, control data collected by the Vertical
Datum team are used to validate the new DEMSs. Currently, all four datasets
listed in Table C-1 are undergoing validation.

These datasets are available for download as .zip files from the
Basemap/Elevation folders in the Repository. USACE users may directly connect
to an Internet portal that provides download capability,
https://erdcpw.erdc.usace.army.mil/ldr.

Unstructured Data Component

Unstructured data, such as .pdf files, .doc files, .jpg files, .txt files, .ppt files,
etc., as well as engineering design files (.dgn) are stored in a Microsoft
SQLServer database managed by Bentley ProjectWise Software. Currently, the
following data are stored in this component:

IPET News Releases

IPET Presentations

IPET Reports

IPET Soil borings and cone penetrometer test data

IPET Pump Station preliminary performance data for St. Bernard Parish
USACE Operations Center briefing slides
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e Post-Katrina reports

e Photographs of various New Orleans and Southeast La. Sites post-
Katrina

e Project Information Reports for the rehabilitation efforts currently
underway in New Orleans

e Post-Katrina surveys of the levees and floodwalls

o Aerial videos of the New Orleans and Southeast La. Area

e Annual inspection reports for the maintenance of completed flood
control works in the New Orleans District

o NEXRAD hourly gridded multisensor precipitation data for 28,29,30
August 2005

e Pre-Katrina geodetic, geotechnical, hurricane, and miscellaneous reports

o Design Memoranda for the Hurricane Protection Projects within the
IPET study area

o Periodic Inspection Reports for the Hurricane Protection Projects within
the IPET study area

o Miscellaneous reports related to the Hurricane Protection Projects within
the IPET study area

e Plans and Specifications for the some of the Hurricane Protection
Projects within the IPET study area

e Contract documents for some of the Hurricane Protection Projects within
the IPET study area

o Microstation design files (.dgn) of the Hurricane Protection Projects
within the Lake Pontchartrain LA and Vicinity area.

As of 23 February 2006, there were 4,194 documents/datasets stored in the
IPET Data Repository.
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Concerns have been raised regarding the role of the Mississippi River Gulf
Outlet (MRGO) on storm surge propagation into metropolitan New Orleans and
vicinity. This note discusses hydrodynamic model simulations that evaluate the
influence of the MRGO on flooding during major hurricane events. This note
(whitepaper) is not intended as a final expression of the findings or conclusions
of the United States Army Corps of Engineers, nor has it been adopted by the
Corps as such. Rather, this note is a preliminary report summarizing data and
interim conclusions compiled to date. As a preliminary report, this document and
the information contained therein are subject to revisions and changes as
additional information is obtained.

The physical system here is very complex, one comprised of a network of
estuaries, lakes, rivers, channels, and low lying wetlands, with topographic major
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relief defined by river banks and an extensive system of levees and raised roads.
Water surface elevation response is driven by storm surge, tides, and wind-
waves. Both storm surge and tides are characterized as forced very long
wavelength inertial gravity waves, while wind-waves are gravity waves defined
by their short period. All three types of waves propagate and experience various
levels of local forcing which can further build amplitudes. In metropolitan New
Orleans and vicinity, the amplitude of the tides is small; the maximum tide range
is on the order of one half foot in Lake Pontchartrain and two feet in Chandeleur
Sound. The amplitude of a storm surge can be much higher; for Hurricane
Katrina, the peak storm surge along the MRGO adjacent to the St. Bernard
Parish/Chalmette hurricane protection levee was computed to be as much as

18 ft. This note focuses on the relevant long period motion that dominates the
circulation patterns in the area. In particular, the impact of the MRGO on large
scale catastrophic storm surge development and propagation is examined.

The MRGO is a dredged channel that extends southeast to northwest from
the Gulf of Mexico to a point where it first merges with the Gulf Intracoastal
Waterway (GIWW), and then continues westward until it intersects the Inner
Harbor Navigation Canal (IHNC) as shown in Figure 1. The first 9 miles, the bar
channel, are in the open Gulf. The next 23 miles of the channel lie in the shallow
open waters of Breton Sound. From there, the inland cut extends 14 miles to the
northwest with open marsh on the northeast and a 4,000-ft wide dredged material
placement bank on the southwest side. At this point the channel cuts across the
ridge of a relict distributary of the Mississippi River, Bayou La Loutre. For
nearly the next 24 miles, there is a hurricane protection levee atop a dredged
material placement bank on the southwest side of the channel and Lake Borgne
and open marsh lie to the northeast. A portion of the levee protecting St. Bernard
Parish/Chalmette and the portion of the hurricane protection levee along the
south side of Orleans East Parish, north of the GIWW, form the “funnel” that is
often referenced. The point where the MRGO and GIWW channels merge is just
to the east of the Paris Road Bridge (see Figure 1). From this point, the merged
GIWW/MRGO channel continues west for about 6 miles to the point where it
intersects the IHNC,; this portion has hurricane protection levees on both banks.
The IHNC extends from Lake Pontchartrain, to the north, to the Mississippi
River to the south. The IHNC has levees or floodwalls along both banks. The
IHNC Lock, which connects the IHNC to the Mississippi River, is located at the
southern limit of the IHNC. The MRGO bar channel authorized depth is 38 ft;
the authorized bottom width is 600 ft. The remainder of the channel has an
authorized depth of 36 ft and an authorized bottom width of 400 or 450 ft,
depending on location.

It is important to distinguish between two sections of the MRGO and the role
each plays in tide and storm surge propagation. One is the east-west oriented
section that runs between the IHNC and the confluence of the GIWW/MRGO
near the Paris Road Bridge, labeled as the GIWW/MRGO in Figure 1, and
hereafter referred to as Reach 1. The other is the much longer southeast-
northwest section designated as the MRGO in Figure 1, and hereafter referred to
as the Reach 2.

The critical section of the MRGO is Reach 1, the combined GIWW/MRGO.
It is through this section of channel that Lake Pontchartrain and Lake Borgne are
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hydraulically connected to one another via the IHNC. Reach 1 existed as the
GIWW prior to the construction of the MRGO, although the maintained depth
was lower. Because of this connectivity, the local storm surge and astronomical
tide in the IHNC and in the section designated GIWW/MRGO is influenced by
the tide and storm surge in both Lake Pontchartrain and Lake Borgne. The two
Lakes are also connected to each other via the Rigolets and Chef Menteur Pass;
the IHNC is the smallest of the three connections. The Reach 1 GIWW/MRGO
section of channel is very important in determining the magnitude of storm surge
that reaches the IHNC from Lake Borgne and Breton Sound. If the hydraulic
connectivity between Lake Pontchartrain and Lake Borgne is eliminated at a
point within this section of channel, tide or surge to the west of this point will
become primarily influenced by conditions at the IHNC entrance to Lake
Pontchartrain; and tide or storm surge to the east of this point will become
primarily influenced by conditions in Lake Borgne.

Much concern seems to be focused on MRGO/Reach 2 that runs from the
GIWW/MRGO confluence, just east of the Paris Road Bridge, to the southeast.
Past work, McAnally and Berger (1997), Carillo et al. (2001), and Tate et al.
(2002) for example, has shown that this section of the MRGO channel, along
with the critical section, the GIWW/MRGO/Reach 1, plays an important role in
the propagation of the astronomical tide wave and in the flux of more saline
water from Lake Borgne/Breton Sound into Lake Pontchartrain via the IHNC.
The significant role of the MRGO in the propagation of the low-amplitude tide
has been established.

Three previous studies have been performed to examine the influence of
MRGO/Reach 2 on flooding in New Orleans and vicinity. The first of these
studies, Bretschneider and Collins (1966), was performed for the U.S. Army
Corps of Engineers, New Orleans District (USACE-MVN). The primary
objective of the study was to determine the effects of the MRGO channel, and
dredged material placement banks, and associated works, on the hurricane surge
environment of an area to the east of the Mississippi River from the southern end
of the MRGO to the IHNC. The study looked at Hurricane Betsy and six
synthetic storms. Based on simplified one-dimensional numerical computations
and estimates of channel conveyance effects, the report concluded that Betsy
would have produced essentially the same surge elevations with or without the
MRGO.

The second study was also commissioned by the USACE-MVN and involved
“closing” the MRGO/Reach 2 with a barrier placed across the MRGO extending
out from state road 624 and the La Loutre Ridge (U.S. Army Corps of Engineers,
New Orleans District, 2003). That closure was located just to the southeast of
Shell Beach in Figure 1. The study examined 9 synthetic storms with a track to
the west of the Mississippi River running parallel to the MRGO with input
strengths varying from 65 to 124 knots and forward speeds ranging from 5 to 20
knots. In addition, Hurricane Betsy input winds were examined. Each of the 10
storms was simulated with and without the MRGO closure along the La Loutre
Ridge. The study applied the S08 high resolution unstructured finite element grid
with detailed refinement of the MRGO, GIWW, IHNC, the Rigolets Inlet and
Chef Menteur Pass (Feyen et al. 2005, Westerink et al. 2006). Resolution and
domain definition requirements have been verified for the S08 grid and the

Appendix E The Influence of the MRGO on Hurricane Induced Storm Surge in New Orleans and Vicinity E3

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



resulting model has been validated (Blain et al. 1994, Blain et al. 1998,
Westerink et al. 2000, Feyen et al. 2002, Feyen et al. 2005, Westerink et al.
2006). The S08 grid applies a larger approximation for the width of the
MRGO/Reach 2 channel, thus leading to conservative estimates of the influence
of the channel. A two dimensional depth integrated version of the ADCIRC
model (Luettich et al. 1992, Luettich and Westerink 2004, Luettich and
Westerink, 2005, Westerink et al. 2006), a finite element based shallow water
equation code that is accurate, stable and robust, was used to perform the
computations.

Results from this study showed that for low-amplitude storm surges (peak
surge having a magnitude of 4 feet or less), the presence of MRGO/Reach 2
increased the storm surge by up to the following amounts: 0.5 ft at Shell Beach
and Bayou Dupre, and 0.3 ft at Paris Road Bridge and the IHNC Lock. For
nearly all situations that were examined (results for all ten storms at the four
locations shown in Figure 1), the presence of the MRGO/Reach 2 either did not
cause a significant change or the increase was less than 0.3 ft. In a few situations,
notably a slow moving weak storm, the presence of the MRGO/Reach 2 channel
actually led to a very small decrease in peak surge level at the four locations. For
higher amplitude storm surges, peak surges on the order of 7 to 12 feet (which
included Hurricane Betsy), changes induced by MRGO/Reach 2 were 0.3 ft or
less for all situations. The MRGO did however considerably enhance drainage
from Lake Pontchartrain through the IHNC/GIWW out to Breton Sound
following passage of the storms.

A follow up study was commissioned by the State of Louisiana, Department
of Natural Resources and implemented by URS Corporation (2006). This study
applied the same unstructured S08 grid but filled in the MRGO/Reach 2 channel
to surrounding topographic/bathymetric levels. This study also applied the
ADCIRC code and the results were similar to the USACE-MVN study. Reach 2
of the MRGO had a very limited impact on increasing storm surge for large
storms, including Hurricanes Betsy and Katrina. All changes were less than 0.6 ft
and most changes were less than 0.3 ft, in the vicinity of New Orleans. Results
also indicated that the MRGO enhanced post storm drainage from portions of the
system.

In general, the studies cited above reached consistent conclusions. The
change in storm surge induced by MRGO/Reach 2 (computed as a percentage of
the peak surge magnitude) is greatest when the amplitude of the storm surge is
low, on the order of a few feet or less. In these situations, changes induced by the
MRGO are rather small, 0.5 ft or less, but this amount is as much as 25% of the
peak surge amplitude. When the long wave amplitude is very low, the surge is
more limited to propagation via the channels. Once the surge amplitude increases
to the point where the wetlands become inundated, this section of the MRGO
plays a diminishing role in influencing the amplitude of storm surge that reaches
the vicinity of metropolitan New Orleans. For storm surges of the magnitude
produced by Hurricanes Betsy and Katrina, which overwhelmed the wetland
system, the influence of MRGO/Reach 2 on storm surge propagation is rather
small. When the expansive wetland is inundated, the storm surge propagates
primarily through the water column over this much larger flooded area, and the
channels become a much smaller contributor to water conveyance.
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The results of these studies can be readily understood by considering in more
detail the evolution of storm surge for critical hurricane tracks passing to the west
of the Mississippi River. These storms blow wind across the region first from the
northeast, then from the east, then from the southeast and south and finally from
the west. The sustained northeasterly and especially easterly winds push water
onto the wide and shallow Mississippi-Alabama Shelf into Breton and
Chandeleur Sounds, and Lake Borgne. These winds build surge up regionally on
the shelf and in particular against the Mississippi River and hurricane protection
levees in Plaguemines Parish, against the St. Bernard Parish/Chalmette hurricane
protection levee system and into the so called funnel defined by the levees
protecting St. Bernard Parish/Chalmette and New Orleans East along the
confluence of the GIWW/MRGO. As winds become southerly, the significant
surge that has built up along the Mississippi River levees in southern
Plaguemines Parish starts to propagate north as a constrained wave up the
Mississippi River and as an unconstrained wave through Breton Sound, both
influenced by the strength and direction of the winds. Finally, westerly winds
blow surge away from these levees.

We note that the surge driven by the sustained northeasterly and easterly
winds is not influenced by the MRGO, since the direction of water movement is
from east to west across Breton and Chandeleur Sounds and Lake Borgne. The
brief southeasterly and southerly winds do guide the substantial surge wave that
has built up in Plaguemines Parish north across Breton Sound. In the case of
Hurricane Betsy, the surge propagated in a northerly direction along the
Mississippi River levees and was stopped by river levees at English Turn. In the
case of Hurricane Katrina, the surge propagated in a northeasterly direction
perpendicular to the MRGO towards Gulfport, Mississippi. In either case, the
northerly movement of water is not significantly influenced by the MRGO since
the size of the surge is substantially larger than the increased cross sectional area
for flow, or conveyance, offered by the MRGO. Furthermore the alignment of the
MRGO does not coincide with the direction of propagation of the massive surge
as it heads north and only briefly coincides with southeasterly winds which
locally force flow.

We have simulated Hurricane Katrina both with the MRGO/Reach 2 in place
as well as with the MRGO/Reach 2 filled to surrounding bathymetric and
topographic levels. The hydrodynamic computations were performed with the
TFO01 ADCIRC model of Southern Louisiana which is a refinement of the earlier
S08 model with added details and resolution for the coastal floodplains of the
north shore of Lake Pontchartrain, Mississippi and Alabama (Interagency
Performance Evaluation Task Force, 2006). We applied identical wind and
pressure fields derived from a Planetary Boundary Layer (PBL) model to
simulate the atmospheric forcing functions during the Katrina event (Thompson
and Cardone, 1996). A sequence of hourly snapshots of water surface elevations
with super-imposed winds (Figure 2) shows the evolution of storm surge with the
MRGO in place. More detailed elevation values are given in corresponding
labeled water elevation contour plots in Figure 3. Surge buildup starts with
easterly winds blowing water from east to west against the Mississippi River
levees in Plaguemines Parish as well against the hurricane protection levees of St.
Bernard Parish/Chalmette in addition to driving water into the funnel defined by
the levees protecting St. Bernard Parish/Chalmette and New Orleans East. When
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winds become southerly, the massive surge that has built up in Breton Sound
propagates north. We note that the northeasterly propagating storm surge has a
crown of more than 16 ft above NGVD 29 extending out more than 12 miles and
water levels in the entire Mississippi-Alabama Shelf exceed 10 ft above

NGVD 29.

The simulation without the MRGO/Reach 2 results in very similar water
levels in most of the domain for the Katrina event. Differences in the maximum
Katrina event water levels with and without the MRGO in place are shown in
Figures 4a and 4b. Notable differences with the MRGO Reach 2 channel in place
are as follows: there is a reduction of water level of up to 0.2 ft at the entrance to
the MRGO’s inland cut; there is an increase of 0.3 to 0.4 ft in the marshes west
of the MRGO in the region delineated by Pointe a la Hache, Carlisle, Stella,
Caernarvon and Verret; a maximum increase of approximately 1.1 ft locally east
of English Turn; in Lake Borgne along the MRGO there isa 0.1 t0 0.2 ft
increase; there is a 0.1 to 0.2 ft decrease along the St. Bernard Parish/Chalmette
protection levee; and finally there is a 0.1 to 0.2 ft increase in a portion of the
GIWW/MRGO/Reach 1. In all other regions, including in the IHNC, differences
are less than 0.1 ft. In addition, the New Orleans and vicinity protection system is
not impacted more than 0.2 ft. These results coincide with those from the earlier
studies. We note that the small increases in surge due to the presence of
MRGO/Reach 2 can be traced to the alignment of the local southeasterly winds
that briefly occur later in the storm and that do in fact drive more water up the
MRGO/Reach 2. These waters then feed into the northward-propagating surge
wave and spread laterally relative to the propagation direction. However due to
fact that the alignment between the wind and the MRGO/Reach 2 is brief and in
light of the shelf-wide high water levels at this stage of the storm, the impact on
channel conveyance is small. The largest difference and its associated pattern
seen at English Turn is related to this mechanism as well as small differences in
the northward propagating waves’ phasing properties coupled with the winds
turning at this point as the eye of the storm moves across this area. The small
decreases in maximum water elevations occur due to a small reduction in the
local resistance to water being pushed by local winds in a northwesterly direction
at the entrance to the MRGO/Reach 2 inland cut and due to increased water
depths reducing local set-up against the St. Bernard Parish/ Chalmette protection
levee (local wind driven set-up is inversely proportional to the depth of the
water).

The reasons for the very limited influence of the MRGO/Reach 2 in the
vicinity of New Orleans for strong storm events are clear. First, the MRGO does
not influence the important preliminary east-west movement of water that drives
the significant build up of surge in the early parts of the storm. Second, the
northerly propagation of surge during the later stages of the storm are only
minimally influenced by the MRGO because the increased hydraulic conveyance
associated with the channel is very limited for large storms due to the large surge
magnitude and especially due to the very large lateral extent of the high waters
on the Mississippi-Alabama shelf that build up early on from the east. In
addition, the propagation direction of this surge wave does not typically align
with the MRGO and furthermore the southeasterly winds which align with the
MRGO occur only very briefly.
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The fact that all studies show a larger proportional influence of the presence
of the MRGO/Reach 2 for low intensity (low peak surge magnitude) events is
related to the fact that the proportional increase in conveyance due to Reach 2 is
greater when the surge is small and the water levels in Breton Sound and Lake
Borgne are generally low. This also explains why we see a more rapid drop in
post-storm Lake Pontchartrain levels for large-scale events with the MRGO in
place. Waters typically withdraw relatively rapidly from Breton Sound and Lake
Borgne due to the direct connection to open waters. The total combined
conveyance of the Rigolets, Chef Menteur Pass and the IHNC/GIWW/MRGO
system is increased with the MRGO in place under the lower post-storm levels on
the Mississippi-Alabama shelf.

While the simulations clearly show that Reach 2 of the MRGO does not
significantly influence the development of storm surge in the region for large
storm events, Reach 1 (the combined GIWW/MRGO section) and the IHNC,
together, provide a hydraulic connection between Lake Borgne and Lake
Pontchartrain. As a result of this connection, the storm surge experienced within
the IHNC and Reach 1 (GIWW/MRGO) is a function of storm surge in both
Lakes; a water level gradient is established within the IHNC and Reach 1 that is
dictated by the surge levels in the two lakes. This is true for both low and high
storm surge conditions. To prevent storm surge in Lake Borgne from reaching
the IHNC or GIWW/MRGO sections of waterway, flow through the Reach 1
channel must be dramatically reduced or eliminated, either by a permanent
closure or some type of structure that temporarily serves to eliminate this
hydraulic connectivity. The presence of an open channel is the key factor.

The hurricane protection levees along the south side of Orleans Parish and
the eastern side of St. Bernard Parish along the MRGO, which together are
referred to as a funnel, can locally collect and focus storm surge in this vicinity
depending on wind speed and direction. This localized focusing effect can lead
to a small local increase in surge amplitude. Strong winds from the east tend to
maximize the local funneling effect.
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Figure la. Satellite image of Southeastern Louisiana.
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Figure 1b. Satellite image of metropolitan New Orleans and vicinity.

Figure 2a. Water surface elevation with respect to the NGVD29 (ft) with
boundary layer adjusted wind velocity vectors (knots) during Hurricane
Katrina on August 29, 2005 at 0700UTC.
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Figure 2b. Water surface elevation with respect to the NGVD 29 (ft) with
boundary layer adjusted wind velocity vectors (knots) during Hurricane
Katrina on August 29, 2005 at 1000UTC.

Figure 2c. Water surface elevation with respect to the NGVD 29 (ft) with
boundary layer adjusted wind velocity vectors (knots) during Hurricane
Katrina on August 29, 2005 at 1100UTC.
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Figure 2d. Water surface elevation with respect to the NGVD 29 (ft) with
boundary layer adjusted wind velocity vectors (knots) during Hurricane
Katrina on August 29, 2005 at 1200UTC.

Figure 2e. Water surface elevation with respect to the NGVD 29 (ft) with
boundary layer adjusted wind velocity vectors (knots) during Hurricane
Katrina on August 29, 2005 at 1300UTC.

E12 Appendix E The Influence of the MRGO on Hurricane Induced Storm Surge in New Orleans and Vicinity

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers



Figure 2f. Water surface elevation with respect to the NGVD 29 (ft) with
boundary layer adjusted wind velocity vectors (knots) during Hurricane
Katrina on August 29, 2005 at 1400UTC.

Figure 2g. Water surface elevation with respect to the NGVD 29 (ft) with
boundary layer adjusted wind velocity vectors (knots) during Hurricane
Katrina on August 29, 2005 at 1500UTC.
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Figure 2h. Water surface elevation with respect to the NGVD 29 (ft) with
boundary layer adjusted wind velocity vectors (knots) during Hurricane
Katrina on August 29, 2005 at 1600UTC.

Figure 2i. Water surface elevation with respect to the NGVD 29 (ft) with
boundary layer adjusted wind velocity vectors (knots) during Hurricane
Katrina on August 29, 2005 at 1700UTC.

E14 Appendix E The Influence of the MRGO on Hurricane Induced Storm Surge in New Orleans and Vicinity

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers



Figure 2j. Water surface elevation with respect to the NGVD 29 (ft) with
boundary layer adjusted wind velocity vectors (knots) during Hurricane
Katrina on August 29, 2005 at 2000UTC.

Figure 2k. Water surface elevation with respect to the NGVD 29 (ft) with
boundary layer adjusted wind velocity vectors (knots) during Hurricane
Katrina on August 29, 2005 at 2300UTC.

Appendix E The Influence of the MRGO on Hurricane Induced Storm Surge in New Orleans and Vicinity E15

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Figure 3a. Water surface elevation with respect to the NGVD 29 (ft) with labeled
contours during Hurricane Katrina on August 29, 2005 at 0700UTC.

Figure 3b. Water surface elevation with respect to the NGVD 29 (ft) with labeled
contours during Hurricane Katrina on August 29, 2005 at 1000UTC.
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Figure 3c. Water surface elevation with respect to the NGVD 29 (ft) with labeled
contours during Hurricane Katrina on August 29, 2005 at 1100UTC.
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Figure 3d. Water surface elevation with respect to the NGVD 29 (ft) with labeled
contours during Hurricane Katrina on August 29, 2005 at 1200UTC.
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Figure 3e. Water surface elevation with respect to the NGVD 29 (ft) with labeled
contours during Hurricane Katrina on August 29, 2005 at 1300UTC.

Figure 3f. Water surface elevation with respect to the NGVD 29 (ft) with labeled
contours during Hurricane Katrina on August 29, 2005 at 1400UTC.
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Figure 3g. Water surface elevation with respect to the NGVD 29 (ft) with labeled
contours during Hurricane Katrina on August 29, 2005 at 1500UTC.

Figure 3h. Water surface elevation with respect to the NGVD 29 (ft) with labeled
contours during Hurricane Katrina on August 29, 2005 at 1600UTC.
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Figure 3i. Water surface elevation with respect to the NGVD 29 (ft) with labeled
contours during Hurricane Katrina on August 29, 2005 at 1700UTC.

Figure 3j. Water surface elevation with respect to the NGVD 29 (ft) with labeled
contours during Hurricane Katrina on August 29, 2005 at 2000UTC.
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Figure 3k. Water surface elevation with respect to the NGVD 29 (ft) with labeled
contours during Hurricane Katrina on August 29, 2005 at 2300UTC.

Figure 4a. Maximum Hurricane Katrina event differences in ft, for simulations
with and without the MRGO in place. Positive differences indicate
increased elevations with the MRGO in place while negative
differences indicate decreased water levels with the MRGO in place.
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Figure 4b. Maximum Hurricane Katrina event differences in ft in metropolitan
New Orleans and vicinity, for simulations with and without the MRGO
in place. Positive differences indicate increased elevations with the
MRGO in place while negative differences indicate decreased water
levels with the MRGO in place.
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Appendix F
Data Requirements for the IPET
Study

Table F-1 below provides a listing of the data requirements based on input
from the IPET Task Co-leaders. Each item is categorized as perishable,
background, or new data. The color-coding in the table represents the data that
has been posted to the Repository, where yellow represents partial or preliminary
data and green represents complete data.

Table F-1

Item #

Item

Perishable/Background/New

1

Post hurricane levee heights, profiles and alignments.

Perishable

2

Ground Surveys and Profiles of Ground and
Structures(project/site, location, x,y,z, description, date,
time, reference point for survey); pre- and post-storm
canal cross-sections; GIS layer of canal centerlines and
invert elevations

Perishable/ Background

Ground-based LIDAR of breaches (project/site, location,
X,Y,Z, description, photos, date, time, reference point for
survey)

Perishable

Breach configurations - locations, depth, width,
descriptions, photos, erosion extents, date and time
started and date and time fully developed.

Perishable

Land side scour locations

Perishable

High Water Marks

Perishable

Time history of events; Timeline of Katrina and Observed
System Response - temporal hurricane track,
observations: surge, flooding, wave heights, currents
(direction, magnitude), pump operation, levee damage,
debris in canals (quantity, composition), barges, boats,
etc.; Eyewitness Accounts of the failures (project/site,
location, x,y,z, description, date, time, reference point for
survey); Interviews with USACE operators and emergency
ops personnel concerning system performance;

Perishable

Geo-referenced photos of failure sites (x,y,z, project/site,
description, measurement of erosion depth and breadth,
date, time)

Perishable

Damage Survey Reports (project/site, location, X,y,z,
description, photos, date, time, reference point for survey)

Perishable

10

Evidence of structural failure mechanisms (sheet pile
depts, sheet pile embedment in concrete, concrete
conditions)

Perishable
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Table F-1

Item #

Item

Perishable/Background/New

11

features buried during repairs

Repair records of emergency breach closures, photos of

Perishable

13 Model results for Sequential Water Level (project/site, Perishable
location, x,y,z, description, date, time, reference point for
survey)

14 Unwatering - Pump Flow rates and location of Discharge Perishable
as a function of time

15 combined TIN of land surface and detailed canals for each | New
parish

16 DEM of all 5 parishes, pre-storm and post-storm DEM and | New
structure/levee crest elevations

19 Detailed surveys and/or as built plans for all Culverts Background
(location, size, invert elevations of all culverts that bring
flow into the canals from the land surface side)

20 Detailed surveys and/or as built plans for all bridges in the | Background

study area

Detailed project maps of the pre-Katrina system Background

Historic stream gage data, high water marks, and pump
station data for use in calibration of models; MVN

Historical River Gage Records and associated benchmark
reference data

Background

F-2

Tidal gage records and related analysis

Background
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Table F-1

Item # | Item

Perishable/Background/New

at all possible locations) during Katrina

45 Pump station data (location, number of pumps, pump New
capacity and efficiency curve for each pump, normal water
surface elevation at which pump is turned on and off

46 Pump station operation timeline, detailed New

47 Pump stations performance output from Task 8 New

48 Stream gage information (time series of stages and flows | New

analyze floodwalls and levees, material strength
distributions, uncertainty in sheet pile depth)

57 Soil Test Data (project/site, location, x,y,z, boring number,
description, graphs, date)

50 Lake Pontchartrain stage data New

51 Models and Studies that have been performed by the Background
District office and others

52 Surge heights and hydrographs (pre, post, and during New
Katrina); measured water level hydrographs

53 Levee and floodwall failure modes (input data used to New

58 Soil Material Properties (project/site, location, x,y,z,
description)

59 Sheet Pile Test Data (project/site, location, x,y,z,
description, graphs, photos)

60 Concrete Test Data (project/site, location, x,y,z,
description, graphs, photos)

61 Steel Reinforcement Test Data (project/site, location, X,y,z,
description, graphs, photos)

62 Instrumentation (piezometer, slope inclinometers, wall
deflection gages, etc.) (project/site, location, x,y,z,
description, graphs, photos, date, time)

63 Reference Elevation/Datum (reference contolling
benchmarks) for all LIDAR/DEM/Aerial mapping recently
flown. Ensure all topographic DEM data is referenced to
the same SE Louisiana Vertical Time-Dependent
Reference framework and related water surface
references

64 MVN Vertical Control/Topographic Surveys of Levees

65 vertical data survey of pump house monuments

66 Timeline of baseline water level data at station inlet and
outlet - Task 2

Appendix F Data Requirements for the IPET Study
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Table F-1

Item # | Item Perishable/Background/New

67 Timeline of actual water level data at station inlet and New
outlet-Task 3

68 interpretation of pre-storm ground cover throughout the New
domain, or imagery to assess ground cover

69 Photos from historical hurricanes affecting these areas Background

70 Aerial and Satellite Image (project/site, location, X,y,z, New
description, date, time)

71 Aerial videos (date, time, project/site, location, description) | New

72 Aerial photography of before flood and during flood Background/New

73 Tasks 2, 3, 4, 8, 9 results New

74 System models used by Task 5 New

75 Task 4 Wave/Water heights New

76 Task 5a Physical Model Data New

77 Surficial sediment concentration of contaminants in the Perishable
canals and lake - value, location, time

78 Total organic carbon concentration of bottom sediments in | Perishable
canals and lake - value, location, and time

79 Analysis of benthos in sediments near pumps Perishable

80 Wetland assessment and ground truthing in St. Bernard Perishable
Parish

81 Fish contaminant assessment Background

82 Fish Health Assessment Background

83 Endangered and Threatened fish assessment Background

F-4
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Appendix G
IPET Communications Efforts

The IPET communications efforts have followed the IPET charge to forward
information to the public as quickly as possible through various methods. In all
aspects, IPET has responded as quickly as possible, truthfully, and accurately to
media requests and has proactively sought out media opportunities at all levels.

IPET media interaction has been on-going since the earliest data collection
efforts immediately following Hurricane Katrina. To date, IPET has interacted
with more than 100 media contacts, including national media such as the New
York Times, Wall Street Journal, Los Angeles Times, National Public Radio,
NBC News, CBS News, ABC News, CNN, etc. Special attention has been made
to inform citizens in New Orleans and Southeast Louisiana who have a vested
interest in IPET activities. Our communications efforts have included numerous
repetitive contacts with the leading newspapers, radio stations and television
stations in Louisiana.

IPET communication staff is also coordinating with the External Review
Panel communications staff at the American Society of Civil Engineers (ASCE)
and with the communications staff at the National Research Council (NRC) to
effectively inform the public of our interaction and our responsibilities to our
citizens. A news conference was held in conjunction with ASCE at the IPET
Report 1 release on Jan. 10, and IPET supported media interviews at the NRC
meeting in New Orleans on Jan. 18. Media opportunities will be scheduled for
subsequent IPET report releases to ensure maximum dissemination of
information to the public.

As a team, all IPET members have been made available for media
interaction. This has included both Corps of Engineers and non-Corps members.
Media support from both IPET team members, such as the Harris County Flood
Control District, and IPET contractors, such as Rensselaer Polytechnic Institute,
have been instrumental in informing the public of the activities of IPET.

IPET has also worked closely with other Corps of Engineers organizations in
the affected areas of Southeast Louisiana, such as Task Force Guardian, the New
Orleans District, and the Mississippi Valley Division to provide accurate and
useful information to the public.
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IPET information products (news releases, bios, etc.) have been posted on
both the IPET public web site (https://ipet.wes.army.mil) and the Corps of
Engineers public web site (www.usace.army.mil).

Communications efforts have also included professional videotaping of IPET
modeling activities to share with documentary production companies, news
crews and for historical purposes.

A USACE news release requesting relocated residents of the greater New
Orleans area who stayed during Hurricane Katrina and personally witnessed
flooding due to levee overtopping or floodwall breaching before relocating to
provide information, photos, and any other related data to IPET was published on
16 February, 2006. Anyone with information may contact the IPET through the
IPET web site (hhtps://ipet.wes.army.mil. Information can also be e-mailed to
Katrina.Accounts@usace.army.mil or eyewitnesses can call toll free 1-866-502-
2570, extension 5004,
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Appendix H
Task Force Guardian Inputs

IPET Products Provided to Task Force Guardian
and Task Force Hope as of 10 March 2006

a. Data Repository — 25 October 2005. The IPET Data Repository was
established as an entry point for collecting information pertaining to the New
Orleans and Southeast Louisiana Hurricane Protection Projects that needs to be
validated as factual. This repository supports both the IPET and TFH/TFG efforts
by providing a database where information can be reviewed for accuracy and
quality prior to posting the information on the IPET public website.

b. Establishment of the IPET Public Website — 2 November 2005. The
IPET public website was established as a way to be fully transparent in effec-
tively sharing factual information pertaining to the New Orleans and Southeast
Louisiana Hurricane Protection Projects. The website provides a way to proac-
tively communicate information that might otherwise require the public and TFG
to process Freedom of Information Acts.

c. Establishment of On-Line Team Workspace using Groove —
22 September 2005. To enable IPET, ERP, and members of TFH/TFG with on-
line workspaces to communicate and share information virtually, Groove
software and technical support was provided by IPET. Through these virtual
workspaces information can be effectively and efficiently shared. Groove is a
primary tool used to bring the IPET, ERP, and TFH/TFG teams together in
sharing knowledge and information required to accomplish their missions.

d. Integration of the IPET Public Website and the TFH/TFG
Electronic Bid Solicitation Websites — 15 November 2005. As a way to more
effectively enable public benefit from the historic and performance-related
information on the IPET public website and the reconstruction plans and
specifications on the TFH/TFG electronic bid solicitation website, electronic
linkage was provided to facilitate integration of the two sites.

e. “Summary of Field Observations Relevant to Flood Protection in
New Orleans, LA” — 5 December 2005. This IPET review provided Task Force
Guardian with a simple statement of concurrence or nonconcurrence from the
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IPET floodwall and levee sub team and additional relevant discussion for each of
the major findings in the ASCE/NSF report’s chapter eight, “Summary of
Observations and Findings.” The additional discussion relates to the analysis
being conducted by the IPET or others that would assist in applying the
ASCE/NSF findings to the reconstruction of hurricane protection in New
Orleans.

f.  “Preliminary Wave and Water Level Results for Hurricane
Katrina” — 23 November 2005. This IPET report to TFH/TFG included obser-
vations from the IPET surge and wave sub team from a field trip and overflight
of New Orleans and Southeast Louisiana.

g. “Summary of IPET Numerical Model of Hurricane Katrina Surge
and Wave Plans, Approach and Methods” — 19 December 2005. This Power-
Point presentation by the IPET surge and wave sub team provided TFH/TFG
with an update on wave and water level results for Hurricane Katrina. Wave and
water level results from fast-track simulations of upper Category 3 type storms
on various storm tracks and a Standard Project Hurricane event were also
provided.

h. Review of Proposal to Float In and Sink a Barge to Close Canals by
June 2006 — 28 December 2005. The proposal included the use of existing large
ship tunnel thrusters mounted on a barge with huge pumping capacities. Review
determined that the closure plan does not have enough pumping capacity to
match existing pumps during a hurricane.

i. Technical Support to TFG on the Analysis and Design of the
Reconstruction Plans and Specifications for the Breaches — Continuous
Support as Needed. Technical support continues to be provided to TFG on an
as-needed basis. As a minimum, monthly face-to-face meetings take place in
New Orleans. This support includes geotechnical and structural consultations.
These discussions also include reviews of plans and specifications for
reconstruction features such as T-walls, L-walls, I-walls, levees, and foundation
investigations.

j.  Evaluation of Existing and As-Built Conditions at Canals —
On-going. This evaluation includes concrete and steel material properties for
reinforcement and sheet piles on the I-walls, as-built length of sheet piles, sur-
veys, and foundation material properties and boring logs.

k. Life-cycle Documentation of the Hurricane Protection System —
On-going. This documentation includes a review of the design, construction, and
operation and maintenance of the hurricane system.

I. Verification of Current and Reconstructed Floodwall Elevations —
November 2005. Established a tidal gage in November 2005 at the 17th Street
Canal to monitor current sea level relationships to the newest NAVD88 datum
epoch (2004.65). Verified floodwall elevations on Lakefront outfall canals and
IHNC relative to this latest tidal and vertical epoch.
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m. LIDAR Ground Truthing — On-going. Currently performing ground-
truthing surveys throughout the region to calibrate various LIDAR-based eleva-
tion models used by Task Force Guardian.

n. Densification of Control Benchmarks — 31 December 2005. IPET has
established approximately 75 vertical benchmarks throughout the region. These
control points are being used for Task Force Guardian construction activities.

0. Establishment of GIS Team — 2 February 2006. The “GIS Team” was
established to maximize the effectiveness and efficiency of the GIS resources
within IPET, Task Force Guardian, Task Force Hope, and the New Orleans
District. The GIS Team consists of members from each of the four teams and
provides a way to integrate efforts and share information pertaining to the HPS.
The GIS Team will also provide for a way to assure a smooth transition of IPET
generated GIS information to the New Orleans District upon disbanding of IPET
once its performance evaluation is completed. Significant IPET data sets shared
with TFG in January and February 2006 include the digital elevation models,
vertical datum survey data, geotechnical data, and photographs.

p. Insight into probable cause of breaching at 17th Street Canal —
Continuous ending March 2006. Information was shared with TFG on the
probable cause of breaching at the 17th Street Canal. Recommendations were
provided on considering the formation of a gap at the base of cantilever I-walls
and shear strength variations between the centerline and inboard toe of levees
used in combination with I-walls.

g. Storm Surge and Wave analysis results for Katrina and historical
storms — December 2005. Information pertaining to modeled Katrina storm
surge and wave heights and periods for various locations along the HPS was
provided to TFG. In addition, modeled surge and wave results from other
historical storms were also provided.

r. Review comments on canal closure structures — December 2005 and
January 2006. IPET review comments for the outfall canal closure structures
were provided to aid in development of high quality P&S for the closure
structures.

s. Provided comments in IPET Report 2 regarding comparison of
Hurricane Katrina wave and period conditions with design values — March
2006. Design wave conditions, particularly wave period, should be re-evaluated
for the east-facing levees in east Orleans, St. Bernard and Plagquemines Parishes.

t. Closure Structures Modeling — January — February 2006. IPET
members at MVVN performed modeling analysis of the closure structures on 17th
Street, Orleans and London Ave Canals.

u. MRGO White Paper — March 2006. Input on analysis of MRGO effect
on storm propagation into metropolitan New Orleans and vicinity.
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St. Bernard Parish PS 1 - Fortification

Pre-Hurricane Katrina—View from Inlet Canal

4200 Jean L afitte Pkwy.
Chalmette, LA 70043

504.512.6331
Position: Latitude 29.966557° Longitude -89.975821°

/ PS1 Fortification

Pre-Hurricane Katrina—Arial view of pump station

Pump Station Description

Fortification is 1 of 8 pumping stations in St Bernard Parish owned and operated by the Lake
Borne Basin Levee District. The station contains three vertical pumps that were installed in 1972
with atotal pumping capacity of 980 cubic feet per second (cfs)!. Two of the pumps are driven
by diesel engines and one by an electric motor. The drainage water is supplied to the pumps from
the Florida Walk canal and discharges through the interior back levee to the marsh known as

! The Pump Information Table contains more details about the individual pump data and is located at the beginning
of this section.
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Bayou Bienvenue. The individual pump discharges have a tainter gate installed to cut off water
flow in either direction.

Pump Station Oper ation

Pump station operators will turn the pumps on as they are required to reduce the water elevation
in the canal. The pumps are normally turned on when the water in the canal reaches
approximately -6 feet (NGVD) and turned off when the water level reaches -6.5 feet (NGVD).
When heavy rainfall events are expected the station operators will pump the canal down to an
elevation of -8.5 feet (NGVD). If the water elevation on the discharge side of the pump station is
predicted to exceed 3.5 feet (NGV D) the station operator closes the discharge tainter gates.

Fuel Endurance Calculation

Assumptions :
1) #2 Diesel fuel is used with an HHV rating of 140,000 btu/gal

2) Burn rate of 35 gph @ 500 kW with above HHV rating
3) Diesel engines are running at rated capacity

PS 1 Fortification
3 pump drivers - 2 diesel and 1 electric. The diesels are rated at 1200 horsepower

The approximate burn rate for each diesel is then calculated:

] gal | 1200hp gd
Rourn = (35?)— Rourn = 62639 —

500kW hr
Fuel Capacity

4 - 5000 gallon tanks
2 - 110 gallon day tanks

Fuel Endurance

The time the 5000 gallon tanks will last is calculated:

tl = u tl = 159645 hr

ZRburn

The time the 110 gallon tanks will last is calculated:

~ 2:110gal
Roumn
The approximate total continous run time for the pump station is:

T = 6.75da

t2 K t2 =1.7%hr

Pump Curves

Pump capacity curves were obtained either from the parish or from the manufacturer of each
pump. From these curves, a curve fit process was used to create new curves and equations.
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Using drawings provided, assumptions were made regarding the dimensions of the pump station
and the pump. Using these assumptions, the minor and friction losses were calculated in order to
create the system curve. Two system curves were created due to the range of heads reported by
the parish. The two curves represent the maximum and minimum operating heads reported.

Rever se Flow

The Engineering Hydraulics Design section of the US Army Corps of Engineers Portland
Digtrict office performed analysis of reverse flow characteristics for each pump. The results are
reverse flow rating curves that are attached to this section. The tables present the flow rates per
individual pump. The detailed calculations, assumptions, and assumed dimensions are available
upon request.

Katrina Event

8/28/05 -Operators pumped water in canal down to approximately 8.5 ft.

8/29/05 -Operators evacuated pump station at approximately 1:15 am.

8/30/05 -Operators returned to the station at 10:00 am. Water was the same elevation on both
sides of pump station.

9/01/05 -Both pumps running.

9/11/05 -Pump station back to normal operation.

Damage Report

The following information was obtained from the Project Information Report (PIR) for New
Orleans District:

Pump Station 1 sustained relatively minor damage because its operating floor elevation is 16 feet
N.G.V.D. Flooding from the storm flooded the lower level of the station but the flood waters
were approximately three feet below the concrete operating floor level. Pump station equipment
that was damaged includes an electric pump motor, generator, trash rack bearing and gear box,
and lighting. The building sustained damage to the metal siding and roof. Additionally, the diesel
engine cooling system developed a leak. Auxiliary equipment damage included flooding of a
bobcat used to remove debris from the trash racks.

Post-Hurricane Katrina—View from the Inlet Canal
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/ PS1 Fortification

Post-Hurricane Katrina— Arial view of the pump station
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St. Bernard Parish PS 2 Guichard

Pre-Hurricane Katrina — View from the south end

4201 Jean L afitte Pkwy.
Chalmette, LA 70043

504.512.6331
Position: Latitude 29.961649° Longitude -89.964442°

| PS2 Guichard

/

Pre-Hurricane Katrina—Arial view of pump station

Pump Station Description

Guichard is 1 of 8 pumping stations in St Bernard Parish owned and operated by the Lake Borne
Basin Levee District. The station contains four horizontal pumps that were installed in the 1950's
with atotal pumping capacity of approximately 755 cubic feet per second (cfs)™. All four pumps
are driven by diesel engines. The drainage water is supplied to the pumps from the Florida Walk
cana and discharges through the interior back levee to the marsh known as Bayou Bienvenue.

! The Pump Information Table contains more details about the individual pump data and is located at the beginning
of this section.
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There was not enough information available to determine the rated capacity for pump 3. It was
assumed it would be similar to the pump 1 (42") based on the available information.

Pump Station Operation

This pump station was available but not used in the days before Hurricane Katrina.

Fuel Endurance Calculation

As sunmptions :
1) #2 Diesel fuel is used w ith an HHV rating of 140,000 btu/gal
2) Burn rate of 35 gph @ 500 kW w ith above HHV rating
3) Diesel engines are running at rated capacity

PS 2 Guichard

4 pump drivers - All diesels
2 diesels are 800 hp, 1 diesel is 335 hp, and 1 is approximately 300 hp

The approximate burn rate for each diesel is then calculated at:

gal \ 80thp ggﬂ

R =[ 3552 Rl = 41.75
Tourn ( hr ) 500w bun hr
gal |\ 33%p g

=| 35— | R2 =17.48
Feurn ( hr ) 50w turn hr
gal \ 30hp gal
R =| 35— | —— R3 = 15.66—

Sourn ( hr ) 500kW burn hr

Fuel Capacity

1 - 5,000 gallon tank
4 - 60 gallon day tanks

Fuel Endurance

The time the 5,000 gallon tank wiill last is calculated:

500Gl

t1:= tl= 6675:hr
Rlyurn + Rourn + R3purn
The time the 60 gallon tanks wiill last is calculated:
4-60gal
t2 : t2 = 3.20hr

Rlpurn + R2ourn + R3purn

The approximate total continous run time for the station is:
T; = 2.915ay

Pump Curves

Pump curves were obtained from the manufacturer of the pumps. Serial numbers were
unobtainable, and therefore only by making assumptions regarding the size and make of the
pump as well as the similarity to that of PS 3 Bayou Villere and PS5 E.J. Gore were any usable
curves located. There was no usable information regarding pump 3, so it was assumed similar to
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pump 1. From these curves, a curve fit process was used to create new curves and equations.
From these curves, further assumptions were made regarding the dimensions of the pump station,
pipe, and pumps so that friction and minor losses could be calculated. These calculations created
the system curves. There are two curves using the maximum and minimum reported operating
heads by the parish.

Rever se Flow

The Engineering Hydraulics Design section of the US Army Corps of Engineers Portland
Digtrict office performed analysis of reverse flow characteristics for each pump. The results are
reverse flow rating curves that are attached to this section. The tables present the flow rates per
individual pump. The detailed calculations, assumptions, and assumed dimensions are available
upon request.

Katrina Event

This station was designated as a backup and therefore was not used prior to Hurricane Katrina.
After the hurricane the pump station could not be operated as the motors were overtopped with
water.

Damage Report

The following information was obtained from the Project Information Report (PIR) for New
Orleans District:

Pump Station 2 sustained substantial damage. With its operating floor at or near the natural
ground elevation, the pump station was flooded to a depth of 6 to 7 feet. The four diesel engines
were flooded along with control panels, compressors, motors, and vacuum pumps. The diesel
fuel storage tank was moved off its concrete saddle foundation. All exterior and interior lighting
was damaged. While the existing building was in poor condition prior to the storm, the wind and
water caused additional damage to all four sides of the building and the building roof.

Post-Hurricane Katrina—View from the North
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PS2 Guichard

Post-Hurricane Katrina— Arial view of the pump station
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St. Bernard Parish PS 3 Bayou Villere

Pre-HurricaneKatrina - View to the North

3700 Bartolo
Meraux, LA 70075

504.512.6331
Position: Latitude 29.951279° Longitude -89.934607°

/ PS3 Bayou Villere

Pre-Hurricane Katrina—Arial view of pump station

Pump Station Description

Bayou Villere is 1 of 8 pumping stations in St Bernard Parish owned and operated by the Lake
Borne Basin Levee District. The station contains three horizontal pumps that were installed in
the 1950’ s with a total pumping capacity of 800 cubic feet per second (cfs). All three pumps are
driven by diesel engines. The drainage water is supplied to the pumps from the Forty Arpent

! The Pump Information Table contains more details about the individual pump data and is located at the beginning
of this section.
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cana and discharges through the interior back levee to the marsh known as Bayou Villere.
Pumps 1 and 2 have butterfly valves on the inlet piping leading to the pump to cut off water flow
in either direction.

Pump Station Oper ation

This pump station is designated as a back up and therefore was not used in the days leading up to
Hurricane Katrina.

Fuel Endurance Calculation

Assunptions :
1) #2 Diesel fuel is used with an HHV rating of 140,000 btu/gal
2) Burn rate of 35 gph @ 500 kW with above HHV rating
3) Diesel engines are running at rated capacity

PS 3 Bayou Villere
3 purmp drivers - All diesels
Diesels are 800 hp

The approximate burn rate for each diesel is then calculated at:

gal j 80thp

=[ 35 417568
Rourn ( hr ) 500w Rourn hr

Fuel Capacity

1 - 2500 gallon tank
3 - 60 gallon day tanks

Fuel Endurance

The time the 2500 gallon tank will last is calculated:

2
t1:=w t1= 19956"’
3Rourn
The time the 60 gallon tank will last is calculated:
3-60gal
t21= w t2: 1.43hr
3Rourn

The approximate total continous run time for the station is:

T, = 0.891day
Pump Curves

Pump capacity curves were obtained. From these curves, a curve fit process was used to create
new curves and equations. During the data collection, only one pump serial number was found,
so the others were assumed to be similar. Using manufacturer data and making assumptions
regarding the dimensions of the pump station and pump, as well as other necessary assumptions,
the minor and friction losses were calculated so that system curves could be created. Two curves
were made due to the range of operating heads reported from the parish. The two curves
represent the maximum and minimum operating heads reported.
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Rever se Flow

The Engineering Hydraulics Design section of the US Army Corps of Engineers Portland
Digtrict office performed analysis of reverse flow characteristics for each pump. The results are
reverse flow rating curves that are attached to this section. The tables present the flow rates per
individual pump. The detailed calculations, assumptions, and assumed dimensions are available
upon request.

Katrina Event

This station was designated as a backup and therefore was not used prior to Hurricane Katrina.
After the hurricane the pump station could not be operated as the motors were overtopped with
water.

Damage Report

The following information was obtained from the Project Information Report (PIR) for New
Orleans District:

Pump Station 3 sustained substantial damage. With its operating floor at or near the natural
ground elevation, the pump station was flooded to a depth of 8 feet. The three diesel engines and
hydraulic drives were flooded along with the vacuum pump system and ancillary equipment. The
diesel fuel storage tank was moved off its foundation. All exterior and interior lighting was
damaged. While the existing building was is poor condition prior to the storm, the wind and
water caused additional damage to all four sides of the building.

Post-Hurricane Katrina— View to the South
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I-19



/ PS3 Bayou Villere

Post-Hurricane Katrina— Arial view of the pump station
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St. Bernard Parish PS4 Meraux

Pre-Hurricane Katrina—View from Inlet Canal

3200 Guerra Dr.
Violet, LA 70092

504.512.6331
Position: Latitude 29.921331° Longitude -89.891292°

/ PS4 - Merauix

Pre-Hurricane Katrina— Arial view of pump station

Pump Station Description

Meraux is 1 of 8 pumping stations in St Bernard Parish owned and operated by the Lake Borne
Basin Levee District. The station contains three vertical pumps that were installed in 1972 with a
total pumping capacity of 980 cubic feet per second (cfs)’. Two of the pumps are driven by
diesel engines and one by an electric motor. The drainage water is supplied to the pumps from
the Forty Arpent canal and discharges through the interior back levee to the marsh known as

! The Pump Information Table contains more details about the individual pump data and is located at the beginning
of this section.
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Bayou Dupre. The individual pump discharges have a tainter gates installed to cut off water flow
in either direction.

Pump Station Oper ation

Pump station operators will turn the pumps on as they are required to reduce the water elevation
in the canal. The pumps are normally turned on when the water in the canal reaches
approximately -6 feet (NGVD) and turned off when the water level reaches -6.5 feet (NGVD).
When heavy rainfall events are expected the station operators will pump the canal down to an
elevation of -8.5 feet (NGVD). If the water elevation on the discharge side of the pump station is
predicted to exceed 3.5 feet (NGV D) the station operator closes the discharge tainter gates.

Fuel Endurance Calculation

As sumptions :
1) #2 Diesel fuel is used with an HHV rating of 140,000 btu/gal

2) Burn rate of 35 gph @ 500 kW with above HHV rating
3) Diesel engines are running at rated c apacity

PS 4 Meraux
3 punp drivers - 2 are diesels and 1 is electric
The 2 diesels are 1200 hp

The approximate burn rate for each diesel is then calculated at:

12
Rourn 1= (35%)~ﬂ Rourn = 62.639‘;ﬂ
r r

50kW

Fuel Capacity

4 - 5000 gallon tanks
2 - 110 gallon day tanks

Fuel Endurance

The time the 5000 gallon tanks w ill last is calculated:

4.500@al
y =200 t; = 159.648r
Rourn
The time the 60 gallon tanks will last is calc ulated:
211
t2 = —Qal t2 = 1.756r
Rourn

The approximate total continous run time for the station is:

Ti=ty+ 1t Ti= 161.40h

T, = 6.725k]

Pump Curves

Pump capacity curves were obtained either from the parish or from the manufacturer of each
pump. From these curves, a curve fit process was used to create new curves and equations.

[-25

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



1-26

Using drawings provided, assumptions were made regarding the dimensions of the pump station
and the pump. Using these assumptions, the minor and friction losses were calculated in order to
create the system curve. Two system curves were created due to the range of heads reported by
the parish. The two curves represent the maximum and minimum operating heads reported.

Rever se Flow

The Engineering Hydraulics Design section of the US Army Corps of Engineers Portland
Digtrict office performed analysis of reverse flow characteristics for each pump. The results are
reverse flow rating curves that are attached to this section. The tables present the flow rates per
individual pump. The detailed calculations, assumptions, and assumed dimensions are available
upon request.

Katrina Event

8/28/05 - Operators pumped water in canal down to approximately -8.5 feet (NGVD).
8/29/05 - Operators evacuated pump station at approximately 1:15 am.

9/03/05 - Operators returned to pump water down.

9/09/05 - Pump Station back to normal operation.

Damage Report

The following information was obtained from the Project Information Report (PIR) for New
Orleans District:

Pump Station 4 sustained relatively minor damage because its operating floor elevation is 16 feet
N.G.V.D. Flooding from the storm flooded the lower level of the station but the flood waters
were approximately three feet below the concrete operating floor level. Pump station equipment
that was damaged includes an air compressor, electomode heater, controller for compressed air
dryer motor, and generator. The building sustained damage to metal siding and roof. Finally, one
discharge flap gate was damaged and is not operational.

Post-Hurricane Katrina—View from theinlet canal

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



/ PS 4 - Meraux

Post-Hurricane Katrina— Arial view of the pump station
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St. Bernard Parish PS5 EJGore

Pre-Hurricane Katrina— View to the North

7701 East Judge Perez Dr.
Violet, LA 70085

504.512.6331
Position: Latitude 29.961649° Longitude -89.964442°

/ PS5—-EJGore

Pre-Hurricane Katrina— Arial view of the pump station

Pump Station Description

EJ Gore is 1 of 8 pumping stations in St Bernard Parish owned and operated by the Lake Borne
Basin Levee Digtrict. The station contains six horizontal pumps that were installed in the 1980's
with a total pumping capacity of 665 cubic feet per second (cfs)! and are driven by diesel
engines. The drainage water is supplied to the pumps from the Forty Arpent canal and discharges
through the interior back levee to the marsh known as Bayou Dupre. All pumps are equipped
flap gates.

! The Pump Information Table contains more details about the individual pump data and is located at the beginning
of this section.

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.
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Pump Station Oper ation

Pump station operators will turn the pumps on as they are required to reduce the water elevation
in the canal. The pumps are normally turned on when the water in the canal reaches
approximately 0.0 feet (NGVD) and turned off when the water level reaches -0.5 feet (NGVD).
When heavy rainfall events are expected the station operators will pump the canal down to an
elevation of -3.0 feet (NGVD).

Fuel Endurance Calculation

As sunmptions :
1) #2 Diesel fuel is used with an HHV rating of 140,000 btu/gal

2) Burn rate of 35 gph @ 500 kW with above HHV rating
3) Diesel engines are running at rated capacity

PS5 EJ. Gore
6 pump drivers - All diesels
Diesels are 335 hp
The approximate burn rate for each diesel is then calculated at:

gl 33%p al
Ry i=| 352 |- = 17.487%
burn ( hr ) 50w Rourn hr

Fuel Capacity

1 - 20,000 gallon tank
5 - 50 gallon day tanks
1 - 75 gallon tank

Fuel Endurance
The time the 20,000 gallon tank will last is calculated:

2000
tli=—@a| tl= 190.6240r
6Rburn

The time the 50 gallon tanks will last is calculated:

55
t22: (gal t2= 2.38%r
6Rourn

The time the 75 gallon tank will last is calculated:

ty:= ta=0.715%r
3 GRburn 3

The approximate total continous run time for the station is:

Ti=ty+tr+ 13 Ty =193.719

T, = 8.072k]

Pump Curves

Pump curves were obtained from both the parish and the manufacturer. From these curves, a
curve fit process was used to create new curves and equations. Using this data as well as making
assumptions regarding the dimensions of the pump and the pump station, minor and friction
losses were accounted for. These calculations led to the creation of the system curves. Two

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



curves were made due to the range of operating heads provided by the parish. The two curves
represent the maximum and minimum operating heads reported.

Rever se Flow

The Engineering Hydraulics Design section of the US Army Corps of Engineers Portland
Digtrict office performed analysis of reverse flow characteristics for each pump. The results are
reverse flow rating curves that are attached to this section. The tables present the flow rates per
individual pump. The detailed calculations, assumptions, and assumed dimensions are available
upon request.

Katrina Event

8/28/05 - Operators pumped water in canal down to approximately -3.0ft.

8/29/05 - Operators evacuated station at approximately 1:15 am.

8/30/05 - M otor s wer e overtopped during storm. Pumps had not been repaired as of site
visit.

Damage Report

Post-Hurricane Katrina—View to the North

The following information was obtained from the Project Information Report (PIR) for New
Orleans District:

Pump Station 5 sustained substantial damage. With the operating floor at approximately 2 feet
N.G.V.D, flood waters within the building reached a height of 5 approximately 6 feet. The
hydraulic driven pumps were damaged along with the six diesel engines. The generator and the
electric pump motor and its controller were flooded. The hydraulic oil tank is not on its
foundation and is contaminated with salt water along with the fuel system. The trash rack bar
screens are damaged along with the slope pavement adjacent to the discharge pipes. Building
damage includes damage to the rollup door, roof, and building office and restroom facility.

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.
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St. Bernard Parish PS 6 — Jean Lafitte

Pre-Hurricane Katrina—View from Inlet Canal

4200 Jean L afitte Pkwy.
Chalmette, LA 70043

504.512.6331
Position: Latitude 29.966557° Longitude -89.975821°

PS 6 — Jean L&fitte

Pre-Hurricane Katrina— Arial view of pump station

Pump Station Description

Jean Léafitte is 1 of 8 pumping stations in St Bernard Parish owned and operated by the Lake
Borne Basin Levee Digtrict. The station contains three vertical pumps that were installed in 1990
with a total pumping capacity of 945 cubic feet per second (cfs)! and are driven by diesel
engines. The drainage water is supplied to the pumps from the Florida Walk canal and discharges
through the interior back levee to the marsh known as Bayou Bienvenue.

! The Pump Information Table contains more details about the individual pump data and is located at the beginning
of this section.

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Pump Station Oper ation

Pump station operators will turn the pumps on as they are required to reduce the water elevation
in the canal. The pumps are normally turned on when the water in the canal reaches
approximately -6 feet (NGVD) and turned off when the water level reaches -6.5 feet (NGVD).
When heavy rainfall events are expected the station operators will pump the canal down to an
elevation of -8.5 feet (NGVD).

Fuel Endurance Calculation

As sumptions :
1) #2 Diesel fuel is used with an HHV rating of 140,000 btu/gal

2) Burn rate of 35 gph @ 500 kW with above HHV rating
3) Diesel engines are running at rated capacity

PS 6 Jean Lafitte
3 pump drivers - All diesels
Diesels are 335 hp

The approximate burn rate for each diesel is then calculated at:

ga | 33%p 7@
R =| 35 | =—/—LT R =17.48
burn ( hrj 50kW burn hr

Fuel Capacity

1 - 20,000 gallon tank
5 - 50 gallon day tanks
1 - 75 gallon tank

Fuel Endurance
The time the 20,000 gallon tank wiill last is calculated:
2000l

1= t1=190.62hr
6Rpurn
The time the 50 gallon tanks w ill last is calc ulated:
55
t2 = wal t2= 2.38%r
6Rpurn
The time the 75 gallon tank will last is calculated:
75g8l
t3 = t3 =0.715%r

6Rpurn
The approximate total continous run time for the station is:

Pump Curves

Pump capacity curves were obtained. From these curves, a curve fit process was used to create
new curves and equations. Using this information and making assumptions about the pump and
the pump station, friction and minor head losses were accounted for. These calculations led to
the creation of the systems curves. Two curves were created due to the range of operation
reported by the parish using only the maximum and minimum head required.

[-37
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Rever se Flow

The Engineering Hydraulics Design section of the US Army Corps of Engineers Portland
Digtrict office performed analysis of reverse flow characteristics for each pump. The results are
reverse flow rating curves that are attached to this section. The tables present the flow rates per
individual pump. The detailed calculations, assumptions, and assumed dimensions are available
upon request.

Katrina Event

8/28/05 - Operators pumped water in canal down to approximately -8.5 feet (NGVD).

8/29/05 - Operators evacuated pump station at approximately 1:15 am.

8/30/05 - Operators returned to the station at 10:00 am. Water was the same elevation on both
sides of pump station.

9/11/05 - Pump station back to normal operation.

Damage Report

The following information was obtained from the Project Information Report (PIR) for New
Orleans District:

Pump Station 6 sustained relatively minor damage because its operating floor elevation is 16 feet
N.G.V.D. Flooding from the storm flooded the lower level of the station but the flood waters
were approximately three feet below the concrete operating floor level. The building damage
consists of damaged roof panels. Mechanical damage includes damage to the trash rack gear
boxes, trash removal equipment, engine exhaust flappers, and sanitation plant. Electrical damage
consists of damage to lighting and the remote engine alarm panel.

Post-Hurricane Katrina—View from the Inlet Canal

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



/ PS 6 — Jean L&fitte

Post-Hurricane Katrina— Arial view of the pump station
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St. Bernard Parish PS 7 — Bayou Ducros

Pre-Hurricane Katrina—View from Inlet Canal

3701 Bartolo Dr.
Meraux, LA 70075

504.512.6331
Position: Latitude 29.946969° L ongitude -89.922244°

Pre-Hurricane Katrina—Arial view of pump station

Pump Station Description

Bayou Ducros is 1 of 8 pumping stations in St Bernard Parish owned and operated by the Lake
Borne Basin Levee Didtrict. The station contains three vertical pumps that were installed in 1992
with a total pumping capacity of 1000 cubic feet per second (cfs)* and are driven by diesel
engines. The drainage water is supplied to the pumps from the Forty Arpent canal and discharges
through the interior back levee to the marsh known as Bayou Ducros.

! The Pump Information Table contains more details about the individual pump data and is located at the beginning
of this section.

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.

/ PS 7 — Bayou Ducros
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Pump Station Oper ation

Pump station operators will turn the pumps on as they are required to reduce the water elevation
in the canal. The pumps are normally turned on when the water in the canal reaches
approximately -6 feet (NGVD) and turned off when the water level reaches -6.5 feet (NGVD).
When heavy rainfall events are expected the station operators will pump the canal down to an
elevation of -8.5 feet (NGVD).

Fuel Endurance Calculation

Assumptions:
1) #2 Diesel fuel is used with an HHV rating of 140,000 btu/gal

2) Burn rate of 35 gph @ 500 kW with above HHV rating
3) Diesel engines are running at rated capacity
PS 7 Bayou Ducros
3 pump drivers - All diesels
Diesels are 1020 hp

The approximate burn rate for each diesel is then calculated at:

ga \ 102thp ge
=| 35=— | —/—*= R =53.243—
Rourn ( hr j 500KW burn hr

Fuel Capacity
2 -10,000 gallon tanks
2 - 300 gallon day tanks
Fuel Endurance

The time the 10,000 gallon tank will last is calculated:

2-1000Qal
ty = 2000 ty = 125.212r
3Rpurn
The time the 300 gallon tanks will last is calculated:
2-300gal
t2 = —(D t2 = 3.756hr
3Rourn

The approximate total continous run time for the station is:

[T, = 5.374day]

Pump Curves

Pump capacity curves were obtained. From these curves, a curve fit process was used to create
new curves and equations. Using drawings and manufacturer data, assumptions regarding the
pump station and the pump were made in order to determine the minor and friction losses in the
system. These calculations created the system curves. Two curves were created in order to
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accommodate the range of operating heads provided by the parish. The maximum and minimum
head values were used to generate these curves.

Rever se Flow

The Engineering Hydraulics Design section of the US Army Corps of Engineers Portland
Digtrict office performed analysis of reverse flow characteristics for each pump. The results are
reverse flow rating curves that are attached to this section. The tables present the flow rates per
individual pump. The detailed calculations, assumptions, and assumed dimensions are available
upon request.

Katrina Event

8/28/05 - Operators pumped water in canal down to approximately -8.5 feet (NGVD).

8/29/05 - Operators evacuated pump station at approximately 1:15 am.

8/30/05 - Operators returned to the station at 10:00 am. Water was the same el evation on both
sides of pump station.

9/11/05 - Pump station back to normal operation.

Damage Report

The following information was obtained from the Project Information Report (PIR) for New
Orleans District:

Pump Station 7 sustained relatively minor damage because its operating floor elevation is 16 feet
N.G.V.D. Flooding from the storm flooded the lower level of the station but the flood waters
were approximately three feet below the concrete operating floor level. Bearing and gears for the
trash racks were damaged. Auxiliary equipment damage included flooding of a bobcat used to
remove debris from the trash racks, fuel tank, and sanitation plant. Pump damage consists of a
broken drain line. Engine damage consists of damage to an engine cooling motor, radiator leak
and remote engine alarm panel. Two areas had some erosion including scour behind the station
and near the west end stairs.

Post-Hurricane Katrina— Erosion

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.
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/ PS 7 — Bayou Ducros

Post-Hurricane Katrina— Arial view of the pump station
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St. Bernard Parish PS 8 — St Mary

Pre-Hurricane Katrina—View from Inlet Canal

3616 Bayou Rd.
Verret, LA 70085

504-682-0591
Position: Latitude 29.854064° Longitude -89.795715

Pump Station Description

St Mary is 1 of 8 pumping stations in St Bernard Parish owned and operated by the Lake Borne
Basin Levee District. The station contains three vertical pumps that were installed in 1996 with a
total pumping capacity of 835 cubic feet per second (cfs)* and are driven by diesel engines. The
drainage water is supplied to the pumps from the Twenty Arpent canal and discharges through
the hurricane protection levee to Lake Lery. The discharge pipes have check valves to prevent
flow in the reverse direction.

Pump Station Oper ation

Pump station operators will turn the pumps on as they are required to reduce the water elevation
in the canal. The pumps are normaly turned on when the water in the canal reaches
approximately 0.0 feet (NGVD) and turned off when the water level reaches -0.5 feet (NGVD).
When heavy rainfall events are expected the station operators will pump the cana down to an
elevation of -3.5 feet (NGVD).

Fuel Endurance Calculation

! The Pump Information Table contains more details about the individual pump data and is located at the beginning
of this section.

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Assumptions:
1) #2 Diesel fuel is used with an HHV rating of 140,000 btu/gal

2) Burn rate of 35 gph @ 500 kW with above HHYV rating
3) Diesel engines are running at rated capacity

PS 8 St Mary
3 pump drivers - All diesels
Diesels are 1020 hp

The approximate burn rate for each diesel is then calculated at:

ga \ 102thp ga
Rio o = | 3592 |. =20 Rio o = 53.2435%
burn ( hrj 500KW burn hr

Fuel Capacity

2 - 10,000 gallon tanks
2 - 300 gallon day tanks

Fuel Endurance
The time the 10,000 gallon tank will last is calculated:

_ 210000zal

W=——— tq =125.21%r
3Rourn
The time the 300 gallon tanks will last is calculated:
t2 = M t2 = 3.756hr
SRourn

The approximate total continous run time for the station is:
Ti=t+ 1ty T; =128.96%
Ti= 5.374day|

Pump Curves

Pump capacity curves were obtained from the parish. These curves were recreated using a curve
fit process. Analysis of the system necessitated the use of assumptions about the pump station
and pump dimensions. These allowed for calculations regarding minor and friction losses. The
system curves were created using these calculations. Two system curves were generated to
accommodate the range of operation recorded by the parish, using maximum and minimum
values of head.

Rever se Flow

The Engineering Hydraulics Design section of the US Army Corps of Engineers Portland
Digtrict office performed analysis of reverse flow characteristics for each pump. The results are
reverse flow rating curves that are attached to this section. The tables present the flow rates per
individual pump. The detailed calculations, assumptions, and assumed dimensions are available
upon request.

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.
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Katrina Event

8/28/05 - Operators pumped water in canal down to approximately -3.5 feet (NGVD).
8/29/05 - Operators evacuated pump station at approximately 1:15 am.
9/11/05 - Pump station back to normal operation.

Damage Report

The following information was obtained from the Project Information Report (PIR) for New
Orleans District:

Pump Station 8 sustained relatively minor damage because its operating floor elevation is 16 feet
N.G.V.D. Flooding from the storm flooded the lower level of the station but the flood waters
were approximately eight feet below the concrete operating floor level. Building damage consists
of loose roof panels, scour section near the discharge pipes, light fixtures, and the sewage aerator
motor. Bearing and gears for the trash racks were damaged. Auxiliary equipment damage
includes afront end loader used to remove debris from the trash racks.

Post-Hurricane Katrina—View from the Inlet Canal

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.
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CENWP-EC-HD, New Orleans Pump Stations Reverse Flow Rating Curves  2/24/06 (printed 2/27/2006)
CENWP-EC-HD DRAFT 24 February 2006

MEMORANDUM FOR RECORD

SUBJECT 60% Draft Submission of Estimated Backflow Rating Curvesfor St. Bernard
Parish, LA

Problem Statement: A post Katrinaflood study is being conducted for awatershed in
Jefferson Parish in New Orleans District. During the flood event, the pumps stopped
operating and reverse flow discharged backwards through the pump station conduits.
The needs of the study include an approximate rating curve for reverse flow through the
pump station.

Objectives. Develop rating curve for reverse flow rate versus head differential and
provide documentation of rating and methods used.

Assumptions: Many assumptions needed to be made in order to compl ete the draft
backflow rating curves associated with this document. Assumptions made in developing
the backflow rating curve estimates are listed in the Excel file worksheets for each unique
pump and configuration. The most significant assumptions have been included in the
rating curve worksheets attached to this memorandum and are summarized below.

e Data Assumptions:
Many of the pump stationsin St. Bernard Parish only had very sketchy
information on pumps, intakes and discharge pipes with regard to: elevations,
Sizes, cross-sections, bends, diffusers, lengths, pump intake grates, discharge pipe
baffles etc. In addition, elevations of the pump station and system were not
always available or there appeared to be inconsistencies between collected
guestionnaire responses, sketches and photos. Lack of data may contribute to
significant uncertainty in the backflow rating curves. For pump stations 1 and 4,
all that was missing was the width of the discharge channel (assumed to be 10 feet
from photos). The minimum error margin for all calculationsis +30%. The error
margin will naturally increase for those cases where station datais missing and
pertinent dimensions must be estimated.

e System Loss Assumptions:
Intake, exit, bend, expansion, impeller and friction losses have been included for
each unique pump and configuration. Some assumptions were made when system
details were not available from the data (see above). The most significant loss
was typically through the pump itself and is the largest cause of uncertainty. We
currently estimate an error margin of +30% related to the pump loss.

e Flow Control Assumptions:
Conditions that trigger variationsin flow control were estimated using the
following criteria

lof 11
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CENWP-EC-HD, New Orleans Pump Stations Reverse Flow Rating Curves  2/24/06 (printed 2/27/2006)

o Backflow starts when the lake or reservoir head (H1 at intake of backflow
condition) is greater than the controlling crest of the discharge pipe. The
first trigger point isthat H1 must exceed this crest elevation to start flow.

o Siphon flow starts with rising reservoir:

= |f thereisno open air valve or vent, when H1 is greater than the
controlling soffit of the discharge pipe. In this case the full flow
rating curves (“If pipe primes, then full outlet control....”) are
applied. Thefull flow curvetableis provided in amatrix of H1
and H2 (downstream water level at normal pump intake). The
second trigger point isthis H1 value that initiates siphon flow
condition.*

= |If anopenair vent is available, siphon does not develop. The
critical flow control shown on the left side of the rating curve
(“Assuming the pipe never primes’) controls. However, full flow
will occur with an open air vent when certain H1 thresholds are
exceeded (such that the soffit pressures exceed atmospheric
pressure). The H1 thresholds are listed under respective tailwater
levelsin two rows beneath the full flow rating curve table.

o If siphon flow develops, then it will continue until either the pressure at
the soffit of the crest pipe drops below -9.5 psi, or when H1 falls below
with 1 foot of the top of the outlet to the lake (which acts as the intake in
reverse flow conditions). Thethird trigger point is the estimated elevation
at which the siphon breaks. If the siphon breaks, then critical flow
controls.

Conclusions: Modifications could be made to the estimates if and when more detailed
information becomes available to make more conclusive backflow rating curve
assumptions. The CENWP-EC-HD will continue to seek data on pump loss coefficients.

The 60% reverse flow rating curves are attached in order of pump stations. The tables
present the flow rates per individual pump. The detailed calculations, assumptions, and
assumed dimensions are available upon request.

Steve Schlenker
Karen Kuhn
Hydraulic Engineers
CENWP-EC-HD

! The threshold for which siphon flow develops is unpredictable and is dependent on conditions and system
geometry. A momentary abrupt rise in the lake water surface could send a pulse that primes the conduit.
On the other hand, minor cracks or air leaks in the conduit could also prevent or break the siphon before it
would normally give way (3 trigger point). The current H1 threshold values are based on EC-HD
judgment—however the values are subject to change as more information is obtained.

20f 11
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CENWP-EC-HD, New Orleans Pump Stations Reverse Flow Rating Curves  2/24/06 (printed 2/27/2006)

St. Bernard Parish, #1 Fortifications Canal Pumping Station: 42 x 54 inches

'ENGINEERING DESIGN SHEET " OFFICE SYMBOL: CENWP-EC-HD
PROJECT: St. Bernard Parish Pump Stations COMPUTED BY: KK/SS DATE: 22 Feb 2006

#1/ Foundation Canal Pumping Station-42x54" pump WORKSHEET: Rating Curve
40,000 gpm (1 pump this size, 3 total in station) CHECKED BY: SJS/KAK

SUBJECT: Backflow Rating Curves

Crest Elevation (ft) = 3.83
Trigger Points:
Flow starts when H1 > is greater than 3.83 ft crest of intake

Assume Tainter Gate Left Open
DRAFT Rating Curves for Approx 40,000 gpm Pump (42 X 54" diam propeller)

(assumed Pump #1 for #1 Fortification Canal Pumping Station
Discharge in CFS for H1 & H2

Rating Curve Per Pump: Flow Rate for H1 versus H2

Elevation (H2) at Backflow Qutlet C3
-6 -4 -2 0 2 4 6
H1 Level
U/s Above
Reservoir | Discharge
Elevation |Pipe Crest] H2 =-6 | H2 =-4 | H2 =-2 H2 =0 H2 =2 H2 =4 H2 =6
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)
3.00 -0.83 0 0 0 0 0 0 0
3.50 -0.33 0 0 0 0 0 0 0
4.00 0.17 2 2 2 2 2 0 -88
4.50 0.67 17 17 17 17 17 17 -76
5.00 1.17 39 39 39 39 39 39 -62
5.50 1.67 66 66 66 66 66 66 -44
6.00 2.17 98 98 98 98 98 88 0
6.50 2.67 134 134 134 134 132 98 44
7.00 3.17 173 173 173 164 139 107 62
7.50 3.67 215 210 191 170 145 116 76
8.00 4.17 232 215 196 175 152 124 88
8.50 4.67 236 219 201 181 158 132 98
9.00 5.17 240 224 206 186 164 139 107
9.50 5.67 244 228 210 191 170 145 116
10.00 6.17 248 232 215 196 175 152 124
10.50 6.67 252 236 219 201 181 158 132
11.00 7.17 256 240 224 206 186 164 139
11.50 7.67 259 244 228 210 191 170 145
12.00 8.17 263 248 232 215 196 175 152
12.50 8.67 267 252 236 219 201 181 158
13.00 9.17 270 256 240 224 206 186 164
NOTES:

1 Rating curve is accurate within + 30% due uncertainty of pump curve loss coefficient and
unknown width of discharge channel

2 Loss and Trigger Point Assumptions:

Pump loss coefficient = 3.00

Siphon flow does not start till H1 > soffit of pipe at crest(Zt)
Intake loss = 0.5

Exit Loss = 1.2 (grating effect)

Bend and expansion losses also incorporated
3 Data Assumptions:

Tainter Gate Left open

Discharge Channel width = 10 feet

4 Data Needs:
Discharge Channel width

5 Backflow prevention:
Available: Tainter Gate for closure
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CENWP-EC-HD, New Orleans Pump Stations Reverse Flow Rating Curves  2/24/06 (printed 2/27/2006)

St. Bernard Parish, #1 Fortifications Canal Pumping Station: 94 x 128 inches

ENGINEERING DESIGN SHEET OFFICE SYMBOL: CENWP-EC-HD

PROJECT: St. Bernard Parish Pump Stations COMPUTED BY: KK/SS DATE: 22 Feb 2006

#4 Meraux Pumpig Station-94x128" pumps WORKSHEET: Rating Curve
200,000 gpm (2 pumps this size, 3 total in station) CHECKED BY: SJS/KAK

SUBJECT: Backflow Rating Curves

Crest Elevation (ft) = 3.83
Trigger Points:
Flow starts when H1 > is greater than 3.83 ft crest of weir

Assume Tainter Gate Left Open
DRAFT Rating Curves for Approx 200,000 gpm Pump (94X128" diam propeller)
(assumed Pump #2&3 for #4 Meraux Pumping Station

Discharge in CFS for H1 & H2

Rating Curve per Pump: Flow Rate for H1 versus H2

Elevation (H2) at Backflow Outlet C3
-6 -4 -2 0 2 4 6
H1
U/s Level
Reservoir | Above
Elevation [Weir Crest] H2 =-6 H2 =-4 H2 =-2 H2 =0 H2 =2 H2 =4 H2 =6
(ft) (f (ft) (f) (f) (ft) (f) (ft) (f)
3.00 -0.83 0 0 0 0 0 0 0
3.50 -0.33 0 0 0 0 0 0 0
4.00 0.17 2 2 2 2 2 0 -361
4.50 0.67 17 17 17 17 17 17 -312
5.00 1.17 39 39 39 39 39 39 -255
5.50 1.67 66 66 66 66 66 66 -180
6.00 2.17 98 98 98 98 98 98 0
6.50 2.67 134 134 134 134 134 134 134
7.00 3.17 173 173 173 173 173 173 173
7.50 3.67 215 215 215 215 215 215 215
8.00 4.17 259 259 259 259 259 259 259
8.50 4.67 306 306 306 306 306 306 306
9.00 5.17 355 355 355 355 355 355 355
9.50 5.67 405 405 405 405 405 405 405
10.00 6.17 458 458 458 458 458 458 458
10.50 6.67 512 512 512 512 512 512 512
11.00 7.17 567 567 567 567 567 567 567
11.50 7.67 624 624 624 624 624 624 598
12.00 8.17 682 682 682 682 682 682 625
12.50 8.67 741 741 741 741 741 741 650
13.00 9.17 800 800 800 800 800 765 675
NOTES:

1 Full flow Rating curve is accurate within + 30% due uncertainty of pump curve loss coefficient and
timing and degree of siphoning developed

2 Loss and Trigger Point Assumptions:

Pump loss coefficient = 3.00

Siphon flow does not start till H1 > soffit of pipe at crest(Zt)
Intake loss = 0.5

Exit Loss = 1.2

Bend and expansion losses also incorporated
3 Data Assumptions:

Tainter Gate Left open

Discharge gate width = 10 feet

4 Data Needs:
Discharge gate width

5 Backflow prevention:
Available: Tainter Gate for Closure
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CENWP-EC-HD, New Orleans Pump Stations Reverse Flow Rating Curves  2/24/06 (printed 2/27/2006)

St. Bernard Parish, #2 Guichard and #3 Bayou Villere: 42 inch Pumps

ENGINEERING DESIGN SHEET OFFICE SYMBOL: CENWP-EC-HD

PROJECT: St. Bernard Parish Pump Stations COMPUTED BY: KK/SS DATE: 22 Feb 2006

Guichard #2/ Bayou Villere #3 -42" pumps approx 50,000 gpm WORKSHEET: Rating Curve

SUBJECT: Backflow Rating Curves CHECKED BY: SJS/KAK

Crest Elevation (ft) = 11

Trigger Points:

Flow starts when H1 > is greater than 11 ft crest of conduit

Siphon Flow starts with rising H1 when:
If no open air valve or vent, when H1 > Soffit = 14.5 ft assume siphon starts when H1 = Zt
If open vent; see bottom of table for when full flow occurs

If siphon flow develops, flow stops (approx.) when H1 < 2 ft assume drawdown at intake =1 ft.

DRAFT Rating Curves for Approx 50,000 gpm Pump (42" propeller)

(assumed Pump #1 for Guichard PS#2 and possible pump(s) for Bayou Villere PS#3)
Discharge in CFS for H1 & H2

If Pipe primes then full flow outlet control as siphon:
Primed Flow (full Outlet Control) as function of H2

Assuming Pipe never primes: Elevation (H2) at Backflow Outlet C3
-6 -3.16667 | -0.33333 2.5 5.333333 | 8.166667 11
H1 Level
U/s Above Q Primed Primed Primed Primed Primed Primed Primed
Reservoir | Discharge Flow Conduit, | Conduit, | Conduit, | Conduit, | Conduit, | Conduit, | Conduit,
Elevation | Pipe Crest] Rate H2 =-6 H2 =-3 H2 =0 H2 =3 H2 =5 H2 =8 H2 =11
[(i9) (ft) (cfs) () (f) (f) [(i9) (f) () ()
8.00 -3.00 0 113 101 87 71 49 -12 -52
8.50 -2.50 0 115 103 90 74 54 17 -48
9.00 -2.00 0 117 105 92 77 58 28 -43
9.50 -1.50 0 119 107 95 80 62 35 -37
10.00 -1.00 0 121 109 97 83 65 41 -30
10.50 -0.50 0 123 112 99 85 69 46 -21
11.00 0.00 0 124 114 102 88 72 51 0
11.50 0.50 2 126 116 104 91 75 55 21
12.00 1.00 6 128 118 106 93 78 59 30
12.50 1.50 13 130 119 108 95 81 63 37
13.00 2.00 21 132 121 110 98 84 66 43
13.50 2.50 30 133 123 112 100 86 70 48
14.00 3.00 39 135 125 114 102 89 73 52
14.50 3.50 48 137 127 116 105 91 76 56
15.00 4.00 56 138 129 118 107 94 79 60
15.50 4.50 65 140 130 120 109 96 82 64
16.00 5.00 73 142 132 122 111 99 84 67
16.50 5.50 80 143 134 124 113 101 87 71
17.00 6.00 87 145 136 126 115 103 90 74
17.50 6.50 94 146 137 127 117 105 92 77
18.00 7.00 101 148 139 129 119 107 95 80

Estimated H1 required for full flow if Open Air Valve or vent:
TW=-6 TW=-3 TW=0 TW=3 TW=5 TW=8 TW=11
If Open Air Valve H1 > 19 18 17 15 14 12 #NUM!
NOTES:
1 Full flow Rating curve is accurate within + 30% due uncertainty of pump curve loss coefficient and
timing and degree of siphoning developed

2 Loss and Trigger Point Assumptions:

Pump loss coefficient = 3.00

Siphon flow does not start till H1 > soffit of pipe at crest(Zt)
Intake loss = 0.5

Exit Loss = 1

Bend and expansion losses also incorporated

3 Data Assumptions:
Shape/length/angle of: bends, pipes, outlet, intake assumed from Pump info in questionnaire and photos.
Elevations assumed from information on questionnaire sheets for PS#2 & assumed similarity to PS#6.
NOTE: Information regarding elevations for PS#2 and PS#3 are not consistent (varies by about 10 feet)

4 Data Needs:
Shape/length/angle of: bends, pipes, outlet, intake.
Elevations for bends, pipes, pump, outlet, intake etc.
Pump info for Pump #3 at Guichard PS#2; and for Pumps #1, #2, #3 for Bayou Villere PS#3
Cover sheet for PS#2 indicates pump #3 is 75,000 gpm pump. No other usable info given.
Need pump diam for pump #3 to estimate backflow curve.
Cover sheet for PS#3 indicates 3 pumps @ 50,000 & 75,000 & 100,000 gpm
Questionnaire responses indicate 3 pumps @ 60" propeller, 90" intake, 60" discharge column.
More information needed to determine if curves given are usable for PS#3.
5 Backflow prevention:
Available: PS#2 No floodgates; No backflow valves
PS#3 Intake pipes to pumps 1 and 2 have butterfly valves
Installed/used: PS#2 n/a
PS#3 No backstops/brakes installed to prevent reverse rotation
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CENWP-EC-HD, New Orleans Pump Stations Reverse Flow Rating Curves  2/24/06 (printed 2/27/2006)

St. Bernard Parish, #2 Guichard and #3 Bayou Villere: 60 inch Pumps

ENGINEERING DESIGN SHEET OFFICE SYMBOL: CENWP-EC-HD

PROJECT: St. Bernard Parish Pump Stations COMPUTED BY: KK/SS DATE: 22 Feb 2006

Guichard #2/ Bayou Villere #3-60" pumps appr 100,000 gpm WORKSHEET: Rating Curve

SUBJECT: Backflow Rating Curves CHECKED BY: SJS/KAK

Crest Elevation (ft) = 11

Trigger Points:

Flow starts when H1 > is greater than 11 ft crest of conduit

Siphon Flow starts with rising H1 when:
If no open air valve or vent, when H1 > Soffit = 16.0 ft assume siphon starts when H1 = Zt
If open vent; see bottom of table for when full flow occurs

If siphon flow develops, flow stops (approx.) when H1 < 3 ft assume drawdown at intake =1 ft.

DRAFT Rating Curves for Approx 100,000 gpm Pump (60" diam propeller)

(assumed Pump #2 & #4 for Guichard PS#2 and possible pump(s) for Bayou Villere PS#3)
Discharge in CFS for H1 & H2

If Pipe primes then full flow outlet control as siphon:
Primed Flow (full Outlet Control) as function of H2

Assuming Pipe never primes: Elevation (H2) at Backflow Outlet C3
-6 -3.16667 | -0.33333 25 5.333333 | 8.166667 11
H1 Level
U/s Above Q Primed Primed Primed Primed Primed Primed Primed
Reservoir | Discharge Flow Conduit, | Conduit, | Conduit, | Conduit, | Conduit, | Conduit, | Conduit,
Elevation | Pipe Crest| Rate H2 =-6 H2 =-3 H2 =0 H2 =3 H2 =5 H2 =8 H2 =11
(f) (ft) (cfs) (f) (f) (ft) (ft) (ft) (f) (f)
8.00| -3.00 0 233 208 180 146 102 -25 -108
8.50] -2.50 0 237 212 185 152 111 36 -98
9.00] -2.00 0 241 217 190 159 119 57 -88
9.50 -1.50 0 245 221 195 165 127 72 -76
10.00 -1.00 0 249 226 200 170 134 84 -62
10.50 -0.50 0 253 230 205 176 141 95 -44
11.00 0.00 0 256 234 209 181 148 105 0
11.50 0.50 2 260 238 214 187 154, 114 44
12.00 1.00 7 264 242 218 192 161 122 62
12.50 1.50 16 268 246 223 197 167 129 76
13.00 2.00 27 271 250 227 202 172 137 88
13.50 2.50 41 275 254 231 206 178 144 98
14.00 3.00 55 278 258 236 211 183 150 108
14.50 3.50 70 282 261 240 215 188 157 116
15.00 4.00 86 285 265 244 220 193 163 124
15.50 4.50 102 288 269 248 224 198 168 132
16.00 5.00 118 292 272 251 229 203 174 139
16.50 5.50 133 295 276 255 233 208 180 146
17.00 6.00 148 298 279 259 237 212 185 152
17.50 6.50 162 302 283 263 241 217 190 159
18.00 7.00 176 305 286 266 245 221 195 165

Estimated H1 required for full flow if Open Air Valve or vent:
TW=-6 TW=-3 TW=0 TW=3 TW=5 TW=8 TW=11
If Open Air Valve H1 > 19 18 16 15 14 12 #NuM!
NOTES:
1 Full flow Rating curve is accurate within + 30% due uncertainty of pump curve loss coefficient and
timing and degree of siphoning developed

2 Loss and Trigger Point Assumptions:

Pump loss coefficient = 3.00

Siphon flow does not start till H1 > soffit of pipe at crest(Zt)
Intake loss = 0.5

Exit Loss = 1

Bend and expansion losses also incorporated

3 Data Assumptions:
Shape/length/angle of: bends, pipes, outlet, intake assumed from Pump info in questionnaire and photos.
Elevations assumed from information on questionnaire sheets for PS#2 & assumed similarity to PS#6.
NOTE: Information regarding elevations for PS#2 and PS#3 are not consistent (varies by about 10 feet)

4 Data Needs:
Shape/length/angle of: bends, pipes, outlet, intake.
Elevations for bends, pipes, pump, outlet, intake etc.
Pump info for Pump #3 at Guichard PS#2; and for Pumps #1, #2, #3 for Bayou Villere PS#3
Cover sheet for PS#2 indicates pump #3 is 75,000 gpm pump. No other usable info given.
Need pump diam for pump #3 to estimate backflow curve.
Cover sheet for PS#3 indicates 3 pumps @ 50,000 & 75,000 & 100,000 gpm
Questionaire responses indicate 3 pumps @ 60" propeller, 90" intake, 60" discharge column
More information needed to determine if curves given are usable for PS#3.
5 Backflow prevention:
Available: PS#2 No floodgates; No backflow valves
PS#3 Intake pipes to pumps 1 and 2 have butterfly valves
Installed/used: PS#2 n/a
PS#3 No backstops/brakes installed to prevent reverse rotation
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CENWP-EC-HD, New Orleans Pump Stations Reverse Flow Rating Curves  2/24/06 (printed 2/27/2006)

St. Bernard Parish, #4 Meraux Pumping Station: 42 x 54 inches

ENGINEERING DESIGN SHEET " OFFICE SYMBOL: CENWP-EC-HD
PROJECT: St. Bernard Parish Pump Stations COMPUTED BY: KK/SS DATE: 22 Feb 2006

#4 Meraux Pumping Station-42x54" pump WORKSHEET: Rating Curve
40,000 gpm (1 pump this size, 3 total in station) CHECKED BY: SJS/KAK

SUBJECT: Backflow Rating Curves

Crest Elevation (ft) = 3.83
Trigger Points:
Flow starts when H1 > is greater than 3.83 ft crest of intake

Assume Tainter Gate Left Open
DRAFT Rating Curves for Approx 40,000 gpm Pump (42 X 54" diam propeller)

(assumed Pump #1 for #4 Meraux Pumping Station
Discharge in CFS for H1 & H2

Rating Curve Per Pump: Flow Rate for H1 versus H2

Elevation (H2) at Backflow Outlet C3
-6 -4 -2 0 2 4 6
H1 Level
U/s Above
Reservoir | Discharge
Elevation |Pipe Crest] H2 =-6 | H2 =-4 | H2 =-2 H2 =0 H2 =2 H2 =4 H2 =6
(ft) (ft) (ft) (ft) (ft) (ft) (f (ft) (ft)
3.00 -0.83 0 0 0 0 0 0 0
3.50 -0.33 0 0 0 0 0 0 0
4.00 0.17 2 2 2 2 2 0 -88
4.50 0.67 17 17 17 17 17 17 -76
5.00 1.17 39 39 39 39 39 39 -62
5.50 1.67 66 66 66 66 66 66 -44
6.00 2.17 98 98 98 98 98 88 0
6.50 2.67 134 134 134 134 132 98 44
7.00 3.17 173 173 173 164 139 107 62
7.50 3.67 215 210 191 170 145 116 76
8.00 4.17 232 215 196 175 152 124 88
8.50 4.67 236 219 201 181 158 132 98
9.00 5.17 240 224 206 186 164 139 107
9.50 5.67 244 228 210 191 170 145 116
10.00 6.17 248 232 215 196 175 152 124
10.50 6.67 252 236 219 201 181 158 132
11.00 7.17 256 240 224 206 186 164 139
11.50 7.67 259 244 228 210 191 170 145
12.00 8.17 263 248 232 215 196 175 152
12.50 8.67 267 252 236 219 201 181 158
13.00 9.17 270 256 240 224 206 186 164
NOTES:

1 Rating curve is accurate within + 30% due uncertainty of pump curve loss coefficient and
unknown width of discharge channel

2 Loss and Trigger Point Assumptions:

Pump loss coefficient = 3.00

Siphon flow does not start till H1 > soffit of pipe at crest(Zt)
Intake loss = 0.5

Exit Loss = 1.2 (grating effect)

Bend and expansion losses also incorporated
3 Data Assumptions:

Tainter Gate Left open

Discharge Channel width = 10 feet

4 Data Needs:
Discharge Channel width

5 Backflow prevention:
Available: Tainter Gate for closure
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CENWP-EC-HD, New Orleans Pump Stations Reverse Flow Rating Curves  2/24/06 (printed 2/27/2006)

St. Bernard Parish, #4 Meraux Pumping Station: 94 x 128 inches

ENGINEERING DESIGN SHEET OFFICE SYMBOL: CENWP-EC-HD

PROJECT: St. Bernard Parish Pump Stations COMPUTED BY: KK/SS DATE: 22 Feb 2006

#4 Meraux Pumpig Station-94x128" pumps WORKSHEET: Rating Curve
200,000 gpm (2 pumps this size, 3 total in station) CHECKED BY: SJS/KAK

SUBJECT: Backflow Rating Curves

Crest Elevation (ft) = 3.83
Trigger Points:
Flow starts when H1 > is greater than 3.83 ft crest of weir

Assume Tainter Gate Left Open
DRAFT Rating Curves for Approx 200,000 gpm Pump (94X128" diam propeller)
(assumed Pump #2&3 for #4 Meraux Pumping Station

Discharge in CFS for H1 & H2

Rating Curve per Pump: Flow Rate for H1 versus H2

Elevation (H2) at Backflow Outlet C3
-6 -4 -2 0 2 4 6
H1
U/s Level
Reservoir| Above
Elevation |Weir Crest] H2 =-6 H2 =-4 H2 =-2 H2 =0 H2 =2 H2 =4 H2 =6
(ft) (ft) (ft) (ft) (ft) (f) (fty (fty (ft)
3.00 -0.83 0 0 0 0 0 0 0
3.50 -0.33 0 0 0 0 0 0 0
4.00 0.17 2 2 2 2 2 0 -361
4.50 0.67 17 17 17 17 17 17 -312
5.00 1.17 39 39 39 39 39 39 -255
5.50 1.67 66 66 66 66 66 66 -180
6.00 2.17 98 98 98 98 98 98 0
6.50 2.67 134 134 134 134 134 134 134
7.00 3.17 173 173 173 173 173 173 173
7.50 3.67 215 215 215 215 215 215 215
8.00 4.17 259 259 259 259 259 259 259
8.50 4.67 306 306 306 306 306 306 306
9.00 5.17 355 355 355 355 355 355 355
9.50 5.67 405 405 405 405 405 405 405
10.00 6.17 458 458 458 458 458 458 458
10.50 6.67 512 512 512 512 512 512 512
11.00 7.17 567 567 567 567 567 567 567
11.50 7.67 624 624 624 624 624 624 598
12.00 8.17 682 682 682 682 682 682 625
12.50 8.67 741 741 741 741 741 741 650
13.00 9.17 800 800 800 800 800 765 675
NOTES:

1 Full flow Rating curve is accurate within + 30% due uncertainty of pump curve loss coefficient and
timing and degree of siphoning developed

2 Loss and Trigger Point Assumptions:

Pump loss coefficient = 3.00

Siphon flow does not start till H1 > soffit of pipe at crest(Zt)
Intake loss = 0.5

Exit Loss = 1.2

Bend and expansion losses also incorporated
3 Data Assumptions:

Tainter Gate Left open

Discharge gate width = 10 feet

4 Data Needs:
Discharge gate width

5 Backflow prevention:
Available: Tainter Gate for Closure
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CENWP-EC-HD, New Orleans Pump Stations Reverse Flow Rating Curves  2/24/06 (printed 2/27/2006)

St. Bernard Parish, #5 E.J. Gore Pump Station
Flap gates on pipe exits prevent reverse flow through pumps.
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CENWP-EC-HD, New Orleans Pump Stations Reverse Flow Rating Curves  2/24/06 (printed 2/27/2006)

St. Bernard Parish, #6 Jean Laffitte and #7 Bayou Ducros pumps

ENGINEERING DESIGN SHEET OFFICE SYMBOL: CENWP-EC-HD

PROJECT: St. Bernard Parish Pump Stations COMPUTED BY: KK/SS DATE: 22 Feb 2006

Jean Lafitte #6 & Bayou Ducros #7 WORKSHEET: Rating Curve

SUBJECT: Backflow Rating Curves CHECKED BY: SJS/KAK

Crest Elevation (ft) = 5

Trigger Points:

Flow starts when H1 > is greater than 5 ft crest of conduit

Siphon Flow starts with rising H1 when:
If no open air valve or vent, when H1 > Soffit = 11.0 ft assume siphon starts when H1 = Zt
If open vent; see bottom of table for when full flow occurs

If siphon flow develops, flow stops (approx.) when H1 < 4 ft assume drawdown at intake ?1 ft.

DRAFT Rating Curves for Each Pump (3 total for each pump station)
Discharge in CFS for H1 & H2

If Pipe primes then full flow outlet control as siphon:
Primed Flow (full Outlet Control) as function of H2

Assuming Pipe never primes: Elevation (H2) at Backflow Outlet C3
-7.0 -5.0 -3.0 -1.0 1.0 3.0 5.0
H1 Level
U/s Above Q Primed Primed Primed Primed Primed Primed Primed
Reservoir | Discharge| Flow Conduit, | Conduit, | Conduit, | Conduit, | Conduit, | Conduit, | Conduit,
Elevation | Pipe Crest| Rate H2 =-7 H2 =-5 H2 =-3 H2 =-1 H2 =1 H2 =3 H2 =5
(ft) (ft) (cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft)
5.00 0.00 0 301 274 245 213 174 123 0
5.45 0.45 2 306 280 252 220 183 136 58
5.90 0.90 7 312 286 259 228 192 148 82
6.35 1.35 14 317 292 265 235 201 159 101
6.80 1.80 25 322 298 272 242 209 169 116
7.25 2.25 37 328 304 278 249 217 179 130
7.70 2.70 51 333 309 284 256 225 188 143
8.15 3.15 65 338 315 290 262 232 197 154
8.60 3.60 80 343 320 295 269 239 205 165
9.05 4.05 95 348 325 301 275 246 213 175
9.50 4.50 110 352 330 307 281 253 221 184
9.95 4.95 125 357 335 312 287 260 229 193
10.40 5.40 139 362 340 318 293 266 236 202
10.85 5.85 154 367 345 323 299 272 243 210
11.30 6.30 167 371 350 328 304 278 250 218
11.75 6.75 181 376 355 333 310 284 257 225
12.20 7.20 194 380 360 338 315 290 263 233
12.65 7.65 206 385 364 343 321 296 270 240
13.10 8.10 219 389 369 348 326 302 276 247
13.55 8.55 231 393 374 353 331 307 282 254
14.00 9.00 242 398 378 358 336 313 288 260

Estimated H1 required for full flow if Open Air Valve or vent:
TW=-7 TW=-5 TW=-3 TW=-1 TW=1 TW=3 TW=5
If Open Air Valve H1 > 17 15 13 11 9 7 5
NOTES:
1 Full flow Rating curve is accurate within + 30% due uncertainty of pump curve loss coefficient and
timing and degree of siphoning developed

2 Loss and Trigger Point Assumptions:

Pump loss coefficient = 3.00

Siphon flow does not start till H1 > soffit of pipe at crest(Zt)
Intake loss = 2 (diffusion chamber at normal exit)
Exit Loss = 1

Bend and expansion losses also incorporated
3 Data Assumptions:

Shape/length/angle of diffuser/baffle based on photos
Shape/length/angle of 2nd bend based on sketch and photos
Pipe lengths estimated from photos and 1988 Design Worksheet.
Elevations in msl and NGVD are same

4 Data Needs:
Shape/length/angle of diffuser & detail of baffle
Detail of pumps incl bend to discharge pipe, impeller
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CENWP-EC-HD, New Orleans Pump Stations Reverse Flow Rating Curves  2/24/06 (printed 2/27/2006)

St. Bernard Parish, #8 St Mary pumps

ENGINEERING DESIGN SHEET OFFICE SYMBOL: CENWP-EC-HD

PROJECT: St. Bernard Parish Pump Stations COMPUTED BY: KK/SS DATE: 22 Feb 2006

St. Mary #8 WORKSHEET: Rating Curve

SUBJECT: Backflow Rating Curves CHECKED BY: SJS/KAK

Crest Elevation (ft) = 4.75

Trigger Points:

Flow starts when H1 > is greater than 4.75 ft crest of conduit

Siphon Flow starts with rising H1 when:
If no open air valve or vent, when H1 > Soffit = 10.3 ft assume siphon starts when H1 = Zt
If open vent; see bottom of table for when full flow occurs

If siphon flow develops, flow stops (approx.) when H1 < 4 ft assume drawdown at intake ?1 ft.

DRAFT Rating Curves for Each Pump,108x66 Centrifual, approx 125,000 gpm, No. of Identical Pumps = 3
Discharge in CFS for H1 & H2

If Pipe primes then full flow outlet control as siphon:
Primed Flow (full Outlet Control) as function of H2

Assuming Pipe never primes: Elevation (H2) at Backflow Outlet C3
-7 -5 -3 -1 1 3 5
H1 Level
U/s Above Q Primed Primed Primed Primed Primed Primed Primed
Reservoir | Discharge| Flow Conduit, | Conduit, | Conduit, | Conduit, | Conduit, | Conduit, | Conduit,
Elevation [Pipe Crest| Rate H2 =-7 H2 =-5 H2 =-3 H2 =-1 H2 =1 H2 =3 H2 =5
(ft) (f (cfs) (ft) (ft) (ft) (f (ft) (ft) (ft)
3.00 -1.75 0 228 204 176 144 102 0 -102
3.50 -1.25 0 233 210 184 153 114 51 -88
4.00 -0.75 0 239 216 191 161 125 72 -72
4.50 -0.25 0 244 222 197 169 135 88 -51
5.00 0.25 1 249 228 204 176 144 102 0
5.50 0.75 4 255 233 210 184 153 114 51
6.00 1.25 12 260 239 216 191 161 125 72
6.50 1.75 22 265 244 222 197 169 135 88
7.00 2.25 35 269 249 228 204 176 144 102
7.50 2.75 49 274 255 233 210 184 153 114
8.00 3.25 63 279 260 239 216 191 161 125
8.50 3.75 78 283 265 244 222 197 169 135
9.00 4.25 92 288 269 249 228 204 176 144
9.50 4.75 107 292 274 255 233 210 184 153
10.00 5.25 120 297 279 260 239 216 191 161
10.50 5.75 134 301 283 265 244 222 197 169
11.00 6.25 147 306 288 269 249 228 204 176
11.50 6.75 159 310 292 274 255 233 210 184
12.00 7.25 172 314 297 279 260 239 216 191
12.50 7.75 183 318 301 283 265 244 222 197
13.00 8.25 195 322 306 288 269 249 228 204

Estimated H1 required for full flow if Open Air Valve or vent:
TW=-7 TW=-5  Tw=-3 TW=-1 Tw=1 TW=3 TW=5
If Open Air Valve H1 > 16 14 12 10 8 6 #NUM!
NOTES:
1 Full flow Rating curve is accurate within + 30% due uncertainty of pump curve loss coefficient and
timing and degree of siphoning developed

2 Loss and Trigger Point Assumptions:

Pump loss coefficient = 3.00

Siphon flow does not start till H1 > soffit of pipe at crest(Zt)
Intake loss = 2

Exit Loss = 1

Bend and expansion losses also incorporated
3 Data Assumptions:

Shape/length/angle of diffuser/baffle based on photos for PS#6 and PS#8 (similar to PS#6 but longer pipe)
Shape/length/angle of 2nd bend based on 1/2 dwg and photos (assumed similar to PS#6/7)
Pipe lengths estimated from photos and 1988 Design Worksheet for PS#6 and photos for PS#8.

4 Data Needs:
Shape/length/angle of diffuser & detail of baffle
Detail of pumps incl bend to discharge pipe, impeller

110f 11
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Water

Model Rated Pump Pump Discharge Rated Track Rack Discharge Intake water  Intake water  Intake water elevations Bearing Backstops
Name Pump Capacity Manufacture Size Serial Number Installed Driver Pump Pump Type ) ) Intake Location . elevation at  elevation at elevation o
Number Elevation* Curve Gates Head Design Head Location that effects Lubrication or brakes
Speed Start Stop range station
(cfs) (in) (year)  Electric /Diesel (rpm) (Vertical/Horizontal)  (NGVD) (yes/no) (type) (ft) (ft) (NGVD) (NGVD) (NGVD) (NGVD) (oil/water) (yes/no)
Fortification #1 1 445 Baldwin-Lima-Hamilton (Patterson) 94 x 128 AFV ? 1972 Diesel 212 Vertical -1.5 yes tainter gates 19 n/a Florida Walk Canal  Bayou Bienvenue -6.0 -6.5 0.5 8 Qil No
2 90 Baldwin-Lima-Hamilton (Patterson) 42 x 54 AFV ? 1972 Electric 60 Hz 505 Vertical -1.5 yes tainter gates 20 n/a Florida Walk Canal Bayou Bienvenue -6.0 -6.5 0.5 8 Qil No
3 445 Baldwin-Lima-Hamilton (Patterson) 94 x 128 AFV ? 1972 Diesel 212 Vertical -1.5 yes tainter gates 19 n/a Florida Walk Canal Bayou Bienvenue -6.0 -6.5 0.5 8 Qil No
Total 980
Guichard #2 1% 111 M&W (MWI) 42 NC342P12 ? 1950's Diesel n/a Horizontal -8 yes none n/a n/a Florida Walk Canal Bayou Bienvenue -6.0 -6.5 0.5 4 Qil No
2% 267 M&W (MWI) 60 NC360P12 ? 1950's Diesel n/a Horizontal -8 yes none n/a n/a Florida Walk Canal Bayou Bienvenue -6.0 -6.5 0.5 4 Qil No
3% 110 ? ? ? ? 1950's Diesel n/a Horizontal -8 yes none n/a n/a Florida Walk Canal Bayou Bienvenue -6.0 -6.5 0.5 4 Qil No
4** 267 M&W (MWI) 60 NC360P12 ? 1950's Diesel n/a Horizontal -8 yes none n/a n/a Florida Walk Canal Bayou Bienvenue -6.0 -6.5 0.5 4 Qil No
Total 755
Bayou Villere #3 1** 266 M&W (MWI) 60 NC360P12 ? 1950's Diesel n/a Horizontal -8 yes butterfly valve n/a n/a Forty Arpent Canal Bayou Villere -6.0 -6.5 0.5 12 Qil Yes
2 267 M&W (MWI) 60 NC360P12 ? 1950's Diesel n/a Horizontal -8 yes butterfly valve n/a n/a Forty Arpent Canal Bayou Villere -6.0 -6.5 0.5 12 Qil Yes
3 267 M&W (MWI) 60 NC360P12 ? 1950's Diesel n/a Horizontal -8 yes none n/a n/a Forty Arpent Canal Bayou Villere -6.0 -6.5 0.5 12 Qil No
Total 800
Meraux #4 1 445 Baldwin-Lima-Hamilton (Patterson) 94 x 128 AFV ? 1972 Diesel 212 Vertical -1.5 yes floodgate n/a n/a Forty Arpent Canal Bayou Dupre -6.0 6.5 0.5 16 Grease No
2 90 Baldwin-Lima-Hamilton (Patterson) 42 x 54 AFV ? 1972 Electric 60 Hz 505 Vertical -1.5 yes floodgate n/a n/a Forty Arpent Canal Bayou Dupre -6.0 -6.5 0.5 16 Grease No
3 445 Baldwin-Lima-Hamilton (Patterson) 94 x 128 AFV ? 1972 Diesel 212 Vertical -1.5 yes floodgate n/a n/a Forty Arpent Canal Bayou Dupre -6.0 -6.5 0.5 16 Grease No
Total 980
E.J. Gore #5 1 111 M&W (MWI) 42 NC342P12 ? 1980's Diesel n/a Horizontal -8 yes flap gates n/a n/a Forty Arpent Canal Bayou Dupre 0.0 -0.5 0.5 2 Qil No
2 111 M&W (MWI) 42 NC342P13 ? 1980's Diesel n/a Horizontal -8 yes flap gates n/a n/a Forty Arpent Canal Bayou Dupre 0.0 -0.5 0.5 2 Qil No
3 111 M&W (MWI) 42 NC342P14 ? 1980's Diesel n/a Horizontal -8 yes flap gates n/a n/a Forty Arpent Canal Bayou Dupre 0.0 -0.5 0.5 2 Qil No
4 111 M&W (MWI) 42 NC342P15 ? 1980's Diesel n/a Horizontal -8 yes flap gates n/a n/a Forty Arpent Canal Bayou Dupre 0.0 -0.5 0.5 2 Qil No
5 111 M&W (MWI) 42 NC342P16 ? 1980's Diesel n/a Horizontal -8 yes flap gates n/a n/a Forty Arpent Canal Bayou Dupre 0.0 -0.5 0.5 2 Qil No
6 110 M&W (MWI) 42 NC342P17 ? 1980's Diesel n/a Horizontal -8 yes flap gates n/a n/a Forty Arpent Canal Bayou Dupre 0.0 -0.5 0.5 2 Qil No
Total 665
Jean Lafitte #6 1 315 Patterson Pump Co. 75x72 AFV 90PT-14688-90-G72 1990 Diesel 272 Vertical -8 yes none 10.5 n/a Florida Walk Canal Bayou Bienvenue -6.0 -6.5 0.5 9 Grease Yes
2 315 Patterson Pump Co. 75x72 AFV 90PT-14688-90-G72 1990 Diesel 272 Vertical -8 yes none 10.5 n/a Florida Walk Canal Bayou Bienvenue -6.0 -6.5 0.5 9 Grease Yes
3 315 Patterson Pump Co. 75x72 AFV 90PT-14688-90-G73 1990 Diesel 272 Vertical -8 yes none 10.5 n/a Florida Walk Canal Bayou Bienvenue -6.0 -6.5 0.5 9 Grease Yes
Total 945
Bayou Ducros #7 1 333 Patterson Pump Co. 75x72 AFV 90PT-14688-90-G73 1992 Diesel 272 Vertical -8 yes none 10.5 n/a Forty Arpent Canal Bayou Ducros -6.0 -6.5 0.5 16 Grease Yes
2 333 Patterson Pump Co. 75x72 AFV 90PT-14688-90-G73 1992 Diesel 272 Vertical -8 yes none 10.5 n/a Forty Arpent Canal Bayou Ducros -6.0 -6.5 0.5 16 Grease Yes
3 334 Patterson Pump Co. 75x72 AFV 90PT-14688-90-G73 1992 Diesel 272 Vertical -8 yes none 10.5 n/a Forty Arpent Canal Bayou Ducros -6.0 -6.5 0.5 16 Grease Yes
Total 1000
St. Mary #8 1 278 ITT-AC 108 x 66  115-143543 1-0840-70720-02 1996 Diesel 230 Vertical -9 (intake) yes none 25 n/a Twenty Arpent Canal Lake Lery 0.0 -0.5 0.5 8 Grease Yes
2 278 ITT-AC 108 x 66  115-143543 1-0840-70720-01 1996 Diesel 230 Vertical -9 (intake) yes none 25 n/a Twenty Arpent Canal Lake Lery 0.0 -0.5 0.5 8 Grease Yes
3 279 ITT-AC 108 x 66  115-143543 1-0840-70720-03 1996 Diesel 230 Vertical -9 (intake) yes none 2.5 n/a Twenty Arpent Canal Lake Lery 0.0 -0.5 0.5 8 Grease Yes
Total 835
* Elevations estimated by Bob Turner/Lake Borgne Levee District and from engineering plans (when available)
Summary Table
St Bernard 10of1
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Pump Station Pump Capacity | 8/28/2005 | 8/29/2005 | 8/30/2005 | 8/31/2005 9/1/2005 9/2/2005 9/3/2005 9/4/2005 9/5/2005 9/6/2005 9/7/2005 9/8/2005 9/9/2005 9/10/2005 | 9/11/2005 | 9/12/2005 | 9/13/2005 | 9/14/2005 | 9/15/2005
(cfs) Start Stop | Start Stop | Start Stop | Start Stop | Start Stop | Start Stop | Start Stop | Start Stop | Start Stop | Start Stop | Start Stop | Start Stop | Start Stop | Start Stop ]| Start Stop | Start Stop | Start Stop | Start Stop | Start Stop
Fortification #1 1 (East) 577 [ NA NR NR NR NR NR NR NR 22:30 Run | Run 22:00
2 (Center) 100 *,.. NR NR NR NR NR NR NR NR NR
3 (West) 577 ) Run 11:30] 9:00 16:00] 9:00 22:00 NR NR NR NR NR 20:30 22:00
Total 1254
Guichard #2 1 111 NR NR NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2 223 NR NR NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
3 167 NR NR NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
4 223 NR NR NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total 724
Bayou Villere #3 1 n/a NR NR NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2 n/a NR NR NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
3 n/a NR NR NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total 500
Meraux #4 1 (East) 557 19:05 20:25] " 9:20 16:20] " Run Run| Run Run| Run Run | Run 1:30
2 (Electric) 89 NR - NR - NR NR NR NR
3 (West) 557 NR NR NR NR NR NR
Total 1203
E.J. Gore #5 1 110 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2 110 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
3 110 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
4 110 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
5 110 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
6 110 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total 660
Jean Lafitte #6 1 334 "] 14:45 22:00] 6:00 20:00] 6:00 Run | Run 6:00 | 8:00 19:30] Run 14:00| 7:30 22:00{22:00 Run | Run 1:00 | Run Run| Run Run| Run Run| Run 9:00| 3:30 5:00
20:30 Run 22:00 Run 11:30 13:30
16:30 18:30
. 22:30 0:00
2 334 14:45 22:00| 6:00 20:00] 6:00 Run | Run 6:00| 8:00 19:30] Run 14:00] 7:30 22:00{22:00 Run | Run 1:00 | Run Run | Run Run| Run Run| Run 9:00| 3:30 5:00
20:30 Run 22:00 Run 11:30 13:30
16:30 18:30
22:30 0:00
3 334 -] 14:45 22:00] 6:00 20:00] 6:00 Run| Run 6:00] 8:00 19:30] Run 14:00] 7:30 22:00{22:00 Run| Run 1:00 | Run Run | Run Run| Run Run| Run 9:00| 3:30 5:00
20:30 Run 22:00 Run 11:30 13:30
16:30 18:30
22:30 0:00
Total 1002
Bayou Ducros #7 1 334 7:40 Run | Run 16:00] Run Run ] Run Run| Run Run| Run Run| Run 0:00 | 8:30
17:00 18:00 Run
19:35
2 334 7:40 Run | Run 16:00] Run Run] Run Run| Run Run| Run Run| Run 0:00 | 8:30
17:00 18:00 Run
19:35
3 334 7:40 Run | Run 16:00] Run Run ] Run Run| Run Run| Run Run| Run 0:00] 8:30
17:00 18:00 Run
19:35
Total 1002
St. Mary #8 1 279 1545 Run| Run Run | Run Run| Run Run| Run Run] Run Run|] Run Run| Run 20:00 15:00 Run | Run 17:30]14:00 19:30f 7:00 Run | Run Run | Run 1:00
2 279 9:15 0:00 15445 Run| Run Run|] Run Run| Run Run| Run Run] Run Run| Run Run| Run Run|] Run 14:00] 6:00 Run | Run 21:30]14:00 16:30] 7:15 Run | Run Run | Run 3:00
3 279 11:45 Run| Run Run ] Run Run| Run Run| Run Run| Run Run| Run 14:00] 6:00 Run ] Run Run| Run Run | Run Run] Run Run| Run 6:00
Total 837
Time in Local CST Day Light Savings
Pumps Not Available NA
No Reported Run Times NR
Continued to Run Run
Damaged!/ Lost/ Unavaible Record =

Information was not obtained (Area
considered Unwatered)

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.
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St Bernard Parish Canal and Tide Level Readings

Pump Stations 28-Aug-05 29-Aug-05 30-Aug-05 31-Aug-05 1-Sep-0! 2-Sep-0! 3-Sep-0 4-Sep-0 5-Sep-0 6-Sep-0 7-Sep-0 8-Sep-0 9-Sep-0 10-Sep-05 11-Sep-05 12-Sep-05 13-Sep-05 14-Sep-05 15-Sep-05
Time | Gage Time | Gage Time | Gage Time | Gage Time | Gage Time | Gage Time | Gage Time | Gage Time | Gage Time | Gag Time | Gage Time | Gag Time | Gage Time | Gage Time | Gage Time | Gage Time | Gage Time | Gage Time | Gage
2:00 “TE 2:00 % 2:00 %» 2:00 *TE 2:00 2:00 | 52 2:00 | 4.2 2:00 | 25 2:00 | 0.0 2:00 | 0.7 2:00 | 1.7 2:00 | 25 2:00 % 2:00 | 0.8 2:00 | 6.8 2:00 % 2:00 % 2:00 % 2:00 | ]
6:00 [ ] 6:00 [ ] 6:00 [ ] 6:00 [ ] 6:00 | 6.3 6:00 | 5.1 6:00 | 3.9 6:00 | 2.4 6:00 | 0.0 6:00 | -0.8 6:00 | -1.9 6:00 | -2.5 6:00 [~ ] 6:00 | -1.1 6:00 | 6.2 6:00 [ ] 6:00 [ ] 6:00 [, 6:00 [~ ]
cana | 1000 [ 11000 U 120000 P ] 1000 [ ) 11000 60 [ oo [20:00) 5.0 | o (10:00| 38 | oo f10:00 | 23 | o 110:00 01 | oo 12000 10 [ oo 120:00 | 10 f o 130:00| 26 | o 2000 ] oo [20:00 17 f oo 120000 [P ] o 120000 [P ] o 12000 P | oo 120000 Pl f o 1120000 [P
14:00 ™| 14:00 [ ] 14:00 ™| 14:00 ™| 14:00| 6.0 14:00| 5.0 14:00| 3.0 14:00 | 1.5 14:00 | -0.3 14:00| -1.1 14:00| -2.0 14:00| -2.6 14:00 [ ] 14:00| -2.2 14:00 [ ] 14:00 [ ] 14:00 [ ] 14:00 [, 14:00 [~ ]
18:00 ™. ] 18:00 [~ ] 18:00 ™. ] 18:00 ™. ] 18:00| 6.0 18:00| 4.8 18:00| 2.9 18:00 | 0.9 18:00| -0.5 18:00| -1.4 18:00| -2.1 18:00 | -2.7 18:00 [ ] 18:00| -3.5 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [, 18:00 [~ ]
A 22:00 ™| 22:00 [ ] 22:00 ™. | 22:00 ™| 22:00| 5.8 22:00| 4.5 22:00| 2.5 22:00 | 0.2 22:00| 0.6 22:00| -1.6 22:00| -2.3 22:30 [~ ] 22:00| -0.5 22:00| 5.8 22:00 [ ] 22:00 [ ] 22:00 [ ] 22:00 [, 22:00 [~ ]
PS 1 - Fortication » » » » ¥ . » » . : : _ _ _ _ _ : _ T
2:00 Q 2:00 \Q 2:00 Q 2:00 Q 2:00 ™| 2:00 | 52 2:00 | 42 2:00 | 25 2:00 | 2.9 2:00 | 2.8 2:00 | 2.9 2:00 | 3.0 2:00 “‘:\\\ 2:00 [~ ] 2:00 | 2.0 2:00 “‘:\\\ 2:00 “‘:\\\ 2:00 \\: 2:00 [ ]
6:00 6:00 6:00 6:00 6:00 | 63 6:00 | 5.1 6:00 | 3.9 6:00 | 24 6:00 | 2.8 6:00 | 2.9 6:00 | 2.8 6:00 | 3.0 6:00 6:00 | 2.2 6:00 | 1.9 6:00 6:00 6:00 J 6:00 [~ ]
Tide | 20:00 [k e (20000 [Pl ] i [20:00 [l ) 12000 [l 1200001 6.0 | e [20:00( 5.0 [ oo 11000 ( 38 [ oo 2000 | 23 | o [10:00( 28 [ o 120:00( 29 [ o |10:00| 28 | e (2000 27 | g 12000 ] e (2000|220 | g (2000 [P e (20000 P e (20000 [T e [20:00 [Pl g [20:00 [T ]
14:00 ™| 14:00 [~ ] 14:00 ™| 14:00 ™| 14:00| 6.0 14:00| 5.0 14:00| 3.0 14:00 | 2.2 14:00| 2.6 14:00( 3.0 14:00| 2.9 14:00| 2.7 14:00 [~ ] 14:00| 2.2 14:00 [~ | 14:00 [~ | 14:00 [~ | 14:00 [~ | 14:00 [~ ]
18:00 . 18:00 [~ 18:00 - 18:00 [ 18001 60 18:00( 48 18:00| 2.9 1800 30 1800/ 26 1800 30 1800/ 29 1800/ 25 18:00 [~ 1800/ 28 18:00 [~ 18:00 [~ 18:00 [~ 18:00 [~ 1800 ™~ |
22:00 22:00 22:00 22:00 22:00| 58 22:00| 45 22:00| 25 22:00| 30 22:00| 2.6 22:00| 3.0 22:00| 2.8 22:30| 2.1 22:00 22:00| 2.1 22:00 22:00 22:00 22:00 [~ 22:00
2:00 2:00 2:00 N 2:00 2:00 2:00 2:00 2:00 . 2:00 [ ] 2:00 2:00 | ] 2:00 2:00 2:00 2:00 2:00 2:00 2:00 2:00 |~
6:00 & 6:00 & 6:00 :::: 6:00 & 6:00 & 6:00 % 6:00 Q 6:00 & 6:00 :k« 6:00 Q 6:00 :-% 6:00 :::: 6:00 % 6:00 % 6:00 % 6:00 % 6:00 “”Q 6:00 & 6:00 [~ ]
10:00 10:00 10:00 10:00 10:00 10:00 10:00 10:00 “ 10:00 | 10:00 10:00 | " 10:00 10:00 10:00 10:00 10:00 10:00 10:00 10:00 [~ ]
Canal 14:00 ™| Canal 14:00 [~ Canal 14:00 ™ ] Canal 14:00 ™| Canal 14:00 ™| Canal 14:00 [~~] Canal 14:00 "] Canal 14:00 [~r] Canal 14:00 \k“*«.\ Canal 14:00 [~~~ Canal 14:00[~~] Canal 14:00 [~~~ Canal 14:00 [~~~ Canal 14:00[*~] Canal 14:00[*~] Canal 14:00[~~] Canal 14:00[~~] Canal 14100 [, Canal 14:00[~]
18:00 ™. ] 18:00 [~ ] 18:00 ™. ] 18:00 ™. ] 18:00 ™. ] 18:00 [ ] 18:00 [~ ] 18:00 [ 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [, 18:00 [~ ]
; 22:00 ™| 22:00 [ ] 22:00 ™. | 22:00 ™| 22:00 ™| 22:00 [ ] 22:00 ™| 22:00 [, 22:00 [ ] 22:00 [~ ] 22:00 [ ] 22:00 [~ ] 22:00 [ ] 22:00 [ ] 22:00 [ ] 22:00 [ ] 22:00 [ ] 22:00 [, 22:00 [~ ]
PS 2 - Guichard - - - - = = » ™ i » 00 [ - - m " . ” y .00 ™
2:00 Q 2:00 \Q 2:00 Q 2:00 Q 2:00 Q 2:00 % 2:00 Q Q 200 [~ 2:00 & 200 [~ 2:00 & 2:00 & 2:00 & 2:00 & 2:00 & 2:00 & 2:00 Q 2:00 [™~]
6:00 6:00 6:00 6:00 6:00 6:00 6:00 6:00 . 6:00 [ ] 6:00 6:00 [ ] 6:00 6:00 6:00 6:00 6:00 6:00 6:00 J 6:00 [~ ]
e 2000 ] o [20:00 O (20000 e ] 20000 ] {20000 [ ] s (20000 [l ] o [20:00 ] | 20000 [l e (20000 P ] g (20000 ] i (20000 ] i (20000 ] i 20000 [ ] rige [20:00 ] 1 [20:00 ] i (20000 [ ] i (20000 [ ] e [20:00 [l ] e [ 20:00 M
Tide Tide Tide Tide Tide Tide Tide Tide | Tide P Tide Tide o, Tide Tide Tide Tide Tide Tide Tide | Tide -
14:00 ™| 14:00 [~ ] 14:00 ™. | 14:00 ™| 14:00 ™| 14:00 [ ] 14:00 [~ 14:00 [ ] 14:00 [ ] 14:00 [~ ] 14:00 [ ] 14:00 [~ ] 14:00 [~ ] 14:00 [~ ] 14:00 [~ ] 14:00 [~ ] 14:00 [~ ] 14:00 [~ ] 14:00 [~ ]
18:00 ™. | 18:00 [~ ] 18:00 ™. | 18:00 ™. | 18:00 ™. | 18:00 [ ] 18:00 [~ 18:00 [ 18:00 [ ] 18:00 [~ ] 18:00 [ ] 18:00 [~ ] 18:00 [~ ] 18:00 [~ ] 18:00 [~ ] 18:00 [~ 18:00 [~ 18:00 [~ | 18:00 [ <]
22:00 22:00 22:00 22:00 22:00 22:00 22:00 22:00 [, 22:00 ™~ 22:00 22:00 [~ 22:00 22:00 22:00 22:00 22:00 22:00 22:00 [~ 22:00[™
2:00 = 2:00 = 2:00 = 2:00 = 2:00 = 2:00 = 2:00 N 2:00 . 200 [~ ] 2:00 =] 200 =~ 2:00 = 2:00 = 2:00 = 2:00 = 2:00 = 2:00 = 2:00 . 2:00 |
6:00 6:00 6:00 6:00 6:00 6:00 6:00 6:00 i\ 6:00 [ ] 6:00 6:00 [~ ] 6:00 6:00 6:00 6:00 6:00 6:00 6:00 6:00 [~
10:00 ™. ] 10:00 [~ ] 10:00 [ ™. ] 10:00 [~ ] 10:00 ™. ] 10:00 [~ ] 10:00 [~ ] 10:00 [ 10:00 [ ] 10:00 [ ] 10:00 [ ] 10:00 [ ] 10:00 [ ] 10:00 [~ ] 10:00 [ ] 10:00 [ ] 10:00 [ ] 10:00 ™., 10:00 "]
Canal| 1400 [~~r] €@ | 14:00 [~] ©@" | 14:00 ] | 2400 [ C2 | 14:00 [~~] ©2 | 1400 [T] O3 | 14:00 [~] €2 | 1400 [~] € | 1400 [~ O | 2ai00 [~ CE | 14:00 [] ©2 [ 10200 [~ ] €@ | 1400 [T O | 2ai00 [~ CE | 14:00 ] ©2 | 1200 [~ ] €| 1400 [~] | 1ai00 [T C2 | 14:00 [~ ]
18:00 ™~ ] 18:00 [~ ] 18:00 ™~ 18:00 ™~ ] 18:00 ™~ ] 18:00 [~ 18:00 [~ ] 18:00 [™~e, 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [ ] 18:00 [, 18:00 ]
; 22:00 ™. | 22:00 [~ ] 22:00 [ ™. ] 22:00 ™. | 22:00 ™. | 22:00 [~ ] 22:00 [~ ] 22:00 [™ee_] 22:00 .| 22:00 [ ] 22:00 [ ] 22:00 [ ] 22:00 [~ ] 22:00 [~ ] 22:00 [ ] 22:00 [~ ] 22:00 [~ ] 22:00 [, 22:00 [~ ]
PS 3 - Bayou Villere 2:00 :\\: 2:00 ::: 2:00 \\\ 2:00 Q 2:00 :\\ 2:00 Q 2:00 Q :j::: 2:00 :u,\ 2:00 ::\\ 2:00 :\ 2:00 :*\\\ 2:00 :*\\\ 2:00 :*\\\ 2:00 :*\\\ 2:00 :*\\\ 2:00 :*\\\ 2:00 & 2:00 [*~]
6:00 6:00 6:00 6:00 6:00 6:00 6:00 6:00 . 6:00 [ ] 6:00 6:00 [ ] 6:00 6:00 6:00 6:00 6:00 6:00 6:00 J 6:00 [~ ]
e 2000~ ] (10000 ) (20000 ] [ 20000 [ | {20000 ] | 20000 [l ] S (20000 [ | 20000 [l ] ol [ 2000 ] g (20000 ] 1 (20000 ] 1 2000 [l ] o (20000 [l ] o (20000 [l ] o (20000 [l ] 1l [ 2000 [l ] g (20000 ] o (20000 ] o [ 20:00 [l ]
Tide Tide Tide Tide Tide Tide Tide Tide ~ Tide P Tide Tide - Tide Tide Tide Tide Tide Tide Tide ~ Tide -
14:00 ™. | 14:00 [~ ] 14:00 ™. | 14:00 ™. | 14:00 ™. | 14:00 [~ ] 14:00 [~ 14:00 [ ] 14:00 [ ] 14:00 [~ 14:00 [ ] 14:00 [~ 14:00 [~ | 14:00 [~ | 14:00 [~ 14:00 [~ 14:00 [~ | 14:00 [~ | 14:00 [“ ]
18:00 ™. | 18:00 [~ ] 18:00 ™. ] 18:00 ™. | 18:00 ™. | 18:00 [~ 18:00 [~ ] 18:00 [ | 18:00 [~ ] 18:00 [~ 18:00 [~ 18:00 [~ 18:00 [~ ] 18:00 [~ ] 18:00 [ ] 18:00 [~ 18:00 [~ 18:00 [, 18:00 [~
22:00 22:00 22:00 22:00 22:00 22:00 22:00 22:00 [~ 22:00 [~ 22:00 22:00 [~ 22:00 22:00 22:00 22:00 22:00 22:00 22:00 [~ 22:00[™
2:00 2:00 ] 2:00 = 2:00 = 2:00 = 2:00 N 2:00 N 2:00 . 200 =] 2:00 = 2:00 | 2.0 2:00 = 2:00 2:00 ‘*«73\ 2:00 = 2:00 = 2:00 = 2:00 . 2:00 [ ]
6:00 | 65 6:00 6:00 6:00 6:00 6:00 6:00 6:00 i\ 6:00 [ ] 6:00 6:00 | 1.9 6:00 6:00 | -1.3 6:00 6:00 6:00 6:00 6:00 6:00 [ ]
10:00| 7.5 10:00 [~ ] 10:00 ™. ] 10:00 ™~ ] 10:00 ™. ] 10:00 [~ 10:00 [~ 10:00 [ ] 10:00 [ ] 10:00 [~ | 10:00| 1.8 10:00| 05 10:00| -1.9 10:00 [~ 10:00 [~ 10:00 [~ 10:00 [~ 10:00 [ ™., 10:00 [~
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Readings were extracted from Operatings Logs aquired by IPET Task 8 for each pump station where available.

I-79

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Appendix J
Engineering and Operational
Risk and Reliability Analysis

Table of Contents

EXECULIVE SUMMAIY ..ecuviiieciiic ettt et e sre e sne e s s e s neeenns 2
=TT 10| (o] T SR 5
ANAIYSIS BOUNGANES .....coveetiiiieieeieeie sttt sttt enes 6
Study Region and Hurricane Protection System ..........cccccocvvevveveerennnnnne, 7
Analysis Assumptions and CONSLraints...........cccceveveiiievenesie e 8
Risk Analysis Methodology ..........ccoceriiiiiiiiiii e 8
OVBIVIBW.....ee ittt ettt ettt e re e sbe e s be e sae e s ae e s ae e s bbeeabeenbeebeesbee e 8
Contributing Factors and Their Relationships ...........cccoovoeviiieiienninn 8
Hurricane Protection SYStEM .........cccvviviiiiiie e 11
Probabilistic RiSK MOGEN ..o 11
Conceptual EVENE TIE .....ocviiviiieiecee e 13
Risk QUaNtIfiCatioN...........cccvvi i 14
Hazard Analysis and Initiating EVENTS ..........cccviii e 33
HIStOrIC MEtNOOS ..o e 33
Joint Probability (JP) Methods ...........coviriiiiiiiiiie e 34
Monte Carlo Simulation Methods ...........cccevevviiene s 34
Choice of @ MEthOd .........c.ooieiiieeee e 35
Hurricane Recurrence at Landfall ..., 36
Pre- and Post-Landfall Parameter Variation ...........ccccoocvcevenennininnnns 40
Parameter Discretization for Risk Analysis ..........c.ccoceveiiiiiinincninennns 45
Assessment of Hurricane Loads L(®) .......ccocovvveveneieiiniinineneneeee, 46
Mid-resolution model ruNS ...........cooeiiiiiii e 49
Calibration and Extension of the MR Results Using the HR Runs.......... 49
Rainfall INTENSILY .....c.ooviiiiiieiece e 51
EPiStemic UNCEItaiNTY ........coooeiieiiieeee e 53
Climatic Effects and Their Contribution to Epistemic Uncertainty ........ 54
Relability ANAIYSIS ....ccviieiiiiie ettt 55
Appendix J Engineering and Operational Risk and Reliability Analysis J-1

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



SUMMArY @PPFrOACH ....cviiiiececcecce e 56

Structures, components, and systems constituting the HPS .................. 57
Failure definitions and limiting States............coevviniiniiniieneeees 57
Methodological approach ............ccceeeriiieiie i, 59
Fragility curves and failure probabilities ........c...cccovviviiiieiicveciici, 61
CONSEYUENCES ...ttt ettt ettt ettt st st e e st e et e e sbb e e snbe e e nbbeennbeesnreas 68
Liaison with Louisiana State University Hurricane Center .................... 70
Risk Profiles and SUMMAIIES.........ccviieiieiere ettt 71
UNCEraiNTY ANAIYSIS ..ottt 71
R =] =] 1= SRS 75
RiSK MEthOdOIOGY ......coveiviiiiiiieiee e 75
Hurricane Methodology .........c.cccoviiieiiiieee e, 75
AppendixX A. TErMINOIOQY ....ccovviieiieeiee e re e sree e 78
Appendix B. New Orleans East POIEr .........ccccoevvivieiiiei i 80
NOE — Background ..........cooveiiriicieccecrec e 80
NOE — Design MemorandumsS..........ccccveveieeriesesieenesessee e seesiesieseesnens 81
NOE - Layout of Reaches for Risk Model by Physical Feature.............. 82
NOE - Elevations Along the Defined Reaches............ccoocevovieneiiviiennns 95
Appendix C - Jefferson POIAEr ..........cooviiiiiice e 97
Appendix D - St. Charles POIAET ........ccoveiiiiirce e 97
Appendix E - Plaquemings POIder..........cccvvriiiie e 97
Appendix F - St. Bernards POIAEr ... 97
Appendix G - Evaluation of Loss Exceedance Probabilities..........c.c.ccccvevvrnnne 97

Executive Summary

The mission of the IPET risk and reliability analysis is to examine the risks
to life and property posed by the New Orleans hurricane protection system that
was in place prior to Katrina and by the system as it is expected to exist at the
start of the next hurricane season (1 June 2006). The risk analysis will consider
the expected performance of the various elements of the system and the
consequences associated with that performance. All engineered systems impose
risks that result from humans using technology to create conditions or activities
that are not produced by nature. For instance, the hurricane protection system in
New Orleans has been designed to control interior flooding within New Orleans
and protection to the city from storm induced surges and waves. The hurricane
protection system (HPS) project is designed to perform this function without
imposing unacceptable risks to public safety, property and welfare.

The risk analysis covers four states that represent the condition of the New
Orleans hurricane protection system.

e The system as it existed before the arrival of Hurricane Katrina.
Knowledge gained from IPET studies will be considered in the analysis.
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e  After Hurricane Katrina with repairs that have been completed prior to
the 2006 hurricane season. Some projects may be ongoing after 1 June 2006.

e  After Hurricane Katrina with all repair and improvement projects
complete, but prior to longer-term increases in the authorized level of protection.

e The system as authorized before the arrival of Hurricane Katrina. All
authorized components of the HPS are constructed and knowledge gained from
IPET studies will be considered in the analysis.

The difference in relative risks among the three states will be a unified
measure for fully evaluating the performance of the integrated system before
Hurricane Katrina, after Hurricane Katrina, and during the interim recovery
period.

Two groups of questions concerning the performance of the hurricane
protection system (HPS) are addressed by the risk and reliability analyses:

Pre-Katrina: The system as it existed before the arrival of Hurricane
Katrina. This state is the baseline for estimating risk, and includes the
following:

1. What was the reliability of the hurricane protection system to prevent
flooding of protected areas of the HPS that was in existence before the arrival of
Katrina, for the standard project hurricane? Note that some components of the
authorized projects had not been constructed prior to Katrina.

2. What was the reliability of the hurricane protection system to prevent
flooding of protected areas with all of the authorization projects completed, for
the standard project hurricane?

3. What is the estimated annual rate of occurrence of system failure due to
hurricane events?

4. What are the probability distributions and annual rates of consequences
that would result from failure of the hurricane protection system as defined in
terms of life loss and economic impact?

5. What is the uncertainty in these estimates?

The pre-Katrina analysis does not attempt to recreate the design intent or
knowledge that the designers used to determine the configuration of the HPS.
Engineering parameters, foundation conditions and operational information
gained by IPET through exploration and testing since the hurricane are used. This
allows for an assessment of the actual risks that existed pre-Katrina. An
additional analysis was conducted on the authorized HPS that includes all
features in the original design that were not completed prior to Katrina.

Post-Katrina: After Hurricane Katrina with repairs made prior to the
2006 hurricane season, and during the interim recovery period after the
hurricane protection system has been strengthened and improved, but prior
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to longer-term increases in the authorized level of protection. This group
includes:

1. What is the reliability of the HPS to prevent flooding of protected areas
for the authorized standard project hurricane with the system repairs and
improvements in place as of June 1, 2006?

2. What is the frequency of flooding due to the range of expected hurricane
events with the system repairs and improvements in place as of June 1, 2006?

3. What are the probability distributions and annual rates of consequences
that would result from failure of the hurricane protection system as defined in
terms of life loss and economic impact?

4. What is the uncertainty in these estimates?

The condition of the system has been degraded by the effects of hurricane
Katrina. Flood walls and levees may have been overtopped, damaged by impacts
from debris, saturated, submerged and/or breached. Permanent repairs on these
elements have been accomplished since the hurricane that may have different
material strength parameters than the original feature. This difference in strengths
is considered in the analyses of component reliability. The pumping system was
also damaged and shut down or submerged. The post Katrina reliability of the
levees, flood walls and pumping stations will be considered in the risk assess-
ment. The reliability of the various elements of the protection system will be
determined using analytical and expert elicitation methods.

The term reliability is intended to mean the conditional probability of a
component or system performing intended function. This result can also be used
to determine the conditional probability of failure. System failure refers to the
failure of the HPS to provide protection from flooding in one or more protected
areas and can also be thought of as the occurrence of flood inundation. The
effectiveness of the protection system is also dependent upon how well the
operational elements of the system performed. Elements such as road closure
structures, gate operations and pumping plants, etc. that requires human
operation and proper installation during a flood fight can dramatically impact
flood levels. The lessons learned concerning the performance of these elements
during Katrina will be considered in the analysis.

The changed demographics of the local areas protected by the system will be
considered when determining the consequences. In some areas, many homes and
much of the infrastructure were destroyed by the hurricane and some may not be
rebuilt. Therefore the pre-Katrina populations and property values will be
impacted and must be considered in the post-Katrina analysis.

Risk is generally calculated by combining the probability of system failure
with the consequences associated with that failure. For New Orleans, the post
Katrina risks will be lower primarily due to reduced population and economic
activity. In order to better compare the adequacy of pre and post Katrina HPS,
probability of failure and inundation mapping will be used as the primary metric
by which to measure the effectiveness of repairs and improvements.
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Background

Decisions about natural hazards are best made by explicitly and quantita-
tively considering risks. Implementation of risk analysis to the hurricane protec-
tion system (HPS) of New Orleans and S.E. Louisiana is difficult because the
system serves a large geographical region and our capability to accurately model
hurricanes in regions as complex as the Mississippi delta is limited. Nonetheless,
modeling capabilities have improved enough in recent years to make risk
analysis an important tool for decision making as the New Orleans HPS is
restored.

It is important to note that detailed knowledge of the New Orleans HPS and
the engineering parameters that influence its performance or of the hurricane
characteristics is limited. For example, we do not know with certainty the
properties of foundation soils underlying the extensive levee system, or even the
frequency with which hurricanes occur. Hurricane models can predict winds,
waves and surges only with limited precision, and reliability models of levee
performance when subjected to hurricane forces are similarly limited. Hence, the
risks of hurricane-induced flooding cannot be established with certainty. There-
fore a risk analysis must include not just a best estimate of risk, but also an
estimate of the uncertainty in that best estimate.

The reliability and risk analyses relate the performance of individual features
(floodwalls, levees, pumps, levee closures, etc.) located throughout the hurricane
protection system to the overall performance of the integrated system and the
impact of that performance on economics and public safety. The reliability of all
structural features also considers the varying foundation conditions that exist
throughout the hurricane protection system. The risk analysis covers three states
that represent the condition of the hurricane protection system.

e The system as it existed before the arrival of Hurricane Katrina. This
state is the baseline for estimating risk.

e After Hurricane Katrina with repairs made prior to the 2006 hurricane
season.

o During the interim recovery period after the hurricane protection system
has been strengthened and improved, but prior to longer-term increases in the
authorized level of protection.

Risk analysis examines potential life and property losses posed by the as-
built hurricane protection system prior to Katrina and by the system after Katrina
in its repaired or improved condition. Reliability analysis examines the engineer-
ing performance of various elements of the system. The reliability results are
used in conjunction with the consequences associated with that performance to
estimates the corresponding risks. The reliability of the various elements of the
protection system is determined using analytical and expert elicitation methods.

During the risk studies several key issues were considered:
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o Defining the physical features of the system required an accurate inven-
tory of all components that provide protection against storm surge and waves. It
was important to model not only the cross sections and strength parameters of
these components but also transitions between elements, differences in the top
elevation along a reach of similar components and varying foundation conditions.
The characterization of the physical features of the protection system was,
however, limited by the available information and the resources available to
process that information under IPET. These limitations are expressed in the
analyses as uncertainties that are characterized and communicated so that they
can be accounted for in decisions making.

e At many locations, the hurricane protection system has been degraded by
Hurricane Katrina. Levees and floodwalls may have been overtopped or other-
wise damaged. The impacts of these events upon the condition of the features is
not necessarily apparent by visual inspection. The possibility of such weakening
has been considered in the current condition of features of the system that
survived Katrina in order to estimate the risk for the 2006 hurricane season.

e Emergency repairs of breached elements were accomplished after
Hurricane Katrina, and permanent repairs have subsequently been completed.
The structural/geotechnical strength of the repairs have been considered.

e The pumping system is an important element that controls flooding
during and after a storm. Pumping plant reliability and capacity have therefore
been considered.

e The consequences of pre- and post-Katrina flooding are different due to
changes in population and economic activity. Task 10 has relied on the Task 9
Team to define post-Katrina exposure scenarios and to quantify the consequences
of HPS failures.

e The effectiveness of the protection system depends on human factors as
well as engineered systems (e.g., timely road and railroad closures, gate
operations, functioning of pumping stations, and so on). Lessons learned from
Katrina and other natural disasters will be used in modeling human performance.

Appendix A lists key terminology and definitions used in this report.

Analysis Boundaries

An important initial step in the analysis is to clearly define the bounds of the
study. These bounds included defining the geographic bounds of the study region
and the elements of the hurricane protection system, the resolution of information
and analyses to be performed, and analysis constraints or assumptions associated
with the IPET analysis. These areas are defined in the following subsections and
in detail in the Appendices.
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Study Region and Hurricane Protection System

At a macro scale, this analysis examines risks to New Orleans and the South
East Louisiana area associated with the performance of the hurricane protection
system (HPS). Figure J-1 identifies the region to be considered and the major
features of the hurricane protection system.

Figure J-1. Map of the New Orleans and the south east Louisiana area, the
geographic bounds of the study region considered in the risk analysis
and the primary features of the hurricane protection system

The hurricane protection system is comprised of a variety of subsystems,
structures and components which include: earthen levees, floodwalls, foundation
conditions, pumping stations, canals, wall closures, power supply systems,
operations personnel. The system is also a combination of several sub-systems
(polders) which are independently maintained and operated by local parishes and
levee boards. Data collected by Teams 1 and 6, and during a site visit is used to
define characteristics of the polders and their interdependence for use in the risk
model.

Appendices B through F contain a complete inventory of the structures,
systems and components that were considered in the risk analysis. The
information provided in the appendices was obtained from a number of the IPET
teams. The reader should note that all of the structures, systems and components
listed may not have been included in the risk analysis model. Some items may
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have been screened out of the analysis, whereas others may not have been
included since they do not play a role in the performance of the hurricane
protection system or the consequences that result in the event of a failure.

Analysis Assumptions and Constraints

As part of the process of developing the risk analysis model, it was necessary
to identify key assumptions and analysis constraints. Constraints refer to events
or factors that were not modeled or considered explicitly in the analysis. The
assumptions and constraints are provided at the appropriate location in
subsequent sections.

The following table lists the analysis limitations or constraints of the risk
analysis.

No. | Limitation or Constraint

Model procedures that existed prior to Katrina

Geographic area limited to elements of the hurricane protection system in the 5 parishes

Hazards and thus consequences not considered in the risk analysis are:
a. Wind Damage to buildings

b. Fire

c. Civil unrest

d. Effect of a release of hazardous materials

4. | The performance of the evacuation system in New Orleans was not explicitly modeled in the
risk analysis. Its consideration was limited to a parametric consideration of the variation of the
sensitivity of the risk analysis results to the relative effectiveness of evacuation.

Risk Analysis Methodology
Overview

The following sections describe the overall risk analysis methodology of the
hurricane protection system. Sections that follow discuss individual parts of the
analysis (hurricane hazard analysis, levee and floodwall vulnerability or fragility
analysis) as they relate to the overall risk analysis methodology. The basic
elements of the risk analysis methodology are illustrated in Figure J-2. The
analysis is represented in terms of a series of modules which interface to provide
a risk model for the New Orleans HPS.

Contributing Factors and Their Relationships

The development of a risk analysis model was facilitated by the preparation
of an influence diagram. The process of creating an influence diagram helped
establish a basic understanding of the elements of the hurricane protection system
and their relationship to the overall system performance during a hurricane event
and the analysis of consequences and risks.
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Figure J-2. Risk analysis logic diagram

Figure J-3 shows the influence diagram for the hurricane protection system
and the analysis of consequences. There are four parts to the diagram influence

diagram:

e Value nodes (rounded-corner box)

o Chance nodes (circular areas)

o Decision nodes (square-corner boxes)

e Factors and dependencies in the form of arrows.

The influence diagram shown in Figure J-3 was used to develop an event (or
probability) tree for the hurricane protection system. Figure J-4 shows an initial
probability tree derived from the influence diagram in Figure J-3. The top events
across the tree identify the random events whose state following the occurrence
of the hurricane could contribute to flooding in a protected area. The tree begins
with the initiating event, a hurricane that generates a storm surge, winds and

rainfall in the region.
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Hurricane Protection System

The entire hurricane protection system is provided in Figure J-1. The
hurricane protection system (HPS) considered in the reliability and risk analysis
task is schematically shown in Figure J-5. The system consists of polders, sub-
polders and reaches. The definition of these polders, sub-polders and reaches are
based on the following considerations:

e Local jurisdiction,

e Floodwall type and cross section,

e Levee type and cross section,

e Engineering parameters defining structural performance,
e Soil strength parameters,

¢ Foundations parameters, and

e Surge and wave levels.

Reaches (R) of each polder is uniquely identified using sequential numbers as
shown in the figure. The figure also shows the approximate locations of pumping

stations.
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Figure J-5. Hurricane Protection System Defined by Polders and Reaches

Probabilistic Risk Model
Risk associated with the hurricane protection system is quantified through

the hurricane rate (1) and the probability P(C > c¢) with which a consequence
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measure C exceeds different levels c. The loss exceedance probability per event
is evaluated as

P(C>c)=Y > P(h)P(S,;h)P(C>c|h,S;) (-1
i

An annual loss exceedance rate can be estimated as follows

AC>c)=) > AP(h)P(S;h)xP(C>clh,S)) (3-2)
i

where P(h;) is the probability of hurricane events of type i, P(Sjh;) is the
probability that the system is left in state j from the occurrence of h;, and

P(C >c|h;, §) is the probability that the consequence C exceeds level ¢ under
(hi, S;). Summation is over all hurricane types i and all system states j in a
suitable discretization. Simulation studies of hurricanes for risk analysis require
the use of representative combinations of hurricane parameters and their
respective probabilities. The outcome of this process is a set of hurricane
simulation cases and their respective conditional probabilities P(h;).

Evaluation of the hurricane rate A and the probability P(h;), the conditional
probabilities P(S; | h;), and the conditional probabilities P(C > ¢ |h;, S;) is the
main objective of the hurricane model, the system model, and the consequence
model, respectively. The probability P(S; | hi) should cover the states of the
components of the HPS, such as closure structure and operations, precipitation
levels, electric power availability, failures modes of levees and floodwalls, and
pumping station reliability. To assess the state of the HPS given a hurricane event
requires an evaluation of the reliability of individual structures, systems and
components (e.g., levees, floodwalls, pump systems) when they are exposed to
the loads and effects of the hurricane (e.g., the peak surge, wave action) and the
relationship of these elements to the overall function of the system to prevent
flooding in protected areas.

If point estimates of consequences (i.e., (c | hi, Sj)) are available instead of
P(C>c|h;, S;), order statistics can be used to construct the exceedance
probability P(C > c | h;, S;) as provided in Appendix G.

The hurricane loss provided by Eq. J-1 can be used to compute a cumulative

distribution function (CDF) Fs(s) as 1-P(C > ¢). The CDF of the accumulated
damage (loss) during a non-random time interval [0, t] is given by

F(s; t,4)= ge-“ %Fﬁ (s) (-3)

where Fs™(s) is the n-fold convolution of Fs(s).
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Conceptual Event Tree

The probability tree of Figure J-4 can be simplified by determining the
frequency of flooding levels and displaying the results as contours within the
polders. Consequences were determined with Task 9 and are simplified by
grouping communication, warning decision and public execution into an
exposure factor parameter applied to lives and property at risk. The resulting
event tree appropriately branched out is shown in Figure J-6. This tree is used as
a basis for developing the risk analysis methodology. The events of the tree are
defined in Table J-1.
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Figure J-6. Conceptual Event Tree for Risk Analysis Underlined events (i.e., Q, P, O, B, and U) are the
complements of the respective events (i.e., Q, P, O, B, and U).
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Table J-1. Summary of the Event Tree Top Events

Top Event

Description

Hurricane
initiating event

The hurricane initiating event is mapping of the peak flood surge with waves in the study area with a
hurricane rate A. This event can be denoted, hi(x,y), and has a probability of occurrence, P(hi(x,y)) and a rate
of occurrence of AP(hi(x,y)).

Closure structure
and operations

This event models whether the hurricane protection system closures have been sealed prior to the hurricane.
This event depends on a number of factors as illustrated in the influence diagram. The closure structures are
treated in groups in terms of probability of being closed in preparation for the arrival of a hurricane.

Precipitation
inflow (Q)

This event corresponds to the rainfall that occurs during a hurricane event.

Power (P)

This event models the availability of power (normal) power for the pump systems. This event is modeled in
the event tree to represent a common mode of failure for the pump systems, and is included in developing a
model for drainage and pumping efficiency or lack thereof including backflow through pumps.

Overtopping (O)

This event models the failure of the enclosure/protection system due to overtopping, given that failure has not
occurred by some other (non-overtopping) failure mode. If failure (breach) does not occur, some flooding due
to overtopping could result.

Breach (B)

This event models the failure of the enclosure/protection system (e.qg., levees/floodwalls, closures) during the
hurricane, exclusive of overtopping failures). This event includes all other failures and it models all
‘independent’ levee/floodwall sections.

Pump System (U)

This event models the availability of the pump system and its ability to handle a particular floodwater volume.
This event is treated in aggregate with drainage effectiveness and power reliability including backflow through
pumps.

Risk Quantification

Functional Modeling and Computational Considerations. A hurricane

protection system (HPS) has the primary function of keeping water away from
protected areas. The HPS breaks down the protected areas into polders. Some
polders are divided internally into sub-polders. This partitioning is based on the
internal drainage and pumping system within each polder. Figure J-5 illustrates
the New Orleans East polder and the two sub-polders for illustration purposes.
Polders and sub-polders are divided into sections, or reaches, that have similar
cross-sections, material strength parameters and foundation conditions. Table J-2
shows a table constructed for a reach belonging to a polder. For each reach, the
following items are defined:

1. startand end stations
2. reach length

3. protection height

4

polder and sub-polder membership designation

The table shows other items that are needed and referenced in subsequent

sections.

The quantification of risk associated with a hurricane protection system

requires quantifying its performance or lack thereof. A measure of the lack of
performance is the amount of water that is expected to reach the protected areas
for a particular hurricane, i.e., a given hurricane run. The water enters protected
areas as a result of one or more of the following two cases:

1. overtopping volumes and associated probabilities and epistemic

uncertainties
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2. breach elevations and associated probabilities and epistemic uncertainties

The risk quantification framework has, therefore, the objective of obtaining
these estimates.

The conceptual event tree presented in Figure J-6 can be reconfigured to
facilitate the computations of overtopping volume and breach elevation with
associated probabilities and epistemic uncertainties as provided in Figure J-7.
The figure shows the two quantities of interest in boxes as the post-surge
elevation that would result in cases of breach, and the water volume that results
in cases of overtopping (OT), precipitation, open closures, leaks from joints, and
backflow from pumping stations.

The subsequent sections describe the computational details needed to
quantify risk. They are presenting in a manner that correspond to the events
shown in Figure J-7, and a level of details needed to construct a spreadsheet to
perform the computations. The sections that follow provide the background
information and basis behind the approaches used for these computations.

Hazard analysis Polder system probabilities & water Polder consequences HPS Risks
(hurricane rates and effects) volumes (conditional values per event) (water volume, elevation & loss per event)
Hurricane (h)) Hurricane Closure Overtopping | Breach* Drainage, Net water- Evacuation Life Economic . Economic
& rate (4)) spatial effects structure & (0) (B) pump & power levels effectiveness | loss loss ($) Life risk risk ($)
operations (P) (W)
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Figure J-7. Event Tree for Quantifying Risk. Underlined events (i.e., P, O, and B) are the complements of

the respective events (i.e., P, O, and B).
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Table J-2. System Definition, Hurricane Hazard, and Overtopping (OT) Results

Reach Reach 1
Reach start-end stations To be provided
Reach coordinates To be provided
Equal allocation to Sub-Polder(s) 1
Reach length (ft) 2000
Reach elevation (ft) 16
Mean (Weir Coeff.) 3.33
COV (Weir Coeff.) 0.15
*Not used (needed for breaches)
Hurricane Runs Reach 1
Run Rate (R) Surge+Waves |Duration Post-surge elevation* |OT Length OT Probability OT Volume (Weir Eq)
i Mean StD JHs T Hps L P(OT) V|OT
JMean [sStD [Mean [StD [Mean StD Mean StD Mean StD
1D event/yr event/yr Iit ft sec sec |ft ft ft ft ft"3 ft"3
1[ 5.00E-04 1.00E-04] 25 1| 3600| 720 8 1 2000 0 1.00E+00| 6.549E+08| 1.637E+08
2| 5.00E-04 1.00E-04 24 1| 3600| 720 8 1 2000 0 1.00E+00| 5.311E+08| 1.328E+08
3| 7.50E-04 1.50E-04] 23 1| 4320| 864 8 1 2000 0 1.00E+00| 5.107E+08| 1.277E+08
4| 1.00E-03 2.00E-04 22 1| 3600| 720 8 1 2000 0 1.00E+00| 3.365E+08| 8.412E+07
5| 1.00E-03 2.00E-04 21 1| 5400| 1080 8 1 2000 0 1.00E+00| 3.930E+08| 9.825E+07
6| 1.50E-03 3.00E-04 20 1| 5400| 1080 8 1 2000 0 1.00E+00| 3.008E+08| 7.520E+07
7| 2.00E-03 4.00E-04 19 1| 3600| 720 8 1 2000 0 9.99E-01| 1.505E+08| 3.762E+07
8| 2.00E-03 4.00E-04 18 1| 3600{ 720 8 1 2000 0 9.82E-01| 1.103E+08| 2.758E+07
9| 2.00E-03 4.00E-04| 17 1| 5400| 1080 8 1 1000 200 8.42E-01| 5.906E+07| 1.891E+07
10| 2.00E-03 4.00E-04 16 1| 5400| 1080 8 1 1000 200 4.88E-01| 4.082E+07| 1.307E+07
11 3.50E-03 7.00E-04 15 1| 5400| 1080 8 1 1000 200 1.58E-01| 2.714E+07| 8.688E+06
12| 5.00E-03 1.00E-03| 14 1| 5400] 1080 8 1 1000 200 2.82E-02| 1.719E+07| 5.504E+06|
13| 5.00E-03 1.00E-03 13 1| 5400| 1080 8 1 1000 200 3.06E-03| 1.025E+07| 3.280E+06
14] 5.00E-03 1.00E-03| 12 1| 5400] 1080 8 1 1000 200 2.33E-04| 5.637E+06| 1.805E+06
15( 5.00E-03 1.00E-03 11 1| 5400| 1080 8 1 1000 200 1.49E-05| 2.781E+06| 8.903E+05
16| 5.00E-03 1.00E-03| 10 1| 5400] 1080 8 1 1000 200 9.60E-07 1.171E+06| 3.749E+05
17{ 5.00E-03 1.00E-03 9 1| 5400| 1080 8 1 1000 200 7.62E-08| 3.840E+05| 1.229E+05

Hurricane Hazard Analysis. The joint probability (JP) of hurricane
parameters is used for the purpose of generating hurricane runs. This method
parameterizes hurricanes using a vector g of characteristics at landfall (central
pressure drop, radius of maximum wind, etc.). From the values of gfor historic
events, one estimates the recurrence rate density A(8) = Af (8) where A is the
rate of hurricane events in a neighborhood of the region of interest and f (6) is
the joint probability density function of &in that neighborhood. These runs
produce combined wind, surge and wave M that are computationally demanding.
To reduce the number of runs of M, a response surface approach can be used. In
this approach one selects a relatively small number m of vectors 6, and uses M to

calculate the corresponding surge and wave levels at the sites of interest. Then
one fits a response surface model to each response variable (surge or wave level
at a specific site) in terms of €. Finally, one uses a refined discretization {6, } of

parameter space with the response surface as a proxy model in place of M to
represent the hurricane hazard. The outcomes of these computations are
combined surge and effective wave values (called surge/wave values) at
particular locations of interest along the hurricane protection system, e.g.,
representative values at the reaches. These values are denoted as h; in Figure 3-6.

The water elevation need for the risk analysis as a loading can be taken as the
surge elevation plus the effective wave height if waves are present, called the
surge/wave elevation. Surge only, therefore, need not to be considered as a
separate loading condition.

J-16 Appendix J Engineering and Operational Risk and Reliability Analysis

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Hurricane rate modeling and prediction methods are then used to compute
the corresponding exceedance rates to h; values, and are denoted as 4; in
Figure J-7. Also, surge duration and post-surge elevation, i.e., applicable lake or
river water level, are needed. The epistemic uncertainties in both the surge/wave
elevation and the rates are represented in the form of standard deviation of
respective biases in prediction methods and practices. Table J-2 shows a
summary of such results as they appear in a spreadsheet under development for
this purpose. The values provided in this table are for illustration purposes, and
are shown in Figure J-8.

1.00E+00

1.00E-01

\\
1.00E-02 \\
1.00E-03

)

1.00E-04 \
1 10 100

Peak Elevation (ft)

Exceedance Rate (per year)

Figure J-8. Surge and wave Exceedance Curve Corresponding to Table J-2

Overtopping Flow Rate and Volume Models, and Probabilities.

Deterministic Models. The overtopping rate can be computed using the
rectangular weir formulae (Daugherty, et al. 1985). The overtopping water flow
has the elevation H and width L. If the water is assumed to be the ideal liquid, it
can be shown using the energy conservation law that the flow rate Q (L%T) is
given by the following equation:

Q =§(29)M LH3? (J-4)

where g is the acceleration of gravity. The actual flow over the weir is known to
be less than ideal (Daugherty, et al. 1985) because the effective flow area is
considerably smaller than the product LH.

The model can be enhanced further for engineering applications by replacing
2 . . - .
the termg(Zg)l/2 in Eq. J-4 by the empirical coefficient, known as the weir

coefficient C,, so that Eq. J-4 takes on the following form:

Q=C,LH*? (-5)
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where

Cy =

{3.33 if Land H are given in English units (1-6)

1.84 if Land H are givenin Sl units

)l/ 2

Note that the C,, for the ideal fluid case is %(Zg which is equal to

2.95 m/s%. This coefficient is assumed to have a coefficient of variation (COV) of
0.15.

For the application considered, the volume of the overtopping (OT) water V
for a given reach can be calculated as

V(L T,Hg H,)=C,LT(H,—H)*? 3-7)

where L is OT length taken as a fraction of the reach length, Hs is surge
elevation, H, is the top the protection for a reach elevation, T is surge duration,
and the evaluation is constrained by the inequality that Hs > H,. The resulting
volume is the conditional volume given overtopping.

Uncertainty Analysis. For a particular hurricane run, the values of L, Hs, and
T can be estimated. These point estimates involve epistemic uncertainty. The OT
volume as given by Eq. J-7 is, therefore, a random variable that is a function of
the following random variables: L, Hs, and T, assuming H, deterministic. For
specified probabilistic characteristics of L, Hs, and T, the probabilistic
characteristics of V can be evaluated. Assuming L, Hs, and T, to be non-
correlated, the mean value and the standard deviation of V can be evaluated using
Monte Carlo simulation and nonlinear curve fitting based on least squares.

The uncertainty analysis of the OT flow rate can be assessed using Monte
Carlo simulation based on a normally distributed epistemic uncertainty of the H,
at a reach for a particular hurricane run. Using Eq. J-5, the OT rate for a unit
width (i.e.,, L=1)is

q=3.33H%° (J-8)

where H = H, — H,, with the constraint that Hs > H,, which reflects the
deterministic nature of Eq. J-8. A truncated distribution resulting from such a
formulation requires the use of Monte Carlo simulation. The simulation was
performed using 100 cycles for mean H values incremented from -6 to 10 ft using
an increment of 0.01 ft, and standard deviation (S) values of 0, 1, and 2 ft as
shown in Figure J-9a. Figure J-9b shows the differential increase in flow rate due
to the standard deviation of water Head. Regression analysis was performed to
obtain the mean and standard deviation of the conditional OT rate as follows:
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q

— 3.87577
=(H+10)""" exp(0.01916S,, —6.92066)

(J-9a)

Sg =80.65(H +10)+165.67S], ~1344.26 if >0; otherwise S7 =0

(3-9b)

The respective multiple correlation coefficients are 0.996 and 0.870. The

respective plots of simulated and predicted values are shown in Figures J-10 and
J-11. The coefficient of variation of the flow rate (COV(q)) can be computed as

COV(q) =S, /q . Equations J-9a and J-9b can be adjusted to account for various

weir coefficients, such as 2.6 for levees and 3.0 for floodwalls. Similar models
can be used for flow through open closures.

Equation J-9a is a substitute of Eq. J-8 in the case of random water elevation,

which at least assumes that it is applicable for S > 0. Physically, Eq. J-9a shows

that water overtopping is possible even when Hs < H,, i.e., when the water
elevation is negative.

The coefficient of variation of the OT volume as given by Eq. J-7 can be

evaluated using first-order approximation of a Taylor series expansion at the
mean to produce the following estimate:

cov, = \/c:ovgw +COVY +COVZ +COV/?

(J-10)

The above equation is based on the assumption of independence for the

random variables representing the epistemic uncertainty, and the COV(H,)=0.
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Figure J-9a. Simulated Flow Rate
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Figure J-9b. Differential Increase in Flow Rate Due to Standard Deviation of
Water Head
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Figure J-11. Standard Deviation of Rate

Overtopping Probability. Probabilities of overtopping can be computed
based on a performance function as commonly used in structural reliability
assessment (see for example Ayyub 2003; Ayyub and McCuen 2003) as given by

Z=R-L (-11)

where Z = performance function, R = strength (resistance) and L = loading in the
structure. In this case the resistance is provided by the hurricane protection
elevation, and the loading is provided by the surge/wave elevation. The non-
performance probability can be computed as

P =Prob (g <0) (J-12)

The reliability index for normally distributed random variables is

f= Hp — (J-13a)

[ 2 2
Or +0

where & = mean value of strength R, z4 = mean value of the load effect L, o =
standard deviation of strength R, and or = standard deviation of the load effect L.

The reliability index for lognormally distributed random variables is
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in((a2 +1)(2 +1))

where d = coefficient of variation. Equation J-13b is used in this study. The
relationship between the reliability index £ and the probability of failure is given
by

(3-13b)

Pi=1-d(f) (J-14)

where @(.) = cumulative probability distribution function of the standard normal
distribution. Additional information on reliability assessment methods including
non-normal and correlated random variables is provided by Ayyub (2003), and
Ayyub and McCuen (2003).

The cumulative distribution function (CDF) of the total volume for a polder
of n reaches can be computed as follows:

R =Y bR, (3-15)
i=1

where p; = a branch probability in an event tree, and F = CDF. In case of point
estimates of flooding per reach, computations can be based on order statistics.
Once the total volume is obtained from all overtopping and breach cases, the net
volume (as a random variable) needed for consequence analysis can be computed
as follows:

Net Volume = Total Volume + Precipitation — Pumping Volume
+ Pumping Backflow (J-16)

The pumping volume and backflow are considered as a multiplier called the
pumping factor.

Illustrations. As was stated previously, Table J-2 provides typical results for
a reach. Four hypothetical reaches were used to construct overtopping results that
were aggregated by sub-polders as illustrated in Table J-3. In this example, the
polder is assumed to contain only one sub-polder. The overtopping results for
this polder include the overtopping (OT) probability, i.e., P(OT), and the
overtopping volume based on an overtopping condition, i.e., V|OT. The
epistemic uncertainty for the V|OT is also provided. The epistemic uncertainty
for the P(OT) is not provided and might not be necessary. Figures J-12 and J-13
show the exceedance rate curves of the P(OT) and V|OT for reach 1 and sub-
polder 1, respectively.
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Table J-3

Aggregation of Overtopping Volume by Sub-polders and Polders

Summary by Sub-Polders
1 2 3
To be provided To be provided To be provided
Sub-Polder 1 Sub-Polder 2 Sub-Polder 3
OT Probability OT Volume (Weir Eq) OT Probability OT Volume (Weir Eq) OT Probability OT Volume (Weir Eq)
P(OT) V|oT |P(OT) V|oT |P(OT) V|OoT
Mean StD Mean StD Prob. Prob. Mean StD [Prob. Prob. Mean StD
Prob. Prob. ft"3 ft"3 Prob. Prob. ft"3 ft"3 Prob. Prob. ft"\3 ft"\3
1.00E+00|NA 1.893E+09( 2.484E+08 TBD TBD TBD TBD
1.00E+00|NA 1.557E+09| 2.038E+08 TBD TBD TBD TBD
1.00E+00|NA 1.521E+09| 1.985E+08 TBD TBD TBD TBD
1.00E+00|NA 1.020E+09| 1.328E+08 TBD TBD TBD TBD
1.00E+00|NA 1.216E+09| 1.578E+08 TBD TBD TBD TBD
1.00E+00|NA 9.522E+08| 1.232E+08 TBD TBD TBD TBD
1.00E+00|NA 4.893E+08| 6.311E+07 TBD TBD TBD TBD
1.00E+00|NA 3.430E+08| 4.644E+07| TBD TBD TBD TBD
9.98E-01|NA 2.647E+08| 4.066E+07| TBD TBD TBD TBD
9.14E-01|NA 1.488E+08| 2.434E+07| TBD TBD TBD TBD
5.39E-01|NA 1.045E+08| 1.705E+07| TBD TBD TBD TBD
1.67E-01|NA 7.094E+07| 1.156E+07| TBD TBD TBD TBD
3.24E-02|NA 4.622E+07| 7.531E+06 TBD TBD TBD TBD
4.95E-03[NA 2.864E+07| 4.680E+06| TBD TBD TBD TBD
7.25E-04{NA 1.667E+07| 2.746E+06 TBD TBD TBD TBD
1.20E-04|NA 8.957E+06| 1.500E+06 TBD TBD TBD TBD
2.60E-05|NA 4.340E+06| 7.475E+05 TBD TBD TBD TBD
1.00E+00 T ] 1.00E+00
’g 1.00E-01 T T ~ 100E-01
g g
5 >
& 100802 ] ] g 1.00E-02
o
1.00E-03 M mi * 100E-03 T
.
1.00E-04 - —-
1.00E- 1.00E- 1.00E- 1.00E- 1.00E- 1.00E- 1.00E- 1.00E- 1.00E 1.00E-04
08 07 06 05 04 03 02 01 +00 1.000E+06 1.000E+07 1.000E+08 1.000E+09
P(OT) Volume for Reach 1 (ft"3)

(a) Overtopping Probability (P(OT))

(b) Overtopping Volume (V|OT)

Figure J-12. Exceedance Rate Curves for Reach 1
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Figure J-13. Exceedance Rate Curve for Sub-Polder 1
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Water Volumes from Other Features of the Protection System. The hurricane
protection system includes other features that could contribute to water volume
making its way to the protected areas during a hurricane. These features include:

1. closure structures that are left open or failed to close
2. localized changes in levee or floodwall elevations that create a gap in the
HPS

These features are identified within each reach and assigned to sub-polders in
case of nonperformance. For the closure structures case, the water volume
resulting from the closure structure for a given hurricane can be computed based
on respective closure closing probabilities, width of the closure structure,
elevation of the bottom of the structure, and Egs. J-9a and J-9b. The water
volume associated with the localized changes in levee or floodwall elevations
requires identifying the changes in elevation and the lengths over which the
elevation varies. Sample computations are shown in Table J-4.

.]'able J-4. Water Volumes from Other Features

Feature Closures including gates Feature Water-tight joints
Reach number 1 2 Reach number 1
Sub-Polder allocation 1 1 Sub-Polder allocation |1
Feature number(s) 1,2 3,4,5 Count 100
Total width (ft) 100 200
Feature bottom elevation (ft) 15 14
(Open probability* If).l 0.5 Failure probability* 0.01
*COV = 0.15 *COV = 0.15
Hurricane Runs Expected Water Volume from Open Closures Expected Water Volume from Failed Joints
Run Rate (R) Closure Water Volume Joint Water Volume
i Mean StD V(C) V()
Water Volume|Open Water Volume|Open Mean StD Mean StD
Iio event/yr event/yr Mean StD Mean StD ft"3 "3 ft"3 ft"3
1| 5.00E-04 1.00E-04] 3.99E+07 9.99E+06 5.91E+07 1.48E+07| 3.353E+07| 8.688E+0€| 3.000E+07| 6.000E+06|
2| 5.00E-04 1.00E-04] 3.27E+07 8.19E+06 4.87E+07 1.22E+07| 2.762E+07| 7.161E+06 3.000E+07| 6.000E+06|
3| 7.50E-04 1.50E-04] 3.19E+07 7.97E+06 4.77E+07 1.19E+07| 2.702E+07 7.010E+06 3.000E+07| 6.000E+06|
4] 1.00E-03| 2.00E-04] 2.13E+07 5.32E+06 3.20E+07 8.01E+06| 1.815E+07 4.712E+06 3.000E+07| 6.000E+06|
5| 1.00E-03 2.00E-04] 2.52E+07 6.31E+06 3.83E+07 9.57E+06]| 2.167E+07 5.631E+06 3.000E+07| 6.000E+06|
6| 1.50E-03 3.00E-04] 1.97E+07 4.91E+06 3.01E+07 7.52E+06| 1.700E+07 4.422E+06 3.000E+07| 6.000E+06|
7| 2.00E-03 4.00E-04] 1.00E+07 2.51E+06 1.55E+07 3.88E+06| 8.753E+06 2.278E+06 3.000E+07| 6.000E+06|
8| 2.00E-03 4.00E-04] 7.52E+06 1.88E+06 1.18E+07 2.94E+06| 6.634E+06 1.729E+06| 3.000E+07| 6.000E+06|
9] 2.00E-03 4.00E-04] 8.28E+06 2.65E+06) 1.31E+07 3.28E+06| 7.383E+06 1.933E+06 3.000E+07| 6.000E+06
10| 2.00E-03| 4.00E-04] 5.91E+06 1.89E+06 9.50E+06 3.04E+06| 5.343E+06 1.693E+06 3.000E+07| 6.000E+06
11| 3.50E-03 7.00E-04] 4.08E+06 1.31E+06 6.69E+06 2.14E+06| 3.754E+06 1.192E+06| 3.000E+07| 6.000E+06|
12| 5.00E-03 1.00E-03] 2.71E+06 8.69E+05 4.55E+06 1.46E+06| 2.547E+06) 8.101E+05 3.000E+07| 6.000E+06|
13| 5.00E-03 1.00E-03] 1.72E+06 5.50E+05 2.96E+06 9.49E+05| 1.654E+06 5.276E+05 3.000E+07| 6.000E+06|
14| 5.00E-03 1.00E-03] 1.02E+06 3.28E+05 1.83E+06 5.86E+05| 1.018E+06 3.257E+05 3.000E+07| 6.000E+06
15| 5.00E-03 1.00E-03] 5.64E+05 1.80E+05 1.06E+06 3.38E+05| 5.845E+05 1.878E+05| 3.000E+07| 6.000E+06|
16| 5.00E-03 1.00E-03] 2.78E+05 8.90E+04 5.56E+05 1.78E+05| 3.059E+05| 9.880E+04] 3.000E+07| 6.000E+06|
17| 5.00E-03 1.00E-03] 1.17E+05 3.75E+04 2.58E+05 8.25E+04]| 1.406E+05) 4.575E+04 3.000E+07| 6.000E+06|
Breach Elevation and VVolume Models.
Three Cases of Breach Failure of Reaches. The risk quantification can be
effectively performed by examining three cases of breach failure that correspond
to branches presented in the event tree of Figure J-7. The three cases are:
1. breach given overtopping
2. breach given no overtopping
3. breach due to feature failures
The first case of breach given overtopping is primarily driven by erosion
resulting from overtopping water flow. The computations of breach failure
probability for this case can be performed using Egs. J-13 and J-14 by
considering R as time to breach and L as the duration of overtopping provided in
J-24 Appendix J Engineering and Operational Risk and Reliability Analysis

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Table J-2. The time to breach is a random variable that can be quantified by its
mean and standard deviation, and is a function of water flow and speed, and
characteristics of the protection side of the hurricane protection system. Sample
computations are shown in Table J-5. The water level in this case is the post-
surge level in an adjacent water body. The results should be aggregated by sub-

polder using system reliability modeling as discussed in the subsequent sections.

The second case of breach given no overtopping is driven by all applicable
failure modes of the levees and walls as discussed in Chapter 5. Sample
computations are shown in Table J-6. The water level in this case is the post-
surge level in an adjacent water body. The results should be aggregated by sub-
polder using system reliability modeling as discussed in the subsequent sections.
All failure modes were considered, and exclusions are justified and reported in
the reliability analysis chapter. All failure modes for a reach are aggregated into
one failure probability as a function of water elevation (i.e., a fragility curve) that
accounts for correlations associated with the length of the reach. Therefore,
failure probabilities of the reaches can be treated as corresponding to independent
events. The epistemic uncertainty in these failure probabilities can be computed
that accounts for all the epistemic uncertainties on the strength parameters and
modeling aspect of the reliability models.

The third case of breach due to failed features requires computing additional
breach probabilities associated with instability of drainage structures and failure
of transitions due to erosion. The resulting water levels from these breaches are
the post-surge water elevations determined by an adjacent water body on the
unprotected side.

Table J-5. Computations Relating to Breach given Overtopping

Reacl Reach 1 Reach 2 Reach 3 Reach 4

Reach start-end stations [To be provided [To be provided To be provided To be provided

Reach coordinates [To be provided [To be provided To be provided To be provided

Equal allocation to Sub-Polder(s) 1 1 1 1

Reach length (ft) 2000 1800 2200 2200

Reach elevation (ft) 16 14 13 13

Time to breach (sec)* I7200 10800 10800 6000

COV(time to breach) = 0.5

Hurricane Runs Reach 1 Reach 2 Reach 3 Reach 4

Run Rate (R) Surge+Waves Post-surge elevation JSurge+Waves _|Post-surge elevation JSurge+Waves _ [Post-surge elevation JSurge+Waves Post-surge elevation

i Mean StD P(B|OT) Hps P(B|OT) Hps P(B|OT) Hps P(B|OT) Hps

All Mode: Mean StD All Modes Mean StD All Modes Mean StD All Modes Mean StD

| [ event/yr event/yr Mean |StD ft ft Mean |StD ft ft Mean |StD ft ft Mean [StD ft ft
1 5.00E-04| 1.00E-04} 0.12026( 0.02405 8 1] 0.0247] 0.00494 8| 1] 0.0247] 0.00494 8 1] 0.2067] 0.04135 8 1
2 5.00E-04| 1.00E-04} 0.12026( 0.02405 8| 1] 0.0247] 0.00494 8| 1] 0.0247] 0.00494 8 1] 0.2067] 0.04135 8 1
3 7.50E-04 1.50E-04] 0.20675] 0.04135 8 1] 0.0538| 0.01075 8| 1] 0.0538| 0.01075 8 1f 0.3221] 0.06442 8 1
4 1.00E-03( 2.00E-04] 0.12026] 0.02405 8 1] 0.0247] 0.00494 8| 1] 0.0247] 0.00494 8 1] 0.2067] 0.04135 8 1
5 1.00E-03 2.00E-04] 0.35119] 0.07024 8 1] 0.1203| 0.02405 8| 1] 0.1203| 0.02405 8 1] 0.4896] 0.09791 8 1
6 1.50E-03 3.00E-04] 0.35119] 0.07024 8 1] 0.1203| 0.02405 8| 1] 0.1203| 0.02405 8 1] 0.4896] 0.09791 8 1
7 2.00E-03| 4.00E-04} 0.12026( 0.02405 8| 1] 0.0247] 0.00494 8| 1] 0.0247] 0.00494 8 1] 0.2067] 0.04135 8 1
8| 2.00E-03 4.00E-04] 0.12026] 0.02405| 8 1] 0.0247| 0.00494 8| 1] 0.0247| 0.00494 8 1] 0.2067| 0.04135 8 1
9 2.00E-03| 4.00E-04] 0.35119( 0.07024 8 1] 0.1203] 0.02405 8| 1] 0.1203] 0.02405 8 1] 0.4896| 0.09791 8 1
10| 2.00E-03 4.00E-04] 0.35119] 0.07024 8 1] 0.1203| 0.02405 8| 1] 0.1203| 0.02405 8 1§ 0.4896] 0.09791 8 1
11 3.50E-03 7.00E-04] 0.35119] 0.07024 8 1] 0.1203| 0.02405 8| 1] 0.1203| 0.02405 8 1] 0.4896] 0.09791 8 1
12 5.00E-03| 1.00E-03}] 0.35119( 0.07024 8 1§ 0.1203] 0.02405 8| 1] 0.1203] 0.02405 8 1] 0.4896| 0.09791 8 1
13| 5.00E-03 1.00E-03] 0.35119] 0.07024 8 1] 0.1203| 0.02405 8| 1] 0.1203| 0.02405 8 1] 0.4896] 0.09791 8 1
14 5.00E-03| 1.00E-03} 0.35119( 0.07024 8 1§ 0.1203] 0.02405 8| 1] 0.1203] 0.02405 8 1] 0.4896| 0.09791 8 1
15 5.00E-03| 1.00E-03}] 0.35119( 0.07024 8 1§ 0.1203] 0.02405 8| 1] 0.1203] 0.02405 8 1] 0.4896| 0.09791 8 1
16 5.00E-03 1.00E-03] 0.35119] 0.07024 8 1] 0.1203| 0.02405 8| 1] 0.1203| 0.02405 8 1] 0.4896] 0.09791 8 1
17| 5.00E-03 1.00E-03] 0.35119] 0.07024 8 1] 0.1203] 0.02405 8| 1§ 0.1203] 0.02405 8 1§ 0.4896] 0.09791 8 1
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Table J-6. Computations Relating to Breach given No Overtopping

'.Reach Reach 1 Reach 2 Reach 3 Reach 4
Reach start-end stations To be provided To be provided [To be provided To be provided
Reach coordinates To be provided To be provided [To be provided To be provided
Equal allocation to Sub-Polder(s) ]1 1 1 1
Reach length (ft) 2000 1800 2200 2200
Reach elevation (ft) 16 14 13 13
|Additional parameter F‘o be provided F’o be provided F‘o be provided Fo be provided
Hurricane Runs Reach 1 Reach 2 Reach 3 Reach 4
Run Rate (R) Surge Post-surge elevation JSurge Post-surge elevation JSurge Post-surge elevation JSurge Post-surge elevation
i Mean StD P(BINOT) Hps P(B|NOT) Hps P(BINOT) Hps P(BINOT) Hps
All Modes Mean StD IAll Modes Mean StD All Modes Mean StD All Modes Mean StD
| & event/yr event/yr Mean [StD ft ft Mean [StD ft ft Mean [StD ft ft Mean [StD ft ft
1| 5.00E-04 1.00E-04 0.1 0.05 8| 1] 0.1 0.05 8| 1 0.1 0.05 8 1 0.1 0.05 8| 1
2| 5.00E-04 1.00E-04] 0.2 0.1 8| 1] 0.2 0.1 8 1 0.2 0.1 8 1] 0.2 0.1 8 1
3| 7.50E-04 1.50E-04 0.1 0.05 8| 1 0.1 0.05 8| 1 0.1 0.05 8 1 0.1 0.05 8| 1
4| 1.00E-03 2.00E-04 0.1 0.1 8| 1] 0.1 0.1 8 1] 0.1 0.1 8 1] 0.1 0.1 8 1
5| 1.00E-03 2.00E-04 0.1 0.1 8| 1] 0.1 0.1 8 1 0.1 0.1 8 1] 0.1 0.1 8 1
6| 1.50E-03 3.00E-04 0.05 0.1 8| 1 0.05] 0.1 8| 1] 0.05 0.1 8 1 0.05] 0.1 8| 1
7| 2.00E-03 4.00E-04 0.2 0.1 8| 1] 0.2 0.1 8 1] 0.2 0.1 8 1] 0.2 0.1 8 1
8| 2.00E-03 4.00E-04 0.2 0.1 8| 1 0.2 0.1 8 1 0.2 0.1 8 1] 0.2 0.1 8 1
9| 2.00E-03 4.00E-04 0.2 0.2 8| 1] 0.2] 0.2 8 1] 0.2 0.2 8 1] 0.2] 0.2] 8 1
10| 2.00E-03 4.00E-04 0.2 0.05 8| 1 0.2 0.05 8| 1 0.2 0.05 8 1 0.2 0.05 8| 1
11] 3.50E-03 7.00E-04] 0.2 0.05 8| 1] 0.2] 0.05] 8| 1] 0.2 0.05 8 1] 0.2] 0.05] 8| 1
12| 5.00E-03 1.00E-03] 0.2 0.05 8| 1] 0.2 0.05 8| 1 0.2 0.05 8 1] 0.2 0.05 8| 1
13| 5.00E-03 1.00E-03 0.2 0.05 8| 1] 0.2] 0.05] 8| 1] 0.2 0.05 8 1] 0.2] 0.05] 8| 1
14] 5.00E-03 1.00E-03 0.2 0.05 8| 1] 0.2] 0.05] 8| 1] 0.2 0.05 8 1 0.2] 0.05] 8| 1
15| 5.00E-03 1.00E-03] 0.2 0.05 8| 1 0.2 0.05 8| 1 0.2 0.05 8 1 0.2 0.05 8| 1
16| 5.00E-03 1.00E-03 0.2 0.05 8| 1 0.2] 0.05] 8| 1] 0.2 0.05 8 1 0.2] 0.05] 8| 1
17] 5.00E-03 1.00E-03 0.2 0.05 8| 1 0.2] 0.05 8| 1] 0.2 0.05 8 1 0.2] 0.05] 8| 1
Polder Reliability Analysis. Failure modes, performance functions, basic
random variables, and computational procedures of failure probability are
provided in the reliability analysis chapter. The failure probabilities of n failure
modes for all reaches in a polder are denoted as py, pa, ..., Pn. The breach failure
probability for a polder (Pg) can be computed as
n
Py (Polder) =1-[ J(1- ) (3-17)
i=1
Equation J-17 can be used for the cases of probability of breach given
overtopping, the probability of breach given non-overtopping, and the probability
of breach of features.
Water Elevation and Volume. The hurricane runs are expected to produce the
level of flood inundation within a polder after a hurricane surge. The surge
hydrograph produced by a hurricane is used to compute the water volume
entering a polder during levee overtopping or breaching, and the post-surge water
elevation (Hps) within the polder. In the case of levee overtopping, Hys within a
polder is based on a water volume computed using the duration of overtopping. If
a breach occurs and the invert of the breach is below the final elevation of the
adjacent body of water, Hys is the elevation of that body of water. If the breach
invert is above the final elevation of the adjacent body of water, Hy is based on a
water volume entering the polder computed using the duration that the surge is
above the breach invert. The topography of the polder, and the drainage and
pumping models provided by Tasks 2,3 and 8 are used to construct such a
relationship. An example of this relationship was provided in the 2000
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unwatering plan of the greater metropolitan area of New Orleans, LA prepared
the District which has figures that relate stage elevation to storage. Figure J-14
shows such a stage-storage plot for the New Orleans East (Citrus). Regression
analysis was used to fit a model for this plot. The resulting model with a multiple
correlation coefficient of 0.998 is

V =1.8690x10" (E +7.5)" +2.9492x10° (E +7.5) (3-18)

where V = storage volume (ft%), E = stage elevation (ft), and E domain of -7.5 to
15 ft. These relationships were provided by Tasks 2 and 3 for the risk analysis.

These computations become more complicated when a polder has two or
more sub-polders in which flooding is controlled by separate pumping and
drainage systems. For the two sub-polder case as an example, the computations
of the final volumes can be assessed as follows:

Let
V, inflow to sub-polder 1

V, inflow to sub-polder 2

V., final water volume in sub-polder 1

V,; final water volume in sub-polder 2

V,,; final water volume for combined sub-polders 1 and 2

C,, capacity of sub-polder 1 for water flowing from sub-polder 1 to
sub-polder 2

C,, capacity of sub-polder 2 for water flowing from sub-polder 2 to
sub-polder 1

1.8E+10
1.6E+10 -

1.4E+10 - /
1.2E+10

1.0E+10 ’/
8.0E+09 - /
6.0E+09

4.0E+09 /

/
2.0E+09 —~

0.0E+00 _——

-10 -5 0 5 10 15 20
Elevation (ft)

Storage (ft"3)

Figure J-14. Stage-Storage Relationship of New Orleans (Citrus)

The final volumes can be computed as shown in Table J-7.
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Table J-7. Polder Inflow Volumes

Condition Model Comments
Case 1l
Vi <CpandV,< Cy Vis=Viand Vyx =V, Provide elevations
Case 2
Vi;2Cpand V,2Cyy Develop and use Vi Provide elevations
Case 3
V,2Cp,  V,<Cy
Case 3.1
Provide elevations
AV, =V, -C Vi =Cp, V=V, +AV.
1 1 12 Use 1f 12 4ng  2f 2 1
AV, +V, <C,,
Case 3.2 Vv Provide elevations
Avl =V1 - C12 use 12f
AV, +V, > C,,
Case 4
V,<Cy, ,V,2Cy
Case 4.1
Provide elevations
AV, =V, -C V, =C V,. =V, + AV
2 2 21 Use = 2f 21 gng M 1 2
AV, +V, <C,
Case 4.2 Vv Provide elevations
AV, =V, -C, use 2f

AV, +V, >2C,,

Water Level and Probability Aggregation Prior to Drainage, Pumping
and Backflow. The results from overtopping and breach analysis can be
aggregated and summarized in terms of water volume, post-surge elevation,
associated probabilities, and epistemic uncertainties. A sample summary is

shown in Table J-8.
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StD
ft

Post-surge Elevation
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

Mean

E-01
E-01
E-01
E-01
E-01
E-01
E-01
E-01
E-01
E-01
E-01
E-01
E-01
E-01
E-01
E-01
E-01

Table J-8b. Illustrative Water Level and Probability Aggregation for Breach Failures
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Net Water Level Due to Drainage, Pumping and Backflow. The summary
results from Table J-8 can be used in conjunctions with drainage and pumping
efficiency, and any backflow potential through the pumps that are functions of
water volume and elevations to compute net water volumes. A sample summary
is shown in Table J-9.

Table J-9. lllustrative Net Water Level Computations

Parameters
Polder Name Polder X Polder X
[Sub-Polder number 1 2
[Sub-Polder Population at Risk XXXXX XXXXX
Additional parameter
Pumping factor COV 0.2 0.2
Mean capacity of sub-Polder (ft"3) [??
StD Capacity of Sub-Polder (ft"3)  |??
Hurricane Runs Water Volume (ft"3) Water Volume (ft"3)
Run Rate (R) Overtopping |OT Subtotal water volume |Pumping Net water volume Overtopping |OT Subtotal water volume |Pumping Net water volume
Mean StD Probability Factor Probability Factor
P(OT) Mean Stb (including  [Mean Stb P(OT) Mean Stb (including  [Mean Stb
| D event/yr event/yr ft"3 ft"3 backflow) |ft"3 ft"3 ft"3 "3 backflow) |ft"3 ft"3
1| 5.00E-04 1.00E-04] 1.000E+00| 2.006E+09| 2.491E+08| 8.000E-01| 1.605E+09| 3.778E+08] 0.000E+00| 0.000E+00| 0.000E+00( 8.000E-01| 0.000E+00|TBD
2| 5.00E-04 1.00E-04] 1.000E+00| 1.620E+09| 2.040E+08| 1.200E+00| 1.944E+09| 4.595E+08] 0.000E+00| 0.000E+00| 0.000E+00( 1.200E+00| 0.000E+00|TBD
3| 7.50E-04 1.50E-04] 1.000E+00| 1.584E+09| 1.988E+08| 1.000E+00| 1.584E+09| 3.739E+08] 0.000E+00| 0.000E+00| 0.000E+00( 1.000E+00| 0.000E+00|TBD
4| 1.00E-03 2.00E-04] 1.000E+00| 1.074E+09| 1.330E+08| 6.000E-01| 6.444E+08| 1.516E+08] 0.000E+00| 0.000E+00| 0.000E+00( 6.000E-01| 0.000E+00|TBD
5] 1.00E-03 2.00E-04] 1.000E+00| 1.273E+09| 1.580E+08| 6.000E-01| 7.639E+08| 1.798E+08] 0.000E+00| 0.000E+00| 0.000E+00( 6.000E-01| 0.000E+00|TBD
6] 1.50E-03 3.00E-04] 1.000E+00| 1.005E+09| 1.235E+08| 6.000E-01| 6.031E+08| 1.416E+08] 0.000E+00| 0.000E+00| 0.000E+00( 6.000E-01| 0.000E+00|TBD
7| 2.00E-03 4.00E-04] 1.000E+00| 5.340E+08| 6.346E+07| 6.000E-01| 3.204E+08| 7.454E+07] 0.000E+00| 0.000E+00| 0.000E+00| 6.000E-01| 0.000E+00|TBD
8| 2.00E-03 4.00E-04] 1.000E+00| 3.856E+08| 4.689E+07| 6.000E-01| 2.314E+08| 5.415E+07] 0.000E+00| 0.000E+00| 0.000E+00| 6.000E-01| 0.000E+00|TBD
9| 2.00E-03 4.00E-04 9.977E-01| 3.027E+08| 4.115E+07| 6.000E-01| 1.816E+08| 4.392E+07] 0.000E+00| 0.000E+00| 0.000E+00| 6.000E-01| 0.000E+00|TBD
10| 2.00E-03 4.00E-04 9.142E-01| 1.847E+08| 2.512E+07| 6.000E-01| 1.108E+08| 2.680E+07] 0.000E+00| 0.000E+00| 0.000E+00| 6.000E-01| 0.000E+00|TBD
11| 3.50E-03 7.00E-04 5.390E-01| 1.388E+08| 1.812E+07| 6.000E-01| 8.331E+07| 1.989E+07] 0.000E+00| 0.000E+00| 0.000E+00| 6.000E-01| 0.000E+00|TBD
12| 5.00E-03 1.00E-03] 1.670E-01| 1.041E+08| 1.305E+07| 6.000E-01| 6.245E+07| 1.474E+07] 0.000E+00| 0.000E+00| 0.000E+00| 6.000E-01| 0.000E+00{TBD
13| 5.00E-03 1.00E-03] 3.237E-02| 7.848E+07| 9.645E+06| 6.000E-01| 4.709E+07| 1.105E+07] 0.000E+00| 0.000E+00| 0.000E+00| 6.000E-01| 0.000E+00|TBD
14| 5.00E-03 1.00E-03] 4.949E-03( 6.026E+07| 7.619E+06| 6.000E-01| 3.616E+07| 8.555E+06] 0.000E+00| 0.000E+00| 0.000E+00| 6.000E-01| 0.000E+00{TBD
15| 5.00E-03 1.00E-03] 7.246E-04| 4.785E+07| 6.604E+06| 6.000E-01| 2.871E+07| 6.977E+06] 0.000E+00| 0.000E+00| 0.000E+00| 6.000E-01| 0.000E+00|TBD
16| 5.00E-03 1.00E-03] 1.204E-04 3.986E+07| 6.188E+06| 6.000E-01| 2.392E+07| 6.055E+06] 0.000E+00| 0.000E+00| 0.000E+00| 6.000E-01| 0.000E+00{TBD
17{ 5.00E-03 1.00E-03] 2.597E-05( 3.508E+07| 6.049E+06| 6.000E-01| 2.105E+07| 5.558E+06] 0.000E+00| 0.000E+00| 0.000E+00| 6.000E-01] 0.000E+00|TBD

Sub-Polder and Polder Event Trees. The event tree according to Figure J-7
can be evaluated as shown in Table J-10 for the sub-polders. The water volume
and elevation capacities of sub-polders should be determined in order to develop
logic rules for water flow among sub-polders. Figures J-15 and J-16 illustrate the
resulting risk profiles. Epistemic uncertainty propagation is presently under
development and will provide bounds on the results. Non-parametric methods for
uncertainty propagation will also be examined.
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"_I'able J-10. Risk Profiles of Sub-polders and Polders

Parameters

Polder Name Polder X
Sub-Polder number 1
Sub-Polder Population at Risk XXXXX

Additional parameter
Additional parameter
Additional parameter
Additional parameter

Hurricane Runs Water Volume (ft"3) Breach
Run Rate (R) Overtopping _|Net water volume Breach Rate Post-surge Elevation Evacuation
i Mean StD Rate AP(B)=A(P(B|OT)+P(BINOT)) Effectiveness Life Risk Economic Risk
.(1-P(B))*P(OT)Mean StD Mean StD Mean StD
| D) event/yr |event/yr t"\3 ft'3 Prob Prob ft ft Mean [StD Mean  [StD
1| 5.00E-04 1.00E-04 3.318E-04| 1.605E+09| 3.778E+08 1.68E-04 6.49E-05 8 1|TBD TBD TBD TBD TBD
2| 5.00E-04 1.00E-04 3.318E-04| 1.944E+09| 4.595E+08 1.68E-04 1.08E-04 8 1|TBD TBD TBD TBD TBD
3| 7.50E-04 1.50E-04 3.609E-04| 1.584E+09| 3.739E+08 3.89E-04 1.23E-04 8 1|TBD TBD TBD TBD TBD
4| 1.00E-03 2.00E-04 6.636E-04| 6.444E+08| 1.516E+08 3.36E-04 2.16E-04 8 1|TBD TBD TBD TBD TBD
5| 1.00E-03 2.00E-04] 2.561E-04| 7.639E+08| 1.798E+08 7.44E-04 2.79E-04 8 1|TBD TBD TBD TBD TBD
6] 1.50E-03 3.00E-04] 3.842E-04| 6.031E+08| 1.416E+08 1.12E-03 4.18E-04 8 1|TBD TBD TBD TBD TBD
7| 2.00E-03 4.00E-04] 1.327E-03| 3.204E+08| 7.454E+07 6.73E-04 4.33E-04 8 1|TBD TBD TBD TBD TBD
8| 2.00E-03 4.00E-04 1.327E-03| 2.314E+08| 5.415E+07| 6.73E-04 4.33E-04 8 1|TBD TBD TBD TBD TBD
9| 2.00E-03 4.00E-04] 5.118E-04| 1.816E+08| 4.392E+07 1.49E-03 8.89E-04 8 1|TBD TBD TBD TBD TBD
10| 2.00E-03| 4.00E-04] 4.923E-04| 1.108E+08| 2.680E+07| 1.46E-03 4.34E-04 8 1|TBD TBD TBD TBD TBD
11] 3.50E-03| 7.00E-04] 6.164E-04| 8.331E+07| 1.989E+07 2.36E-03 7.33E-04 8 1|TBD TBD TBD TBD TBD
12| 5.00E-03 1.00E-03 0.000E+00| 6.245E+07| 1.474E+07 3.08E-03 1.01E-03 8 1|TBD TBD TBD TBD TBD
13| 5.00E-03| 1.00E-03 0.000E+00| 4.709E+07| 1.105E+07| 2.98E-03 9.98E-04 8 1|TBD TBD TBD TBD TBD
14] 5.00E-03| 1.00E-03 0.000E+00| 3.616E+07| 8.555E+06 2.96E-03 9.96E-04 8 1|TBD TBD TBD TBD TBD
15| 5.00E-03| 1.00E-03 0.000E+00| 2.871E+07| 6.977E+06 2.95E-03 9.95E-04 8 1|TBD TBD TBD TBD TBD
16| 5.00E-03| 1.00E-03 0.000E+00| 2.392E+07| 6.055E+06 2.95E-03 9.95E-04| 8 1|TBD TBD TBD TBD TBD
17| 5.00E-03| 1.00E-03 0.000E+00| 2.105E+07| 5.558E+06 2.95E-03 9.95E-04 8 1|TBD TBD TBD TBD TBD

Risk Profile by Polders, Storm Categories, and for the region. The risk
profiles for polders, storm categories and the region can be evaluated by
performing the corresponding aggregation similar to what is done for the sub-
polders, and results can be displayed using similar curves to the ones provided in
Figures J-15 and J-16.
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Figure J-15. Overtopping Risk Profile for Sub-Polder 1

J-32 Appendix J Engineering and Operational Risk and Reliability Analysis

This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.
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Figure J-16. Breach Risk Profile for Sub-Polder 1

Hazard Analysis and Initiating Events

Several methods have been developed to quantify hurricane hazard, typically
in the context of wind-related risk. These methods are classified into three main
types: historic (HI), joint-probability (JP), and Monte Carlo simulation (MC)
methods.

Historic Methods

Historic (HI) methods quantify the hazard based on the rate at which the
effect of interest, L, (e.g. L = wind speed or surge or loss) has occurred in the
historical record. These methods are fundamentally nonparametric, i.e. they do
not assume a parametric form for the recurrence rate of the hurricanes or their
effects. One problem with purely nonparametric historic approaches is the
“granularity” of the results that reflects the small number of significant events in
the historical recor