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1. Introduction

1.1 Purpose of the study

This study (Study) investigates the surge* and wave conditions within the Inner Harbor Navigation
Canal (IHNC), the Mississippi River Gulf Outlet (MRGO), and the resulting flooding within St. Bernard
Polder during Hurricane Katrina (2005), with emphasis upon the flooding experienced on eleven specific
plaintiff-owned properties® in the Lower Ninth Ward of New Orleans and St. Bernard Parish that are the
subject of the upcoming trial in this matter. The Study uses the most recent high resolution computational
model of the region and the tightly coupled state-of-the-art SWAN+ADCIRC wave and surge
computational codes [Westerink et al., 2008; Zijlema, 2010; Dietrich et al, 2011b; Dietrich et al, 2012a].
The model used in this Study is the most sophisticated modeling effort to date, significantly surpassing
that used in the Katrina Canal Breaches Consolidated Litigation, No. 05-4182 (E.D. La.) and in fact all
previous models.

To perform accurately, the Study computational models geographically incorporate the western North
Atlantic Ocean, the Caribbean Sea, the Gulf of Mexico, and the coastal floodplains of Louisiana and
Mississippi. The Study Area of specific interest extends along the Inner Harbor Navigation Canal
(“IHNC”) and the MRGO Reach 1, incorporating these canals from Seabrook to the IHNC Lock to the
Paris Rd. Bridge, and the MRGO Reach 2, Figure 1. The Study Area incorporates the St. Bernard

Polder. The baseline simulation of surge and wave conditions that occurred during Hurricane Katrina

! This study describes the surge or specifically surface water elevations that are the combined effect of the winds,
atmospheric pressure, waves, riverine flow, and tides that occurred during Hurricane Katrina. The surface water
levels reported in this Study are in feet (ft) and are referenced to the vertical datum NAVD88 (2004.65). NAVD88
(2004.65) is positioned about 0.44 ft above Local Mean Sea Level (LMSL) (Bunya et al., 2010). The actual depth of
the water at any position must add ground elevations lying below zero NAVD88 (2004.65) and must subtract ground
elevations lying above zero NAVD88 (2004.65).

% Table 1 lists the eleven plaintiff-owned properties that are the subject of this Study. For ease of reference, these
properties have been assigned abbreviated names and numbers reflecting their relative location throughout the Study
Area.

® I understand that the parties have adopted the term “MRGO Reach 17 to describe the portion of the MRGO that
extends due east from the IHNC and occupies the same channel as the Gulf Intracoastal Waterway (“GIWW”) and
the term “MRGO Reach 2 to describe the portion of the MRGO channel that runs from the GIWW/MRGO
confluence just east of the Paris Rd. Bridge, to the southeast. | adopt the same terminology here.
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incorporates the geometry, topography, bathymetry, surface roughness and breach conditions as they
existed in 2005. This simulation will be referred to as Model Al - Katrina Actual Event Conditions and is
performed using the SL16-D0OJ-SB-AL model, which is based on the well-validated SL16 model with
several refinements within the IHNC/MRGO channel and levee system [Dietrich et. al, 2011a; Dietrich et.
al, 2012a; Hope et al., 2013].

The Study simulates surge and wave conditions during Hurricane Katrina within the Gulf of Mexico,
Southern Louisiana, Mississippi and the Study Area, and validates these simulations using available data.
The Study also examines the influence of the MRGO, levees, breaches, and state of the wetlands on surge
and wave conditions in the Study Area under different modeled scenarios described below. Specifically,
six surge and wave models have been developed for cases in which the physical system description
diverges from Model Al - Katrina Actual Event Conditions. These models examine the following
influences: breaches in the IHNC floodwalls during Hurricane Katrina; changes in the MRGO’s shape
from its completed authorized dimensions in 1968 to its actual dimensions in 2005; changes in wetland
topography and roughness occurring between the commencement of construction of the MRGO project in
1958 to the time of Hurricane Katrina in 2005; the existence of the MRGO channel itself; and the
existence of the federal levees constructed around St. Bernard Polder along the MRGO’s banks. These
cases are summarized in Table 2.

The opinions expressed in this Study are based upon a reasonable degree of scientific and engineering
certainty. If additional information or data becomes available, | reserve the right to revise the conclusions
and opinions in this Study. Therefore, | reserve the right to amend my opinions for this purpose.
Furthermore, | am also prepared to address any additional issues within my areas of expertise that may be

raised at trial.

1.2 Study participants
The Study was performed by Joannes J. Westerink as a portion of an investigation commissioned by

the Department of Justice. Components of the hydraulic analyses for the Study were performed by Dr.
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John H. Atkinson, Mr. Zach Cobell, Dr. Shan Zou, and Mr. Hugh J. Roberts of ARCADIS in Boulder,
CO. Professor Robert A. Dalrymple, the Willard & Lillian Hackerman Professor of Civil Engineering in
the Department of Civil Engineering at Johns Hopkins University in Baltimore, MD, also served as a

consultant in this Study.

1.3 Summary of Conclusions
1.3.1 Surge and wave conditions in and around the St. Bernard Polder during Hurricane Katrina
Historical storm surge and wave conditions during Hurricane Katrina are well simulated by Model
SL16-D0OJ-SB-AL, the Katrina Actual Event Conditions model presented in this Study. The modeled
hydrographs outside of and inside of St. Bernard Polder closely match the historic hydrographs measured
during Hurricane Katrina and its immediate aftermath. Likewise, the modeled high water marks (HWM)
closely match those measured in the aftermath of the storm.
Model Al, Katrina Actual Event Conditions, resulted in maximum water surface elevation levels
during Katrina at Plaintiffs’ properties reaching 10.5 ft at Adams; 10.7 ft at StBP #1; 10.8 ft at StBP #2;
11.0 ft at Tommaseo; 11.3 ft at StBP #3; 11.5 ft at StBP #4; 11.5 ft at Steve’s RV; 11.5 ft at StBP #5; 11.6

ft at Bordelon; 11.7 ft at PSSI; and 17.3 ft at Florissant.

1.3.2  Source of the water that flooded St. Bernard Polder

The water that penetrated St. Bernard Polder came predominantly from Lake Borgne and was pushed
towards New Orleans by winds from the northeast and east as well as from high water in the Mississippi
Sound. The water mass in Lake Borgne followed the path of least resistance and flooded the St. Bernard
Polder. The water did not come from Breton Sound, Chandeleur Sound, Caernarvon Marsh, or Biloxi

Marsh through MRGO Reach 2.

1.3.3 Impact of the breaching location on the flooding within and around St. Bernard Polder
Flooding in the Lower Ninth Ward and vicinity up to Paris Rd. was dominated by the IHNC breaches.
Flooding at locations behind the 40 Arpent levee to the east of Paris Rd. and within the Central Wetlands

was dominated by the breaches of the MRGO Reach 2. Thus, when the MRGO Reach 2 breaches are
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eliminated from the model, flooding levels at locations Adams, StBP #1, and StBP #2 were only
moderately reduced by about 1.5 to 2.5 ft while locations to the east of Paris Rd. and within the Central
Wetlands saw reductions of 3.9 to 7.7 ft. Florissant was not influenced.

Model A2, 2005 MRGO/2005 Wetlands/IHNC Breaches Only, resulted in maximum water surface
elevation levels during Katrina at Plaintiffs’ properties reaching 9.0 ft at Adams; 8.5 ft at StBP #1; 8.3 ft
at StBP #2; 7.1 ft at Tommaseo; 6.2 ft at StBP #3; 4.6 ft at StBP #4; 4.6 ft at Steve’s RV; 4.6 ft at StBP
#5; 4.6 ft at Bordelon; 4.0 ft at PSSI; and 17.5 ft at Florissant.

1.3.4 Impact of the maintenance of the MRGO and state of the wetlands on flooding within and
around St. Bernard Polder

By defining the MRGO as it was designed and specifying 1956 wetland conditions, Model B1
demonstrates that the actual MRGO maintenance and wetland conditions only minimally impacted
flooding in St. Bernard Polder with maximum water surface elevations reducing by about 1 ft at all
interior polder locations and not at all at Florissant. Water levels along MRGO Reach 2 were minimally
impacted while water levels in the central portion of the IHNC dropped by only 0.7 ft.

Model B1, MRGO as Designed/1956 Wetlands, resulted in maximum water surface elevation levels
during Katrina at Plaintiffs’ properties reaching 9.3 ft at Adams; 9.5 ft at StBP #1; 9.7 ft at StBP #2; 10.1
ft at Tommaseo; 10.6 ft at StBP #3; 10.8 ft at StBP #4; 10.8 ft at Steve’s RV; 10.8 ft at StBP #5; 10.9 ft at
Bordelon; 11.0 ft at PSSI; and 17.2 ft at Florissant.

1.3.5 Impact of the construction of the MRGO on the surge and wave conditions within and
around St. Bernard Polder

Model C, the No MRGO/1956 Wetlands scenario, models conditions as they existed prior to 1958.
This model indicates that while water levels in the central portion of the IHNC were lowered by about 1.4
ft, water levels in the vicinity of the MRGO Reach 1 at the Paris Rd. Bridge increased by about 0.3 ft.
Thus, there was a 1.7 ft in flood reduction for properties in the vicinity of the Lower Ninth Ward and little

or no flood reduction elsewhere in the polder.
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Model C, No MRGO/1956 Wetlands, resulted in maximum water surface elevation levels during
Katrina at Plaintiffs’ properties reaching 8.8 ft at Adams; 9.0 ft at StBP #1,; 9.1 ft at StBP #2; 10.3 ft at
Tommaseo; 11.0 ft at StBP #3; 11.5 ft at StBP #4; 11.5 ft at Steve’s RV; 11.5 ft at StBP #5; 11.5 ft at
Bordelon; 11.6 ft at PSSI; and 17.2 ft at Florissant.

1.3.6 Impact of the construction of federal levees on surge and wave conditions within and
around St. Bernard Polder

Model D, which eliminates the key federal levees, shows that the water from Lake Borgne essentially
flows unimpeded into the Central Wetlands and then easily overtops the 40 Arpent levee as well as the
levees protecting Poydras, LA and St. Bernard, LA. Flooding at interior polder locations increased by 3 to
5 ft and at Florissant flooding remained the same as in all cases. This model shows that even a
deteriorated first line of exterior defense, i.e. the MRGO levees, benefits interior portions of the system.

Model D, No Federal Levees/2005 MRGO/2005 Wetlands, resulted in maximum water surface
elevation levels during Katrina at Plaintiffs’ properties reaching 14.1 ft at Adams; 14.3 ft at StBP #1; 14.5
ft at StBP #2; 14.7 ft at Tommaseo; 15.0 ft at StBP #3; 15.6 ft at StBP #4; 15.6 ft at Steve’s RV; 15.8 ft at
StBP #5; 16.8 ft at Bordelon; 14.8 ft at PSSI; and 17.1 ft at Florissant.

1.3.7 The combined impact of the construction of federal levees, the construction of the MRGO,

and the deterioration of the wetlands on surge and wave conditions within and around St.

Bernard Polder
Model E eliminates the key federal levees and the MRGO, and considers the wetlands to be in their
1956 condition. This model again shows that the water from Lake Borgne essentially flows unimpeded
into the Central Wetlands and then easily overtops the 40 Arpent levee as well as the levees protecting
Poydras, LA and St. Bernard, LA. Flooding at interior polder locations increased by 3 to 5 ft and flooding
at Florissant flooding remained the same as in all cases. Since the water comes from Lake Borgne and is
pushed into the polder unimpeded, the conditions of the wetlands and channels were only of minor

consequence.
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Model E, No Federal Levees/No MRGO/1956 Wetlands, resulted in maximum water surface elevation
levels during Katrina at Plaintiffs’ properties reaching 13.8 ft at Adams; 14.1 ft at StBP #1; 14.3 ft at
StBP #2; 14.5 ft at Tommaseo; 14.9 ft at StBP #3; 15.5 ft at StBP #4; 15.6 ft at Steve’s RV; 15.7 ft at

StBP #5; 16.6 ft at Bordelon; 14.9 ft at PSSI; and 16.9 ft at Florissant.

2. Computational Models for Storm Surge and Waves in Louisiana
2.1 Storm surge and wave codes

Computer modeling of water surface elevation, water currents, and water waves in the coastal ocean
and adjacent floodplain has rapidly evolved in the past decade coincident with both recent catastrophic
hurricane floods and the exponential growth of the speed and capacity of computers. The water surface
elevation (surge in the case of a hurricane) and water flow computer codes solve partial differential
equations for conservation of momentum (F=ma) and conservation of water volume. These computer
codes approximately solve the governing equations at discrete points on a so-called grid. The resolution
of the grid, i.e. the spacing of the grid points, determines how accurately the physical system is
represented (information such as topographic elevations, bathymetry, channels, and frictional resistance
are specified at the grid points), as well as how accurately the water surface elevation and currents are
computed. Unstructured grid water surface elevation/current codes such as ADCIRC, locally vary grid
point spacing or grid resolution, with the finest grid resolution provided where solutions change rapidly
[Westerink et al., 2008]. The concept of grid resolution is conceptually very similar to pixilation of a
digital photograph where increases in the density of the pixels result in a much finer representation of the
image. Unstructured grids using spatially variable grid resolution is analogous to a technology recently
coming into widespread use in video games referred to as Tessellation, which essentially increases pixel
density locally in regions of specific interest or where the image changes rapidly. This is a much more
efficient process than applying equally high resolution everywhere, even in large regions where that is

unnecessary.
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Surface water elevations and currents during a hurricane are driven by the winds, atmospheric
pressure differences, wind waves, tides, and riverine currents, and are strongly influenced by the systems’
bathymetry/topography, geometry, and surface and bottom roughness or so called friction.

Waves are typically simulated using computer codes that solve a partial differential equation for a
variable related to wave energy and describe the generation, propagation, transformation, and dissipation
of wind waves. WAM and STWAVE are structured grid wave models that are nested and coupled to each
other in order to compute deep-ocean and nearshore waves [Smith et al., 2001; Gunter, 2005; Bunya et.
al; 2010]. Recently, the SWAN wave model, a model developed in the Netherlands and used by the U.S.
Navy, has been developed into an unstructured grid model permitting high grid resolution to be provided
where it is essential and for both the deep ocean and coastal regions to be modeled using one grid [Booij
etal., 1999; Ris et al. 1999; Zijlema, 2009; Dietrich et al, 2010b].

Waves are driven by winds and are strongly influenced by the systems’ bathymetry/topography,
geometry, and surface roughness, as well as water column depths and currents. Water surface elevations,
currents, and wave processes do interact. For example, wave conditions strongly depend on total water
column depths and currents while wave transformation processes such as wave breaking can drive
significant currents and can push storm surge levels up by as much as 2.5 ft during a hurricane [Dietrich
et al., 2010]. Therefore surface water elevation/current codes and wave codes must share information with
each other. The state-of-the-art in high performance - high resolution coupled wave and surface
elevation/current codes is the coupled SWAN+ADCIRC model, jointly developed by Delft University
(the developers of the well-tested SWAN model) in the Netherlands and the University of Notre Dame,
the University of North Carolina at Chapel Hill, and the University of Texas at Austin (the developers of
the ADCIRC model) through a joint contract from the U.S. Office of Naval Research. The SWAN and
ADCIRC code components are applied to an identical unstructured grid, allowing for localized increases
in resolution without the complexity or cost of nested grids or global interpolation between heterogeneous

grids [Dietrich et al., 2011a; Dietrich et al., 2011b; Hope et al., 2013]. In addition, the code is specifically
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designed to be optimal from a computational perspective for massively parallel high performance

supercomputers [Dietrich et al., 2012a].

2.2 The evolution of computational grids and models for Southern Louisiana

As summarized in the previous section, hurricane wave and surge model skill depends on the level of
grid resolution, how well the physical system is described, and how accurately winds, air-sea drag,
bottom roughness, and wave-current interaction are quantified. A sequence of ADCIRC and SWAN+
ADCIRC models of increasing detail and complexity has evolved over the past decade. These models
have continuously improved on both the level of grid resolution, i.e. how well they describe the physical
system (topography, bathymetry, and surface roughness), and on their descriptive physics (wave-current
interaction, air-sea drag, and bottom roughness). In addition, the measurement data sets used to quantify
the skill and accuracy of the models have also evolved with more recent storms such as Hurricanes
Gustav and ke, which were subject to detailed measurements in real time and have been modeled
repeatedly since, with the results compared to the well-kept historic measurements [Dietrich et al., 2011a3;
Kennedy et al., 2011; Kerr et. al. 2013a; Hope et al., 2013]. The more storms and the more regions a
model can accurately hindcast, the more confident we can be in its ability to correctly describe the storm
processes.

The original ADCIRC model for Southern Louisiana was the S08 model and was developed by
Westerink et al. [2008] for the U.S. Army Corps of Engineers New Orleans District (“USACE-MVN”).
This model was put into use in 2004 and simulated tides, riverine flow and storm surge throughout the
Gulf of Mexico. The level of resolution was relatively coarse, with only 314,442 grid nodes and the
highest level of grid resolution equal to 320 ft in Southeastern Louisiana. This is the version of the model
that was used by the plaintiffs’ experts to model Hurricane Katrina for the 2009 trial in the In re: Katrina
Canal Breaches Consolidated Litigation, No. 05-4182 (E.D. La.) (the “Robinson” trial). I also
understand that an expert for Plaintiffs in this matter, Dr. Paul Kemp, has offered opinions in this case

based on the SO8 modeling results presented by the plaintiffs’ experts in Robinson. This model has much
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lower grid resolution; a much less accurate representation of the channels, wetlands, bathymetry, and
topography; and a much less accurate representation of the surface friction and air-sea drag than the
model used in this Study.* The S08 model was also not extensively validated with comprehensive data
sets and overall has a significantly lower level of skill and accuracy. As implemented by the plaintiffs, the
model also applied much less accurate hindcast winds.

Subsequently, a sequence of SL15 models incorporated much more grid detail in both Louisiana and
Muississippi (with 2,511,009 grid points and grid resolution down to 65 ft) [Bunya et al., 2011]. The
improved grid resolution allowed for a much better description of the geographic system. Barrier islands
were dynamically integrated into the system instead of being treated as vertical walls that could not be
overtopped, bathymetry was vastly improved based on updated surveys, inland channels and rivers were
much better resolved, and topography was based on modern and newly released LIDAR measurements
[Bunya et. al., 2010, Dietrich et al., 2010]. The physics was improved by using sophisticated overland
surface frictional resistance models based on satellite imagery of land use types. In addition, the effect of
waves on storm water levels was accounted for by coupling to a sequence of structured grid wave models
[Bunya et al., 2010; Dietrich et al, 2010a]. The coupling to the nested structured grid WAM/STWAVE
wave models allowed for the effects of wave transformation forcing on surge and currents to be
simulated. The effects of waves forcing can add up to 2.5 ft of surge in Southeastern Louisiana and can
also be a significant driver of currents.

The most recent SL16 model adds significantly more detail and grid resolution throughout Southern
Louisiana, the adjacent shelf, as well as the Gulf of Mexico itself [Dietrich et al., 2011a; Dietrich et al.,
2012a). The mesh is comprised of 5,036,960 vertices and 9,949,317 triangular elements with resolution
as fine as 45 ft. The model captures a very high level of geometric, topographic and bathymetric detail as
supported by the high level of resolution in the grid. The model further refines channels and rivers, better

resolves the surf zone where wave breaking takes place, and improves the definition of topography in

* A comparison of the grid used in this Study and the SO8 grid is presented in section 3 of this report which
compares Figures 3 and 5 with corresponding Figures 7 and 8.
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wetlands by applying USGS land use type maps [Dietrich et al., 2011a]. The SL16 model is specifically
designed to work with the tightly coupled SWAN+ADCIRC code and integrally couples the wave —
current interaction [Dietrich et al., 2011b]. Note that both waves and currents are computed on the
identical unstructured grid at all grid points, a significant advantage compared to earlier nested
WAM/STWAVE/ADCIRC models. The SL16 model incorporates a more accurate representation of
bottom friction on the continental shelf, recognizing the muddy smooth surface that exists on much of the
Louisiana-Texas shelf [Dietrich et al., 2011a; Kennedy et al, 2011; Hope et al., 2013]. The SL16 model
also applied a much improved air-sea interaction model based on direct measurements obtained using
GPS instrumented dropsondes which were released from NOAA’s hurricane hunter planes [Dietrich et al.,
2011a]. This air-sea interaction formula used with the SL16 model represents a major advance in
hurricane surge forecasting abilities. Hurricanes Katrina, Rita, Gustav and Ike have all been hindcast
using the SL16 grid in Louisiana and have achieved a high level of accuracy in hindcasting surges.
ADCIRC and SWAN+ADCIRC codes are used extensively throughout academia, government, and
the private sector. A recent National Oceanic and Atmospheric Administration (“NOAA”) Integrated
Ocean Observing System (“100S”) study has shown that these models are leaders in accurate hindcasting
of hurricane storm surge and wave environments and in fact represent a huge advance over the currently
applied SLOSH model (develop in the late 1960°s) used in hurricane surge forecasting by the National
Weather Service (“NWS”) [Kerr et al., 2013b]. This is particularly the case when the ADCIRC models
are applied with high resolution grids [Kerr et al., 2013a]. Users and applications of the ADCIRC models
include: the Federal Emergency Management Agency (“FEMA”) to develop Flood Insurance Rate Maps
(“FIRMS”) along the U.S. Atlantic and Gulf coasts; the U.S. Army Corps of Engineers (“USACE”) to
design the levees post Hurricane Katrina in New Orleans; the Nuclear Regulatory Commission which
requires ADCIRC studies to evaluate the safety of coastal nuclear power stations; NOAA to forecast tides
and extra-tropical storms along the U.S. East coast and in Vertical Datum (VDATUM) projects; the
government of South Korea to design and operate tidal power plants; FMGIlobal, a large industrial mutual

insurance company to evaluate the flooding associated with Hurricane Sandy in New York City as well as
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to evaluate flood risk in Japan and Korea; the Indian National Centre for Ocean Information Services
(“INCOIS”) to evaluate storm surge in India; by Delft University, a leading technical university in
Europe; by Arcadis for the City of New York to evaluate proposed regional and local coastal flood
protection measures for the 2013 New York City Special Initiative for Rebuilding and Resiliency; and by
the State of Louisiana to understand flood risk and mitigation in Southern Louisiana.
3. The SL16-D0OJ-SB-A1 SWAN+ADCIRC Model of Southeast Louisiana

In order to hindcast Hurricane Katrina as well as simulate this storm for a number of hypothetical
scenarios, the SL16 model was modified in four ways. First, since only Hurricane Katrina will be
simulated in this Study, the high resolution grid coverage of inland areas to the west of the Mississippi
River was eliminated. This reduces computer simulation time and cost. It does not affect simulation
results for areas to the east of the river since the inland flooding impact to the west of the river was
minimal. This resulted in the SL16-DOJ-SB-A1 model/grid. This model/grid is designed to represent the
physical and geographic system as it existed prior to Hurricane Katrina in 2005. The model domain and
bathymetry/topography are shown in Figures 2 and 3. The model grid portions in Southeastern Louisiana
and the Study Area (St. Bernard Polder and Lake Borgne connecting to Lake Pontchartrain) are depicted
in Figure 4 which shows the unstructured triangle-based grid and the vertices of the triangles that define
the actual “computational nodes” of the grid where bathymetry/topography and frictional characteristics
are defined and where water levels, currents, and wave characteristics are computed in the model. The
element and node density increase where feature definition changes rapidly in space, for example where
channels occur. Figure 5 shows the resolution of the grid in feet by color, again indicating that channels,
which represent important flow conveyances, are particularly highly resolved. Figure 6 shows the spatial
distribution of a frictional parameter known as Manning n, a standard way in hydraulic analysis of
indicating how much resistance the land surface exerts on the flow (also referred to as bottom friction).
Muddy flat ocean bottoms offer the least resistance, sandy surfaces more, grasses and wetland scrub and

brush and vegetation even more, and forests the most [Dietrich et al., 2011a; Hope et al., 2013].
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Second, the SL16-DOJ-SB-A model improves the resolution, bathymetry, and bottom surface
frictional definition of the IHNC to better represent this channel in the overall grid. Improved grid
resolution results in better system definition and also in better flow and wave computations.

Third, this model accounts for levee degradation along the entire St. Bernard Polder. This includes
two major breaches along the IHNC and numerous breaches along the MRGO Reach 2 St. Bernard Polder
Levee. The breaches are depicted in Figure 1. The IHNC North breach was initiated at 6am on August 29
and developed to the full breach depth over a 30 min duration; the IHNC South breach was initiated at
6:45am and developed to the full breach depth over a 15 min duration; the MRGO Reach 2 breaches were
initiated at 5:45AM and developed to the full breach depths over a 2.5 Hour duration. The IHNC
breaching times are based on consensus times [Dalrymple, 2011, Kok et al., 2007, Kok et al., 2008]. The
MRGO Reach 2 breaching times are based on Dalrymple [2011] and are essentially consistent with the
times adopted by the Robinson plaintiffs whose expert Kok et al. [2007, 2008] used 5:00 am to 8:30 am.
These breach times also track the physical characteristics of Hurricane Katrina as we have modeled the
storm. We note that along the MRGO Reach 2, the surge was at 14.5 ft at 5:45 am while the significant
wave heights varied between 6 and 7 ft. The initiation of the degradation of the MRGO Reach 2 levees
would have occurred as a result of the combination of these water levels and the wave action and occurred
prior to the peak water level of around 17 ft which occurred at around 8:30 am.

Fourth, a wave overtopping module was added that uses wave conditions at the levee in order to
compute wave overtopping flows into the polder. The wave overtopping module is based on the EurOtop
formula [Pullen et al., 2007], ADCIRC water levels, SWAN wave heights and periods, and levee
geometry.

The SL16-D0OJ-SB-A1 model represents the physical system and breaches as they occurred during
Hurricane Katrina. Thus the SL16-DOJ-SB-A1 model is used as the base case in this Study to represent
the conditions as they existed and developed prior to and during Hurricane Katrina. The model better
describes the details of the water surface within the IHNC and MRGO channels as well as the full

dynamic flooding within the St. Bernard Polder itself as compared to previous SL16 and earlier SL15 and
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S08 models. The rapid and substantial advances in modeling technology are illustrated by comparing the
bathymetry/topography and grid resolution of the SO8 grid, Figures 7 and 8, to that of the SL16-DOJ-SB-
Al grid, Figures 3 and 5.

The SL16-D0OJ-SB-A1 model simulates the water levels and waves better than any previous model
and incorporates advancements that supersede Judge Duval’s criticisms of the earlier SL15 model. The
model includes no scaling of water surface elevations along the IHNC, MRGO Reach 1, and/or MRGO
Reach 2° because levee overtopping, breaching, wave overtopping, and interior polder flooding are
directly modeled with the SWAN+ADCIRC code. Furthermore, breaching times match previous studies
and are consistent with the exterior polder water level and wave physics which degraded the MRGO
Reach 2 levees. Finally, interior polder water level time histories and timings closely match measured
time histories.

4. SWAN+ADCIRC Hindcast of Hurricane Katrina
4.1 Surge and wave analyses

Hurricane Katrina was a devastating storm that impacted the central Gulf of Mexico. Katrina’s winds
reached Category 5 strength in the Gulf of Mexico, but weakened to Category 3 strength as the storm
approached the continental shelf. Its southerly track placed it within 30 miles of New Orleans and the
infrastructure of southeastern Louisiana, and its storm surge of up to 29 ft along the coastline of
Mississippi was the largest ever recorded in the United States.

We simulated Hurricane Katrina with the SL16-DOJ-SB-A1 model using the SWAN+ADCIRC code
and the optimal H*WIND/OWI analysis data assimilated winds [Cox et al., 1995; Powell et. al; 1996;
Powell et al., 1998; Cardone et al., 2007; Bunya et al., 2011]. Katrina was previously modeled with the

SL15 grid in conjunction with the combined ADCIRC, WAM, and STWAVE codes as well as with the

> In previous modeling for the United States in the Robinson v. United States case, a scaling factor or multiplier of
1.04 was used in the SL15 model hydrographs along the IHNC levee, prior to being passed to a separate “interior”
HEC-RAS model, to bring the peak elevations there up to measured values at the IHNC lock of 14.2 ft. It is noted
that the Plaintiff’s ADCIRC SO08/FINEL model computed a water surface elevation at the IHNC lock of 17 ft,
considerably over-estimating the peak water levels in the IHNC. Thus the earlier SL15 model underestimated surge
by 0.5 ft while Plaintiff’s model over-estimated by 2.8 ft.
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SL.16 grid in conjunction with the SWAN+ADCIRC model [Bunya et al, 2010; Dietrich et al, 2010;
Dietrich et al, 2012a]. Figure 9 summarizes the development of the wind field as the storm made its first
landfall, passed to the east of New Orleans, and passed its second landfall near the Louisiana-Mississippi
border. We note sustained easterly winds ranging from 55 to 90 mph early on in the storm, which shifted
to southerly 90 to 100 mph winds as the storm passed through Lake Borgne, and then weakened to
westerly winds. Figure 10 shows that the easterly winds pushed up to 18 ft of water onto the Mississippi-
Alabama shelf and against Plaguemines Parish and the St. Bernard Polder MRGO Reach 2 Levees. The
surge is then directed towards the north and reinforced by the very intense southerly winds resulting in the
massive 29 ft surge along the Mississippi coast. Figure 11 shows the significant wave height in
Southeastern Louisiana and Mississippi during the storm, again indicating that the greater than 48 ft wind
waves rapidly change in wave height and wave period as they move into shallower shelf waters and
especially when they break over the barrier islands. In fact, most barrier island sheltered waters do not
experience waves greater than 8 to 10 ft, while wetlands do not experience waves greater than 5 to 8 ft.

In addition, as shown in Figure 12, mean wave periods diminish from 12 to 14 seconds in front of the
barrier islands to generally less than 6 seconds behind the barrier islands. This indicates that the long
period swell from the ocean is effectively eliminated in the sheltered regions and the wind seas are
generated across the extensive sounds and low lying wetlands with 10 to 18 ft of water over them for
much of the duration of the storm. Figure 13 illustrates that the extensive shallow water-bodies and low
lying wetlands east of the Mississippi River readily allow the development of surge and wind seas in the
region driven by easterly winds. This figure also illustrates that the MRGO has little impact on surge and
wave processes regionally or locally.

Figure 14 through Figure 17 present more detailed views of the Hurricane Katrina winds and surge
and wave response in the Study Area. We note that the easterly winds in the first part of the storm blow
across the sounds and wetlands which are extensively inundated. As the storm passes the winds suddenly
come from the north, then from the west. Surge builds up to about 17 ft against the MRGO Reach 2

levees. Surge in the Golden Triangle region to the east of Paris Rd. builds up to 15 to 16 ft, with water
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surface elevations slowly reducing through the MRGO Reach 1, and then diminishing more rapidly in the
north section of the IHNC in order to match the water levels in Lake Pontchartrain. Water levels drop
faster in the north section of the IHNC which features greater hydraulic resistance and reduced
conveyance relative to MRGO Reach 1. Significant wave heights reach about 8 ft in Lake Borgne, but
attenuate to 5 to 6 ft in the adjacent wetlands. When these waves cross the MRGO Reach 2 they increase
again by about 1 ft such that they are about 7 ft at the base of the MRGO Reach 2 levees. Wave action is
largely diminished in the IHNC and MRGO Reach 1 where significant wave heights generally less than 4
ft. At the IHNC lock, these largest waves occurred when the winds were northerly and aligned with the
IHNC. In general, wave conditions and wave attenuation in the Study Area depend on the distance the
winds blew/waves traveled across the sounds and wetlands, the total water column height (distance from
the sea bottom or land surface to the surface water elevation), and the frictional resistance of the bottom.
Depth-limited breaking is an important wave attenuation mechanism and is controlled by total water

column height.

4.2 Model validation

The SL16-D0OJ-SB-A1 Katrina Actual Event Conditions computations are validated by comparing to
available high water marks (HWM), hydrographs, and wave data [Bunya et al, 2010]. Figure 18 shows the
maximum water levels that occurred during the storm and Figure 19 shows the maximum significant
wave heights that occurred during the storm. Figure 20 shows a comparison between measured HWM
throughout eastern Louisiana and Mississippi as well as in the Study Area, now including interior HWM
within St. Bernard Polder. Locations marked in green indicate that the HWM was within 1.65 ft (0.5 m)
of the measured HWM. In all our studies, we perform statistical analyses which compare the measured
HWMs to the ADCIRC computed values [Bunya et. al, 2010; Dietrich et al., 2010a; Dietrich et al., 2011a;
Dietrich et al., 2012a; Hope et al., 2013]. We also perform error analyses on the measurement data itself
and estimate the inherent errors in this data to produce error measures for the model itself that consider

the error in the measurement data. The average absolute HWM error for this Study using the SL16-DOJ-
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SB-A1 grid was 0.3 ft and the 95% HWM confidence interval equal to 1.2 ft (thus it is estimated that 95%
of all HWM measurement points fall within 1.2 ft of the high water at measurement locations). This is
consistent with other SL16 grid studies which produced: average absolute HWM error measures of 0.4 ft
for Katrina, 0.9 ft for Rita, 0.5 ft for Gustav, and 0.6 ft for Ike; and a 95 % HWM confidence interval of
1.1 ft for Katrina, 1.0 ft for Rita, 0.7 ft for Gustav, and 0.9 ft for Ike. An extension of the SL16 grid that
included Texas estuaries and the Texas coastal floodplain produced an average absolute error measure of
0.4 ft for and a 95 % confidence interval of 0.6 ft for Ike. The fact that there is consistency in a wide
range of very different storms and a wide range of coastal surge and wave processes over a coast that
includes Louisiana, Mississippi, and Texas gives us confidence in the skill and accuracy of the model
[Dietrich et al., 2011a; Dietrich et al., 2012a; Hope et al., 2013; Kerr et. al, 2013a]. We can expect that
surge is predicted within an accuracy of 1 ft. This error measure includes inaccuracies in resolution and
the configuration of the physical system; inaccuracies in the physics that we use (specifically the
representation of air-sea drag and bottom friction), and inaccuracies in the hurricane wind fields that we
use to force the models.

Figure 21 shows the locations of the measured hydrographs (time histories of water surface elevation)
both outside of and inside of the St. Bernard Polder in Southeastern Louisiana and the Study Area. While
for later storms, such as Hurricanes Gustav and Ike, there is extensive hydrograph data [Dietrich et al.,
2011a; Kennedy et al., 2011; Hope et al., 2013] due to improvements in the physical strength of
previously existing gages as well as the deployment of many additional gages, during Hurricane Katrina a
relatively low number of then existing gages were able to survive the storm and produce recorded time
histories of water surface elevation. Some of the available Katrina hydrographs are based on hand
measurements, and others are based on reconstructions using photos and/or stopped clocks. Figure 22
compares computed and measured hydrographs through the region while Figure 23 presents computed

and measured hydrograph gages within the St. Bernard Polder. We note that the hydrograph at the IHNC

St. Bernard Parish v. United States; Westerink Expert Report — Page 17



lock is now much better represented than in older models such as the SL15 model ® in part, due to
improvements in grid resolution and improvements in the air-sea drag and bottom friction relationships in
the SL16 model, and, in part, due to the most recent improvements in resolution, bathymetry and friction
as well as wave overtopping and breaching in the SL16-DOJ-SB-A1 model. Tides, storm surge peaks,
and rising and falling water level rates, closely match recorded data indicating that the tide and surge
physics are being faithfully simulated. Hydrographs interior to the St. Bernard Polder are also faithfully
represented by the model, which matches available timing and peak measurements. Figures 24 through 27
indicate good matches to measured wave properties throughout the Gulf of Mexico. NDBC Stations
42040 and 42007 are of particular interest since they are in the region of immediate interest and
demonstrate the wave attenuation that occurs when waves propagate from the deep ocean to the much
shallower continental shelf waters. At Station 42040 located to the east of the Mississippi River bird’s
foot in deep ocean water, significant wave heights were up to 45 ft. At station 42007, located just to the
northeast of the Chandeleur Islands, significant wave heights had attenuated to 20 ft. These processes are

captured well by the SWAN+ADCIRC model.’

4.3 Tracking water sources

In order to ascertain where the water in St. Bernard Polder came from during Hurricane Katrina,
we applied particle tracking methodologies developed during the 2010 Horizon Qil Spill in the Gulf
of Mexico [Dietrich et al., 2012b]. We tagged masses of water with particles in Lake Pontchartrain
and Lake Borgne, Mississippi Sound, Chandeleur Sound, Breton Sound, to the east of the Chandeleur
Islands, and within the various navigation channels. The initial placement of the particles on August
28, 2005 at 0000 hrs is shown in Figure 28 with the various colors identifying their initial placement.
A total of 60,000,000 particles represent these water masses. Each individual particle represents

approximately 475 m® of water with the exception of the particles in mustard colored particle zone

® The SL15 model was used by the United States” experts in the Robinson case.

" For more the recent Hurricanes Gustav and Ike, wave gages were deployed in both the nearshore and in
the wetlands and have demonstrated that the SWAN-+ADCIRC model captures waves characteristics very
well there also [Dietrich et al, 2011a; Hope et al., 2013].
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number 15 to the east of the Chandeleur Islands where each individual particle represents 2375 m® of
water. Figure 29 shows the evolution of these water masses during the actual storm event. It is noted
that the Lake Borgne waters (red-9) are pushed both into Lake Pontchartrain, the IHNC Channel,
MRGO Reach 1, and finally penetrate into the St. Bernard Polder. Waters from Mississippi Sound
and vicinity (brown-10; dark green-11; deep blue-12) push into the Mississippi coast and floodplain,
into Lake Pontchartrain and push into Lake Borgne. Chandeleur and Breton Sound Waters (medium
green-13; light green-14) move into the Caernarvon Marsh and to the west of the Mississippi River
Bird’s foot delta. Waters in deeper waters to the east of the Chandeleur Islands tend to drive currents
around the Bird’s Foot delta to the west. It is noted that the flooding in St. Bernard Polder came
predominantly from waters in Lake Borgne and not from waters that were driven in from Breton
Sound through the MRGO Reach 2 channel. This is based on sound principles of hydraulics in which
waters are driven by the wind (easterly and then southerly in this case) and water surface elevation
slopes and tend to follow the path of least hydraulic resistance with the largest conveyance (in this
case Lake Borgne and the Mississippi Sound).
5. SWAN+ADCIRC Katrina models of various scenarios quantifying the impact of breaches, the
MRGO channel, wetland degradation, and the federal levees

In this section, we describe six models that have been developed to understand the impacts of
breaches on the St. Bernard Polder, the condition and existence of the MRGO channel, wetland
degradation since 1956, and the construction of the federal levees surrounding the St. Bernard Polder.
These various models will be compared to the base SL16-D0J-SB-A1 Katrina Actual Event
Conditions simulation described in sections 3 and 4. All seven models are summarized in Table 2.
Model A2: 2005 MRGO/2005 Wetlands/IHNC Breaches Only

This model is identical to the SL16-DOJ-SB-A1 Katrina Actual Event Conditions model with the
exception that all the breaches along the MRGO Reach 2 were eliminated. This means that only the two

breaches on the IHNC channel into the St. Bernard Polder were active.
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Model B1: MRGO as Designed/1956 Wetlands

This model is a modified version of the SL16-DOJ-SB-A1 Katrina Actual Event Conditions model to
reflect conditions representing those that existed when the MRGO was first constructed. As is seen in
Figure 30 (comparing to Figure 3), the MRGO is now represented by a narrower channel as it was
originally designed. It is approximately as deep as the 2005 MRGO channel but the shallow bank
widening that occurred has been eliminated. In addition, the wetlands surrounding the channel are
represented by their 1956 state [Barras, 2008]. Figure 31 (as compared to Figure 6) indicates that the
bottom surface friction coefficient, i.e. the Manning n coefficient, has increased in the areas adjacent to
the MRGO channels and in the Biloxi Marsh and the Golden Triangle Marsh. In addition, the Central
Wetlands within St. Bernard Polder and the La Loutre Ridge reflect increases in densities and resistance

of the vegetation that existed there in 1956.

Model B2: MRGO as Designed/1956 Wetlands/IHNC Breaches Only
This model is identical to the SL16-D0J-SB-B1 MRGO as Designed/1956 Wetlands model with
the exception that all the breaches along the MRGO Reach 2 were eliminated. This means that only

the two breaches on the IHNC channel into the St. Bernard Polder were active.

Model C: No MRGO/1956 Wetlands

This model represents the scenario if the MRGO had not been built and if there had been no
wetland degradation since 1956. Model C is a modified version of the SL16-D0OJ-SB-Althat replaces
the MRGO Reach 1 with the 1958 configuration of the GIWW [Westerink, 2008], eliminates the
MRGO Reach 2 out to the southern edge of the Biloxi Marsh, and replaces topography and marsh
frictional resistance with 1956 wetland conditions. The model does represent all the St. Bernard
Polder breaches as they occurred during Hurricane Katrina. Figure 32 (as compared to Figure 3)
shows the channels as they existed in 1956 and has eliminated the dredged mounds along the MRGO
that were created during the dredging process. The surface friction resistance, shown in Figure 33

(and compared to Figure 6), reflect the 1956 wetland conditions as established by Barras [2008].
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Changes have occurred in the Caernarvon Marsh, the Golden Triangle Marsh, La Loutre Ridge, as

well as in the Central Wetlands within the St. Bernard Polder.

Model D: No Federal Levees/2005 MRGO/2005 Wetlands

This model is identical to the SL16-DOJ-SB-A1 Katrina Actual Event Conditions with the
exception that the sections of the IHNC levee, the MRGO Reach 1 levee, and the MRGO Reach 2
levee have been eliminated. Thus this model eliminates the federal levees built along the MRGO,
brings back protection to the 40 Arpent levee,® and maintains levees in south around the town of
Poydras, LA and St. Bernard LA along Bayou Rd. as is shown in Figure 34. Figure 35 shows that the

wetlands are identical to the Model Al.

Model E: No Federal Leveess/No MRGO/1956 Wetlands

Model E is a modified version of the SL16-D0OJ-SB-A1 that eliminates the federal levees,
eliminates all spoil mounds, replaces the MRGO Reach 1 with the 1958 configuration of the GIWW,
eliminates the MRGO Reach 2 out to the southern edge of the Biloxi Marsh, and replaces topography
and marsh frictional resistance with 1956 wetland conditions. This model represents a scenario in
which there had been no federally funded flood protection or navigation works in or around the
Polder. The model eliminates the federal levees built along the MRGO, brings back protection to the
40 Arpent levee, and maintains levees in the south around the towns of Poydras, LA and St. Bernard,
LA along Bayou Road. The model assumes that the MRGO has not been built and that there had been
no wetland degradation since 1956. All dredged spoil mounds have been eliminated. The details of

this model are illustrated in Figures 36 and 37.

& This levee lies to the west of the Central Wetlands within the St. Bernard Polder and existed prior to the
construction of the MRGO Reach 1 and MRGO Reach 2 levees, Figure 1.
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6. SWAN+ADCIRC Katrina simulations of various scenarios quantifying the impact of breaches,

the MRGO channel, wetland degradation, and the federal levees

The seven different models were run with the SWAN+ADCIRC code and the H*WIND/OWI wind
fields and the results were compared to Model Al or A2, Katrina Actual Event Conditions or 2005
MRGO/2005 Wetlands/IHNC Breaches Only, to understand the differences in the resulting water surface
elevations and wave fields (Figures 38, 39, 41, 42, 44, and 45). Cross channel profiles to help understand
results are shown in Figures 40 and 43. Positions of exterior locations around St. Bernard Polder and of
Plaintiffs’ property locations are shown in Figure 46. Time histories of water surface elevations at both
exterior locations and Plaintiffs’ property locations are shown in Figures 47 and 48. Maximum surge
values at the exterior locations are summarized in Table 3 and at the Plaintiffs’ property locations are
summarized in Table 4. Finally, surface water elevation fields are shown at various times for Models Al,
A2, B1, B2, C, D and E in Figures 49-55 to illustrate how flooding evolved in each of these model
configurations.

As summarized in Table 4, Model A1, Katrina Actual Event Conditions, resulted in maximum water
surface elevation levels during Katrina at Plaintiffs’ properties reaching 10.5 ft at Adams; 10.7 ft at StBP
#1; 10.8 ft at StBP #2; 11.0 ft at Tommaseo; 11.3 ft at StBP #3; 11.5 ft at StBP #4; 11.5 ft at Steve’s RV;

11.5 ft at StBP #5; 11.6 ft at Bordelon; 11.7 ft at PSSI; and 17.3 ft at Florissant.

Model A2: 2005 MRGO/2005 Wetlands/IHNC Breaches Only

This model is identical to the Model SL16-DOJ-SB-A1, Katrina Actual Event Conditions, with the
exception that all the breaches along the MRGO Reach 2 were eliminated. This means that only the two
breaches on the IHNC channel into the St. Bernard Polder were active. Water could still overtop all
levees of MRGO Reach 2 by water surface elevations exceeding the crest elevation of the levee and by
wave overtopping.

Figure 38a illustrates that when compared to Model A1, there was generally less than 0.5 ft difference

in water surface elevations exterior to the St. Bernard Polder. Water levels within the MRGO Reach 2,
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MRGO Reach 1, and IHNC increased by between 0.2 and 0.6 ft, with the maximum differences occurring
along the MRGO Reach 2 levee sections where the breaches were closed. Within the St. Bernard Polder,
there was a decrease of several feet in the western portion of the polder while in most of the polder there
was a decrease of 5 to 7 ft in the water surface elevation. This suggests that the southwestern section of
the polder, i.e. the Lower Ninth Ward and vicinity, was dominated by inflow from the IHNC breaches and
the Central Wetlands and populated areas to the east of Paris Rd. were dominated by inflow through the
breaches of the MRGO Reach 2 levees. It is noted that Paris Rd. lies on a natural high ridge that tends to
hydraulically separate the Lower Ninth Ward and vicinity from areas lying to the east. Figure 38b
indicates that the already small waves within the polder were further reduced by the fact that water
column heights were reduced within the Central Wetlands and populated areas to the east of Paris Rd.
Figure 47 shows hydrographs at exterior locations around the St. Bernard Polder. Again it is noted
that Models Al and A2 result in very similar exterior location hydrographs with Model A2 having 0.2 to
0.6 ft higher peaks along MRGO Reaches 1 and 2. Plaintiffs’ property location hydrographs shown in
Figure 48 indicate that for Model Al, the first peak at the Adams property was caused by the IHNC
breach while the second higher peak was caused by additional water from the breaches and inflow on the
MRGO Reach 2 levees. For Model A2, when the MRGO Reach 2 breaches are eliminated, the second
higher peak does not occur. The hydrographs at StBP #1 and StBP #2 also show that water from the
IHNC breaches again dominated the flooding while the MRGO Reach 2 breaches added to the total water
levels for Model Al and not for Model A2. Overall, flooding at these three locations was reduced only by
about 1.5 to 2.5 ft by eliminating the breaching through the MRGO Reach 2 levees, with each property
still experiencing maximum water elevations of 8.3 to 9.0 ft. At the other Plaintiff Property locations
within St. Bernard Polder and behind the 40 Arpent levee, Figure 48 and Table 4 show that there was a
3.9 to 7.0 ft reduction in flooding for Model A2 as compared to Model Al. Flooding at location PSSI was
reduced by 7.7 ft, the largest reduction at any Plaintiff’s property. Nevertheless, in the absence of the
MRGO Reach 2 breaches, properties Tommaseo, SBP #3, StBP #4, Steve’s RV, StBP #5, and Bordelon

still experienced high floodwaters, with maximum water levels ranging from 4.6 to 7.1 ft. Flooding at the
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Plaintiff property location, PSSI, in the Central Wetlands was still 4.0 ft. Flooding at the Plaintiff
property location outside of the polder, Florissant, increased by 0.2 ft and was equal to 17.5 ft.

Figure 49 indicates that when both the IHNC and MRGO Reach 2 breaches are activated, water
penetrates the Lower Ninth Ward and the Central Wetlands, and overtops the 40 Arpent levee. The
Central Wetlands and areas behind the 40 Arpent levee and to the east of Paris Rd. are filled more than
the Lower Ninth Ward and vicinity. Finally, the higher waters equilibrate within the polder; further
raising water levels in the Lower Ninth Ward and vicinity.

In Model A2, Figure 50, the Lower Ninth Ward and vicinity are filled early on as in case Al.
However the MRGO Reach 2 levee is now only overtopped by surge and waves and not through breaches

and the flow into the polder from the MRGO Reach 2 levees is accordingly limited.

Model B1: MRGO as Designed/1956 Wetlands

This model reflects conditions that existed when the MRGO was constructed. Figure 39a shows that
the limited reduction in conveyance of the MRGO Reach 1 and Reach 2 as well as the increase in surface
friction representing the 1956 wetland system led to a 0.7 ft reduction in water levels in the central and
southern portions of the IHNC. Other exterior locations saw much smaller reductions. The minor 0.7 ft
reduction in water level within the central and southern portions of the IHNC is explained in Figure 40.
The difference in the flow conveyance between the as designed MRGO Reach 1 and the 2005 MRGO
Reach 1 is small. The small reduction in conveyance, the resulting increase in velocity, and the increase
in friction corresponding to Model B1 will result in a small increase in head drop through the MRGO
Reach 1, resulting in lower water levels within the central and southern portions of the IHNC as water
flows from Paris Rd. to Seabrook and Lake Pontchartrain. Within St. Bernard Polder there was a
reduction in water levels of a little more than 1 ft in the Lower Ninth Ward and vicinity and overall
reductions in water levels a little less than 1 ft in other areas. These reductions in interior water levels
reflect the reduction in the flow through the IHNC breaches since the exterior water levels in the IHNC

pushing water into the polder were less. Figure 39b indicates that the differentials in significant wave
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height between Model Al and B1 are minor and generally much less than 1 ft. This reduction reflects the
lower water levels within the polder.

The hydrographs in Figure 47 indicate that at exterior locations el, €2, and €3, the shape of the
hydrographs for Model B1 are very similar to those of Model Al with the peaks being lower by 0.2 to 0.3
ft. Within the MRGO Reach 2 channel and especially within the interior portion of the IHNC, the Model
B1 hydrographs are lower by up to 0.7 ft up through the peak. On the drawdown phase at these same
locations, Model B1 is slightly higher than Model Al. The hydrograph at exterior location e8 (Seabrook
at Lake Pontchartrain) is essentially identical for both models. The Plaintiff property location hydrographs
are lower by 1.1 to 1.2 ft at Adams, StBP #1 and StBP #2, with the differential reducing to 0.7 to 0.9 ft at
the other Plaintiff property locations within the polder as shown in Figure 48 and Table 4. The peak surge
at the Plaintiff property location outside of the polder, Florissant, was essentially unaffected.

Figure 51 shows that the evolution of the flooding of the polder for Model B1 is very similar to that
of Model Al shown in Figure 49. The flooding is simply a small amount less since the water levels in the
adjacent channels were very modestly reduced. As summarized in Table 4, Model B1, MRGO as
Designed/1956 Wetlands, resulted in maximum water surface elevation levels during Katrina at Plaintiffs’
properties reaching 9.3 ft at Adams; 9.5 ft at StBP #1; 9.7 ft at StBP #2; 10.1 ft at Tommaseo; 10.6 ft at
StBP #3; 10.8 ft at StBP #4; 10.8 ft at Steve’s RV; 10.8 ft at StBP #5; 10.9 ft at Bordelon; 11.0 ft at PSSI;

and 17.2 ft at Florissant.

Model B2: MRGO as Designed/1956 Wetlands/IHNC Breaches Only

This model is identical to Model B1, the MRGO as Designed/1956 Wetlands model, with the
exception that all the breaches along the MRGO Reach 2 were eliminated. A comparison to Model A2 is
shown in Figure 41a, which shows that the effect of the MRGO as Designed/1956 Wetlands specification
are essentially identical in channels as in the Model A1/B1 comparison. Furthermore the reductions in
peak values from Model A2/B2 in the Lower Ninth Ward and vicinity and in inhabited areas to the east of

Paris Rd. are very similar to the Model A1/B1 comparison, essentially lowering water levels in this area

St. Bernard Parish v. United States; Westerink Expert Report — Page 25



by less than 1 ft. In the Central Wetlands the differences between Model A2/B2 are different from the
Model A1/B1 comparison, with small increases in water levels occurring in the Central Wetlands. This is
related to the changes in interior polder topography in Models B1 and B2 associated with the elimination
of some of the MRGO dredged mound spoils, allowing water to more readily flow from the Lower Ninth
Ward and vicinity to the Central Wetlands. There are small decreases/increases in the already low wave
action associated with the reductions/increases in water levels within the polder, as is shown in Figure
41b.

Figure 47 indicates that the Model B2 exterior location hydrographs are very similar to the Model B1
and Model A2 exterior location hydrographs. These hydrographs see the increase in water level
associated with closing the MRGO Reach 2 breaches and the decrease in water level associated with the
changed channel and landscape. Plaintiff property location hydrographs at Adams, StB1, and StB2,
shown in Figure 48, are lower to reflect the combined effects of the reduction of water levels in the
central and southern IHNC as well as not seeing the water from the MRGO Reach 2 breaches. Plaintiff
properties Adams, StBP #1, and StBP #2 flooded to 7.5 to 8.0 ft. The Plaintiff property location
hydrographs further from the IHNC breaches are not reduced quite as much as for the Model A1/B1
comparisons, with reductions now being less than 1ft. Thus overall peak water levels at Tommaseo, StBP
#3, StBP #4, Steve’s RV, StBP #5 and Bordelon are reduced further from Model A2, reflecting the
reduction in the water from the IHNC breaches due to the lower exterior IHNC water levels associated
with Model B. Peak water levels at Plaintiff locations Tommaseo, StBP #3, StBP #4, Steve’s RV, StBP
#5 and Bordelon range between 4.1 and 6.3 ft. Peak water level at Plaintiff location PSSI was 3.8 ft. The
peak water level at the Plaintiff property location outside of the polder, Florissant, is essentially
unaffected and equals 17.3 ft.

The progression of flooding through critical times across the polder is shown in Figure 52. This
progression is very similar to Model A2 shown in Figure 50, except that more water passes from the

Lower Ninth Ward and vicinity into the Central Wetlands.
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Model C: No MRGO/1956 Wetlands

This model represents the scenario if the MRGO had not been built and if there had been no wetland
degradation since 1956. Figure 42a shows that the reduction in conveyance of the MRGO Reach 1 and the
elimination of MRGO Reach 2 as well as the increase in surface friction representing the 1956 wetland
system led to about a 1.5 ft reduction in water levels in the central and southern portions of the IHNC.
The reduction in flow conveyance from Paris Rd. to Seabrook also led to an increase in water levels in the
vicinity of Paris Rd. of about 0.3 ft. The 1.5 ft reduction in water level within the central and southern
portions of the IHNC is explained in Figure 43. There is a reduction in the flow conveyance between the
GIWW as it existed prior to the construction of the MRGO and the 2005 Reach 1. While not
dramatically affecting water levels outside of the canal system, the reduction in conveyance did lead to an
increase in resistance between Paris Rd. and Seabrook, leading to an increase in water level of 0.3 ft at
Paris Rd. and a faster drop in water level between Paris Rd. and Seabrook and thus leading to the 1.5 ft
drop in the central and southern portions of the IHNC. We note that the reduction in interior polder water
levels is limited to the Lower Ninth Ward and vicinity in the western portion of the polder, reflecting the
lower water levels in the IHNC. Water levels in the remainder of the polder see very little difference from
Model A1, the Katrina Actual Event Condition Model. This is predominantly the result of an increase in
exterior water levels in the vicinity of Paris Rd. Significant wave heights are not dramatically affected
except in the MRGO Reach 1 and Reach 2 where they are reduced by about 1 ft.

Figure 47 indicates that at exterior locations el and e2, the shape and peak of the hydrographs for
Model C is very similar to that of Model Al with the peaks being 0.1 to 0.2 ft lower. The hydrograph at
exterior location e3 at Paris Rd. is 0.3 ft higher while the hydrograph at exterior location e5 in the central
portion of the IHNC is 1.4 ft lower and more slender. At the Plaintiff property locations within the polder
at Adams, StBP #1, and StBP #2, Figure 48, the hydrographs for Model C are further reduced from
Model B1 reflecting the even lower water levels in the central IHNC which is their main driver. Peak
water surface elevation levels during Katrina at Plaintiffs’ properties reached 8.8 ft at Adams; 9.0 ft at

StBP #1; and 9.1 ft at StBP #2. The locations away from the Lower Ninth Ward and vicinity see a 0.0 to
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0.7 ft peak water level reduction as compared to Model AL, reflecting the balance in less water from the
IHNC breaches but increases in water from a portion of the MRGO Reach 2 breaches driven by the
increases in water level from the vicinity of Paris Rd. Peak water surface elevation levels at Plaintiffs’
properties reaching 10.3 ft at Tommaseo; 11.0 ft at StBP #3; 11.5 ft at StBP #4; 11.5 ft at Steve’s RV;
11.5 ft at StBP #5; 11.5 ft at Bordelon; and 11.6 ft at PSSI. The Plaintiff property location outside of the
polder, Florissant, has a peak of 17.2 ft which is essentially identical to Model Al.

Figure 53 shows that the evolution of the flooding for Model C of the polder is very similar to that of
Model B1 shown in Figure 51. The flooding is simply a small amount less in the vicinity of the Lower

Ninth Ward and vicinity and is greater in other sectors of the polder compared to Model B1.

Model D: No Federal Levees/2005 MRGO/2005 Wetlands

This model is identical to the SL16-D0J-SB-A1 Katrina Actual Event Conditions with the exception
that this model eliminates the federal levees built along the MRGO and brings back protection to the 40
Arpent levee and maintains levees in the south around the towns of Poydras, LA and St. Bernard, LA.
Figure 44a indicates that compared to Model Al, Katrina Actual Event Conditions, there is 0.5 ft less
water along the southern portion of MRGO Reach 2, 0.1 to 0.4 ft more water in the MRGO Reach 1 and
the IHNC, and between 3 and 5 ft more water in the St. Bernard Polder. There is less water along the
southern portion of MRGO Reach 2 since more water moves into the polder. There is more water in
MRGO Reach 1 since the water now communicates unimpeded between the polder and the MRGO Reach
1. Finally there is more water within the polder since it can move unimpeded from Lake Borgne and
MRGO Reach 1 into the Central Wetlands and over the 40 Arpent levee into the inhabited areas of the
polder. There is a coincident increase in significant wave height corresponding to the increased water
levels as is shown in Figure 44b.

Exterior location hydrographs el and e2, Figure 47, are very similarly shaped but have 0.5 ft lower
peaks compared to Model ALl. Conversely exterior location hydrographs e3, e4, and e5 show peaks that

are about 0.1 to 0.4 ft greater than Model Al. Hydrographs at Plaintiffs’ property locations within the
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polder, Figure 48, increase by 3.1 to 5.2 ft compared to Model Al. The Plaintiff property location outside
of the polder, Florissant, is essentially unaffected. As summarized in Table 4, Model D, No Federal
Levees/2005 MRGO/2005 Wetlands, results in maximum water surface elevation levels during Katrina at
Plaintiffs’ properties reaching 14.1 ft at Adams; 14.3 ft at StBP #1; 14.5 ft at StBP #2; 14.7 ft at
Tommaseo; 15.0 ft at StBP #3; 15.6 ft at StBP #4; 15.6 ft at Steve’s RV; 15.8 ft at StBP #5; 16.8 ft at
Bordelon; 14.8 ft at PSSI; and 17.1 ft at Florissant.

Figure 53 shows a sequence of water elevation fields in time illustrating the evolution of flooding.
Without the federal levees, the Central Wetlands were easily overwhelmed as water moved in from Lake
Borgne. The 40 Arpent levee and the levees protecting Poydras, LA and St. Bernard, LA were

subsequently easily overtopped and the interior protected areas were flooded.

Model E: No Federal Levees/No MRGO/1956 Wetlands

This model represents a scenario of no federally funded projects in the polder. Figure 45a indicates
that this model results in very similar flooding to Model D, the No Federal Levees/2005 MRGO/2005
Wetlands model. Compared to Model Al, Katrina Actual Event Conditions, there is 0.6 to 0.8 ft less
water along the southern portion of MRGO Reach 2, 0.2 ft more water in the eastern portion of MRGO
Reach 1, 1.2 ft less water in the central portions of the IHNC, and between 3 and 5 ft more water in the St.
Bernard Polder. Again there is less water along the southern portion of MRGO Reach 2 mainly because
more water moves into the now unprotected polder. There is more water in the eastern portion of MRGO
Reach 1 since the water now communicates unimpeded between the polder and the MRGO Reach 1.
There is less water in the central portion of the IHNC since the hydraulic conductivity to that point has
still been reduced. Finally, there is much more water within the polder since it can move unimpeded from
Lake Borgne into the Central Wetlands and over the 40 Arpent levee into the inhabited areas of the
polder. There is again a coincident increase in significant wave height corresponding to the increased

water levels as is shown in Figure 44b.
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Exterior location hydrographs el and e2, Figure 47, show very similar shape, but the peaks are 0.6 to
0.8 ft less compared to Model Al. Exterior location hydrograph e3 has a 0.2 ft higher peak compared to
Model Al while exterior location hydrograph e5 has a peak that is about 1.2 ft less than Model Al.
Hydrographs at Plaintiffs” property locations within the polder, Figure 48, are essentially identical to
Model D and are still 3.2 to 5.0 ft higher compared to Model Al. The hydrograph peak at the Plaintiff
property location outside of the polder, Florissant, is still essentially unaffected as in all previous cases.
As summarized in Table 4, Model E, No Federal Levees/No MRGO/1956 Wetlands, results in maximum
water surface elevation levels during Katrina at Plaintiffs’ properties reaching 13.8 ft at Adams; 14.1 ft at
StBP #1; 14.3 ft at StBP #2; 14.5 ft at Tommaseo; 14.9 ft at StBP #3; 15.5 ft at StBP #4; 15.6 ft at Steve’s
RV; 15.7 ft at StBP #5; 16.6 ft at Bordelon; 14.9 ft at PSSI; and 16.9 ft at Florissant.

Figure 55 shows a sequence of water elevation fields in time illustrating the evolution of flooding.
This evolution proceeded almost identically to Model D. Without the federal levees and MRGO and with
the pre MRGO wetlands, the interior wetland were easily overwhelmed as water moved in from Lake

Borgne.

7. Conclusions and Opinions
7.1 Surge and wave conditions in and around the St. Bernard Polder during Hurricane Katrina
Historical Storm surge and wave conditions during Hurricane Katrina are accurately simulated by
Model SL16-D0J-SB-A1, the Katrina Actual Event Conditions Model, presented in this Study. The
modeled hydrographs outside and inside of St. Bernard Polder closely match the measured hydrographs.
The modeled high water marks (HWM) closely match the measured ones throughout the region.
Model Al, Katrina Actual Event Conditions, resulted in maximum water surface elevation levels
during Katrina at Plaintiffs’ properties reaching 10.5 ft at Adams; 10.7 ft at StBP #1; 10.8 ft at StBP #2;
11.0 ft at Tommaseo; 11.3 ft at StBP #3; 11.5 ft at StBP #4; 11.5 ft at Steve’s RV; 11.5 ft at StBP #5; 11.6

ft at Bordelon; 11.7 ft at PSSI; and 17.3 ft at Florissant.
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7.2 Source of the water that flooded St. Bernard Polder

The water that penetrated St. Bernard Polder came predominantly from Lake Borgne and was pushed
towards New Orleans by winds from the northeast and east as well as from high water in the Mississippi
Sound. The water mass in Lake Borgne followed the path of least resistance and penetrated the St.
Bernard Polder. The water did not come from Breton Sound or Chandeleur Sound nor from the

Caernarvon or Biloxi marshes through MRGO Reach 2.

7.3 Impact of the breaching location on the flooding within and around St. Bernard Polder

Flooding in the Lower Ninth Ward and vicinity up to Paris Rd. was dominated by the IHNC breaches.
Flooding at locations behind the 40 Arpent levee to the east of Paris Rd. and within the Central Wetlands
was dominated by the breaches of the MRGO Reach 2. Thus when the MRGO Reach 2 breaches were
eliminated from the model, flooding levels at locations Adams, StBP #1, and StBP #2 were only
moderately reduced by about 1.5 to 2.5 ft while locations to the east of Paris Rd. and behind the 40
Arpent levee saw reductions of 3.9 to almost 7.0 ft. Nevertheless, in the absence of the MRGO Reach 2
breaches, properties east of Paris Road and behind the 40 Arpent levee experience flood levels ranging
from 4.6 to 7.1 ft. Flooding at location PSSI was reduced by 7.7 ft in Model A2 but still reached 4.0 ft.
Flooding at the Florissant location is not influenced by the elimination of the MRGO Reach 2 levee
breaches.

Model A2, 2005 MRGO/2005 Wetlands/IHNC Breaches Only, resulted in maximum water surface
elevation levels during Katrina at Plaintiffs’ properties reaching 9.0 ft at Adams; 8.5 ft at StBP #1; 8.3 ft
at StBP #2; 7.1 ft at Tommaseo; 6.2 ft at StBP #3; 4.6 ft at StBP #4; 4.6 ft at Steve’s RV; 4.6 ft at StBP
#5; 4.6 ft at Bordelon; 4.0 ft at PSSI; and 17.5 ft at Florissant.

7.4 Impact of the maintenance of the MRGO and state of the wetlands on flooding within and
around St. Bernard Polder

By defining the MRGO as it was designed and specifying 1956 wetland conditions, Model B1

demonstrates that the actual MRGO maintenance and wetland conditions only minimally impacted
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flooding in St. Bernard Polder with flooding reducing by about 1 ft at all interior polder locations and not
at all at Florissant. Water levels along MRGO Reach 2 were minimally impacted while water levels in the
central portion of the IHNC dropped by only 0.7 ft.

Model B1, MRGO as Designed/1956 Wetlands, resulted in maximum water surface elevation levels
during Katrina at Plaintiffs’ properties reaching 9.3 ft at Adams; 9.5 ft at StBP #1; 9.7 ft at StBP #2; 10.1
ft at Tommaseo; 10.6 ft at StBP #3; 10.8 ft at StBP #4; 10.8 ft at Steve’s RV; 10.8 ft at StBP #5; 10.9 ft at
Bordelon; 11.0 ft at PSSI; and 17.2 ft at Florissant.

7.5 Impact of the construction of the MRGO on the surge and wave conditions within and around

St. Bernard Polder

Model C, the No MRGO/1956 Wetlands scenario, models conditions as they existed prior to 1958.
This model indicates that although water levels in the central portion of the IHNC were lowered by about
1.4 ft, water levels in the vicinity of the MRGO Reach 2 at the Paris Rd. Bridge increased by about 0.3 ft.
Thus there was about 1.7 ft in flood reduction for properties in the vicinity of the Lower Ninth Ward and
little or no flood reduction elsewhere in the polder.

Model C, No MRGO/1956 Wetlands, resulted in maximum water surface elevation levels during
Katrina at Plaintiffs’ properties reaching 8.8 ft at Adams; 9.0 ft at StBP #1; 9.1 ft at StBP #2; 10.3 ft at
Tommaseo; 11.0 ft at StBP #3; 11.5 ft at StBP #4; 11.5 ft at Steve’s RV; 11.5 ft at StBP #5; 11.5 ft at
Bordelon; 11.6 ft at PSSI; and 17.2 ft at Florissant.

7.6 Impact of the construction of federal levees on surge and wave conditions within and around St.

Bernard Polder

Model D, which eliminates the key federal levees, shows that the water from Lake Borgne essentially
flows unimpeded into the Central Wetlands and then easily overtops the 40 Arpent levee as well as the
levees protecting Poydras, LA and St. Bernard, LA. Flooding at all interior polder locations increased by
3to 5 ft while at Florissant flooding remained the same as in all cases. This model shows that the first line

of exterior defense, even when compromised, benefits interior portions of the system.
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Model D, No Federal Levees/2005 MRGO/2005 Wetlands, resulted in maximum water surface
elevation levels during Katrina at Plaintiffs’ properties reaching 14.1 ft at Adams; 14.3 ft at StBP #1; 14.5
ft at StBP #2; 14.7 ft at Tommaseo; 15.0 ft at StBP #3; 15.6 ft at StBP #4; 15.6 ft at Steve’s RV; 15.8 ft at
StBP #5; 16.8 ft at Bordelon; 14.8 ft at PSSI; and 17.1 ft at Florissant.

7.7 The combined impact of the construction of federal levees, the construction of the MRGO, and

the deterioration of the wetlands on surge and wave conditions within and around St. Bernard
Polder

Model E, eliminates the key federal levees and the MRGO and considers the wetlands to be in their
1956 conditions. This model again shows that the water from Lake Borgne essentially flows unimpeded
into the Central Wetlands and then easily overtops the 40 Arpent levee as well as the levees protecting
Poydras, LA and St. Bernard, LA. Flooding at all interior polder locations increased by 3 to 5 ft while at
Florissant flooding remained the same as in all cases. Because the water comes from Lake Borgne and is
pushed into the polder unimpeded, the conditions of the wetlands and channels are only of minor
consequence.

Model E, No Federal Levees/No MRGO/1956 Wetlands, resulted in maximum water surface elevation
levels during Katrina at Plaintiffs® properties reaching 13.8 ft at Adams; 14.1 ft at StBP #1; 14.3 ft at
StBP #2; 14.5 ft at Tommaseo; 14.9 ft at StBP #3; 15.5 ft at StBP #4; 15.6 ft at Steve’s RV; 15.7 ft at

StBP #5; 16.6 ft at Bordelon; 14.9 ft at PSSI; and 16.9 ft at Florissant.

I declare under penalty of perjury that the foregoing is true and correct.

Qoerean & W LA

JOANNES J. WESTERINK

Date: August 9, 2013
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Table 1: List of the eleven plaintiff-owned properties that are the subject of this Study. For ease of reference,
these properties have been assigned numbers (used in Figure 46) and abbreviated names reflecting their

relative location throughout the polder.

Property Property
Identifier Identification Used Detailed Property Description
Number in this Report
1 “Adams” 2414 Deslonde St., New Orleans, LA
2 “StBP #1” 1818 Center Street, Arabi, LA
3 “StBP #2” 8600 Victory Dr., Chalmette, LA
4 “Tommaseo” 3641-3616 Fenelon St., Chalmette, LA
5 “StBP #3” E. Josephine & Marietta, Chalmette, LA
6 “StBP #4” E. Judge Perez & Judy Dr., Meraux, LA
7 “Steve’s RV” E. 3209 Judge Perez, Meraux, LA
8 “StBP #5” 4119 E. Judge Perez, Meraux, LA
9 “Bordelon” 3024 Lakewood Dr., Violet, LA
10 “pPSSI” 6325 Paris Rd. (Portions of Lot 5 (I and J)), St. Bernard Parish, LA
11 “Florissant” 2316 Florissant Hwy., St. Bernard Parish, LA
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Table 2: Description of the seven models simulated in this Study.

Model

MRGO Status

Marsh Status

Levee Breaches

Description

Al (Katrina Actual
Event Conditions)

2005 pre-Katrina
dimensions

2005 pre-Katrina
conditions

Breaching
occurring as
during Katrina

Base case: Actual
Katrina Hindcast

A2 (2005 MRGO/

2005 pre-Katrina

2005 pre-Katrina

IHNC Breaches

Base case reflecting

2005 Wetlands/ dimensions conditions Only levee breaches only

IHNC Breaches in the IHNC

Only) floodwall

B1 (MRGO As- MRGO at its 1956 Wetland Breaching Katrina impact

Designed/1956 authorized conditions occurring as absent bank erosion

Wetlands) dimensions as of during Katrina channel widening/
completion in wetland degradation
1968

B2 (MRGO As- MRGO at its 1956 Wetland IHNC Breaches | Katrina impact

Designed/1956 authorized conditions Only absent bank erosion

Wetlands/IHNC dimensions as of channel widening/

Breaches Only) completion in wetland degradation
1968 reflecting INHC

breaches only
C (No MRGO/ No MRGO 1956 Wetland Breaching Katrina impact
1956 Wetlands) conditions occurring as without MRGO, and

during Katrina

with 1956 wetland
topography

D (No Federal

2005 pre-Katrina

2005 pre-Katrina

No levees along

Katrina impact with

Levees/2005 dimensions conditions MRGO Reach 1 | MRGO but without
MRGO/2005 and 2 levees along MRGO.
Wetlands) MRGO and wetlands
with 2005 conditions
E (No Federal No MRGO 1956 Wetland No levees along | Katrina impact with
Levees/No conditions MRGO Reach 1 | no federal influence
MRGO/1956 and 2
Wetlands)
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Table 3: Maximum surge values (ft) for the seven models at exterior polder locations® defined in Figure 46.

Model
Location Al A2 Bl B2 C D E
el 17.0 17.3 16.7 17.0 16.8 16.5 16.2
e2 16.8 17.3 16.6 17.1 16.7 16.3 16.2
e3 15.0 15.6 14.8 15.4 15.3 15.1 15.2
ed 14.1 14.6 13.7 14.2 13.4 14.5 14.2
eb 13.4 13.7 12.7 13.0 12.0 135 12.2
e6 13.5 13.8 12.8 13.1 12.0 13.7 12.4
e7 12.4 12.6 11.9 12.1 11.5 12.4 11.6
e8 11.6 11.7 11.4 11.4 11.1 11.5 11.0
e9 16.3 16.4 16.0 16.2 16.2 16.3 15.9
el0 13.2 13.3 13.0 13.1 13.2 13.3 13.0

% Locations el, 3, 5, and e6 correspond approximately to locations sf3, sf2, sfl, and sf6 used in Steve Fitzgerald’s
(SF) expert report. In this study, the locations are positioned to lie within the channels so that we can examine tides
and lower water level states while the adjacent SF’s locations are positioned adjacent to the base of the levee so that
they could provide values to obtain the best approximation to the overtopping of the levee in his calculation
procedure. There is typically less than 0.1 ft difference in water level between the el, e3, €5, and e6 stations and the
nearby stations provided to SF. Locations e9 and e10 correspond exactly to SF locations sf4 and sf5 since these
locations lie in wetlands.
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Table 4: Maximum surge values (ft) for the seven models at Plaintiffs’ property locations defined in Figure

46.
Location Model
Al A2 Bl B2 C D E
Adams 10.5 9.0 9.3 8.0 8.8 14.1 13.8
SBP #1 10.7 8.5 9.5 7.5 9.0 14.3 14.1
SBP #2 10.8 8.3 9.7 7.5 9.1 14.5 14.3
Tommaseo 11.0 7.1 10.1 6.3 10.3 14.7 14.5
SBP #3 11.3 6.2 10.6 5.4 11.0 15.0 14.9
SBP #4 115 4.6 10.8 4.1 115 15.6 15.5
Steve's RV 115 4.6 10.8 4.1 115 15.6 15.6
SBP #5 115 4.6 10.8 4.1 115 15.8 15.7
Bordelon 11.6 4.6 10.9 4.1 115 16.8 16.6
PSSI 11.7 4.0 11.0 3.8 11.6 14.8 14.9
Florissant 17.3 17.5 17.2 17.3 17.2 17.1 16.9
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Lake Pontchartrain

Seabrook

Paris Rd Bridge

Golden Triangle Chef Menteur Pass

Lake Borgne

Chalmette Extension Levee

Figure 1: The Study Region includes St. Bernard Polder, the IHNC, the MRGO Reach 1, the MRGO Reach
2, the GIWW between the IHNC and Chef Menteur Pass, the Golden Triangle, the Biloxi Marsh, the
Caernarvon Marsh and the eastern portion of Plaquemines Parish. Breaches are indicated in red lines along
levees. Plaintiff’s properties are indicated by bright yellow locations 1 through 11 and are described in Table
1.
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Figure 2: ADCIRC SL16-D0OJ-SB-A model domain with bathymetry (ft).
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Figure 3a: ADCIRC SL16-D0OJ-SB-A bathy and topo (ft), relative to NAVD88 (2004.65), for Southeastern
Louisiana.
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Figure 3b: ADCIRC SL16-D0OJ-SB-A bathy and topo (ft), relative to NAVD88 (2004.65), for the Study Area.
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Figure 4a: ADCIRC SL16-D0OJ-SB-A finite element triangulation in Southeastern Louisiana. The green line

indicates the approximate coastline.

-90°
Figure 4b: ADCIRC SL16-D0OJ-SB-A finite element triangulation in the Study Area.
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Figure 5a: ADCIRC SL16-D0OJ-SB-A grid resolution (ft) in Southeastern Louisiana. The black line indicates
the approximate coastline. Grid resolution indicates the horizontal size of the finite elements. The smaller
the elements, the more detailed the landscape and the hydrodynamics that can be resolved.

Figure 5b: ADCIRC SL16-D0OJ-SB-A grid resolution (ft) in the Study Area.
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Figure 6a: ADCIRC SL16-DOJ-SB-A Manning n bottom friction coefficient in Southeastern Louisiana.
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Figure 6b: ADCIRC SL16-D0OJ-SB-A Manning n bottom friction coefficient in the Study Area.
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Figure 7a: ADCIRC S08 bathy and topo (ft), relative to NAVD88 (2004.65), for Southeastern Louisiana
(compare to Figure 3a).

Figure 7b: ADCIRC S08 bathy and topo (ft), relative to NAVD88 (2004.65), for the Study Area (compare to
Figure 3b).
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Figure 8a: ADCIRC S08 grid resolution (ft) in Southeastern Louisiana (compare to Figure 5a). The black
line indicates the approximate coastline.

Figure 8b: ADCIRC S08 grid resolution (ft) in the Study Area (compare to Figure 5b). The black line
indicates the approximate coastline.
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Figure 9: H*WIND/OWI wind contours and vectors (mph), shown with a 10 min averaging period and at 10
m elevation, in Southeastern Louisiana and Mississippi. The six panels correspond to the following times on

August 29, 2005: (a) 0200 CDT, (b) 0600 CDT, (c) 0900 CDT, (d) 1100 CDT, (e) 1300 CDT, and (f) 1700 CDT.
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Figure 10: Model Al Katrina Actual Event Conditions (SL16-DOJ-SB-AL) surface water elevations (ft) an
wind speed vectors (mph), in Southeastern Louisiana and Mississippi. The six panels correspond to the
following times on August 29, 2005: (a) 0200 CDT, (b) 0600 CDT, (c) 0900 CDT, (d) 1100 CDT, (e) 1300
CDT, and (f) 1700 CDT.
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Figure 11: Model Al Katrina Actual Event Conditions (SL16-DOJ-SB-AL1) significant wave height contours
(ft) and wind speed vectors (mph) in Southeastern Louisiana and Mississippi. The six panels correspond to
the following times on August 29, 2005: (a) 0200 CDT, (b) 0600 CDT, (c) 0900 CDT, (d) 1100 CDT, (e) 1300

CDT, and (f) 1700 CDT.
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Figure 12: Model Al Katrina Actual Event Conditions (SL16-DOJ-SB-A) mean wave period contours (s) and
wind vectors (mph) in Southeastern Louisiana and Mississippi. The six panels correspond to the following
times on August 29, 2005: (a) 0200 CDT, (b) 0600 CDT, (c) 0900 CDT, (d) 1100 CDT, (e) 1300 CDT, and (f)
1700 CDT.
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Figure 13a: East-west transect locations for bathymetry/topography to the east of the Mississippi River.
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Figure 13b: East-west transect 1 of bathymetry/topography to the east of the Mississippi River. Shallow
waters and wetlands with high waters on top allow for surge and wave seas to develop in critical areas. Deep
channel represents MRGO Reach 2 which has a deep channel width of approximately 0.16 mi and a shallow
surface width of approximately 0.5 mi. Red line represents a St. Bernard Polder MRGO Reach 2 levee.
Dashed blue line represents zero NAVD 88 (2004.65). Solid blue line approximates 12 ft of water from storm
surge.
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Figure 13c: East-west transect 2 of bathymetry/topography to the east of the Mississippi River. Shallow
waters and wetlands with high waters on top allow for surge and wave seas to develop in critical areas. Deep
channel represents MRGO Reach 2 which has a deep channel width of approximately 0.16 mi and a shallow
surface width of approximately 0.5 mi. Red line represents a Mississippi River east bank federal levee.

Dashed blue line represents zero NAVD 88 (2004.65). Solid blue line approximates 12 ft of water from storm
surge.
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Figure 14: H*WIND/OWI wind contours and vectors (mph), show-n with a 10 min averaging period and at 10
m elevation, in Study Area. The six panels correspond to the following times on August 29, 2005: (a) 0200
CDT, (b) 0600 CDT, (c) 0900 CDT, (d) 1100 CDT, (e) 1300 CDT, and (f) 1700 CDT.

St. Bernard Parish v. United States; Westerink Expert Report — Page 56



2

LA AT R X

Figure 15: Model Al Katrina Actual Event Conditions (SL16-DOJ;SB-A1) surface water elevations (ft) an
wind speed vectors (mph), in the Study Area. The six panels correspond to the following times on August 29,
2005: (a) 0200 CDT, (b) 0600 CDT, (c) 0900 CDT, (d) 1100 CDT, (e) 1300 CDT, and (f) 1700 CDT.
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Figure 16: VModeI Al Kétrina Actual Event Conditions (SL16-DOJ-SB-A1) significant wave height contours
(ft) and wind speed vectors (mph) in the Study Area. The six panels correspond to the following times on
August 29, 2005: (a) 0200 CDT, (b) 0600 CDT, (c) 0900 CDT, (d) 1100 CDT, (e) 1300 CDT, and (f) 1700 CDT.
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Figure 17: Model Al Kétrina Actual Event Conditions (SL16-DOJ-SB-A1) mean wave period contours (s) and
wind vectors (mph) in the Study Area. The six panels correspond to the following times on August 29, 2005:
(a) 0200 CDT, (b) 0600 CDT, (c) 0900 CDT, (d) 1100 CDT, (e) 1300 CDT, and (f) 1700 CDT.
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Figure 18a: Maximum Hurricane Katrina event water surface elevation (ft) in Southeastern Louisiana for the
Model Al Katrina Actual Event Conditions SL16-DOJ-SB-AL simulation. Brown lines denote raised features.
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Figure 18b: Maximum Hurricane Katrina event water surface elevation (ft) in the Study Area for the Model
Al Katrina Actual Event Conditions SL16-DOJ-SB-A1 simulation. Brown lines denote raised features.
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Figure 19a: Maximum Hurricane Katrina event significant wave heights (ft) in Southeastern Louisiana for
the Model Al Katrina Actual Event Conditions SL16-D0OJ-SB-A1 simulation. Brown lines denote raised
features.

Figure 19b: Maximum Hurricane Katrina event significant wave heights (ft) in the Study Area for the Model
Al Katrina Actual Event Conditions SL16-DOJ-SB-AL simulation. Brown lines denote raised features.
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