Appendix 1
Terminology

Event tree analysis is an inductive analysis that depicts the sequence of occurrences 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 component states and possible causes that can result in a specific system state (called
the top event).

A fragility curve is a function that defines the probability of failure, conditioned on some
appropriately defined intensity such as an applied load, a velocity, flood elevation, or other
parameter.

A hazard is a threat, 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 is its ability to meet functional requirements. The
performance of an item was described by various elements, such as flood protection, reliability,
capability, efficiency, and maintainability. The design and operation of the system affects this
performance.

A system is an entity comprising an interacting collection of discrete elements and commonly
defined using deterministic models. The word deterministic implies that the system is identifi-
able 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. A system was 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 the system. Methods to address uncertainty in systems architecture are
available and were employed as provided by Ayyub and Klir (1996).
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Reliability is the ability of a system or a component 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 probability that the failure
event, however defined, does not occur.

Consequences are damages or losses from some failure event. 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 is a multi-dimensional quantity that includes event-occurrence probability, event-
occurrence consequences, consequence significance, and the exposed population; 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 a curve depicting specified losses and the probability of exceeding those losses.

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 was 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 Assessment an examining of the tradeoffs that must take in any effort directed toward
risk mitigation or risk reduction.

Risk communication was defined as an interactive process of exchange of information and
opinion among stakeholders such as individuals, groups, and institutions. It often involves mul-
tiple 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.

A scenario is a unique combination of circumstances that lead to an outcome of interest.
Thus there may be loading scenarios, failure scenarios or downstream flooding scenarios.
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Appendix 2
New Orleans East Basin

NOE - Background

The New Orleans East hurricane protection system was designed as part of the Lake
Pontchartrain, LA, and Vicinity Hurricane Protection Project. The New Orleans East (NOE)
portion of the project protects 45,000 acres of urban, industrial, commercial, and ecological
lands. As designed, the levees were generally constructed with a 10-foot crown width with side
slopes of 1 on 3. The height of the levees varies but was in the range of 12—-19 feet, depending
upon location. There are also various types of floodwall segments along the line of protection.
As designed, there is a total of approximately 206,000 linear feet of levees and floodwalls,
eight pump stations, three U.S. Fish and Wildlife Service (USFWS) pump stations, a multitude
of culverts through/over the levee/floodwall, and multiple gate closures for road and rail
crossings. The NOE basin is essentially broken into two major sections, as shown in Figure NOE
1. The west side of the basin is primarily residential and the east side is essentially a wetlands
area. These two areas are separated by a small levee. The west side of the basin is further divided
into residential and industrial areas. The area along the GIWW and IHNC is primarily industrial
while the remainder of the western portion is residential in nature.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-2-1
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



East Levee

Lakefront Airport FW

Citrus Lakefront Levee/FW

Residential &

Industrial Area

| IHNC Levee/FW |
. TETT TR 5 i A i e YoAH i ! )
| “hr "ﬂ%‘l ] 4 P e East Back Levee
i 1 AR 7
- } p

o

Al ¥ 3 g
Figure NOE 1. New Orleans East Basin — Major Stretches by DM

NOE - Design Memorandums

For the purposes of the IPET Task 10 risk assessment, each basin must be broken into
“reaches” that are defined by a combination of physical characteristics, major elevation changes,
and potential consequences. Many of the basic reaches were defined by when individual design
memorandums (DM) were completed and then constructed since different stretches of the
levee/floodwall were raised at different times throughout the life of the NOE protection system.
There are a total of 7 levee/floodwall major stretches separated by different DM’s within NOE.
These 7 are defined below and illustrated in Figure 1.

e Lakefront Airport Floodwall
o Beginning Point: Northwest corner of basin below Ted Hickey Bridge
o Ending Point: End of floodwall just south of Hayne Blvd closure gate
e Citrus Lakefront Levee/Floodwall
o Beginning Point: Begin transition levee just south of Hayne Blvd closure
o Ending Point: Levee height transition at Paris Road and USFWS levee
e Lakefront Levee
o Beginning Point: Levee transition at Paris Road and USFWS interior levee
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o Ending Point: South Point at northeast end of basin
e East Levee
o Beginning Point: South Point at northeast corner of basin
o Ending Point: GIWW at southeast corner of basin
e East Back Levee
o Beginning Point: GIWW at southeast corner of basin
o Ending Point: Northeast end of Michoud Canal floodwall
e Citrus Back Levee/Floodwall
o Beginning Point: Northeast end of Michoud Canal floodwall
o Ending Point: Southwest corner of basin at IHNC
e IHNC East Levee/Floodwall
o Beginning Point: Southwest corner of basin at IHNC
o Ending Point: Northwest corner of basin under Ted Hickey Bridge

NOE Basin — Layout of Reaches for Risk Model (Pre-Katrina)

Within these major stretches defined by the DM’s there are reaches, which are defined by
physical changes in the protection system, i.e. switching from floodwall to levee, etc..., or by
changes in geotechnical parameters. Within each reach, there are specific “key points” whose
reliability needs to be determined in order to calculate the effect on the overall reach being
evaluated. An example of a “key point” would be a closure gate at a road or rail line crossing
along a floodwall. In addition, there are transition points between walls and levees that are also a
critical part of the risk analysis, particularly since several of these transition points were
locations where significant scour damage occurred during Katrina. Task 10 engineers reviewed
existing plans, damage survey reports, and conducted field verification inspections to ensure
each basin was accurately defined within the system. As a part of the field verification
inspections, GPS coordinates were obtained and stationing from DM’s and “as-built” plans were
verified. For each basin, this information was transformed into a spread sheet and then a system
map for each basin, as shown in Figure NOE 2 and further clarified in Figure NOE 3 for
“congested” areas where several shorter reaches are close together. Finally, digital photographs
with incorporated notes were developed to compliment the spread sheets and system map for
further clarification. This collection of information was then categorized to get a clear picture of
how the basin should be defined for risk assessment purposes. There are a couple of interior,
local levees, but these are not considered substantial hurricane protection systems and are only
used to define the interior drainage within the basin itself. Therefore, they are not shown and
defined within the context of the risk model other than for flow characteristics.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-2-3
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



New Orleans East - Reaches Defined
Legend

¢  Reach Beginning & Ending Poirts
+  PumpStations
—— Flood Yvall
—— Levee NOES

USFWS Pump Station
—T
2000 Feet

\ T T T
-\ 0 £.000 10,000
M

NMOE Jahnke Pump Station

Citrus Pump Station

P um p Station

See hisel 2

OE12

Figure NOE 2. New Orleans East Basin — Reaches Defined
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Figure NOE 3. New Orleans East Basin — Insets 1 &2 (Refer to Figure NOE 2)

Task 10 basin definition starts at the northwest corner of the basin where the floodwall along
the IHNC intersects the floodwall along the Lakefront Airport (Reach NOEL). This occurs at
Sta. 4+02 B/L, which is equal to the DM stationing of 10+13 W/L. The end of the physical
definition of the NOE basin occurs at the same point since it is self enclosed. Refer to
Figures NOE 2 and NOE 3 for the general location of the reach as the basic characteristics are
detailed within this narrative.

Reach NOE1 (Lakefront Airport DM)

This reach is defined by 2,326 linear feet of concrete I-wall along the Lakefront Airport. It is
located at the northwest end of the basin. There are two key points (NOE1la and NOE1b) within
this reach, both closure gates, located near the end of this reach. Relatively short T-wall sections
surround the gate closures. The reach ends just after the second closure gate for Hayne
Boulevard. The weighted average elevation of the top of this wall was approximately elevation
11.6 (NAVDS88 2004.65) based upon a physical survey taken November 2005. It had an average
free standing height of approximately 8.2 feet based upon field measurements following Katrina.
There was significant scour from limited overtopping and/or wave splash along this section of
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I-wall, as shown in Figure NOE 4, but there was no permanent deformation of the wall. Refer to
the “Post Katrina NOE System Definition” section of this narrative for a detailed description of
changes to this reach made by Task Force Guardian (TFG).

Figure NOE 4. Scour Behind Lakefront Airport FW from Overtopping
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Reach NOE2 (Citrus Lakefront DM)

This reach is defined by a short 97-ft transition levee between the end of the Lakefront
Airport floodwall and the beginning of the west Stars & Stripes floodwall. There are no key
points within this reach; however, there are two transition features where the levee ties into the
concrete capped [-walls on both ends of the reach. One of these transition points (between Reach
NOE 1 and NOE 2) is shown in Figure NOE 5 where the scour occurred during Katrina. The
weighted average height of this reach was 13.3 (NAVD88 2004.65) based upon an adjusted
LIDAR done prior to Katrina, although at the transition between NOE1 and NOE?2 the reach is
significantly lower until the railroad embankment is encountered.

Reach NOE3 (Citrus Lakefront DM)

This reach is defined by 2,325 linear feet of concrete capped I-wall. This reach is commonly
referred to as the west Stars & Stripes floodwall. There are two basic types of floodwall along
this reach each consisting of about ’ the length of this reach. The first type is a concrete capped
I-wall with levee on both sides and the second is a concrete [-wall section where the protected
side has a concrete sidewalk adjacent to a road. The risk assessment model focused on both of
these with an emphasis on the I-wall section without the concrete sidewalk which helps to serve
as erosion protection when the wall is overtopped. There are no key or transition points within
this reach. The weighted average top of wall elevation along this reach is elevation 13.5
(NAVDS8S8 2004.65) based upon a physical survey taken in March 2006.
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Figure NOE 5. Transition Point Between Reaches (NOE 1 & NOE 2) (Viewed from Reach NOEZ2 looking
north towards Lakefront Airport)

Reach NOE4 (Citrus Lakefront DM)

This reach is defined by 2,330 linear feet of the Stars and Stripes levee. It is located between
the west and east Stars and Stripes floodwalls. A small concrete I-wall for the discharge pipes at
the St. Charles Pump Station is located near the east end of this reach. There are no key points
within this reach, but there are two transition points where the levee abuts both Stars and Stripes
floodwalls. The ends of the St. Charles Pump Station floodwall are not considered transition
points since they are essentially flush with the top of the levee. The weighted average top
elevation of this reach was 13.3 (NAVDS88 2004.65) based upon an adjusted LIDAR survey
taken prior to Katrina. The transition between the levee and the east Stars & Strips floodwall is
shown in Figure NOE 6.

Reach NOES5 (Citrus Lakefront DM)

This reach is defined by 2,270 linear feet of concrete I-wall. It is commonly referred to as the
east Stars and Stripes floodwall. There are no key or transition points within this reach. The
weighted average top of wall elevation for this reach is 13.7 (NAVDS88 2004.65) based upon a
physical survey done in November 2005. This wall was not damaged during Katrina.
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Figure NOE 6. Transition between Reaches NOE4 (Levee) and NOE5 (FW)

Reach NOESG6 (Citrus Lakefront DM)

This reach is defined by a 19,112 linear feet segment of levee. It begins at the end of the east
Stars & Stripes floodwall and ends at the west side of the Lincoln Beach floodwall. There are a
couple of short, small floodwall sections within this reach located at the Citrus and Jahncke
Pump Stations; however, these are very short walls that are not considered significant within the
overall characteristics of the reach. There are three transition points assigned to this reach. These
are for the levee/concrete I-wall interface points where the east Stars & Stripes floodwall ends,
the Jahncke Pump Station floodwall, and where the levee ties into the west side of the Lincoln
Beach floodwall. The floodwall at the Citrus Pump Station was not considered as a transition
point since the top of the wall was essentially flush with the top of the levee. The weighted
average elevation for the top of this reach was 12.9 (NAVDS88 2004.65) based upon an adjusted
LIDAR survey taken prior to Katrina. There was some minor overtopping and/or wave splash
over this levee at various locations, as indicated in Figure NOE 7, but no significant damage.

Reach NOE7 (Citrus Lakefront DM)

This reach is defined by a 1,474 linear feet of concrete [-wall located at Lincoln Beach.
There is one “key point” located in the flood wall, which is a closure gate that is approximately
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100 feet wide. Short concrete T-walls surround the gate. The weighted average top of wall
elevation for this reach is 12.1 (NAVDS88 2004.65) based upon a physical survey taken in
November 2005. The wall was overtopped during Katrina and performed very well. The Lincoln

Beach floodwall is shown in Figure NOE 8 for reference.

Figure NOE 7. Minor Scour from Overtopping at Jahncke Pump Station
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Figure NOE 8. Lincoln Beach Floodwall (Reach NOE7) (Looking west from Reach NOES8)

Reach NOES8 (Citrus Lakefront DM)

This reach of levee, 2,724 linear feet, ends the Citrus Lakefront section at the intersection of
Paris Road, the interior local levee, and the west side of the Lakefront Levee. There are no key
points within this reach, although the levee height is considerably different as it proceeds to the
Lakefront Levee section, as shown in Figure NOE 9. The weighted average top elevation of this
levee was 12.6 (NAVD 88 2004.65) based upon an adjusted LIDAR survey taken prior to
Katrina. This section was overtopped and damaged during Katrina, primarily in the area where
the lower Citrus Lakefront levee section transitions to the higher East Lakefront Levee section as
shown in Figure NOE 9. This represents the only transition point within this reach.
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Figure NOE 9. Begin Lakefront Levee at Citrus Lakefront and Paris Road (Lakefront Levee @ EI. 18.6 +/-
and Citrus Lakefront Levee @ 12.6+/-)

Reach NOE9 (Lakefront Levee DM)

This reach covers 33,165 feet of levee along Lake Pontchatrain from Paris Road to South
Point, which is the extreme northeast corner of the basin. There is 368-ft-long I-wall around the
Exxon/Mobil pipeline crossing that provides the only transition point within the reach. The
weighted average top elevation of this reach was 18.6 (NAVD88 2004.65) based upon an
adjusted LIDAR survey taken before Katrina. This reach was not overtopped or damaged to any
significant extent during the storm.

Reach NOE10 (East Levee DM)

This reach is defined by a 27,665-linear-ft segment of levee from South Point to where
Highway 90 crosses the levee. There are four transition points within this stretch, including three
different drainage culvert headwalls on the levee toe. The other remaining transition point is for
the floodwall surrounding the gated closure at Highway 11. The gated closure at Highway 11
represents the only “key point” within the reach as well. The weighted average top elevation of
this levee is 15.1 (NAVD88 2004.65) based upon an adjusted LIDAR survey done prior to
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Katrina. This section was slightly overtopped or subject to wave splash during Katrina, but
suffered minimal damage other than at transition points.

Reach NOE11 (East Levee DM)

This levee is 8,942” long and extends southeast from Highway 11 and serves as the section
where the levee design was modified to account for wave action. There are no “key points”
located within this reach. The weighted average top elevation of this reach was 16.7 (NAVDS88
2004.65) based upon an adjusted LIDAR survey taken prior to Katrina. It is believed that this
section of levee suffered minor overtopping and/or wave splash, but overall it performed well.

Reach NOE12 (East Levee DM)

The final reach of levee along the East section is 7,190 ft long and extends to the GIWW
with a weighted average top elevation of 15.0 (NAVDS88 2004.65) based upon an adjusted
LIDAR survey taken prior to Katrina. There are two transition points within this reach including
a short sheet pile wall around a drainage structure and transition concrete I-walls around a
railroad crossing. There is one key point, the railroad gated closure, which is included in this
reach. At the time of Katrina, the railroad closure gate and transition walls were roughly 4 feet
lower than the adjacent levee and was overtopped and heavily damaged during the storm. An
aerial view of this damage is shown in Figure NOE 10.
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Figure NOE 10. Aerial View of Damage at RR Closure Along East Levee

Reach NOE13 (East Back Levee DM)

This section of levee, measuring 22,257 linear feet, was heavily damaged during Katrina
from overtopping. Prior to Katrina, it had a weighted average top elevation of 15.5 (NAVDS88
2004.65) based upon an adjusted LIDAR survey that was taken before the storm. It begins at the
east end where it ties into the southern edge of the East Levee and continues to the east end of
the floodwall around the Orleans Parish Pump Station #15. There are no key points within this
reach. There is one transition point assigned to this reach for the floodwall/levee interface at the
very western edge of this reach where it ties into the Pump Station #15 floodwall. Much of this
levee was destroyed, as shown in Figure NOE 11, and was rebuilt by TFG.
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Figure NOE 11. Failure of Levee by Overtopping East of Pump Station #15 (East Back Levee)

Reach NOE14 (East Back DM)

This reach is defined by the floodwall around Orleans Parish Pump Station #15. There were
two types of walls within this reach prior to Katrina, two 120-ft transition sheet pile walls at
elevation 17.5 (NAVDS88 2004.65) at the both ends of a middle 253-ft T-wall section with a top
elevation of 22.2 (NAVD88 2004.65). The total length of this reach is 493 feet. Portions of the
transition sheet pile sections were heavily damaged during Katrina as shown in Figure NOE 12.
There are no key or transition points assigned to this reach.
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Reach NOE15 (East Back DM)

This 10,120-ft section of levee extends from the west end of the Orleans Parish Pump Station
#15 floodwall to the start of the floodwall on the east side of the Michoud Canal at the GIWW.
This levee section had a weighted average top elevation of 16.8 (NAVDS88 2004.65) at the time
of Katrina based upon an adjusted LIDAR survey taken prior to the storm. There are no key
points, but two transition points assigned to this reach. Both transition points are for
levee/floodwall interfaces at both ends of this reach. This reach was heavily damaged during
Katrina and was rebuilt under TFG.

Reach NOE16 (East Back DM)

This reach consists of the east floodwall around the Michoud Canal. It is primarily concrete
capped I-wall, but has a short transition sheet pile wall at the beginning of the reach. It is
approximately 10,757 feet long and had a weighted average top elevation of 17.9 (NAVDS&8
2004.65) based upon a physical survey taken in November 2005. The reach starts at the GIWW
and continues along the Michoud Canal where it joins with the Citrus Back floodwall. There are
18 key points along this reach for gated closures at industry and road crossings. However, from
site inspections, it appears as if five of these gates are placed in the permanently closed position.
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As shown in Figure NOE 13, the transition sheet pile floodwall at the beginning of this reach
failed during Katrina; this section was rebuilt under TFG. The concrete capped I-wall section
was overtopped and suffered significant scour as shown in Figure NOE 14, but performed well.
There are no transition points assigned to this reach.

Transition between Reach NOE15
(levee) and Reach NOE16 (floodwall)

Figure NOE 13. Floodwall Failure at East End of Michoud Canal FW
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Figure NOE 14. Scour Damage Behind Michoud Canal Floodwall
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Reach NOE17 (Citrus Back DM)

The beginning of this reach starts at the northwest end of the Michoud Canal and ends at the
southwest side of the Michoud Canal at the GIWW. This reach consists of 9,318 feet of
floodwall with an average weighted top elevation of 20.8 (NAVD88 2004.65) based upon a
physical survey taken in November 2005. This section was overtopped during Katrina but
suffered only minor scour problems. There are no key or transition points assigned to this reach.

Reach NOE18 (Citrus Back DM)

This reach represents the 7,905 ft segment of levee between the Michoud Canal and Michoud
Slip. There are no key points within this reach of levee, but there are two transition points where
the levee ties into floodwalls on both ends. This reach had a weighted average top elevation of
17.2 (NAVDS88 2004.65) at the time of Katrina based upon an adjusted LIDAR survey taken
prior to the storm.

Reach NOE19 (Citrus Back DM)

The reach represents the 6,155 ft of floodwall around the Michoud Slip. There are two key
points (gated closure) within this reach, but no transition points assigned to this reach. This reach
has a weighted average top elevation of 16.7 (NAVDS88 2004.65) based upon a physical survey
taken in November 2005. This section of wall suffered minimal scour damage during Katrina.

Reach NOE20 (Citrus Back DM)

This reach contains 15,940 feet of levee between the west end of the Michoud Slip and the
east end of the combination floodwall for the bulk loading facility. There are two transition
points assigned to this reach where the levee ties into floodwalls at both ends. There are no key
points within this reach. This reach has a weighted average top elevation of elevation 14.0
(NAVDS8S8 2004.65) based upon an adjusted LIDAR survey taken before the storm. Portions of
this levee were overtopped during Katrina with moderate areas of scour damage, as shown in
Figure NOE 15, but there were no major breaches in this reach.
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Figure NOE 15. Scour Damage Along Citrus Back Levee

Reach NOE21 (Citrus Back DM)

This reach is defined by the 1,820-ft combination floodwall built for the Bulk Loading
Facility and Elaine Pump Station. This wall was heavily damaged during Katrina, as shown in
Figure NOE 16, and was repaired under TFG. Prior to Katrina, it had a top elevation of 12.1
(NAVDB88 2004.65) based upon both physical survey and LIDAR information. There is one key
point, gate N1 for the Bulk Loading Facility, within this reach. There are no transition points
assigned to this reach.
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Figure NOE 16. Floodwall Failure at Bulk Loading Facility/Elaine PS

Reach NOE22 (Citrus Back DM)

This reach is for the levee (3,453 ft long) between the floodwall at the Bulk Loading
Facility/Elaine PS (east side of reach) and the floodwall that is just east of the Amid Pump
Station (west side of reach). There are no key points within this reach, but there are two
transition points where the levee ties into the adjacent floodwalls on both ends. It had a weighted
average top elevation of 13.4 (NAVDS88 2004.65) prior to Katrina based upon an adjusted
LIDAR survey taken before the storm. There was minor overtopping of this reach during Katrina
with no significant damage.

Reach NOE23 (Citrus Back DM)

This reach is the 1,587 ft section of floodwall located just east of the Amid Pump Station.
This wall did suffer minor overtopping, but no major damage. It had a weighted average top
elevation of 14.5 (NAVDS88 2004.65) based upon a physical survey taken in November 2005.
There are no key or transition points assigned to this reach.
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Reach NOE24 (Citrus Back DM)

The final reach of the Citrus Back Levee stretch is 2,348 feet of levee extending from the end
of the floodwall just east of the Amid Pump Station to its tie in with the Inner Harbor Navigation
Canal (IHNC) east levee. There is one key point (railroad closure gate) located within this reach
and two transition points (railroad closure transition I-walls and the end of the I-wall near the
Amid Pump Station). The transition around the railroad closure structure was overtopped and
sustained significant scour damage, as shown in Figure NOE 17. This reach had a weighted
average top elevation of 13.8 (NAVDS&8 2004.65) based upon an adjusted LIDAR survey taken
prior to Katrina.
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Figure NOE 17. Erosion Damage Around RR Closure (

Reach NOE25 (IHNC DM)

This reach is 3,803 feet long and consists primarily of levee with several gated closures. The
weighted average top elevation of this reach was 12.2 (NAVDS88 2004.65) based upon an
adjusted LIDAR survey taken prior to Katrina. There are four closure gates, each a key point,
within this reach; all of which suffered erosion damage from overtopping during Katrina. Each
of these four closure structures has short adjoining I-walls which represent four transition points
that are assigned to this reach. There is one additional transition point assigned to this reach
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where the end of the levee ties into the beginning of the floodwall, as shown in Figure NOE 19.
A typical example of the scour damage around these closure structures is shown in Figure NOE
18. Structural damage was minimal to these closure structures. The very end of this reach
suffered a major washout area where the levee serves as a ramp just near the 1-10 overpass. A
photograph of this washout damage is shown in Figure NOE 19.

Reach NOE26 (IHNC DM)

This short reach of floodwall (537 ft) starts near the end of the washout area and extends just
under the I-10 overpass. This section is considered a reach because it faces several different
directions and contains two key points, both closure gates. There are no transition points
assigned to this reach. The weighted average top elevation of this wall was 12.4 (NAVDS88
2004.65) based upon a physical survey of the wall completed in November 2005. This section
was overtopped but received minimal scour damage behind the wall.

Reach NOE27 (IHNC DM)

This reach consists of a short transition levee (526 ft) between floodwalls. There are no key
points within this short reach, but there are two transitions assigned to this reach where the
floodwall interfaces with the levee. The weighted average top elevation of the levee was 12.6
(NAVDS88 2004.65) based upon a physical survey taken of this reach in November 2005. This
reach was overtopped during Katrina, but suffered no significant damage.
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Figure NOE 18. Scour Damage around Gated Closure Along IHNC
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Figure NOE 19. Major Washout Area from Overtopping Near I-10 Overpass (Note: Located Along IHNC
East Side)

Reach NOE28 (IHNC DM)

This section of floodwall (1,876 ft) starts between the I-10 and Highway 90 overpasses and
ends where it serves as the foundation for the Dupuy Storage Facility (see Figure NOE 20).
There are no key points, but there is one transition point in this section, which is the old
Highway 90 overpass location. It does not appear as if remedial repairs were made to this
transition section when the overpass was relocated. The weighted average top elevation of this
reach is 12.9 (NAVDS88 2004.65) based upon a physical survey taken during November 2005.
This reach was overtopped with minimal damage during Katrina.
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Figure NOE 20. Floodwall Serves as Building Foundation (Dupuy Storage Facility — IHNC East)

Reach NOE29 (IHNC DM)

This short section of floodwall (643 ft) serves as the Dupuy Storage Building foundation as
shown in Figure NOE 20. This section was deemed an individual reach because overtopping
issues along this short reach warranted its treatment as a separate structure. The weighted
average top elevation is 13.5 (NAVDS88 2004.65) based upon a physical survey taken during
November 2005.

Reach NOE30 (IHNC DM)

The last reach of the basin consists of 8,168 ft of floodwall. There are several key points
(closure gates) within this reach. There is one transition within this reach at the Jourdan Road
crossing. The weighted average top elevation of this reach is 12.2 (NAVD88 2004.65) based
upon a physical survey taken in November 2005. This includes the shorter sections of T-walls
located around closure gates. Portions of this wall were overtopped as indicated by the erosion
behind the floodwall adjacent to closure gate E-13 and shown in Figure NOE 21. This erosion,
which measures approximately 8-ft wide by 2.5-ft deep, did not cause major structural problems
for the wall at this location.
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Figure NOE 21. Erosion Behind Floodwall Adjacent to Gate E-13 (IHNC East)
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NOE - Post-Katrina Layout of Reaches for Risk Model

Reach NOE1 (Lakefront Airport DM)

The only significant change made by TFG to this reach was to repair the scour damage along
the wall and placement of a concrete scour pad on the protected side of the wall shown in
Figure NOE 22. Refer back to Figure NOE 4 for a photograph of the wall following Katrina
without the scour pad, which was taken from the same general location as Figure NOE 22, as
noted by the road ramp on the right hand side of both photographs.

Figure NOE 22. Scour Protection Pad Behind Lakefront Airport FW

Reach NOE2 (Citrus Lakefront DM)

The only significant change made to this reach was improved scour protection around the
transition points at both ends where the levees tie into floodwalls. An example of this improved
protection is shown in Figure NOE 23, where the transition between Reach NOE 1 (floodwall)
and NOE 2 (levee) has been raised and protected with a concrete pad. Figure NOE 23 is taken

from the same general location as Figure NOE 5 which shows the transition before the
improvement.
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Figure NOE 23. Transition Improvements Between Reaches NOE 1&2 (Note: refer back to Figure NOE 5
taken from same location)

Reach NOE3 (Citrus Lakefront DM)

The major improvement to this reach was the installation of a concrete scour pad on the
protected side along the entire reach. There were no changes made to free standing wall heights
in this reach from the pre-Katrina condition.

Reach NOE4 (Citrus Lakefront DM)

The only significant improvement to this reach, known as the Stars & Strips Levee, made by
TFG was improved scour protection around the transitions located at both the east and west ends
of this reach. Figure NOE 24 depicts the improved scour protection at the interface of Reaches
NOE4 (Stars & Stripes Levee) and NOES (East Stars & Stripes Floodwall). Refer back to Figure
NOE 6 for a photograph of this transition taken after Katrina but prior to TFG repairs.

Reach NOES (Citrus Lakefront DM)

There have been two major improvements to this reach. The first is the free standing height
of this I-wall has been reduced from approximately 7.5 feet (pre-Katrina) to 6.0 feet (TFG
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improvements). Secondly, a concrete scour protection pad has been added on the protected side
of the wall for its entire length.

Reach NOESG6 (Citrus Lakefront DM)

The only significant improvements to this reach were scour protection that was placed
around all three transition points. An example of the scour protection around the Jahncke Pump
Station Floodwall is shown in Figure NOE 25 at the same general location where the damage
photo (Figure NOE 7) was taken following Katrina.

Figure NOE 24. Transition Improvements Between Reaches NOE 4&5 (Note: refer back to Figure NOE 6
taken from same location)
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Figure NOE 25. Transition Improvements at Jahncke Pump Station (Note: refer back to Figure NOE 7
taken from same location)

Reach NOE7 (Citrus Lakefront DM)

The major improvements to the Lincoln Beach floodwall were a reduction in the free
standing height of the I-wall sections and scour protection. The free standing height has been
reduced from approximately 10 feet (pre-Katrina) to 5.5 feet (post Katrina repairs under TFG). A
concrete scour protection pad was added at the base of the wall on the protected side. A view of
the improvements (under construction) to the Lincoln Beach floodwall is shown in
Figure NOE 26, taken from roughly the same vantage point as Figure NOE 8, which is at the east
edge of the wall looking west from Reach NOES.
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Figure NOE 26. Lincoln Beach Floodwall Repairs (Note: refer back to Figure NOE 8 taken from same
location)

Reach NOES8 (Citrus Lakefront DM)

The only improvement made to the last reach associated with this DM was improved scour
protection around the east end of the Lincoln Beach floodwall transition into this reach. This
transition point is assigned to Reach NOES and scour protection at this interface, as shown in
Figure NOE 26, was provided by TFG. The transition between the end of this DM and the
beginning of the higher Lakefront Levee section has not been significantly changed from pre-
Katrina conditions.

Reach NOE9 (Lakefront Levee DM)

This reach was not damaged during Katrina and no major changes were made under TFG
with the exception of transition point scour improvements around the Exxon/Mobil floodwall
pipeline crossing.
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Reach NOE10 (East Levee DM)

This reach suffered minimal damage during Katrina and there are no major changes to the
characteristics of this reach itself. However, scour protection improvements were made to three
of the four transition points within this reach. These repairs were made at the drainage structure
headwalls, as typically shown in Figure NOE 27. The other transition point, the floodwall at the
Highway 11 gated closure, had no changes made to it under TFG.

Reach NOE11 (East Levee DM)

There were no improvements made to this reach or any of the transitions within this reach.

Reach NOE10 drainage structure

Figure NOE 27. Scour Repairs to Drainage Structure Headwalls (Note:
repairs — typical)

Reach NOE12 (East Levee DM)

There were significant repairs made to select areas of this reach that were heavily damaged
during Katrina. The first major repair was the entire levee was rebuilt from the CSX railroad
closure structure southward to where the levee ties into the East Back Levee at the GIWW.
Therefore, the pre-Katrina weighted average elevation of 15.0 was restored under TFG
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(NAVDS88 2004.65). The second major improvement was the reconstruction of the CSX railroad
closure gates and adjoining floodwalls. At the time Katrina hit, this gated closure and supporting
floodwall structure was roughly 4 feet lower than the adjoining levees and it was heavily
damaged, as shown in Figure NOE 10. A new gate and supporting floodwall was installed, as
shown in Figure NOE 28. Note that the new gate and supporting walls were constructed such
that it is no longer 4 feet lower than the adjacent levees.

Figure NOE 28. Reconstruction of CSX Railroad Closure Structure

Reach NOE13 (East Back Levee DM)

This section of levee suffered heavy damage from overtopping during Katrina, and it was
totally rebuilt under TFG. The new levee was constructed to elevation 19.5 (NAVDS88 2004.65)
with a final design grade of elevation 17.5 to account for 2 feet of long-term settlement. Thus,
this reach will be approximately 4 feet higher than the pre-Katina condition as constructed and
2 feet higher once the long-term settlement occurs, and it reaches its design elevation. Not only
was the levee raised but it was also built with better materials and with improved methods. Prior
to the Katrina, this reach had been constructed with hydraulic fill taken from the MRGO/GIWW,
which included a mix of sand and silt materials. Within the context of this analysis, the pre-
Katrina soil properties for this reach were classified as “high to very highly erodible” in terms of
resistance to overtopping damage. Since the new levee was constructed with better material and
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better methods (not hydraulically filled), the erodibility classification was improved to the
“moderate” category. Figure NOE 29 shows the newly constructed levee. It can be compared
back to the failed levee along this reach shown in Figure NOE 11.
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Figure NOE 29. New Levee Along the GIWW (East Back Levee)

Reach NOE14 (East Back Levee DM)

This 493-ft reach of combination floodwall was also heavily damaged during Katrina and
was the focus of major repairs by TFG. The surrounding sheet pile I-walls failed during Katrina
(see Figure NOE 12) and were replaced primarily with a concrete T-wall at elevation 22.2
(NAVDSS8 2004.65). There is a very short (18 feet) transition of shorter concrete [-wall at
elevation 20.2 on the west end of the repaired section. Thus, the weighted average elevation of
this overall reach has been raised from 19.9 (pre-Katrina) to 22.1 (post-Katrina repairs under
TFG). The newly repaired wall is shown in Figure NOE 30.

Reach NOE15 (East Back Levee DM)

This reach of levee failed by overtopping during Katrina and was rebuilt by TFG. The new
levee was built to elevation 19.5 with a final design grade of elevation 17.5 (NAVDS88 2004.65)
to account for 2 feet of long-term settlement. The pre-Katrina elevation of this reach was
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approximately 16.8. Thus, as constructed, the new levee is roughly 2.7 feet higher with a final
height 0.7 feet higher once it settles to its final grade. Like the Reach NOE13 repairs, this new
levee was also constructed with more erosion resistant material and with improved construction
methods when compared to the pre-Katrina condition.

Figure NOE 30. Repaired Floodwalls Around Pump Station #15

Reach NOE16 (East Back Levee DM)

Many parts of this reach of floodwall were significantly overtopped during Katrina,
including a failed section of transition sheet pile near the beginning of the reach, as shown in
Figure NOE 13. This short section of transition sheet pile I-wall has been replaced with a
concrete [-wall by TFG. In addition, the free standing height of the non-failed concrete I-wall
sections was reduced from approximately 7.5 feet (pre-Katrina) to 4.5 feet (post-Katrina). Also,
a concrete scour pad, as shown in Figure NOE 31, has been provided on the protected side of the
concrete [-wall sections. Both the shortened free standing height and scour protection pad are
evident in the figure.
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Figure NOE 31. Michoud Canal Floodwall Improvements

Reach NOE17 (Citrus Back Levee DM)

Consistent with the east side of the Michoud Canal, the west side also had its free standing
height reduced and scour protection provided on the back side. During a visual inspection held
during June 2006, TFG construction crews were making the noted improvements as evident in
Figure NOE 32. The free standing height was reduced to 7.0 feet (post-Katrina) from 9.3 feet
(pre-Katrina). A scour protection pad was provided on the back side.
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Figure NOE 32. West Floodwall Repairs around Michoud Canal (Note scour pad at base of wall and
increased stability berm)

Reach NOE18 (Citrus Back Levee DM)

This reach of levee is located between the floodwalls surrounding the Michoud Canal and
Michoud Slip. There were no major renovations made to this reach or transition points.

Reach NOE19 (Citrus Back Levee DM)

This reach of floodwall is located around the Michoud Slip. The free standing height was
reduced to approximately 6.0 feet (post-Katrina) from an average of 8.1 feet (pre-Katrina). A
scour protection pad similar to those found in other figures was also placed at the base of the
wall on the protected side.

Reach NOE20 (Citrus Back Levee DM)

This reach of levee is located between the floodwalls around the Michoud Slip and Bulk
Loading Facility. There was some moderate scour damage to the levee, as shown in Figure NOE
15, but no breaching. The only repairs made to this reach were for scour repair, as shown in
Figure NOE 33. For the purposes of this risk assessment, it was assumed that the pre-Katrina and
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post-Katrina conditions were the same. There were no scour protection improvements made to
the levee/wall interfaces at the ends of this reach.

‘_\‘

Figure NOE 33. Scour Damage Repairs Along Citrus Back Levee (Note: reference Figure NOE 15 which
shows damage following Katrina)

Reach NOE21 (Citrus Back Levee DM)

This reach of floodwall failed during Katrina as shown in Figure NOE 16. It was replaced by
an “L-wall,” which is assumed to have the same reliability as a “T-wall” within the context of
this risk analysis. This new L-wall is shown in Figure NOE 34. Prior to Katrina, the previous I-
wall had a weighted average top elevation of 12.1 (NAVDS88 2004.65) and it is believed the

failure was due to massive overtopping. The new L-wall was constructed to a top elevation of
14.5 (NAVDS8S8 2004.65).
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Figure NOE 35. New L-Wall at Bulk Loading Facility

Reach NOE22 (Citrus Back Levee DM)

This reach of levee is between the floodwalls that are east of the Amid Pump Station and the
Bulk Loading Facility. There was minimal damage to this reach during Katrina and no major
renovations were made by TFG, including no scour protection at the levee/floodwall interfaces.

Reach NOE23 (Citrus Back Levee DM)

This reach of I-wall is located just east of the Amid Pump Station. It was overtopped during
Katrina and received minor scour damage. The free standing height of the wall was reduced to
4.5 feet (post-Katrina) from 6.0 feet (pre-Katrina). A scour protection pad was also added at the
base of the back side of the wall similar to those already shown in other areas.

Reach NOE24 (Citrus Back Levee DM)

This last reach of levee along the GIWW was damaged in a few spots during Katrina but had
no major breaches. Major repairs undertaken by TFG within this reach included scour repairs
around the Amid Pump Station discharge pipes along with scour protection improvements at the
transition of levee/wall interfaces, including the heavily damaged area around the railroad
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crossing closure near the GIWW/IHNC intersection. This area was heavily damaged during
Katrina, as shown in Figure NOE 17. The scour protection repairs to this area are shown in
Figure NOE 36, which illustrates a new transition wall on the east side of the closure and grouted
rock at the end of the west transition wall to this closure.

Figure NOE 36. TFG Repairs to RR Closure at the GIWW/IHNC Intersection (Note: repairs include new
transition wall and grouted rock)

Reach NOE25 (IHNC East)

This reach of levee was overtopped and damaged primarily at closure gate floodwall/levee
interface transition points as shown in Figures NOE 18 and 19. Improvements made by TFG to
this reach include providing grouted rock scour protection at levee/floodwall interfaces and
repair of the major washout section that was damaged during Katrina. A typical scour
improvement around a levee/floodwall interface along the IHNC is shown in Figure NOE 37.
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Figure NOE 37. Transition Improvements along IHNC Levee/FW Interfaces

Reach NOE26 (IHNC East)

There were no major repairs made to this section of floodwall since the transition points are
assigned to the adjoining levee reaches.

Reach NOE27 (IHNC East)

This relatively short reach of levee located between the I-10 and Highway 90 bridges was
overtopped during Katrina with minimal damage. The only significant improvement to this reach
was the placement of grouted rock at the levee/floodwall interfaces.

Reach NOE28 (IHNC East)

This section of floodwall is located behind the Folger’s Coffee Plant and continues to where
it serves as the Dupuy Storage Building foundation. Scour protection, in the way of grouted rock,
was provided at the base of the wall on the protected side. There is no significant change to the
free standing height of the wall along this section as it was roughly 5.0 feet prior to Katrina. It is
noted that the lower, unprotected old Highway 90 crossing was not significantly changed by
TFG.
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Reach NOE29 (IHNC East)

This relatively short section of floodwall was placed as a separate reach since it serves as the
building foundation (Dupuy Storage Facility), as shown in Figure NOE 20. It was made a
separate reach since the building itself provided significant scour protection for this reach, but
could also cause increased load without allowing overtopping. It was not damaged during
Katrina and no major changes were made to this reach.

Reach NOE30 (IHNC East)

This last reach of the New Orleans East Basin consists primarily of concrete I-wall that was
overtopped during Katrina. Several areas of the wall suffered significant scour on the protected
side, see Figure NOE 21 for reference, and have been repaired by placing a scour pad at the base
of the back side in the form of grouted rock. The free standing height of the I-walls along this
reach has not been significantly changed from pre-Katrina condition since they averaged roughly
6 feet at the time of the storm.

Summary of Improvements - New Orleans East Basin

There are a variety of improvements to the NOE Basin made by TFG. These primarily fall
into two major categories: new walls/levees and scour protection. Scour protection
improvements are primarily limited to the back side of floodwalls and transitions around
levee/wall interfaces. However, where new levees were built along the southern portion of the
East Levee and along the GIWW, improved materials and construction methods were used such
that improved resistance to erosion from overtopping can also be expected when compared to the
pre-Katrina condition.

For the new floodwall sections, generally more reliable, stable walls replaced less reliable
I-wall sections. This includes both T-wall and L-wall sections, which in the context of this
analysis, are considered to be very reliable in terms of stability. In addition, these were built to
an elevation considerably higher than the wall sections that failed, providing a higher level of
protection for that reach.

In an effort to make a relatively easy comparison of the physical changes to an individual
NOE Basin reach from pre-Katrina to post-Katrina, Table NOE 1 was created. A general
description of the reach location and number is provided along the left hand side of the table. For
each reach, the type of protection, weighted average top elevation, wall free standing height
(stick-up), and scour protection measures are shown in red for pre-Katrina conditions. The
changes implemented by TFG to the reach characteristics are then shown in blue on the right
hand side of the table. If there was no significant change to the reach for a particular
characteristic(s), then the post-Katrina box is shaded gray.
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Table NOE 1. Summary of Reach Changes for NOE Basin

Post K | Post-K

Lakefront FW

Pre-K
Pre-K Pre-K | Pre-K Scour Post K
Reach | Reach Description | Protect Elev. Stick-up | Protect Protect Elev.
NOE1 | LF Airport l-wall 11.6 8.2 None
NOE2 | Citrus LF Levee 13.3 n/a None
NOES3 | Stars/Stripes West | |-wall 135 10.0 None
FW
NOE4 | Stars/Stripes Levee | Levee 13.3 n/a None
NOE5 | Stars/Stripes East l-wall 13.7 7.5 None
FW
NOE6 | Citrus LF Levee 12.9 n/a None
NOE7 | Lincoln Beach l-wall 12.1 10.0 None
Flood Wall
NOE8 | Citrus LF Levee 12.6 n/a None
NOE9 | East Lakefront Levee 18.6 n/a None
NOE10 | East Levee Levee 15.1 n/a None
NOE11 | East Levee Levee 16.7 n/a None
NOE12 | East Levee Levee 17.7 n/a None
NOE13 | East Back Levee 15.5 n/a None New
Levee
NOE14 | PS #15 FW l-wall 17.5 7.5 None T-wall
NOE15 | East Back Levee 16.8 n/a None New
Levee
NOE16 | Mich. Canal l-wall 17.9 7.5 None
East FW
NOE17 | Mich. Canal West l-wall 20.8 9.3 None
FW
NOE18 | Between Mich Levee 17.2 n/a None
Canal and Slip
NOE19 | Michoud Slip l-wall 16.7 8.1 None
NOEZ20 | Between Slip and Levee 14.0 n/a None
Bulk Facility
NOE21 | Bulk Load FW l-wall 121 6.0 None
NOE22 | Levee Just West of | Levee 13.4 n/a None
Bulk Load FW
NOE23 | FW East of Amid l-wall 14.5 6.0 None
NOE24 | Amid to IHNC Levee 13.8 n/a None
NOE25 | GIWW to I-10 Levee 12.2 n/a None
NOE26 | Under I-10 l-wall 124 6.0 None
NOE27 | I-10 to Hwy 90 Levee 12.6 n/a None
NOE28 | Hwy 90 to Dupuy l-wall 12.9 5.0 None
Bldg
NOE29 | Dupuy Bldg l-wall 13.5 6.0 Yes
NOE30 | Dupuy Bldg to l-wall 12.2 5.5 None
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Appendix 3
Jefferson Basin

Field Reconnaissance and Definition of Reaches in Jefferson
East Bank Basin

The basin for Jefferson East Bank has been broken down into five distinct sections to
develop both reaches and features definitions for the risk model. These sections are based on
General Design Memorandum (GDMs) published by the New Orleans District, USACE and
updated by field reconnaissance by IPET Team 10. The Jefferson East Bank Basin has been
defined by the following sections shown in the figure below:

1. West Return Levee
Lakefront Levee
17th Street Canal
Mississippi River Levees
Jefferson/St. Charles Boundary Levees

Pl o
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Overview of Jefferson Parish Basins

Elevations

All vertical elevations in this report are defined in NAVD88 2004.65 datum unless otherwise
noted within the text. All horizontal datums are defined in State Plane Coordinates NADS83 —
1702 Louisiana South, UTM NADS83 Zone 15, and GCS NADS3.

Section 1: Kenner (West) Return Levee
References

The descriptions of the levees/floodwalls, stationing around the circumference of the polder,
and terminology for associated features are referenced to the following document:

DEPARTMENT OF THE ARMY, NEW ORLEANS DISTRICT, CORPS OF
ENGINEERS, “Jefferson / St. Charles Parish Return Levee”, Design
Memorandum No. 17a — General Design, New Orleans, LA, July 1987.

Narrative

The Kenner (West) Return Levee has a T-wall structure for the entire length along the St.
Charles Parish border. This section begins at the northerly end of the runway for the New
Orleans International Airport and ends at the Lake Ponchatrain levee. This section has been
broken down into four subsections of incrementally increasing wall height. Reach 1 is from

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-3-2
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



station 0+00 W/L to 29+50 W/L is a T-wall section with an design elevation of 12.8. The
elevation changes from station 29+50 W/L to 31+75 W/L, where the T-Wall crosses under I-10
and the design elevation changes to 12.3 feet. The elevation of the T-wall changes back to design
elevation 12.8 feet from station 31+75 W/L to 65+20.40 W/L. Reach 2 has a transition zone in
the wall from station 65+20.40 W/L to 66+02.90 W/L where the T-wall design elevation
increases to 13.3 feet. Reach 2 remains at the same elevation until station 130+70.00 W/L. At
station 130+70.00 W/L, Reach 4 starts with another transition in the wall up to design elevation
13.8 feet. The T-wall remains at elevation 13.8 feet until station 173+04.70 W/L. At station
173+04.70 W/L, Reach 4 has a transition to design elevation 19.3 feet and continues until it
connects with the Jefferson Lakefront Levee.

The major damage in this section from Hurricane Katrina was scour at the base of the
floodwalls and flood side slope protection, displacement of stone protection and slight movement
and rotation of the T-walls. There were no failure in this section during the hurricane. The minor
repairs to this section should be completed prior to 1 June 2006 however the repairs are not
under the direction of Task Force Guardian.

Typical T-Wall Transition in the Floodwall in Kenner Return Levee
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Section 1 — West return Levee — Summary of Reaches and Features

Section / Length GDM Average
Section | Start End Structure EL Point (feet) Height (NVGD)
1 00+00 0+55.0 T-Wall El13 - S 55 13.25
Transition El13.5
2 0+55.0 29+50.0 T-Wall El 13.5 S 2895 135
3 29+50.0 31+75.0 Interstate 10 El11.5 P 225 11.5
Crossing
4 31+75.0 46+73.20 T-Wall El13.5 S 1498 13.5
5 46+73.20 | 47+09.20 T-Wall El 13.5- P 36 13.75
Transition El 14.0 v
6 47+09.20 | 47+51.20 T-Wall at Pump | El 14.0 P 42 14
Station
7 47+51.20 | 47+87.20 T-Wall El 14.0 - P 36 13.75
Transition El13.5
8 47+87.20 | 65+20.40 T-Wall ElI 13.5 S 1733 13.5 Reach 1
9 65+20.40 | 66+02.90 T-Wall El13.5- P 83 13.75
Transition El14.0 l
10 66+02.90 | 130+70.00 T-Wall El 14.0 S 6467 14 Reach 2
1 130+70.00 | 131+20.00 T-Wall El 14.0 — S 50 14.25
Transition El14.5
12 131+20.00 | 173+04.70 T-Wall El 14.5 S 4235 14.5 Reach 3
13 173+04.70 | 178+54.70 T-Wall El 14.5 - P 549 17.25
Transition El 20 '
14 178+54.70 | 180+69.70 T-Wall El 20 S 215 20
15 180+69.70 | 180+74.70 T-Wall El 20.5 S 5 20.5 Reach 4
Points Width Elevation
1 I-10 Crossing 147 11.5
2 Parish Line 114 14
Pump Station
3 Gate W-7 West 6 14
Esplanade
4 Gate W8 Vintage 6 14
Street
Section 1 — West Return Levee - Summary Coordinates for Defined Reaches
State Plane NAD83 UTM NAD 83
1702 - LA South Zone 15
Northing | Easting Graphical Latitude Longitude Northing Easting
Return Levee
Reach 1 | START | 546407.659 | 3614397.566 29 59 53.87687 90 16 46.29803 | 2501430.19 | 10897988.09
Reach 1 END 552907.875 | 3614407.909 30 00 58.22085 90 16 45.50041 | 2501345.82 | 10904491.17
Reach 2 | START
Reach 2 END 558810.683 | 3614388.995 30 01 56.65366 90 16 45.09787 | 2501240.83 | 10910396.17
Reach 3 | START
Reach 3 END 563727.833 | 3614373.814 3002 45.32911 90 16 44.75590 | 2501153.88 | 10915315.15
Reach 4 | START
Reach 4 END 564277.527 3614378.32 30 02 50.77003 90 16 44.64708 | 2501150.37 | 10915865.14
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Definition of reaches

Reach 1 — This reach consists of T-wall at average elevation 10.9 feet with a length of
approximately 6,520 feet. There are two features in this reach. The features are the I-10
floodwall at elevation 10.4 feet and the Parish Line Pumping Station at elevation 11.75 feet.

-
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Parish Line Pump Station (Note: Pump discharge through T-wall)

Reach 2 — This reach consists of T-wall at average elevation 11.0 feet with a length of
approximately 6,550 feet. The only feature in this reach is Gate W7, West Esplanade Ave. The
swing gate is 6 feet wide and 8 feet high with a sill elevation of 4.3 feet.
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Gate W-7 West Esplanade
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Reach 3 — This reach consists of T-wall at average elevation 12.6 feet with a length of
approximately 4,285 feet. There is only one feature in this reach is Gate W8, Vintage Ave. The
swing gate is 6 feet wide and 8 feet high with a sill elevation of 4.3 feet.

Gate W8 Vintage Street
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Typical T-wall and slope protection on floodside in Reach 3

Reach 4 — This reach consists of T-wall at average elevation 15.7 feet with a length of
approximately 769 feet. There are no features in this reach but there is a sheet pile transition into
the Lakefront levee.
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Section 2: Jefferson Parish Lakefront Levee

References

Descriptions of the levees/floodwalls, stationing around the circumference of the polder, and
terminology for associated features are referenced to the following documents:

DEPARTMENT OF THE ARMY, NEW ORLEANS DISTRICT, CORPS OF
ENGINEERS, “Jefferson Parish Lakefront Levee”, Design Memorandum No. 17
— General Design, Volumes I and II, New Orleans, LA, November 1987.

Narrative

The Jefferson Parish Lakefront Levee consists primarily of levee sections intermingled with
four pump stations, two boat launch facilities and the Pontchartrain Causeway. This section has
been broken down into four subsection (Reaches 5 to 8) defined on changes in levee elevation
and the location of the pumping stations. Reach 5 is an earthen levee from station 0+00 B/L to
128+00.00 B/L with a crest elevation originally constructed at 17.3 feet, a 10-foot crest width,
and 1 on 3 vegetated side slopes. Pump Station 4 (Duncan Canal PS) is located between stations
115+00.00 B/L and station 128+00.00 B/L. The original pump station has been taken out of
service and replaced by a new pump station that is situated just westerly of the old station.
T-walls have been reconfigured around the old and new pump stations and transition into the
levee sections on both sides. The design elevation of the original Pump Station 4 is at elevation
21.7 feet. It appears that the walls surrounding the new pump station are at the same elevation of
the old pump station.
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There was no visible damage from Hurricane Katrina in this reach. Most damage was to the
foreshore protection but little or no damage occurred to the levee or at the pump station walls.
There will be only minor repairs that need to be completed prior to 1 June 2006.

Foreground: Original Pump Station and old masonary wall (not in Service)
Background: Duncan Pump Station with new T-walls

Reach 6 runs from Pumping Station No. 4 at station 128+00 B/L to Pumping Station No. 3 at
station 210+00 B/L. The earthen levee cross section is similar to that in Reach 5 from station
128+00 to 141+00 B/L. From station 141+50 B/L to 145+50 B/L, the crest changes to design
elevation of 15.8 to provide access to the Williams Boulevard Boat Launch. The elevation of the
ramp over the levee is at elevation 13.8. From station 146+00 B/L to 184+50 B/L, the levee cross
section is again typical to that on the other side of the boat launch. From station 185+50 B/L to
Pumping Station No. 3 (ElImwood Canal) at station 210+00 B/L, the levee crest was originally
designed to elevation 15.3 feet. Cantilever sheeting forms the transition from the levee to both
sides of the pumping station. Along the lakefront, damage to the foreshore concrete slab
protection was evident. It is noted that Pumping Station No. 3 consists of original construction
on the western side and a later expansion on the eastern side that appears to have been built in
the 2001 time frame.

There was no visible damage from Hurricane Katrina in this reach. Most damage was to the
foreshore protection but little or no damage occurred to the levee or at the pump station walls.
There will be only minor repairs that need to be completed prior to 1 June 2006.
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Reach 7 runs from Pumping Station No.3 at station 221+45 to Pumping Station No.1 at
station 464+50 B/L. The levee cross section is typical throughout the reach with a crest elevation
originally constructed to elevation 15.3 feet and vegetated side slopes. Cantilever sheeting forms
the transition from the levee to Pumping Station No. 2. It is noted that Pumping Station No. 2
consists of original construction on the western side and a later expansion on the eastern side that
appears to have been built in the 2001 time frame. On the west side of this pumping station, the
crest at the access road is approximately two feet low to facilitate passage of vehicles and the top
elevation of the transition sheeting is lower than the crest of the levee. A portion of this reach
was being re-constructed at the time of this reconnaissance inspection. Reference contract
number W912P8-05-C-0014 for specific details. At the time of the inspection, there was a
200-foot gap in the levee near Pumping Station No. 2 that the contractor was using for access.
This gap needs to be filled and vegetation needs to be established in order to restore the integrity
of this reach. It is noted that the Lake Pontchartrain Causeway Boulevard intersects Reach 7
between station 434+80 B/L to 438+40 B/L. Existing details at the causeway are shown on the
original design memorandum, which indicates two bottom roller gates to close the line of
protection with the causeway below the crest of the levee. This section has changed and the
causeway now passes over the protection structures, and the floodwalls form the transition from
the causeway to the levee.

There was no visible damage from Hurricane Katrina in this reach. Most damage was to the
foreshore protection but little or no damage occurred to the levee or at the pump station or
Causeway walls. There will be only minor repairs that need to be completed prior to
1 June 2006.

Reconstruction of a Portion of Reach 7 Lakefront Levee

Reach 8 runs from Pumping Station No. 1 at station 479+95 B/L to its junction with the
17th Street Outfall Canal at station 550+22 B/L. From station 479+95 B/L to 485+00 B/L, the
levee was originally constructed to elevation 15.7 feet. The access road to the Bonnabel Boat
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Launch Area intersects the levee between stations 485+00 B/L to 486+50 B/L. The net grade for
the access road is elevation 13.8 feet, and two swing gates are installed to maintain the level of
protection. The top of the swing gates appears to be six inches lower than the top of the levee.
After the access road to the boat launch, the levee transition from elevation 15.7 feet at station
486+50 to elevation 15.3 feet at station 487+50 and continues at this elevation to the limit of
work at station 550+22.

There was no visible damage from Hurricane Katrina in this reach. Most damage was to the
foreshore protection but little or no damage occurred to the levee or at the pump station walls.
There will be only minor repairs that need to be completed prior to 1 June 2006.

Section 2 — Jefferson lakefront levee - Summary of Reaches and Features

Section/ GDM Average
Section | Start End Structure EL Point Length Height
1 0+85 1+45 Levee Transition El 13.0 - El S 60 15.5
16.0
2 1+45 115+00 | Levee El 16 S 11005 16 v
3 115+00 [ 128+00 | I-Wall/T-Wall for Pump El17.0 - EI P 1300 18.25 [ Reach 5
Station #4 225
4 128+00 [ 141+00 | Levee El 16 S 1300 16
5 141+00 [ 141+50 | Levee Transition El 16 - El P 50 17.25
14.5
6 141+50 [ 145+50 | Levee - William Blvd Boat El 14.5 P 400 14.5 A
Launch
7 145+50 [ 146+00 | Levee Transition El 14.5 - El P 50 15.25
16.0
8 146+00 | 208+00 | Levee El 16 S 6200 16 | Reach 6
9 208+00 | 223+00 | I-Wall for Pump Station #3 | El 16.5 P 1500 16.5
10 223+00 | 343+00 | Levee El 16 S 12000 16
11 343+00 | 355+00 | I-Wall for Pump Station #2 | EL 16.5 P 1200 16.5
12 355+00 | 434+80 | Levee EL 16 S 7980 16
13 434+80 | 438+40 | Causeway Blvd El 16.5 P 360 16.5 v
14 438+40 | 464+50 | Levee El 16 S 2610 16 | Reach 7
15 464+50 | 479+95 | I-Wall/T-Wall for Pump El 16.5 - El P 1540 19.5
Station #1 225
16 479495 | 487+50 | Levee - Bonnabel Boat El 14.5 P 760 14.5
Launch
17 487+50 | 550+22 | Levee El 16 S 6270 16 | Reach 8
Points Width Elevation
1 1+00 Gate L1 Floodwall 20 17
2 104+22 Gate L3 Duncan Canal 22 17
3 145+13 Gate L4 Williams Blvd 60 14.5
4 402+04 Gate 2 - Causeway SB (no longer used) 45 14.5
5 402+45 Gate 3 - Causeway NB (no longer used) 45 14.5
6 475+54 Gate L9A Bonnabel Blvd South 22 16
7 475+54 Gate L9B Bonnabel Blvd North 22 16
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Section 2 — Jefferson Lakefront Levee - Summary Coordinates for Defined Reaches

State Plane NAD83 UTM NAD 83
1702 - LA South Graphical Zone 15
Northing | Easting Latitude Longitude Northing Easting
Lakefront Levee

Reach 5 | START |564277.527 |3614378.32 30 02 50.77003 90 16 44.64708 2501150.37 10915865.14
Reach 5 | END 561991.187 3625823.549 3002 27.07773 90 14 34.66901 2512633.87 10913744.89
Reach 6 | START

Reach 6 |END 559141.211 3633246.774 30 01 58.15966 90 13 10.52729 2520102.00 10911001.96
Reach 7 | START

Reach 7 | END 554468.982 3656812.867 30 01 09.56725 90 08 42.98123 2543747.54 10906671.25
Reach 8 | START

Reach 8 |END 555079.333 3664232.118 30 01 14.83996 90 07 18.51511 2551161.68 10907390.11

Definition of Reaches

Reach 5 — This reach consists of a levee at average elevation 15.8 feet with a length of
approximately 12,365 feet. There are two features in this reach. The first is Gate L1 at the start
of the Lakefront Levee near the West Return Levee. Gate L1 is 20 feet in width and has a sill
elevation of 10.0 feet. The second feature is the Duncan Canal Pumping Station at wall elevation
20.0 feet. There is a T-wall section around the new pump station which is approximately
2,236 feet in length. There is a swing gate at station 104+22 near the pump station, Gate L3,

which is 22 feet wide and has a sill elevation at 10.0 feet.

Duncan RumpiStation
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Gate L3 — Duncan Canal Pump Station
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Duncan Canal Pump Station

Reach 6 — This reach consists of Levee at average elevation 14.1 feet with a length of
approximately 8,000 feet. There one feature in this reach which is the William Blvd Boat Launch
at with a ramp at elevation 13.8 feet. The ramp also has a gate at station 145+13 which is 60 feet
in width and a sill elevation at 9.25 feet.

Willram'Blvd Boat Launch

Reach 7 — This reach consists of a levee at an average elevation 14.3 feet and length of
approximately 25,650 feet. There two features contained in this reach. The first feature is Pump
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Station #3 - Elmwood Canal at elevation 18.0 feet. The pump station has an uncapped sheet pile
wall of about 750 feet in total length. The second feature in this reach is Pump Station #2 -
Suburban Canal at elevation 18.0 feet. This pump station has an uncapped sheet pile wall of
about 864 feet in total length. The Pontchartrain Causeway Boulevard is not considered a feature
since the lanes have been raised above the protection walls and levees.

SuburbaniCanal PumpStation
Elmwood Canal Rump:Station
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Pump Station #3 — EImwood Canal Pump Station

Pump Station #2 — Suburban Canal Pump Station

Reach 8 — This reach consists of levee at average elevation 14.4 feet with a length of
approximately 8,570 feet. There two features contained in this reach. The first is the Pump
Station #1- Bonnabel Canal at elevation of 18.0 feet. This pump station has a sheet pile transition
wall into a [-wall/T-wall of about 1,052 feet in total length. The second feature is Bonnabel Boat
Launch which has a elevation 15.3 feet. The boat launch has two gates, L9A and L9B, which
have a width of 22 feet and a sill elevation of 11.8 feet.
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BonnaheliCanallPumpsStation

Pump Station #1 — Bonnabel Canal Pump Station
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Bonnabel Boat Launch Ramp and Gate

Section 3: 17th Street Outfall Canal

References

Descriptions of the levees/floodwalls, stationing around the circumference of the polder, and
terminology for associated features are referenced to the following documents:

DEPARTMENT OF THE ARMY, NEW ORLEANS DISTRICT, CORPS OF
ENGINEERS, “Orleans Parish, Jefferson Parish, 17th Street Outfall Canal
(Metairie Relief) Design Memorandum No. 20 — General Design, Volumes I and
II, New Orleans, LA, March 1990.

Narrative

The west line of the 17th Street Outfall Canal runs from station 0+00 at its junction with the
Lakefront Levee to station 119+95 at Pumping Station No. 6. This section is constructed
primarily of I-wall sections on top of earthen levees. The west line of the 17th Street Canal has
been broken out into three reaches based on elevation changes along the canal. Reach 9 has a
design elevation 13.3 feet from stations 0+00 to 75+70 at the Veterans Highway Bridge. Reach
10 has a design elevation 13.8 feet from stations 77+70 to 92+50. Reach 11 has a design
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elevation of 14.3 feet from stations 93+50 to 119+95. At the junction of the Lakefront Levee and
the west wall of the 17th Street Outfall Canal north of Hammond Highway, construction work
was ongoing under contract number W912P8-06-C-0008, titled ““17th Street Canal Interim
Closure Structure.” Interstate Highway 10, which passes over the I-wall in the vicinity of
stations 90+00 to 92+50, has no effect on the integrity of the hurricane protection. There is a gate
structure in the west wall just to the north of Pumping Station No.6 through which the CSX
railroad line passes. The area was littered with sandbags indicating that the swing gate may not
seal tightly. No storm related damage was observed along the west wall.

Section 3 — 17th Street Outfall Canal - Summary of Reaches and Features

Section / GDM Average
Section Start End Structure EL Point Length Height
1 0+00 0+10 Floodwall 16.5 P 10 16.5
2 0+10 0+43.60 Floodwall El 16.5 - S 34 15.25
Transition El 14.0

3 0+43.60 |2+75.10 I-Wall El 14.0 S 231 14
4 2+75.10 |2+81.0 T-Wall El 14.0 P 6 14
5 2+81.0 3+05.10 Gate No. 1 El 14.0 P 24 14
6 3+05.10 | 3+11.0 T-Wall El 14.0 P 6 14
7 3+11.0 3+40.50 I-Wall El 14.0 S 29 14
8 3+40.50 | 3+47.00 T-Wall El 14.0 P 7 14
9 3+47.00 |4+09.00 Gate No. 2 El 14.0 P 62 14 v
10 4+09.00 [4+15.50 T-Wall El 14.0 P 7 14
1 4+15.50 [75+70.00 |I-Wall El 14.0 S 7154 14 Reach 9
12 75+70.00 | 76+00.00 | I-Wall Transition El 14.0 — S 30 14.25

El 14.5
13 76+00.00 | 76+10.04 | I-Wall El 14.5 P 10 14.5
14 76+10.04 | 77+22.04 | Veterans Hwy El 14.5 S 112 14.5 v
15 77+22.04 | 92+50.0 I-Wall El 14.5 S 1528 14.5 Reach 10
16 92+50.0 | 93+50.0 I-Wall Transition El 14.5 - S 100 14.75 l

El 15.0
17 93+50.0 | 119+95.49 | I-Wall El 15.0 S 2645 15 Reach 11
Points Width Elevation
1 Gate L 10 Orpheum Ave - 58 ft gap (under construction) 58 9.5
2 Old Hammond Hwy Bridge - 47 ft gap (under construction) 47 10
3 Gate E4 - Veterans Blvd. 8 14.5
4 Gate E5 - Veterans Blvd 8 14.5
5 Gate E8 - Canal Street 10 15
6 Gate E9 - Southern RR 22 15
7 Pump Station #6 150 14.5
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Section 3 — 17th Street Outfall Canal - Summary of Coordinates for Defined Reaches

State Plane NAD83 UTM NAD 83
1702 - LA South

Graphical Zone 15
Latitude Longitude Northing Easting

Northing | Easting

17th St. Canal Levee
Reach 9 START [ 555079.333 | 3664232.118 30 01 14.83996 90 07 18.51511 2551161.68 10907390.11

Reach 9 END 547700.195 | 3663758.46 30 00 01.84526 90 07 24.78918 2550795.34 10900000.24

Reach 10 | START
Reach 10 | END 545946.804 | 3663664.746 29 59 44.49864 90 07 26.06543 2550727.12 10898244.58

Reach 11 | START
Reach 11 END 542850.391 3663595.224 29 59 13.85519 90 07 27.22762 2550702.65 10895145.55

Definition of Reaches

Reach 9 — This reach consists of an [-wall in levee section at an average elevation of
12.5 feet with a length of approximately 7,570 feet. The reach actually starts at the Lakefront
levee however this area was under construction for flood proofing of the Hammond Highway
bridge and was not accessible for inspection. There are two main features in this reach, Gate 1 at
elevation 14.0 feet and Gate 2 is at elevation 14.0 feet. However, these gates have been removed
for the construction work at the Hammond Highway. The sequence of pictures below defines the
linear west line of Reach 9 (Note: These pictures are pre-Katrina).
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Reach 10 — This reach consists of an [-wall in a levee at an average elevation of 12.9 feet
with a length of approximately 1,680 feet. This reach goes from Veterans Boulevard to just south
of the I-10 overpass. There are two features in this reach, Gate E4 and Gate E5 with a elevation
of 12.9 feet and a sill elevation of 6.5 feet. The Veterans Boulevard and I-10 overpass bridges

have been floodproofed with tie-in parapet walls higher than the canal I-walls and are not
considered features.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-3-28
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



v e >
End.of Reach 10

17

Reach 11 — This reach consists of [-wall in a levee at an average elevation of 13.4 feet with a
length of approximately 2,745 feet. This reach goes from the I-10 overpass to Pump Station #6.
There three features in this reach. The first is Canal Street Gate E8 which is at elevation of
12.0 feet. The second feature is the Canal Street Pump Station at elevation 13.5 feet. The final
feature is the Southern Railroad Swing Gate E9 at elevation 10.3 feet.
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Section 4: Mississippi River Levees
References

General design information was not available for the MRT levees within Jefferson Parish at
the time of the report. Information was gathered from discussion with the East Jefferson Parish
Levee Board and from the field recon.

Narrative

The MRT levees are earth structures with a 10-foot crown and side slopes of varying grades.
About half of the levees along this section of the river have concrete scour protection on the
flood side. There is no scour protection on the protected side of the levees. The levees are also
well maintained with both an asphalt road and mowed grass slopes on both sides. The crown of
the levee is extensively used by the public as a bike and walking path. There are a number of
pipeline crossings and access ramps that were defined for his section. However none of these
structure greatly interfered with the integrity of the levees so they were not include into the risk
assessment.

This section as been broken down into three reaches defined on the change in elevation of the
levees. Reach 12 starts at the Orleans East Parish line and goes along the river from station 0+00
to 388+17.51. Most of this reach was unprotected by the concrete scour protection. Reach 13
starts at station 388+17.51 and continues to station 538+17.51. This reach has concrete scour
protection on about two-thirds of the flood side banks. Reach 14 starts at station 538+17.51 and
runs to the St. Charles Parish border just southwest of the international airport. Most of this
reach has concrete scour protection on the flood side banks.

Flood side of MRT in East Jefferson Parish
(Note: Concrete scour protection and asphalt roadway on crown)

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-3-33
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Section 4 — Mississippi River Levees - Summary of Reaches and Features

MRT Levees

1 0+00 388+17.51 Levee 26.6 S 38818 26.6 Reach 12
2 388+17.51 538+17.51 Levee 25 S 15000 25 Reach 13
3 538+17.51 608+12.06 Levee 24 S 6995 24 Reach 14

Section 4 — Mississippi River Levees - Summary of Coordinates for Defined Reaches

State Plane NAD83 UTM NAD 83
1702 - LA South Graphical Zone 15
Northing | Easting Latitude Longitude Northing Easting

Mississippi Levee

Reach 12 [ START |[530021.436 3659583.755 29 57 07.28044 90 08 14.36542 2546875.73 10882251.64
Reach 12 | END 532634.821 | 3653607.193 |29 57 33.76261 90 09 21.99695 2540858.17 | 10884779.48
Reach 13 | START

Reach 13 | END 523758.1 3642759.654 29 56 06.97997 90 11 26.31882 2530134.31 10875740.84
Reach 14 [ START

Reach 14 | END 537504.405 | 3614269.527 |29 58 25.75591 90 16 48.68478 2501431.68 | 10889079.25

Reach 12
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Section 5: Jefferson/St. Charles Parish Border Interior Levees

References

General design information was not available for the MRT levees within Jefferson Parish at
the time of the report. Information was gathered from discussion with the East Jefferson Parish
Levee Board and from the field recon.
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Narrative

The MRT levees are earth structures with a 10-foot crown and side slopes of varying grades.
About half of the levees along this section of the river have concrete scour protection on the
flood side. There is no scour protection on the protected side of the levees. The levees are also
well maintained with both an asphalt road and mowed grass slopes on both sides. The crown of
the levee is extensively used by the public as a bike and walking path. There are a number of
pipeline crossings and access ramps that were defined for his section. However none of these
structure greatly interfered with the integrity of the levees so they were not include into the risk
assessment.

This section as been broken down into three reaches defined on the change in elevation of the
levees. Reach 12 starts at the Orleans East Parish line and goes along the river from station 0+00
to 388+17.51. Most of this reach was unprotected by the concrete scour protection. Reach 13
starts at station 388+17.51 and continues to station 538+17.51. This reach has concrete scour
protection on about two-thirds of the flood side banks. Reach 14 starts at station 538+17.51 and
runs to the St. Charles Parish border just southwest of the international airport. Most of this
reach has concrete scour protection on the flood side banks.

Section 5 — Jefferson/St. Charles Parish Border Interior Levee - Summary of Reaches
and Features

Levee from Airport to MRT Not Needed Since St Charles Has New Levee To Tie To Airport Runway Extension
110 1000 Gap in levee 5 S | 1000 5
2 11000 1485 Sheet pile wall 10 S |[485 10
3 [1485 1735 Gap in levee 35 S | 250 35 Reach 15
4 | 0+00 32+89 Levee 10 S |3289 10
5 |[32+89 42+69.9 Sheet pile wall - 42 ft gap @ 5.9 ft at RR 10.8 S 980 10.8 Reach 16
6 |[42+69.9 57+00 Sheet pile wall 10.5 S |[1431 10.5 Reach 17
7 |57+00 74+00 Levee 13 S | 1700 13 Reach 18
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Section 5 — Jefferson/St. Charles Parish Border Interior Levee - Summary of
Coordinates for Defined Reaches

State Plane NAD83 UTM NAD 83
1702 - LA South Graphical Zone 15

Northing | Easting Latitude Longitude Northing Easting
Return Levee
Reach 15 [ START | 537504.405 3614269.527 29 58 25.75591 | 90 16 48.68478 |[2501431.68 10889079.25
Reach 15 [ END 539488.473 3614278.54 29 58 45.39526 | 90 16 48.37495 |2501411.83 10891064.28
Reach 16 [ START
Reach 16 [ END 543565.735 3614781.939 29 59 25.70992 | 90 16 42.22427 | 2501856.10 10895150.57
Reach 17 [ START
Reach 17 [ END 544766.352 3614391.643 29 59 37.63026 |90 16 46.53705 |[2501448.16 10896346.01
Reach 18 [ START
Reach 18 [ END 546407.659 3614397.566 29 59 53.87687 | 90 16 46.29803 [ 2501430.19 10897988.09
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Reach 17
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Reach 18
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Jefferson West Bank Area

The West Bank Basin is composed of four sub-basins that are designed as three projects.
These are 1) Cataouatche, 2) Westwego to Harvey Canal, and 3) Harvey Canal to Algiers Canal.

Legend o

#  Point Descriptions of Levee

Sub Basin Boundary

Cataouatche — JW1 and JW2

This area is located in Jefferson Parish and is generally bounded by the Mississippi River and
its alluvial ridge to the north and the Lake Cataouatche levee to the west, south and east. The
topography is flat with ground elevations ranging from +7.5 feet NGVD on the alluvial ridges
along the Mississippi River to —5 feet NGVD in the interior of the area. Approximately
40 percent of the area is below sea level. The surface area is 22.6 square miles. The area is
protected by 25.4 miles of levees, natural ridges and floodwalls.

Segment 1 extends from the main line Mississippi River levee (MRL) at the Jefferson Parrish
boundary southward to the Texas and Pacific railroad tracks. There are no levees or dikes in this
area. The natural contour of the area provides the protection, but this segment is listed since it is
possible for storm surges to flank the Segment 2 levee reach and cause flooding.
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Segment 2 is the proposed levee that follows the crushed stone roadway southward from the
Texas and Pacific railroad tracks (that becomes an asphalt roadway which is used by the land fill
operators in the area) to US 90.

Texas and Pacific railroad

Local levee along site of proposed HPS levee

Segment 3 is a short, small dike built parallel to Hwy 90. Hwy 90 is a 4-lane road with a
raised median in the center. The median provides the higher level of protection. The road rises as
a low relief ramp at the beginning of Segment 4.
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Segment 4 is an earthen levee extending southward from Hwy 90 to the Cataouatche
Pumping Station. The discharge lines of the first pumping station pass over the levee. The
discharge lines of the second pump station (immediately adjacent to the first station) pass
through a sheetpile wall.

Levee begins at Hwy 90
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Typical levee in this area
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Pump station near Hwy 90 with pipe crossing over levee

Segment 5 is an all clay levee that extends eastward from the Cataouatche Pumping Station
to the [-Wall in the Segnette State Park.
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Cataouatche Pump Station

Sheetpile wall transition to concrete capped I-wall at the Segnette State Park
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Segment 6 is a concrete I-Wall atop a clay levee. The controlling grade listed for this area is
the preconstruction levee grade. The area has two vehicular gates.

Concrete capped I-wall at the Segnette State Park

Swing in the concrete capped I-wall at the Segnette State Park where wall ends at the Segnette Pump
Station

Segment 7 is completed floodwalls that lie between the Segnette Pump Station and the Old
Westwego Pump Station.
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Segnette Pump Station

Segment 8 extends from the floodwall at the head of Company Canal (closest line of flood
protection to the Mississippi River) to the MRL. The natural contour of the area provides the
protection.

Segment 9 is the West Jefferson Levee District Mississippi River levee. This all clay levee
closes the north end of the sub-basin and extends from Westwego to the St. Charles Parish line.

Segment 10 is the interior drainage separator, which begins at the end of Segment 3. It
proceeds along US 90 to the east until it intersects the Texas and Pacific railroad tracks just north
of the Westbank Expressway. It then continues to the east along the railroad until it intersects
Segment 8 and then turns north to the MRL. JW1 is to the north of the Segment 10 interior levee
and JW?2 is to the south.

There are a total of five vehicular floodgates (double swing) and two pedestrian (single
swing) floodgates in the protection system. The sill elevations of these floodgates are at or above
the current controlling elevation so these gates are not a factor in draining the area.

There are four pumping stations that drain the protected area.
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Westwego to Harvey Canal — JW3

This area is located in Jefferson Parish and is generally bounded by the Mississippi River and
its alluvial ridges on the north, the Harvey Canal on the east and marshes/wetlands on the south
and west. The topography is flat with ground elevations ranging from +7.5 feet NGVD on the
alluvial ridges along the Mississippi River to —4 feet NGVD in the interior of the area.
Approximately 40 percent of the area is below sea level. The surface area is 21.4 square miles.
The area is protected by 27.5 miles of levees and floodwalls.

Segment 1 is a floodwall stretching between the Old and New Westwego Pumping Stations
and connects the Cataouatche sub-basin to Westwego to Harvey Canal sub-basin. The
segregation of these two sub-basins is not very pronounced. The general contour tie to the
Mississippi River levee is described in Segment 8 the JW1 Cataouatche sub-basin.

Segment 2 is the Westwego Levee that is a geosynthetic reinforced, clay levee running
parallel to Mayronne Canal between the New Westwego Pumping Station and Dugues Canal-
Westwego Seaplane Airport. A 400-ft canal closure was constructed at the head of the Dugues
Canal.

Segment 3 runs between Dugues Canal and the New Westminster Pump Station and the
North-South Levee. This levee is all clay.

Segment 4 is the Westminster Levee, which parallels the Grand Cross Canal, stretches
between New Westminster Pumping Station and Orleans Village Pumping Station (out of
service). This clay levee is geosynthetically reinforced.
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New Westminster Pump Station

Segment 5 is the Orleans Village levee, which is all clay and paralleling Glasco Canal,
between Orleans Village Pumping Station (out of service) and Oak Cove Pumping Station.
Along this reach is the Ames and Mount Kennedy Pumping Stations connected by floodwall.
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Ames Pump Station

Segment 6 consists of the Oak Cove and Hwy 45 clay levees running between Oak Cove
Pumping Station and the Hwy 45 crossing. Also found along this length are areas of T-wall,
I-wall, and one vehicular floodgate at Hwy 45.
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Sheet pile transition at the LA Hwy 45
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Double Swing gate at the LA Hwy 45 closure in the V-Line levee

Segment 7 is the V-Line Levee which is an [-wall between LA Hwy 45 and Hwy 3134.
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V-line levee continues south of LA Hwy 45 closure
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Southern tip of V-line levee

Segment 8 stretches from the V-Line Levee floodwall to the Old Estelle Pumping Station and
is an all clay levee with one main road crossing.

Segment 9 is an all clay levee running parallel along the North bank of the Old Estelle
Pumping Station Outfall Canal. It runs to the Harvey Canal.

Segment 10 is the West Bank Harvey Canal Levee. It consists of a clay levee running from
the mouth of the Harvey Canal to the LaPalco bridge. Along this segment is the New Estelle
Pumping Station, a floodwall at the Bridgeline pipeline, and three areas of sheetpile closure
required because of unstable earthen levee sections.
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Sheetpile closures
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New Estelle Pump Station
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Lapalo Bridge Overpass construction of sector gate under way

Segment 11 stretches from LaPalco Bridge to the Harvey Lock, paralleling the Harvey Canal.
This floodwall includes the Harvey and Cousins Pumping Stations, a vehicular gate and ties the
Westwego and Harvey Canal sub-basin back into the Mississippi River Main Line levee.

Industrial area along Harvey Canal
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US 90 Bridge over Harvey Canal near Harvey Lock
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Looking south down Harvey Canal from Hwy 45 Bridge near Harvey Lock

Harvey Lock
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Harvey Lock exit toward MS River

MS River Levee at exit of Harvey Canal
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Harvey Pump Station and surrounding walls

Segment 12 is the West Jefferson Levee District Mississippi River levee. It encloses the
north side of the sub-basin between Westwego and Harvey Canal and is an all clay levee.
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Typical MRL. Paved 10 foot crown. Armor on flood side
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MRL in vicinity of Northrup-Grumman Plant
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Typical closure gate (vehicle and pedestrian) along
MRL
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There are 10 pedestrian floodgates (swing) and two roadway floodgates (one swing and one
miter).

There are 11 pumping stations that drain the protected area. The location of the pumping
stations.

Harvey Canal to Algiers Canal - JW4

This area is located in Jefferson and Plaquemines Parish and is generally bounded by the
Mississippi River on the north, the Jefferson, Plaquemines & Orleans Parish lines on the east, the
Algiers Canal on the south, and the Harvey Canal on the west. The topography is flat with
ground elevations ranging from +15 feet NGVD on the alluvial ridges along the Mississippi
River to -5 feet NGVD in the interior of the area. Approximately 40 percent of the area is below
sea level. The surface area is 18.8 square miles. The area is protected by 21.3 miles of levees and
floodwalls.

Segment 1 extends from the Harvey Canal Lock at the Mississippi River down the East bank
of the Harvey Canal to the Hero Pumping Station where the pumping station discharge lines pass
through a T-wall. This clay levee is a local levee in a heavily industrialized area.
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Segment 2 extends from the South end of the Hero Pumping Station around the bend where it
ties into the Algiers Canal levee. The clay levee is also a local levee in a heavily industrialized
area.

Segment 3 picks up where segment 2 ended and continues along the West bank of the
Algiers Canal. The clay levee is interrupted by floodwall segments that cross over the Belle
Chasse tunnel and in front of Planters Pumping Station. It ends at the tie-in of the local levee
separating Plaquemines and Orleans Parishes. A railroad track crosses over the top of the
existing levee. A future floodgate is planned for the area.

Segment 4 is an all clay levee that runs along the length of the Orleans Parish line between
Algiers Canal and the Mississippi River levee at the Greater New Orleans Bridge.

Segment 5 is the West Jefferson Levee District Mississippi River Levee stretching between
the Harvey Canal and the Orleans Parish line beneath the Greater New Orleans Bridge. This
levee consists of all clay levees with short reaches of concrete I-Wall atop clay levees with
railroad and vehicular gates.

There are no floodgates, control structures, or drainage structures in the protection system.

There are two pumping stations that drain the protected area.
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Appendix 4
St. Charles Basin

The St. Charles hurricane protection system (HPS), shown in Figure 1, was designed as part
of the Lake Pontchartrain, LA, and Vicinity Hurricane Protection Project. The St. Charles HPS
protects 17.2 square miles of urban, industrial, commercial, and ecological lands that is
essentially a low density residential community with a small business district along U.S.
Highway 61. The St. Charles Basin is generally bounded on the north by the St. Charles HPS, on
the south by the Mississippi River Levee (MRL) and on the west by the Bonnet Carre guide
levee. As designed, the HPS levees were generally constructed with a 10-foot crown width with
side slopes of 1V on 3H for both the flood side and protected side. Topography is flat with
ground elevations ranging from +12 feet NGVD on the alluvial ridges along the Mississippi
River to -2 feet NGVD near the locally maintained levee south of Lake Pontchartrain.
Approximately 25 percent of the developed area is below sea level. The design elevation of the
HPS levees varies from 13 feet on the west to 12 feet on the east. There are also floodwall
segments along the line of protection that consists of sheet-pile walls or concrete capped
sheetpile walls constructed on the top of the levee. The line of protection was designed to
provide protection from the Standard Project Hurricane. As designed, there is a total of
approximately 9.5 miles of earthen levees, 1 mile of floodwall, one pump station, and five
drainage structures, three swing gate closures for road and rail crossings, and one open gap for a
rail crossing. The MRL is generally designed to elevation 26 feet with a 10 foot crownanda 1 V
on 3 H slope on the land side and a 1 V on 4 H on the flood side. Similarly, the Bonnet Carre
guide levee is generally designed to elevation 20.3 feet with a 10 foot crownanda 1 Von 3 H
slope on the land side and a 1 V on 4 H on the flood side.

The basin is a mix of industrial and residential areas. The area between the HPS and Lake
Pontchartrain is essentially a wetlands area. There are two sub-basins in the basin as shown in
Figure 1.
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Figure 1. St. Charles Basin with sub-basins and annotations for significant features

The St. Charles HPS is made up of Reach SC1 — SC4 which begins at the Bonnet Carre
Guide levee and extends eastward to the St. Charles — Jefferson Parrish border.

Reach SC1 is approximately 17,000-ft-long earthen levee (with a geotextile blanket) and
contains (1) the Bayou Trepagnier Pump Station and Drainage Structure with a transition

sheetpile wall, (2) a pipeline crossing and (3) the Good Hope floodwall. It was designed to a net
grade of 13 ft MSL.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIlI-4-2
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



St Charles HPS Begins
Bonnet Carre
! Guide Levee

Intersection of St. Charles HPS and the Bonnet Carre Guide Levee
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Trepagnier Drainage Structure

Trepagnier Pump Station
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Pipeline Crossing with sheetpile transition to levee
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Industrial access road closure gate

Reach SC2 is approximately 12,000-ft-long earthen levee (with a geotextile blanket) and
contains (1) the Cross Bayou Drainage structure and the Gulf South Pipeline crossing. It is
designed to an elevation of 12.5 ft. There is a 500-ft transition from 12.5 to 12 ft where SC3
begins.
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Cross Bayou
Drainage Structure

Cross Bayou Drainage Structure
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Gulf South Pipeline Crossing

Reach SC3 is approximately 24,000-ft-long earthen levee (with a geotextile blanket) and
contains (1) The St.Rose, Almedia, and Walker Drainage structures, (2) the 1310 Floodwall with
one access gate, and (3) the railroad crossing near the airport runway extension. The RR crossing
closure gate was not in place during Hurricane Katrina, but has since been completed. It was
closed by sandbags for Katrina.
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St. Rose
Drainag

St. Rose Drainage Structure
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1-310 Floodwall
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[-310 Floodwall access closure gate (normally closed) with 24-ft closure gate
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Alemedia Drainage Structure

Walker Drainage Structure with sheetpile transition
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Railway Gated Crossing at Airport Levee (not constructed during Katrina)

Railway Gated Crossing at Airport Levee (not constructed during Katrina). HPS joins Airport Levee just
north of the Railway Gated Crossing
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Reach SC4 is approximately 8,048-ft-long earthen levee with most of it having an embedded
sheetpile wall in its crown. It is designed to an elevation of 27.9 ft. It extends from where the
HPS intersects the airport runway extension levee to the St. Charles — Jefferson Parish boundary,
then proceeds southward to US 61, and on to the railroad crossing. Significant features are (1) an
abrupt 3-ft drop in elevation at one 90 deg turn in the wall, (2) the 24-ft gap at the railroad
crossing, (3) the US 61 crossing has no closure gate, and (4) the HPS ends at the railroad
crossing, with the remainder of the parrish boundary line at the same elevation as the RR until it
intersects the MRL. The RR crossing gap was sandbagged during Katrina.

Floodwall as it turns east by the Airport runway extension

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIil-4-14
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Corner of sheetpile floodwall as it turns south by the Airport runway extension (3 ft drop in elevation)

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIlI-4-15
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Floodwall as it turns south just north of the railroad crossing

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-4-16
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Railroad crossing has no closure gate. During Katrina it was sandbagged.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-4-17
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St. Charles — Jefferson Parish Boundary Levee ends North of US 61 Highway — gap at this crossing

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-4-18
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St. Charles — Jefferson Parish Boundary Levee South of US 61 Highway — no closure at this crossing

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIIIl-4-19
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



o
JUErmeen g ppne !

()

Short Transition Section of HPS from South of US 61 toward railroad

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-4-20
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



St. Charles —Jefferson Levee at South side of US 61

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-4-21
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HPS ends at Railroad South of US 61
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Elevation of Railroad continues to

Hi§hway 48 and the MRL

Connection to Mississippi River Levee

The basin protection then continues westward as the MRL at a design elevation of 26 ft. The

MRL is an earthen levee with a 10-ft crown. No major structure or pipeline passes through the
MRL.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIIl-4-22
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Mississippi River Levee at the St. Charles-Jefferson boundary at Hwy 48

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-4-23
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Top of Mississippi River Levee at the St. Charles-Jefferson boundary

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIIl-4-24
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[-310 passing over the Mississippi River Levee

At the east extend of the basin, the MRL intersects the Bonnet Carre guide levee, which
continues the protection northward on the west side of the basin until it reached the HPS. This
stretch contains the intersection with the spillway and US 61.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-4-25
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Mississippi River Levee intersection with Bonnet Carre Guide Levee

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-4-26
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Bonnet Carre Spillway intersection with guide levee

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-4-27
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Bonnet Carre Guide Levee Looking North from the Spillway gates

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-4-28
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Appendix 5
Plaguemines Basin

Background

The Plaquemines (PL) Basin is made up of 11 sub-basins as shown in Figure 1. It is
generally composed of the Plaquemines Parrish along the east and west banks of the Mississippi
River south of Mile 82. Both the west and east bank protection includes the Mississippi River
levees as a part of each sub-basin. There are 134 miles of MRL and floodwall, 53 miles of
hurricane protection, 12 miles of floodwall, 19 pump stations, a 110-foot small boat lock, and a
marine floodgate. The damage consisted of 20 miles of MRL and HPS levee, 9.4 miles of
floodwall, and five pump stations.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-1
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Figure 1. Plaquemines Parrish with levee protection footprint and sub-basins (PL1 — PL11)

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-2
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PL 11

PL 11 begins along the west back of the MRL, shown in Figure 2, is generally bounded on
the east by the Mississippi River, the Intercoastal Waterway on the west, the Plaquemines-
Orleans Parrish boundary on the north, and the Hero Canal on the south.

Legend

#  Point Descriptions of Levee

PL 6 Suh Basin Boundary

Figure 2. PL 11 and PL 1 Sub-Basins with Reach Beginning and Ending Points (Red Dots)

The federal levee begins at the MRL inside the U.S. Coast Guard station.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-3
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_ fersection
inside the U.S. CoastGtiard Station

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-4
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MRL and back levee
intersection inside the
- U.S. Coast Guard Station

Back levee begins U.S..
Coast Guard Station.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-5
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Back levee continues inside
U.S. Coast Guard Station

K levee crossed by roadway
~inside U.S. Coast'Guard Station." -
~~Roadway.is 2 feetlower

levee. No closurestr

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VI1II-5-6
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Back levee continues outside U.S. Coast Guard toward GIWW Station

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VII-5-7
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Drainage structure under Back Levee outside U.S. Coast Guard station. Screw gate closure on culvert

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VI1II-5-8
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Back Levee intersects Hwy 406 looking toward the GIWW and General De Gaulle Bride overpass.
No closure at Hwy

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-9
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Back Levee passed under General De Gaulle onramp from Hwy 406. Buckling of concrete slab on levee
under ramp.

The interior Orleans-Plaquemines Parrish levee ends at the GIWW. The Federal Back levee
along the GIWW the proceeds south and passes under the General De Gaulle Highway bridge
overpass.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-10
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.
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East Bank of the Intercoastal Waterway

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-11
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Going south along the GIWW to the Belle Chase Pump Station.

Sub-basin continues south along the GIWW to the Highway 23 and Railroad Bridge Crossing
and Tunnel under GIWW.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-12
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Highway 23 Tunnel under the GIWW

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-15
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Pipe crossing over the GIWW levee

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-16
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A point of levee erosion along the GIWW, however most is in good condition

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-17
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Typical levee section. Numerous gates across levee to contain cattle

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-18
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Typical levee section along the GIWW

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-19
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Plaguemines Pump Stations 1 and 2

Plaquemines Pump Stations 1 and 2

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-20
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PL 11 Back levee intersects Hwy 23 north of Jesuit Bend

The MRL then forms the remaining section of PL 11 as it goes north along the river to the
point where it intersects the Plaquemines Parish interior levee inside the U.S. Coast Guard
station.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-21
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



The crown of the levee is generally 10 feet wide, with most paved and some stretches gravel. Numerous
pipes cross over the MRL in this area

A number of off-load facilities are located along this portion of the MRL, similar to this grain loading facility

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-22
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There were a few cases of erosion along the MRL

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-23
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



More typical condition along this section of the MRL, with concrete paved or stone crown and concrete
armored floodside

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-24
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



PL 2

PL 2 begins at this point and continues south toward the Alliance Refinery as a non-federal
levee. Figure 3 shows the sub-basins PL2, PL3 and PL 6.

Legeﬁd:.

#  Point Descriptions of Levee]

Sub Basin Boundary

Figure 3. Location of sub-basins PL 2, PL 3, and PL 6

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-25
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Ollie Pump Station

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-26
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Ollie Pump Station

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-27
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The condition of the non-federal levee varies. The crown is generally in better condition if
cows are present on the levee.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-28
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The PL 2 back levee comes to an end back at Hwy 23 just north of the Alliance Refinery. It
then is completed by the MRL as it goes north along the river.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-29
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PL3

PL 3 then begins at this point, just north of the Alliance Refinery, as a non-federal levee and
proceeds southward to Myrtle Grove, where it intersects Hwy 23. Levee conditions are generally
poorer than the PL 2 back levee, with large overgrowth being common. Many places are
impassable by 4 WD vehicles.

The condition of the non-federal levee also varies. The crown is generally poor condition,
with much impassable by motorized vehicle.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-30
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Continuing southward along the MRL, the sub-basin enclosed by the Citrus Lands Back
Levee will not be included. There was an extensive breach in this levee and repairs were
difficult. Below is the initial repair.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-31
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Citrus Lands Back Levee repairs to breach

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-32
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Citrus Lands Back Levee repairs to breach

The Back Levee crosses Hwy 23 and connects to the MRL. The sub-basin enclosure then
goes north as the MRL.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-33
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The Back Levee intersects the MRL after it crosses Hwy 23

As the MRL proceeds north, numerous locations of erosion occurred due to overtopping.
Some were repaired and some were not extensive enough to require repair. Debris is located on
the levee top and slopes.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-34
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Also the MRL has numerous locations where the concrete armor was eroded and was
replaced with stone. More cases of erosion.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-38
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PL4,5,7,8,9,and 10

These sub-basins are on the west bank, south of St. Jude. These sub-basins are in a project
named New Orleans to Venice (NOV) Hurricane Protection Project.

NOV

The Mississippi River Levees also serve as the hurricane protection system south of St. Jude
and is part of the NOV Hurricane Protection Project. On the East Bank, the project extends 16
miles from Phoenix down to Bohemia. On the West Bank it extends 37 miles from St. Jude to
Venice.

Figures 4a and 4b give a comparison the NOV project definitions, and the sub-basin PL 4, 5,
7, 8,9, and 10 locations.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-40
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Figure 4a. New Orleans to Venice, LA, Hurricane Protection Project

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-41
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Figure 4b. Sub-basins PL 4, 5, 7, 8, 9, and 10

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-42
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West Bank Back Levees
St. Jude to City Price

The St. Jude to City Price reach includes 3 miles of enlarged back levees from St. Jude to
City Price (between approximate river miles 47.1 and 43.9 Above Head of Passes (AHP)). This
levee was constructed to elevation 7.0 feet NGVD as a non-federal levee. The non-federal levee
was later incorporated into the federal project at 12.5 ft (NGVD). The NOV project area includes
approximately 15,600 acres of land including 4,300 acres in Reach A; 3,800 acres in Reach B-1;
2,300 acres in Reach B-2; 4,500 acres in Reach C and 700 acres in the St. Jude to City Price
area.

Reach A includes 13 miles of enlarged back levees from City Price to Tropical Bend and two
54-in. flap-gated culverts (between approximate river miles 43.9 and 30.7 AHP). It consists of
approximately 12.8 miles of levee system with a net elevation of 12.5-14.5 feet and includes
floodwalls at the Hayes Canal and Gainard Woods Pump Stations. The levee enlargement
consisted of a marsh side embankment with a wave berm. The base of the levee incorporated
geotextile fabric with a sand blanket and a clay cap at least 2 feet thick. The embankment was
constructed of uncompacted clay, though a sand core may have been substituted in places. The
main levee cross section is 1V on 3H.

Reach B-1 includes 12 miles of enlarged back levees with a net elevation of 15 ft from
Tropical Bend to Fort Jackson (between approximate river miles 30.7 and 20.5 AHP) and a
marine floodgate at Empire. The main levee cross section is 1V on 4H. The Flood Side (FS) and
Protected Side (PS) berms generally vary from 1V on 15-20H and from 1V on 12-20H,
respectively. The reach also includes a flood gate at Empire and floodwalls at the Bayou Grand
Laird (I- and T-wall) and Sunrise Pump Stations. The Empire Floodgate is in the Empire to Gulf
Waterway and consists of a reinforced concrete U-shaped gated bay with a steel gate hinged at
the bottom, guide walls and fenders, inverted T-wall reinforce concrete floodwalls extending
about 150 feet on each side of the structure, access road and breakwater.

Reach B-2 includes 9 miles of enlarged back levees with a net elevation of 15 ft from Fort
Jackson to Venice between approximate river miles 20.5 and 10.4 AHP and includes floodwalls
at the Venice Pump Station. The levee consists of a sand core with hydraulic clay fill. The levee
construction occurred in three stages or lifts. The main levee cross section is 1V on 4H with the
Flood Side (FS) and Protected Side (PS) berms generally varying from 1V on 15-74H FS and
from 1V on 29-71H PS.

West Bank River Levee

The West Bank River Levee (WBRL) includes 34 miles of West Bank Mississippi River
levees built to a net design elevation of 16 to 17 ft, from City Price to Venice (between
Mississippi river miles 44 to 10 AHP) (Note: the lock at Empire is a State of Louisiana facility.)

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-43
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PL7

Sub-basin PL 7 begins near City Price at Diamond Pump Station and continues past Hayes
Pump Station and on southward near Homeplace as shown in Figure 4b.

PL 8

Sub-basin PL 8 begins at this location and proceeds on to near Empire Lock.
PL9

Sub-basin PL 9 begins near Empire Lock and proceeds on to near Sunrise Pump Stations.
PL 10

Sub-basin PL 10 begins at Sunrise Pump Stations and proceeds on to near Venice.

East Bank
PL 4 and PL5

The back levee begins at Phoenix and proceeds southward to Bohemia. The separation
between PL 4 and PL 5 occurs near Pointe a La Hache. Reach C of the NOV and the East Bank
of the MRL enclose these sub-basins. Reach C consists of approximately 16 miles of enlarged
back levees with a net elevation of 17 feet. The back levee has a sand core with clay blanket. It
was enlarged with hauled fill and raised from approximately 14-feet elevation to the 17-foot
design level. It includes floodwalls (I-type sheet piling) at the pump stations near Bellevue and
Pointe a La Hache. Construction of the levee to date has included three of the designed four lifts.
It lays between approximate river miles 59.3 and 44.3 AHP and 10 flap-gated culverts.

The NOV was damaged by Hurricane Katrina when it made landfall near Buras-Triumph,
which is on Reach B-1. The storm produced storm surge levels that exceed the level of the
constructed protection. Numerous breaches occurred along the back levees on both the east and
west bank sides of the NOV project. Levees were overtopped and breached, resulting in
extensive erosion and scour, along both the back levees and the Mississippi River levees (as
enlarged for hurricane protection). In addition there was damage to the floodgate at Empire and
to the floodwalls along the MRL and back levees.

PL1and PL6

The final two sub-basins (PL 1 and PL 6) are on the east bank of the river across from PL 11
(Figures 2 and 3). The non-federal back levee begins near the Plaquemines-St. Benard Parrish
boundary and continues south, ending south of Belair. The protection level is at elevation 6 feet.
These sub-basins are closed by the MRL as it proceeds north along the river to the parrish
boundary.
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Risk Model Idealization

The Plaquemines Parrish Basin was descretized into 11 sub-basins (PL1 — PL11) as shown in
Figure 5. The sub-basins were defined to correspond to the known interior drainage areas. This
reach idealization follows from the basin description information presented previously, which
was collected from project documents and field inspections. Figures 6, 7 and 8 show the
elevations for the Plaquemines Parrish HPS: Pre-Katrina-at the time of Katrina, Current-as of
1 Jun 2007, and the Authorized-at the time Katrina occurred.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-5-45
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Plagquemine Basin
Risk Model Reach Definitions
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Figure 5. Plaquemines Parrish Basin reaches (PL01-PL28) and sub-basins (PL 1 - PL 11) definition for
use in the risk model
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Figure 6. Elevations for the Plaquemines Parrish Basin for the Pre-Katrina HPS (in place when Katrina

occurred)
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Plaquemines Basin
Current Elevations
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Figure 7. Elevations for the Plaquemines Parrish Basin for the Current HPS (as of 1 June 2007)
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Plaguemines Basin
Authorized Elevations
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Figure 8. Elevations for the Plaquemines Parrish Basin for the Authorized HPS (authorized at the time of
Katrina)
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Plaquemines Transitions

Feature Transition Width Elevation (ft)

Number Type Reach | (ft) (NAVD88 2004.65) Sub-Basin | Description of Feature

132 P PL1 400.0 8 PL12 Pump Station - Belle Chase #2

133 P PL1 175.0 10 PL12 Pump Station - Belle Chase #1

134 P PL4 280.0 10 PL2 Pump Station - Upper Ollie

135 P PL6 100.0 8 PL3 Pump Station - Wilkerson Canal

136 P PL8 120.0 18 PL8 Pointe A Lache West Pump
Station

137 P PL8 170.0 10 PL7 Diamond Pump Station

138 P PL10 |342.0 16 PL11 Hayes Pumping Station

139 P PL11 550.0 17 PL8 Gainard Woods Pump Station

140 P PL16 |1010.0 |20 PL9 Sunrise Pumping Station

141 G PL16 |635.0 19.5 PL9 Empire Flood Gate

142 P PL17 |627.0 19 PL10 Venice Pumping Station

143 P PL17 |[975.0 19 PL10 Grand Liard (Buras) PS

144 P PL22 | 100 18 PL4 Bellevue Pumping Station

145 P PL27 [ 175 20 PL5 Pointe A La Hache East
Pumping Sation

146 P PL25 | 100 10.5 PL6 Belair Pump Station

147 P PL25 | 200 14 PL1 Scarsdale Pump Station

148 P PL24 |80 9 PL1 Braitwaithe Pump Station

149 U PL2 2200 8 PL2 Unprotected area between PL11
and PL2

150 U PL1 1650 5 PL1 Unprotected area between
PLAQ and STB

151 U PL1 1730 18 PL1 MRT between PLAQ and STB
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Plaquemines Reaches

Reach Length Pre-Katrina Elevation (NAVD88 | Reach Type | Foundation Material Type (H, | Subbasin
No. (ft) 2004.65) (1) C,P)(2) Reference (3)
81 22,000 6.00 L H PL11
82 41,525 8.50 L H PL11
83 57,470 18.10 L C PL11
84 50,610 8.50 L H PL2
85 36,605 16.40 L C PL2
86 60,615 6.40 L H PL3
87 25,865 15.70 L C PL3
88 17,170 11.20 L H PL7
89 39,195 16.20 L C PL7
90 27,100 13.50 L H PL7
91 19,120 13.60 L H PL8
92 13,774 12.70 L H PL8
93 6,635 13.80 L H PL8
94 49,470 16.30 L C PL8
95 6,160 14.90 L H PL8
96 26,710 15.00 L H PL9
97 78,500 14.70 L H PL10
98 79,100 15.00 L C PL10
99 22,740 13.90 L C PL9
100 51,200 16.60 L C PL4
101 32,235 15.60 L C PL5
102 50,475 17.30 L H PL4
103 29,050 17.50 L H PL5
104 62,810 12.00 L H PL1
105 30,940 12.40 L H PL6
106 61,710 18.60 L C PL1
107 25,225 17.00 L C PL6
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Appendix 6
St. Bernard Basin

The St. Bernard (STB) basin is defined by the protection system along the GIWW to the
north, MRGO to the east, Caernarvon Canal to the south, and the Mississippi River and Inner
Harbor Navigation Canal (IHNC) to the west. Like New Orleans East, it is essentially separated
into two distinct areas, a residential/commercial area on the south side of the basin and a
marshlands area on the north side. These two sections are separated by a non-federal, interior
local levee that runs across the basin from the northwest to the southeast. This area, along with
other pertinent information relative to the IPET assessment, is depicted in Figure STB-1.

The levee and floodwall system surrounding the STB basin consists of approximately
157,800 linear feet of varying levels of protection. This provides protection for an area of
approximately 81 square miles for the entire basin. The residential area makes up approximately
27 square miles of the basin. In addition, there are two water control sector gate structures along
the MRGO at Bayou Bienvenue and Bayou Dupre. There are a total of nine pump stations within
the basin, primarily along the interior local levee; one of these is located along the Caernarvon
Canal. These major structures are also depicted in Figure STB-1.

Like the other basins, the STB was constructed during different times and modified at
various places since the last Design Memorandums. For the purposes of IPET and coupled with
varying versions of the most recently completed Design Memorandums (DM), the STB basin is
separated into three major stretches. These are as follows:

e North Side of IHNC Lock thru Caernarvon Canal. This stretch of the STB basin
represents the exterior hurricane protection system and begins at the tie-in to the north
side of the IHNC Lock, continues northeast along the GIWW, turns and follows the
MRGQO to the southeast, then goes west back towards the tie-in to the Mississippi River
levee.

e Mississippi River Levee (MRL). This section is the flood protection system along the
Mississippi River system that contains a combination of floodwalls and levees. For
numbering purposes, the MRL reaches begin at the tie-in with the Caernarvon Canal and
runs northwest along the Mississippi River until it ties back in with the south side of the
IHNC Lock.
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o Interior Local Levee (ILL). This section of levee and floodwall separates the residential
and marshland areas of the STB basin. The ILL is actually owned by the State of
Louisiana and maintained by the LADOTDD and Lake Borgne Basin Levee District.
USACE was provided a one-time waiver from policy and was tasked with repairing the
damage to this levee following Katrina. The ILL basically splits the basin in two and
begins along the IHNC and heads generally in a southeast direction along the middle of
the basin. The ILL “wraps” around the Violet Canal and goes generally east before
turning south and tying back into the exterior levee protection system along the
Caernarvon Canal.

Bayou Bienvenue
Control Structure

Lake Borgne

Bayou Dupre
Control Structure

Interior Local Levee

Hurricane Protection |
Levee and Floodwall

e Miss. River Levee
_______ Parish Boundary

. Pump Station

Figure STB 1. St. Bernard basin

STB Basin — Layout of Reaches for Risk Model by Physical
Feature (Pre-Katrina)

Within these major stretches of the STB basin there are shorter reaches, which are defined by
physical changes in the protection system, i.e. switching from floodwall to levee, etc., or by
significant changes in geotechnical parameters. Within each reach, there are specific “key
points” whose reliability needs to be determined in order to calculate the effect on the overall
reach being evaluated. An example of a “key point” would be a closure gate at a road or rail line
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crossing along a floodwall. Task 10 engineers reviewed existing plans, damage survey reports,
and conducted field verification inspections to ensure each basin was accurately defined within
the system. As a part of the field verification inspections, GPS coordinates were obtained and
stationing from DM’s and ““as-built” plans was verified. For each basin, this information was
transformed into a spread sheet and then a system map for each basin, as shown in

Figure STB 2A. Finally, digital photographs with incorporated notes were developed to
compliment the spread sheets and system map for further clarification. This collection of
information was then categorized to get a clear picture of how the basin should be defined for
risk assessment purposes. A summary of the reach and point definitions for STB is shown in
Figure 2A with a brief supporting narrative on each reach. The layout shown in Figure STB 2
and the narrative that goes along with this figure relates to the pre-Katrina condition. Task Force
Guardian (TFG) made several improvements to the levee/floodwall system which changes the
risk for various reaches. These changes by reach are detailed in the next section.

Task 10 basin reach definitions for STB start at the tie-in to the north side of the IHNC Lock.
The numbering system for reach definitions continues along the exterior protection system along
the GIWW, MRGO, Caernarvon Canal, and then up through the Mississippi River levee system
to where it ties back into the south side of the IHNC Lock. Finally, the interior local levee
reaches numbers begin at the IHNC and extend until it ends at the Caernarvon Canal. Please
refer to Figure STB1, STB2A, and STB2B for further clarification. The STB basin is
summarized by the reaches as follows:
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See Inset 1

STB3A

Pump Stalion 3

Pump Station 4

Bayou Dupre Control Structure
See Inset 3

See Insef 6

1823
ETB42
Pump Station 5
ETBI3A
Legend See Inset 5
STE24 —i
e Pump Stations & Control Structures L1 Pump statien &
See Inset 4
s Reach Beginning & Ending Paints
Floodwalls
Levees
Paris Rd Figure STB 2
B o St. Bernard Basin - Reaches Defined
M 0 8.730 17.500 335,000 Feat

Figure STB 2A. St. Bernard Basin — Reaches Defined
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Bayou Dupre Contral Structurs

STBO2,

Inset 1 Inset 2 Inset 3

8TB27

STB28

STB24 STB23C STB23B
.Pump Station 8

TB25

STB24

Inset 4 Inset 5 Inset 6

Figure STB 2B. St. Bernard Basin Reaches — Insets 1-6

Reach STB1 (INHC to Caernarvon)

This reach is defined by 1,427 linear feet of concrete capped I-wall that ties into the northeast
side of the INHC Lock and generally follows the IHNC north, see Figure STB 3, which shows
the beginning of the reach where it ties into the northeast lock wall of the IHNC. There is one
key point (stbla) at the beginning of this reach where the natural ground line transitions between
the lock wall and I-wall, as shown in Figure STB 4. The reach ends at the south end of the I-wall
failure that occurred in the Lower 9th Ward. Other sections of this reach were overtopped during
Katrina, but did not fail, in particular near the Claiborne Bridge, as shown in Figure STB 4. The
approximate weighted average top of wall elevation for this reach was 13.0 (NAVDS8) prior to
Katrina.
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Figure STB 3. I-wall section tying into IHNC lock wall (standing on top of lock wall and looking away from
IHNC)
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Figure STB 4. Section of Reach STB1 overtopped during Katrina (location is just north of Claiborne
Avenue Bridge)

Reach STB2 (IHNC to Caernarvon)

This reach was defined by a 4,038-ft stretch of I-wall between the Claiborne Avenue Bridge
and the railroad bridge near Florida Avenue. There were two separate breaches of this [-wall
during Katrina. The southern section of [-wall that failed in the Lower 9th Ward area of
St. Bernard during Hurricane Katrina is shown in Figure STB 5. Figure STB 6 shows the
authorized design section for this wall, but note the actual elevations for the top of wall were
closer to 13.0 when referencing NAVDS88 (2004.65) datum. The northern section of [-wall that
failed was near the blue railroad bridge close to Florida Avenue. This breach is depicted in
Figure STB 7. There were no “key points” within this entire reach. Refer to changes made by
Task Force Guardian (TFG) in the post-Katrina narrative.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-6-7
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Claibome Avenue Bridge

EBarge

South limit of breach

Marth limit of breach

Displaced I-wall
Figure STB 5. Failed I-wall section of Lower 9th Ward (Reach STB2) (looking south along IHNC)
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Figure STB 6. Pre-Katrina I-wall design section for Reach STB2 (depicts authorized elevations, not actual
elevations)

il

Figure STB 7. North I-wall failure within Lower 9th Ward (Reach STB2) (Note: pipes on right side of photo
are associated with Pump Station #5)
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Reach STB3 (INHC to Caernarvon)

This reach is defined by an existing T-wall that is located adjacent to the Surekote Road
ramp over the floodwall. The reach is approximately 807 feet in length. There are multiple key
points within this reach including the closure gate E-1, as shown in Figure STB 8. Closure gate
S-1 at Harbor Road and Florida Avenue and railroad closure gate E-2 are also key points within
this reach. The approximate weighted average height of this wall prior to Katrina was elevation
12.5 (NAVDSS).

A e W e WA

ra \Y

A\"

Figure STB 8. Existing T-wall near Florida Ave. Bridge (Reach STB3) (looking from protected side towards
IHNC)

Reach STB4 (INHC to Caernarvon)

This reach is defined by 726 linear feet of I-wall that ties into the levee along the GIWW.
There are no key points in this reach. This reach ends where the [-wall ties into the levee. This
section of [-wall was overtopped during Katrina, but suffered no major damage. It had an
approximate weighted average top of wall elevation of 13.3 (NAVDS&S) prior to Katrina.
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Reach STB5 (INHC to Caernarvon)

This reach is defined by 890 linear of levee between the end of the IHNC I-wall and the
floodwalls surrounding closure gates S-2 and S-3 near the Southern Scrap Building. There are no
key points within this reach. This levee is depicted in Figure STB 9. There was no significant
damage to this section from Katrina. It had an approximate weighted average elevation of 13.1
(NAVDSS) prior to Katrina.

Figure STB 9. Beginning of Reach STB5 at end of I-wall (Note TFG improvements to Reach STB4 in
foreground)

Reach STB6 (IHNC to Caernarvon)

This reach is defined by a combination of I-walls and T-walls surrounding closure gates S-2
and S-3. The total length of the reach is 340 feet with T-walls located around the gate closures.
These walls were overtopped during Katrina but did not fail. The approximate weighted average
top elevation of this reach was 13.0 (NAVDS8S) prior to Katrina. Reference improvements to the
scour protection made by TFG in the post-Katrina reach description. The gates themselves serve
as the two “key points” within this reach, stb6a and stb6b, respectively.

Reach STB7 (IHNC to Caernarvon)

This reach is defined by 25,722 feet of levee. There is one pipe crossing located within this
reach but it does not represent a significant departure from the levee section and can be ignored
for the purposes of this assessment. There was no significant damage to this section of levee
from Katrina. The approximate top of levee varied along this reach between 13.5 to 16.5
(NAVDSS), but had a weighted average elevation of 15.1 (NAVDS88) prior to Katrina.
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Reach STB8 (IHNC to Caernarvon)

This reach is defined by a 1,016-ft stretch of concrete capped I-walls and T-walls just west of
the Paris Road overpass along the GIWW. It is often referred to as the Paris Road floodwall.
There is one key point (stb8a), a gate closure, within this floodwall reach. This structure was
overtopped during Katrina, but only suffered scour damage. See Figure STB 10 for a photograph
depicting this wall during repairs following Katrina. The approximate weighted average top of
wall elevation for this reach was 12.4 (NAVDSS) prior to Katrina.

Figure STB 10. Paris Road Floodwall (Reach STB8) (looking east from the west end of the floodwall)

STB9 (IHNC to Caernarvon)

This reach is defined by 7,260 linear feet of levee. It goes between the Paris Road floodwall
and the floodwalls just prior to reaching the Bayou Bienvenue control structure. There are no key
points within this reach. There was some overtopping in this reach during Katrina, but no major
damage to the levee. The approximate weighted average for this reach was elevation 17.9
(NAVDSS) prior to Katrina.

STB10 (IHNC to Caernarvon)

This section is defined by a relatively short 229-ft stretch of floodwall located just northwest
of the Bayou Bienvenue Control Structure. It consists of a 61-ft section of I-wall at elevation
17.0 (NAVDSS), a 107-ft stretch of T-wall at elevation 15.5 (NAVDS88), and another 61 feet of
[-wall at elevation 17.0 (NAVDS88). The weighted average top of wall across the entire reach is
16.3 (NAVDSS). During original construction, this short section of wall was to serve as an
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access point for an industry that was to be located near the Bayou Bienvenue Control Structure.
However, the industry went out of business, and it has never been utilized, and the flood gate
remains permanently closed. This section of wall was overtopped during Katrina as evidenced in
Figures STB 11 and STB 12. Since the gate remains permanently closed, there are no “key
points” within this reach.

STB11 (IHNC to Caernarvon)

This reach is defined by a short section of levee between the floodwall described in reach
STB10 and the beginning of the floodwall leading to Bayou Bienvenue Control Structure. The
levee section is only 96 feet long and received some damage during Katrina at the transitions to
adjoining I-wall sections, as shown in Figure STB 12. The levee had an average weighted
elevation of 16.0 (NAVD8S) prior to Katrina. There are no “key points” within this short reach.

Figure STB 11. Floodwall Northwest of the Bienvenue Structure (Reach STB10) (looking southeast toward
Bayou Bienvenue just after Katrina)
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Figure STB 12. Short levee section between floodwalls (Reach STB11)

Reach STB12 (IHNC to Caernarvon)

This reach is defined by the Bayou Bienvenue Control Structure and surrounding floodwalls
on either side of it. Prior to Katrina, this reach was made up of 77 feet of concrete capped [-wall
at elevation 17.0 (NAVDS8), 187 feet of T-wall surrounding the control structure itself at
elevation 15.0 (NAVDSS), and 1,208 feet of uncapped, sheetpile I-wall at elevation 18.5
(NGVD). As shown in Figures STB12, 13, and 14, the surrounding floodwalls received heavy
damage and the uncapped I-wall section breached during Katrina. The sector gate closure itself
serves as the only “key point” (stb12a) within this reach.
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Figure STB 13. Uncapped I-wall Section on Southeast side of Bayou Bienvenue Control Structure (looking
southeast along the MRGO)

Figure STB 14. Picture of breached Bienvenue I-wall from Protected Side
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Reach STB13 (IHNC to Caernarvon)

This reach is defined by a 19,858 linear feet stretch of levee. Prior to Katrina, it began at the
end of the uncapped sheetpile I-wall on the southeast side of the Bayou Bienvenue Control
Structure and continued up to the beginning of an embedded, uncapped I-wall section along the
MRGO. This section of levee was overtopped during Katrina and was heavily damaged. It had
an approximate weighted average top elevation of 17.5 (NGVD) based upon a 1998 survey.
There was one section of embedded uncapped, sheetpile I-wall in about the middle of this reach,
but the top of the wall essentially was at the top of the levee. Due to this fact, this section of
I-wall will not be included separately in the analysis and is included as part of the overall reach
characteristics.

Reach STB14 (IHNC to Caernarvon)

This reach was defined by a 2,427-ft section of uncapped I-wall embedded within the levee.
The sheetpile [-wall was installed in 1992 as part of USACE repairs along the MRGO. This
section of wall was heavily damaged during Katrina, as evidenced in Figure STB 15. The
weighted average top elevation of the uncapped I-wall was 18.5 (NGVD) prior to Katrina, and it
had a free standing height of approximately 3.5 feet. As shown in the photo, there are pipe
crossings along this reach, but they extend over the levee and do not represent a major change in
design or performance parameters; therefore, they are ignored in the risk assessment for this

purpose.
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Figure STB 15. Breached I-wall along MRGO

Reach STB15 (IHNC to Caernarvon)

This reach consists of a 1,745-linear-ft stretch of levee between uncapped, sheetpile I-wall
reaches. This section was overtopped and heavily damaged during Katrina. The weighted
average height of this levee section was approximately 16.4 (NGVD) prior to Katrina based
upon a detailed 1998 survey. There are no “key points” within this reach.

Reach STB16 (IHNC to Caernarvon)

This reach consisted of a 2,560-ft stretch of uncapped, sheetpile I-wall that was installed in
1992 as part of USACE repairs along the MRGO. This section also was overtopped and heavily
damaged during Katrina. The weighted average top of uncapped I-wall along this reach was
elevation 18.5 (NGVD) prior to Katrina. It had an approximate free standing height of 3.5 feet.
There are no “key points” within this reach.

Reach STB17 (IHNC to Caernarvon)

This reach consists of 566 feet on levee between uncapped, sheetpile [-wall reaches. The
approximate weighted average top of levee elevation was 16.5 (NGVD) prior to Katrina based
upon a detailed 1998 survey. This section of levee was overtopped during Katrina and heavily
damaged. There are no “key points” within this reach.
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Reach STB18 (IHNC to Caernarvon)

This reach consists of 359 feet of uncapped, sheetpile I-wall installed in 1992 as part of
USACE repairs along the MRGO. The wall had an approximate top elevation of 18.5 (NGVD)
with a free standing height of roughly 3.5 feet. It was overtopped and heavily damaged during
Katrina. There are no “key points” within this reach.

Reach STB19 (IHNC to Caernarvon)

This stretch of levee runs from the end of the uncapped I-wall in Reach STB18 to the
northwest transition wall leading to the Bayou Dupre Control Structure. It is approximately
4,994 linear feet and there are no “key points” within this length. It had an approximate weighted
average top elevation of 18.7 (NGVD) prior to Katrina. This reach was heavily damaged during
Katrina.

Reach STB20 (IHNC to Caernarvon)

This reach includes the Bayou Dupree Control Structure and the adjoining transition flood
walls. Prior to Katrina, the reach started with 92 linear feet of precast concrete sheetpile wall on
the northwest side of the gate structure, 69 feet of T-wall on the northwest side of the gate
closure, 134 feet across the closure structure, 69 feet of T-wall on the southeast side of the
closure structure, and 92 feet of precast concrete sheetpile wall on the southeast side of the
closure structure. While the concrete sheetpile walls were designed at a higher elevation,
settlement across this area left all walls roughly at elevation 15.2 (NAVDS8S) prior to Katrina. As
shown in Figure STB 16, the northwest precast concrete sheetpile [-wall failed during Katrina.
The only “key point” in this reach is the closure structure itself.

Reach STB21 (IHNC to Caernarvon)

This reach starts with the levee tie-in to the southeast side of the Bayou Dupre Control
Structure adjoining floodwall. The approximate length of this reach is 25,562 linear feet, and it
has no “key points” within the reach. Prior to Katrina, it had a weighted average top elevation of
19.1 (NGVD). The reach was heavily damaged during Katrina from overtopping.
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Figure STB 16. Damage at Bayou Dupre Control Structure (note breached section of precast concrete pile
wall)

Reach STB22 (IHNC to Caernarvon)

This reach was defined by a 1,401-ft section of uncapped, sheetpile I-wall that was installed
during 1992 USACE repairs along the MRGO. The wall had a top elevation of 19.0 (NGVD)
prior to Katrina and a free standing height of approximately 4.0 feet. There were no “key points”
within this reach. There was scour damage in this area as a result of Katrina.

Reach STB23a (IHNC to Caernarvon)

This reach is defined by the remaining levee along the MRGO between the end of Reach
STB22 and where it turns away from along the Caernarvon Canal. The weighted average top of
levee elevation for this reach was approximately 19.5 (NGVD) prior to Katrina. There are no
“key points” within this reach. Sections of this reach did receive damage during Katrina.

Reach STB23b (IHNC to Caernarvon)

This reach consists of 5,709 feet of levee that begins at the MRGO and continues to the
intersection point with the interior local levee. Although the levee along the Caernarvon Canal
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continues, a new reach had to be defined because of the potential for varying consequences due
to the presence of the interior local levee. This area of levee received minor damage during
Katrina. There are two basic areas along this reach where repairs are different. The weighted
average top elevation of this reach was approximately 17.0 (NAVDS88) prior to Katrina. There is
one “key point” within this reach (stb23bd), which is the Bayou Road closure gate.

Reach STB23c (IHNC to Caernarvon)

This section of levee is 2,692 feet long and goes from the interior local levee to the beginning
of the east side floodwall surrounding Pump Station #8. There was minimal scour damage along
this stretch during Katrina. It had an approximate weighted average top elevation of 16.0
(NAVDSS) prior to Katrina. There are no “key points” within this reach.

Reach STB23d (IHNC to Caernarvon)

This reach consists of 231 feet of flood wall around the discharge pipes for Pump Station #8.
There are roughly 45 feet of [-walls on both sides of the middle T-wall for the discharge pipes.
The T-wall length is approximately 141 feet long. The top of the I-walls are elevation 17.0
(NAVDSS) and the T-wall is at 16.5 (NAVD88). The weighted average top of wall elevation is
16.7 (NAVDSS). This wall was not damaged or overtopped during Katrina. There are no “key
points” within this reach. For a view of this reach, please refer to Figure STB 17.

Figure STB 17. Floodwalls surrounding Pump Station #8 pipes (viewed Looking West Along Caernarvon
Canal)
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Reach STB24 (IHNC to Caernarvon)

This reach is defined by 36,610 linear feet of levee along the Caernarvon Canal. It starts on
the east side at the where it ties into the west end of the Pump Station #8 floodwall and continues
until it ties into a sheetpile wall near the Caernarvon Freshwater Diversion Structure. This
section received little or no damage during Katrina. There are several utility crossings along this
reach, but none significant enough to warrant as a “key point.” The approximate weighted
average top elevation of the levee is 15.4 (NAVDS8) across this reach.

Reach STB25 (IHNC to Caernarvon)

This reach consists of 693 linear feet of uncapped, sheetpile I-wall near the Caernarvon
Freshwater Diversion Structure. There are no “key points” within this reach. It received little or
no damage from Katrina. The reach has a weighted average top elevation of 12.8 (NAVDSS)
taken from a physical survey following Katrina. See Figure STB 18 for a photograph of this
reach.
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Figure STB 18. Uncapped Sheetpile I-wall near Caernarvon Canal (building on left side is on flood side)

Reach STB26 (IHNC to Caernarvon)

This reach consists of concrete capped I-walls that extend from the end of the sheetpile wall
in Reach STB25 to the where the Caernarvon section ties into the Mississippi River levee. This
section of wall is 1,104 feet long with a weighted average elevation of 13.0 (NAVDS8). It was
not damaged during Katrina. There are two “key” points within this reach, and both are closure
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gates; one for a rail line and the other for Highway 39. The location where the floodwall ties into
the higher Mississippi River levee is shown in Figure STB 19.

Reach STB27 (Mississippi River Levee)

This reach is the most southern section of levee within the STB basin, as reflected as the
higher ground area of Figure STB 19. Refer to Figure STB 2 for reference to the reach location
relative to the entire basin. The reach consists of 49,877 linear feet of levee, and it ends at the
southern end of the concrete capped I-wall near the Battlefield site along the Mississippi River.
It has a weighted average top elevation of 20.1 (NAVDSS).

Reach STB28 (Mississippi River Levee)

This reach consists of 2,724 feet of concrete capped I-wall near the Battlefield site. There is
one key point with this reach, and it is a small access closure gate. A typical stretch of this wall
along with the access closure gate is shown in Figure STB 20. The weighted average elevation of
the top of the wall for this reach is 17.6 (NAVD8S). This reach was not damaged during Katrina.

Figure STB 19. Caernarvon Canal Floodwall tie-in to higher MRL (gate is for Highway 39 closure)
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Figure STB 20. Concrete capped I-wall along Miss. River near Battlefield (access closure gate is key point
within this reach)

Reach STB29 (Mississippi River Levee)

This reach consists of 3.729 feet of levee along the Mississippi River in and around the
Rodriguez Canal. There are four key points within this reach, all gated closures near the
Rodriguez Canal. The reach ends where the levee ties into a floodwall near the Domino Sugar
Plant. The weighted average top elevation of the levee along this reach is 20.9 (NAVDS8S). This
reach was not damaged during Katrina.

Reach STB30 (Mississippi River Levee)

This reach is defined by 5,180 linear feet of concrete capped [-wall that begins near the
Domino Sugar Plant. There are three key points within this reach, all of them closure gates. One
is located at the Domino Plant, one at the Port Ship Service Dock, and the last one at Mehle
Avenue. The weighted average elevation of the top of the wall along this reach is 18.0
(NAVDSS). This reach was not damaged during Katrina. One of the closure areas and typical
I-wall along this stretch is shown in Figure STB 21.
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Figure STB 21. Concrete capped I-wall near Domino Sugar Plant (closure represents key point within this
reach)

Reach STB31 (Mississippi River Levee)

This reach consists of 2,345 feet of levee that is primarily covered with paved slopes and
roads. It begins near the Jackson Barracks and ends at the warehouse and dock area near Flood
Street. The weighted average elevation along this stretch of levee is 19.0 (NAVDS88). There are
no key points within this reach, although there are some pipe crossings noted but not considered
significant enough to effect the overall reliability of the reach. This reach was not damaged
during Katrina. The end of this reach (viewed from the Reach STB30 side) is shown in
Figure STB 22.

Reach STB32 (Mississippi River Levee)

This reach consists of 4,870 linear feet of levee along the Mississippi River and southeast
side of the Inner Harbor Navigation Canal. It begins at the warehouse/dock facilities on the levee
near Flood Street and ends at the southeast side of the Inner Harbor Navigation Canal Lock. The
weighted average elevation of the top of this levee is 20.9 (NAVDS8S). There are no key points
within this reach. This reach was not damaged during Katrina.
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Figure STB 22. End Reach STB31 where levee ties into Dock Facility (Viewed from Reach STB30 side)

Reach STB33 (Interior Local Levee)

This reach consists of approximately 15,455 linear feet of uncapped sheetpile I-wall. The
reach starts at the north side of the interior local levee near Pump Station #5, as shown in Figure
STB 23. There are two key points within this reach. The first is a railroad closure near the East
Bank Wastewater Treatment Plant, and the second is a timber closure across a road. An aerial
view of the location where the interior local levee sheetpile wall ties into the concrete capped I-
wall along the IHNC is shown in Figure STB 23. A close-up view of the start of the interior local
levee is shown in Figure STB 24. This location is referenced in Figure STB 23. This reach had a
weighted average top of wall elevation of 13.5 (NAVDS8) prior to Katrina. Most of this reach
was not damaged during Katrina. There was a 4,500 feet stretch of uncapped I-wall and levee
near the parish line along this reach that was damaged and in need of repair. The general area
where the parish line crosses the interior local levee is shown in Figure STB 1.

Reach STB34 (Interior Local Levee)

This reach consists of 685 feet of concrete floodwall surrounding the Jean LaFitte Pump
Station. The weighted average top elevation of this reach is 14.0 (NAVDS88) taken from a 1999
LADOTDD physical survey of the interior local levee. There was no significant damage during
Katrina. There are no key points within this reach.
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Figure STB 23. Area showing beginning of interior local levee at the IHNC
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Figure STB 24. Close-up of beginning of interior local levee

Reach STB35 (Interior Local Levee)

This reach consists of 5,055 linear feet of uncapped sheetpile I-wall within the levee. The
weighted average top elevation of this reach is 13.3 (NAVDS88) taken from a 1999 LADOTD
physical survey of the interior local levee. There are a couple of pipe crossings along this reach,
but no key points for the risk assessment. There was overtopping along this reach during Katrina,
but no major damage. The end of the reach where the [-wall ties into an adjoining levee
(beginning of Reach STB36) is shown in Figure STB 25.
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Figure STB 25. End of Reach STB35 at the beginning of Reach STB36 (interior local levee near Paris
Road)

Reach STB36a (Interior Local Levee)

This reach is defined by 15,105 linear feet of levee between floodwalls. The reach begins
approximately 2,400 feet west of Paris Road (see Figure STB25) and ends where the levee ties
into the west end of the sheetpile I-wall leading to Pump Station #7 (Bayou Ducros Pump
Station). There are two basic sections within this reach, the first is the short section west of Paris
Road that had a weighted average elevation of 11.6 (NAVDS88) prior to Katrina. From Paris
Road east, the weighted average elevation of this reach was 8.4 (NAVDS8S) prior to Katrina. The
main reason this reach is sub-divided was because of the work carried out by TFG was only done
east of Paris Road with respect to raising the levee. The weighted average top of levee for this
reach was 8.9 (NAVDSS) prior to Katrina. There was significant overtopping damage to the
section of levee east of Paris Road during Katrina. There are no key points within this reach.

Reach STB36b (Interior Local Levee)

This reach consists of 350 linear feet of floodwall surrounding Pump Station #7, also referred
to at the Bayou Ducros Pump Station. The reach has 140 feet of uncapped sheetpile I-wall west
of the discharge pipes, 70 feet of concrete T-wall around the discharge pipes, and 140 feet of
uncapped sheetpile I-wall east of the discharge pipes. The weighted average elevation for the top
of the 280 feet of uncapped sheetpile [-wall is 9.0 (NAVDS88). The weighted average top
elevation of the concrete T-wall is 12.5 (NAVDS88). The overall weighted average top of wall
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elevation for the entire reach is 9.7 (NAVDS88). A photograph of the 3.5 feet difference in wall
height where the sheetpile ties into the adjoining concrete T-wall at the discharge pipes is shown
in Figure STB 26.

Figure STB 26. T-wall and |-wall offset at Pump Station #7 along interior local levee (Note: wall offset is
approximately 3.5 feet)

Reach STB36c¢ (Interior Local Levee)

This reach consists of 20,870 linear feet of levee that begins at the east end of Pump
Station #7 I-wall and then ends where the levee adjoins the Violet Canal. This reach of levee had
a weighted average top elevation of 9.1 (NAVDS8S). There are no key points within this reach.
This reach of levee was overtopped and damaged during Katrina.

Reach STB37 (Interior Local Levee)

This reach is defined by 3,888 linear feet of levee along the north side of the Violet Canal.
The weighted average top of levee elevation along this reach was 8.1 (NAVDSS) prior to
Katrina. There are no key points within this reach. This reach was overtopped and damaged
during Katrina.
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Reach STB38 (Interior Local Levee)

The floodwall for the Soap Factory along the Violet Canal defines this reach. It is 432 linear
feet. The weighted average elevation of the top of the wall was 7.0 (NAVDS88) prior to Katrina.
This section of wall was overtopped during Katrina, but the wall was not heavily damaged.
There are no key points within this reach. See Figure STB 27 for a view of this reach along the
Violet Canal.
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Figure STB 27. Floodwall Along the North Side of Violet Canal (This is Reach STB38 for the Risk Model,
Violet Canal is to the left)

Reach STB39 (Interior Local Levee)

This stretch of levee runs between the end of the concrete floodwall for the Soap Factory and
ties into the series of buildings on top of the levee along the north side of the Violet Canal. This
section can be seen in the background of Figure STB 27. This levee is approximately 510 feet
long and had a weighted average top elevation of 8.5 (NAVDS8) prior to Katrina. The reach was
overtopped and damaged during Katrina.
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Reach STB40 (Interior Local Levee)

Prior to Katrina, this reach was defined by a short concrete floodwall surrounding a shrimp
factory along the Violet Canal. This floodwall was 155 linear feet and had a weighted average
top elevation of 7.5 (NAVDS88). There are no key points within this reach. The reach was
damaged during Katrina.

Reach STB41 (Interior Local Levee)

This reach is defined by 2,201 linear feet of levee along the Violet Canal, and it ends where it
ties into Highway 46. The weighted average top elevation of this reach was 8.7 (NAVDSS).
There are no key points within this reach. This reach was overtopped and damaged during
Katrina.

Reach STB42 (Interior Local Levee)

This reach starts on the south side of the Violet Canal at Highway 46 and continues to the tie-
in to the exterior levee along the Caernarvon Canal. While there are a few ramp and pipe
crossings within this 55,227-ft reach; none are considered key points. The weighted average
elevation of the top of the levee along this reach was 7.7 (NAVDS88). This reach was overtopped
and damaged during Katrina.

STB Basin — Layout of Reaches for Risk Model by Physical
Feature (Post-Katrina Changes by Task Force Guardian)

Reach STB1 (INHC to Caernarvon)

Although this section of wall did not fail during Katrina, improvements were made to this
reach to improve its performance for stability and overtopping. A physical survey of this section
of wall taken in November 2005 shows an average elevation of 13.0 (NAVD88) across this
reach. The wall was designed with a free standing height of 6 feet (see Figure STB 6 with a top
of wall elevation of 15.0 and top of levee elevation of at 9.0). TFG restored the top of levee to
9.0 feet, thus reducing the free standing height to approximately 4.0 feet. In addition, a scour
protection slab was placed on the protected side. This is generally 6 to 8 feet wide from the base
of the wall at the top of the levee on the protected side.

Reach STB2 (INHC to Caernarvon)

This section of I-wall failed during Katrina (see Figure STB 5 for reference). The top of the
I-wall was approximately at elevation 13.0 (NAVD88 2004.65) prior to Katrina. This wall was
replaced by a T-wall to the authorized elevation of 15.0. In addition, scour protection was
provided on the protected side in the form of an 8-in. concrete slab that is 8-ft wide. See
Figure STB 28 for a photograph showing the new T-wall under construction and Figure STB 29
for the design section that was installed.
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Figure STB 28. New T-wall being constructed along IHNC (Reach STB2) (looking north along the IHNC)
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Figure STB 29. New T-wall design section (Reach STB2) (Pre-Katrina I-wall shown in picture for reference
with authorized elevation of 15.0 feet)

Reach STB3 (IHNC to Caernarvon)

The major change to this reach was that scour protection was provided on the protected side
by means of a concrete slab that is 6 to 8 feet wide extending from the face of the wall on top of
the levee.

Reach STB4 (IHNC to Caernarvon)

Improvements to this reach include reducing the free standing height of the I-wall and
providing scour protection. The approximate weighted average for the top of this wall is
elevation 13.3 (NAVDS8S). The original free standing height design varied, but generally was in
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the 5.5 feet range with a top of levee elevation at 9.0. TFG will provide a stability berm to
elevation 9.0 on the protected side. Therefore, the free standing height will be reduced to
approximately 4.3 feet with the increased stability berm. In addition, a scour protection pad, as
shown in Figure STB 30, was installed on the top of the protected side levee.

Reach STB5 (INHC to Caernarvon)
There were no improvements made to this reach under TFG.

Reach STB6 (IHNC to Caernarvon)

Scour protection was provided on the protected side of all these walls and around the tie-in to
the levee by TFG. Figure STB 31 depicts the completed scour protection pad construction.

Reach STB7 (IHNC to Caernarvon)

There were no improvements made to this reach under TFG.

Figure STB 30. New scour protection pad (typical) (photo taken at end of Reach STB4 looking back
toward IHNC)
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Figure STB 31. New scour protection around Reach STB6

Reach STB8 (IHNC to Caernarvon)

The floodwall around Paris Road has a couple of modifications made to it by TFG. First, the
free-standing height of the wall was returned to the as designed condition. Any location where
the free-standing height of wall was greater than designed was reduced back to a height of 6 feet.
Secondly, scour protection was added around this wall similar to other sections. The pad extends
10 feet away from the vertical face of the protected side. The repairs that were made are shown
in Figure STB 32.
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Figure STB 32. TFG repairs to Paris Road floodwall

Reach STB9 (IHNC to Caernarvon)
There were no improvements made to this reach under TFG.
Reach STB10 (IHNC to Caernarvon)

A scour protection pad was added around the transition areas with the adjoining levee
sections as well as the protected side of this wall by TFG as shown in Figure STB 33. There
were no other changes to this reach.
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Figure STB 33. New scour protection around Reach STB10. (viewed from Bienvenue Control Structure
side looking northwest)

Reach STB11 (IHNC to Caernarvon)

This short section of levee was topped with heavy riprap between the two floodwall sections
as part of repairs made by TFG following Katrina. This will be a significant improvement in
scour protection for this section since there is no exposed earthen levee and the transition areas
have been topped by a combination of concrete scour pads and heavy riprap.

Reach STB12 (IHNC to Caernarvon)

As shown in Figures STB11-13, this area suffered significant damage during Katrina. Two
major repair efforts were undertaken for this set of walls as part of TFG. The first is heavy riprap
has been placed around the northwest I-wall/T-wall sections leading to the control gated
structure. A photograph of this repair is shown in Figure STB 34 and is also typical of the riprap
that was placed on top of Reach STB 11 as part of the repair effort. The second major repair is a
sheetpile diaphragm wall that has been installed to replace the failed uncapped I-wall section.
This diaphragm wall was constructed to an elevation of 18.5 (NGVD). The basic design section
for this sheetpile diaphragm wall is shown in Figure STB 35. Note that this sheetpile diaphragm
repair is the same one used for the northwest walls leading to the Bayou Dupree Control
Structure (Reach STB 20), and the section shown is actually from the Bayou Dupre drawing set.
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Figure STB 34. Riprap placement around Northwest Floodwall adjoining Bayou Bienvenue Control
Structure (looking southeast alogn MRGO)
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Figure STB 35. New sheetpile diaphragm wall replacing failed uncapped I-wall at Bayou Bienvenue
Control Structure. (Note: This is same repair being done for northwest wall at Bayou Dupree)
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Reach STB13 (IHNC to Caernarvon)

This reach was rebuilt to a constructed elevation of 20.0 (NGVD) with a final design grade
of 17.5 (NGVD). This will allow for 2.5 feet of long-term settlement. There are three locations,
each 300 feet long, within this reach where the levee was only rebuilt to elevation 17.5 (NGVD).
These are all at utility pipe crossings. As was noted in the pre-Katrina section, this reach failed
and had an approximate weighted average top elevation of 17.5 (NGVD). Therefore, the reach
will be 2.5 feet higher initially until it begins to settle over time.

Reach STB14 (IHNC to Caernarvon)

The uncapped I-wall that defined this section pre-Katrina was removed by TFG, and the
entire stretch was replaced with a rebuilt levee to a constructed elevation of 20.0 (NGVD) with a
final design grade of 17.5 (NGVD), thus, allowing for 2.5 feet of long-term settlement. There are
two exceptions to this description within this reach. There are two separate 300-ft stretches
where the levee was only rebuilt to elevation 17.5 (NGVD) because of utility pipe crossings. See
Figure STB 36 for reference of these areas along this stretch.
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Figure STB 36. Profile of rebuilt levee along MRGO (Reach STB14). (Note: Jagged line represents
elevation of levee following Katrina)

Reach STB15 (IHNC to Caernarvon)

This section of levee, which had an approximate weighted average top elevation of 16.4 ft
(NGVD) prior to Katrina, was replaced with a new levee between the two control structures
constructed to elevation 20.0 (NGVD) to allow for 2.5 feet of long-term settlement. Final design
grade is elevation 17.5 (NGVD). Thus, the new levee section will be 3.6 feet higher than the pre-
Katrina elevation for this levee initially and then 0.9 feet higher assuming a final design grade

after settlement occurs.
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Reach STB16 (IHNC to Caernarvon)

The uncapped I-wall that defined this section pre-Katrina was removed by TFG, and the
entire stretch replaced with a rebuilt levee to a constructed elevation of 20.0 (NGVD) with a
final design grade of 17.5 (NGVD), thus, allowing for 2.5 feet of long-term settlement.

Reach STB17 (IHNC to Caernarvon)

This reach of levee was replaced with a new levee to a constructed elevation of 20.0 ft
(NGVD) with a final grade elevation of 17.5 (NGVD). This will allow for 2.5 feet of long-term
settlement. This means the new levee will be 3.5 feet higher than pre-Katrina at the time of
construction, and its final design elevation should be approximately 1.0 foot higher.

Reach STB18 (IHNC to Caernarvon)

The uncapped I-wall that defined this section pre-Katrina was removed by TFG, and the
entire stretch was replaced with a rebuilt levee to a constructed elevation of 20.0 (NGVD) with a
final design grade of 17.5 (NGVD), thus, allowing for 2.5 feet of long-term settlement.

Reach STB19 (IHNC to Caernarvon)

This reach of levee was replaced with a new levee to a constructed elevation of 20.0
(NADVS8S) with a final grade elevation of 17.5 (NAVDSS). This will allow for 2.5 feet of long-
term settlement. This means the new levee will be 1.3 feet higher than pre-Katrina at the time of
construction, and its final design elevation will actually be lower than the pre-Katrina weighted
average elevation.

Reach STB20 (IHNC to Caernarvon)

There are several changes to this structure that were made by TFG. First the northwest
precast concrete sheetpile wall that failed during Katrina was replaced with a diaphragm
sheetpile cell wall (similar to the one shown in Figure 35 for Bayou Bienvenue). This diaphragm
cell wall was built to elevation 18.5 (NAVDS88). In addition, the adjoining T-walls on both sides
remained, but the surrounding earthen sections were covered with heavy riprap for scour
protection. Finally, the southeast precast concrete sheetpile wall remained, but now has an
earthen berm placed on both the sides of the wall and covered with heavy riprap, as shown in
Figure 37.
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Figure STB 37. Repairs to Southeast adjoining walls at Bayou Dupre (viewed from southeast side looking
northwest along the MRGO)

Reach STB21 (IHNC to Caernarvon)

This reach of levee was replaced with a new levee to a constructed elevation of 20.0 (NGVD)
with a final grade elevation of 17.5 (NGVD). This allows for 2.5 feet of long-term settlement.
This means the new levee will be 0.9 feet higher than pre-Katrina at the time of construction, and
its final design elevation will actually be lower than the pre-Katrina weighted average elevation
across this reach if it settles to the design elevation.

Reach STB22 (IHNC to Caernarvon)

The uncapped I-wall that defined this section pre-Katrina was removed by TFG, and the
entire stretch was replaced with a rebuilt levee to a constructed elevation of 20.0 (NGVD) with a
final design grade of 17.5 (NGVD), thus, allowing for 2.5 feet of long-term settlement.
Therefore, the levee will be 1.0 feet higher when constructed, but will be lower if settlement
occurs to the design grade.

Reach STB23a (IHNC to Caernarvon)

This section of levee was rebuilt by TFG to a constructed elevation of 20.0 (NGVD) with a
final design grade of 17.5 (NGVD). Therefore, the “new” levee will be slightly higher (0.5 feet)
than pre-Katrina when constructed, but lower if it settles to design grade.

Reach STB23b (IHNC to Caernarvon)

There were small changes made to this reach under TFG. The first 1,400 feet or so of this
levee was topped to an elevation of 19.0 (NAVDS8S). The remainder only had minimal scour
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repairs where necessary, thus, overall the reach will not vary greatly from pre-Katrina
conditions.

Reach STB23c (IHNC to Caernarvon)

There were no major changes planned for this section of levee under TFG. There were some
minor scour repairs to areas that were damaged during Katrina.

Reach STB23d (IHNC to Caernarvon)

There were no improvements planned for this reach under TFG.
Reach STB24 (IHNC to Caernarvon)

There were no improvements planned for this reach under TFG.
Reach STB25 (IHNC to Caernarvon)

Scour protection was provided along this reach under TFG even though it was not
overtopped or damaged during Katrina. A photograph of this protection (same general location
as pre-Katrina condition shown in Figure STB18) is shown in Figure STB 38.
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Figure STB 38. Scour repairs to Caernarvon sheetpile I-wall area (Note: compare to pre-Katrina condition
shown in Figure STB 18)

Reach STB26 (IHNC to Caernarvon)

The only significant repair to this reach undertaken by TFG was to provide a scour protection
pad similar to the one shown for Reach STB25 (see Figure STB 38). In addition, any spots that
had an I-wall “stick-up” height that was greater than designed were modified to reduce free
standing height to design levels.

Reaches STB27 through STB33 (Mississippi River Levee)
There were no improvements to any of these reaches planned under TFG.
Reach STB33 (Interior Local Levee)

Most of this 15,455-ft stretch of levee did not require any modifications by TFG. However, a
4,500-ft section of uncapped sheetpile [-wall embedded within the levee was repaired because of
Katrina damage. This repair essentially consisted of replacing the damaged wall and levee that
was washed away to its pre-Katrina condition. Therefore, for the purposes of the IPET
assessment it was assumed that no improvements to this reach were made compared to the
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pre-Katrina condition. A photograph of the construction being carried out to repair the damaged
section along this reach is shown in Figure STB 39.

Figure STB 39. Repairs to interior local levee along Reach STB33 near parish border (Note: This section
is being returned to pre-Katrina conditions)

Reach STB34 (Interior Local Levee)

There were no improvements to this reach planned under TFG.
Reach STB35 (Interior Local Levee)

There were no improvements to this reach planned under TFG.
Reach STB36a (Interior Local Levee)

TFG repaired Katrina damages and raised the levee east of Paris Road within this reach.
Prior to Katrina, the weighted average top elevation east of Paris Road was 8.4 (NAVDS88) based
upon a 1999 LADOTD physical survey. TFG was granted approval on a one-time basis to raise
this portion of the levee to elevation 10 (NAVDS8S8 2004.65).

Reach STB36b (Interior Local Levee)

There were no major improvements to this reach being planned by TFG.
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Reach STB36c¢ (Interior Local Levee)

This reach of levee was rebuilt and raised to elevation 10 (NAVDS88 2004.65) under TFG.
The pre-Katrina weighted average top of levee elevation across this reach was 9.1 (NAVDSS).

Reach STB37 (Interior Local Levee)

This reach was rebuilt and raised to elevation 10 (NAVDS88 2004.65) under TFG. The pre-
Katrina weighted average top of levee elevation across this reach was 8.1 (NAVDSS).

Reach STB38 (Interior Local Levee)
There were no improvements planned to this section of wall under TFG.
Reach STB39 (Interior Local Levee)

This 510-ft reach of levee was rebuilt by TFG and raised to elevation 10 (NAVDS88 2004.65).
Prior to Katrina, the weighted average top elevation of this reach was 8.5 (NAVD88) based upon
a 1999 LADOTD physical survey. Figure STB 40 shows the levee being rebuilt by TFG.

Figure STB 40. Repairs and levee raising to Reach STB39 along Violet Canal (viewed looking west from
end of Reach STB38)
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Reach STB40 (Interior Local Levee)

This reach along the Violet Canal was repaired by TFG. The section was reinforced with
gabion baskets in front of the building facilities, as shown in Figure STB 41. The new top
elevation of this reach is 10 (NAVDS88 2004.65) compared to elevation 7.5 (NAVDS8) prior to
Katrina.

Figure STB 41. Gabion basket repairs to Reach STB40 (viewed from west side of reach)

Reach STB41 (Interior Local Levee)

This reach of levee was rebuilt and raised to elevation 10 (NAVD88 2004.65) by TFG. Prior
to Katrina, the weighted average elevation was 8.7 (NAVDSS).

Reach STB42 (Interior Local Levee)

This reach of levee was also rebuilt and raised to elevation 10 (NAVDS88 2004.65) by TFG.
Prior to Katrina, the weighted average elevation was 7.7 (NAVDSS).
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TABLE STB 1 - Summary of I-wall Changes from Pre-Katrina to Post Katrina

Pre-Katrina Information

Post-Katrina Task Force Guardian Improvements

Primary Type |Weighted Datum Free Standing Primary Type | Weighted Datum Free Standing| Added Scour
Reach Location Description of Protection | Elevation Source Height (ft) of Protection | Elevation Source Height (ft) Protection
STE1 IHNC to Claiborne Bridge Concrete -wall 130 NAYDES 5.0 40 Yes
STB2 Failed Wall Along IHNC Concrete |-wall 130 NAWDSS 5.0 Concrete T-wall 15.0 Yes
STB3 MNear Florida Ave Bridge Concrete T-wall 125 NAYDES 5.0 Yes
STB4 Floodwall Ties into GIWVWWY Levee Concrete [-wall feks) NAVDES 515 4.3 Yes
STB6 Floodwall Around 5-2 and 5-3 Concrete -wall 13.0 NAVDES 5.0 fes
STBS Paris Road Floodwall Concrete [-wall 12.4 NAVDES 6.7 5.0 Yes
STB10 Unused Gate MNear B. Bienvenue Concrete -wall 16.3 NAVDES 4.9 fes
S5TB12 Wiest i-wall of B. Bienvenug Concrete [-wall 17.0 NAVDES 4.0 Yes
STB12 East i-wall of B. Bienvenue Sheetpile -wall 185 NAYDES i Diaphram Wwall 18.5 nfa Yes
MNumerous WMR-GO Sheet Pile Modifications Between Control Structures Sheetpile |-wall 185 NGWD 35 Rebuilt Levee 175 MNAVDES nia nfa
STB20 West Concrete Sheetpile Wall @ Bayou Dupre Conc Sheetpile 152 NAWDES 12.0 Diaphram Wvall 18.5 nfa feg
STB20 East i-wall of B. Bienvenue Cong Sheetpile 152 NAWDES 75 15.2 1.0 fes
STB22 WR-GO Sheet Pile Mods Between Bayou Dupre and Caernarvon | Sheetpile [-wall 190 NGYD 35 Rehuilt Levee 20.0 MNAVDES n/a n/a
STE23d Floodwalls Around Pump Station #8 Concrete |-wall 167 NAWDES 6.0
STB25 Caernanvon Sheet Pile Wall Sheetpile -wall 12.8 NAVDSES 515 Yes
S5TB26 Caernarvon Sheet Pile Wall Concrete [-wall 13.0 NAVDES 5.0 Yes
STB33 Interior Local Leves from IHNC to Pump Station #6 Sheetpile -wall 315 NAYDES i
STB34 Floodwalls Around Jean Lafitte Pump Station Sheetpile |-wall 1410 NAWDSS Y
STB35 Floodwall Betwesn Jean Lafitte PS to Paris Road Shestpile |-wall k) NAWDES T
STB36h Floodwall Around Pump Station #7 (Bayou Ducros) Sheetpile -wall 97 NAVDSES 315
5TB38 Floodwall for Soap Factory Along Violst Canal Cong |-wiall 70 NAWDES Y
STB40 Floodwall for Shrimp Factory Along Violet Canal Caong |-wall 75 NAVDES 07
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Appendix 7
Orleans Basin

Field Reconnaissance and Definition of Reaches in Orleans East
Bank Basin

The basin for Orleans East Bank has been broken down into seven distinct sections to
develop both reaches and features definitions for the risk model. These sections are based on
General Design Memorandum (GDMs) published by the New Orleans District, USACE and
updated by field reconnaissance by IPET Team 10. The Orleans East Bank Basin has been
defined by the following sections shown in the figure below:

1. 17th Street Canal
Orleans Canal
London Canal
Bayou St. John Canal
Lakefront Levees
INHC
Mississippi River Levees

Nk W
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Orleans Canal
London Canal

Elevations

All vertical elevations in this report are defined in NAVD88 2004.65 datum unless otherwise
noted within the text. All horizontal datums are defined in State Plane Coordinates NADS83 —
1702 Louisiana South, UTM NADS3 Zone 15, and GCS NADS3. Elevations for transitions
features are top elevation of feature and elevation for the gates are inverts.

Section 1: 17th Street Canal (East Side)

Narrative

The 17th Street Canal Floodwall cross section is typical from station 125+87.45 W/L to
0+00.00 W/L (also Sta. 340+40.00 B/L Lakefront) with a [-wall section at elevation of 14.0 feet
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NGVD. The elevation changes from station 80+10.00 W/L to 80+40.00 W/L, where the I-Wall
crosses under Veterans Highway and the elevation is 14.5 feet NGVD. The elevation changes
again from station 100+86.00 W/L to 102+06.00, where the I-Wall elevation is 15.0 feet NGVD.

There was a major failure of the I-wall floodwall protection on the east side of the 17th Street
Outfall Canal. This failure resulted in a breach located approximately N30°01.02 and
W90°07.28. The length of the breach is 455 feet long. Floodwall monoliths, founding levee and
foundation materials were scoured away resulting in scour hole with an approximate bottom
elevation -21 feet NGVD. A temporary levee was constructed up to elevation +10 NGVD to
provide temporary flood protection. Figure 3 shows the breach along the 17th Street Canal.
Figure 4 shows the sheetpile repair along the 17th Street Canal.

.

Figure 3. Breach in the 17th Street Canal
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Figure 4. Sheetpile repair along the 17th Street Canal

Elevation Stationing (used East Bank for OEB

Section Start End Structure EL Section/Point Length Avg Height Weighted Average
1 0+00 7+45.59 I-Wall 14 S 745.59 14
2 7+45.59 7+52.09 T-Wall 14 P 6.5 14
3 7+52.09 8+14.09 Gate No. 3 14 P 62 14
4 8+14.09 8+20.59 T-Wall 14 P 6.5 14
5 8+20.59 80+10.00 I-Wall 14 S 7189.41 14 Reach 1 14.0
6 80+10.00 80+40.00 I-Wall Transition 14.0 - EI 14.5 S 30 14.25
7 80+40.00 80+51.70 I-Wall 14.5 P 1.7 14.5 l
8 80+51.70 81+63.70 Veterans Hwy 14.5 S 112 14.5
9 81+63.70 100+86.00 I-Wall 14.5 S 1922.3 14.5 Reach 2 14.5
10 100+86.00 102+06.00 I-Wall Transition 14.5-El15.0 S 120 14.75
11 102+06.00 125+87.45 I-Wall 15 S 2381.45 15 Reach 3 15.0

End at Hammond Highway
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Features

Elevation
15

15

10.6

7

7

7.3

7.3

Feature

Pump Station #6 - End of 17th Street Canal
Pump Station OP#10

Gate E9 - Southern RR

Gate at OP#10 Pump Station

Gate north of I-10

Gate E4 - Veterans Blvd.

Gate ES - Veterans Blvd

Definition of Reaches

Reach 1-3 (now 45) — This reach consists of I-wall on the east side of the 17th Street Canal

at average elevation 15.5 feet with a length of approximately 12,740 feet. There are two
transitions (Pump Stations 6 and 10) and five gates in this reach.
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Section 2: Orleans Avenue Canal

Narrative

The protection on the east side of the Orleans Outfall Canal starts at the intersection of
Lakeshore Drive and Marconi Drive. After short lengths of floodwall and cantilever sheeting, the
protection consists of a levee that extends to Robert E. Lee Boulevard. South of this intersection,
the protection consists of floodwall that extends to the pumping station near Interstate Highway
610. This line of protection is in satisfactory condition and does not appear to have been

damaged during Hurricane Katrina.

Definition of Reaches

Reach 4-10 (now 46-49) — These reaches consists primarily of I-walls with levees at the

lakefront entrance on both on the east side of the Orleans Avenue Canal at average elevation
14.0 feet with a length of approximately 9,280 feet, 3,155 feet, 9,110 feet, and 3,610 feet

respectively. There are one transitions (Pump Stations 7) and four gates in this reach.

Section Structure Length Elevation Section Structure Length Elevation

1 I-Wall 3404 13.6 1 I-Wall 3430 13.6

2 I-Wall 2712 13.6 2 -Wall 2545 13.6

3 I-Wall 2627 134 3 1-Wall 2643 13.4

4 l-wall 180 13 Reach 4 4 l-wall 160 13 Reach 8
5 Levee 2210 13 Reach 5 5 Levee 2948 13

6 l-wall 500 12 Reach 6 6 Levee 226 12 Reach 9
7 Levee 665 13 Reach 7 7 l-wall 482 13 Reach 10
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Features

Elevation Feature

15 Pump Station OP#7 FW - End of Orleans Canal
7 Gate at Harrison Ave

7 Gate at Harrison Ave

7 Gate at Filmore Ave

7 Gate at Filmore Ave

Pump Station #6
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Harrison Ave.
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Filmore Ave.
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Robert E. Lee Blvd
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Lakeshore Drive and Marconi

Section 3: London Avenue Canal
Narrative

There was a major failure of the I-wall floodwall protection on the east side of the London
Avenue Outfall Canal immediately north of Mirabeau Avenue Bridge. This failure resulted in a
breach located approximately N30° 00.52” and W90° 04.167. The length of the breach was
425 feet long. Floodwall monoliths, founding levee and foundation materials were scoured away
resulting in scour hole with an approximate bottom elevation -28 feet NGVD. A provisional
levee was constructed up to elevation +10 NGVD to provide temporary flood protection.

Figure 5 shows the sheetpile repair along the London Avenue Outfall Canal.

There was a second major failure of the I-wall floodwall protection on the west side of the
London Ave Outfall Canal immediately south of Robert E. Lee Boulevard Bridge. This failure
resulted in a breach located approximately N30°01.218° and W90°04.26°. The length of the
breach was 720 feet long. Floodwall monoliths, founding levee and foundation materials were
scoured away resulting in scour hole with an approximate bottom elevation -20 feet NGVD. A
provisional levee was constructed up to elevation +10 NGVD to provide temporary flood
protection. Figure 6 shows the sheet pile repair and also a failed I-wall floodwall section.
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Figure 5. Sheetpile repair along the London Ave Canal — East Side Failure
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Figure 6. Sheetpile repair along the London Ave Canal — West Side Failure

Definition of Reaches

Reach 11-18 (now 50-53) — These reaches consists primarily of [-walls with levees at the
lakefront entrance on both on the east side of the London Avenue Canal at average elevation
14.0 feet with a length of approximately 12,130 feet, 3,880 feet, 12,765 feet and 3,030 feet
respectively. There are two transitions (Pump Stations 3 and 4) and three gates in this reach.

Elevation Stationing - WEST (START AT PUMP STATION #3) Elevation Stationing - EAST (START AT PUMP STATION #3)
Section Structure Length Elevation Section Structure  Length  Elevation
1 I-Wall 9712 13 Reach 11 1 I-Wall 9827 13.2 Reach 16
2 T-Wall 300 15 Transition PS #4 2 T-wall 240 18 Transition
3 I-Wall 1984 13.4 Reach 12 3 I-Wall 1974 13.2
4 Levee 537 12 Reach 13 Between Robert Lee and Simon 4 l-wall 672 13.1
5 l-wall 190 12.5 Between Robert Lee and Simon 5 l-wall 130 13 Reach 17
6 l-wall 92 13 Reach 14 6 Levee 3647 12.5 Reach 18
7 Levee 3276 12.5 Reach 15
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Features

Elevation Feature

9.0 Unprotected area adjacent Pump Station #3

14.6 Pump Station #4 West FW - Middle of London Canal
13.6 Pump Station #3 FW - End of London Canal

10 West CSX RR gate near Pump Station #3

7 Gate at Filmore Ave

7 Gate at Filmore Ave

il

Pump Station #3
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[-610 overpass
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Mirabeau Ave.
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Mirabeau Ave.
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Pump Station 4
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Robert E. Lee Blvd

Leon C Simon Blvd
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Lakeshore Blvd

Section 4: Bayou St. John Canal
Narrative

The protection on the east and west banks of the Bayou St. John Canal meets the Lakefront
protection. This protection extends approximately 800 feet to the south where there is a closure
structure across Bayou St. John. The closure structure has both a sector gate and slice gates.
South of the closure structure, the protection along the banks is approximately ten feet lower.
There are no reaches considered for this canal. The gate structure is included as both a transition
(tie-in on both sides) and a gate structure.
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Protection Gate Structure at Bayou St. John

Section 5: Lakefront Levees
Narrative

Orleans East Bank Lakefront Levee Reaches 9 and 8, as designated in Design Memorandum
No.13, extend from the 17th Street Canal at station 340+40 to the Orleans Avenue Canal at
station 250+72. Starting at the east bank of the 17th Street Canal, the protection begins with a
slide gate across Marina Boulevard. At this junction, construction work was ongoing under
contract number W912P8-06-C-0008, titled “17th Street Canal Interim Closure Structure.”
Contract completion date is scheduled for 1 June 2006. The flood protection along Marina
Boulevard consists of an [-wall with a series of street gates that provide access through the line
of protection. The I-wall transitions into the levee just beyond the intersection at Lake Shore
drive at longitude-latitude coordinates 30°1°19” North by 90°06°47” West.
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The typical cross section for the Lakefront Levee has a ten-foot top width with vegetated side
slopes. The crest has an undulant profile, and there appears to be a low spot in the protection
where Canal Boulevard intersects the levee. Design Memorandum No. 13 indicates the net grade
for the levee crest to be elevation 18 feet NGVD. At the Orleans Outfall Canal, the Lakefront
Levee drops approximately four feet and transitions into the west levee for the Orleans Outfall
Canal. At this junction, construction work was ongoing under Contract Number W912P8-06-C —
0097, titled “Interim Closure Structure, Orleans Avenue.” A review of the contract documents
indicates the at the west levee will be raised from Lake Shore Drive to the new Closure Structure
and the southern limit of the work will extend to West Robert E. Lee Boulevard. Contract
completion date is scheduled for 1 June 2006. South of Robert E. Lee Boulevard, the protection
on the west side of the Orleans Outfall Canal consists of floodwall up to the pumping station at
29°59°40” North by 90°06°02” West. South of the pumping station, the canal is contained in an
underground conduit.

Orleans East Bank Lakefront Levee Reach 7 extends from the Orleans Avenue Canal at
station 246+37 to the Bayou St. John Canal at station 199+42. On the east side of the Orleans
Outfall Canal, there is a street gate marked “L8” across Marconi Drive and then an approximate
20-foot length of sheeting that transitions into the typical levee cross-section that Design
Memorandum No. 13 indicates to have a net crest elevation of 17.5 feet NGVD. The Lakeshore
Levee then continues along the south side of Lake Shore Drive until coordinate point 30°1°39”
North by 90°05°17” West where the alignment shifts to the north side of Lake Shore Drive where
a flood wall serves as the protection. The point where the protection intersects Lake Shore Drive
appears to be a low point. The floodwall transitions back to the typical levee cross section at
coordinate point 30°1°39” North by 90°05°-15” West where minor erosion was observed on the
lakeside slope. The typical levee cross section then continues toward Bayou St. John where it
transitions back to a floodwall that ties into the bridge abutments where Lake Shore Drive passes
over Bayou St. John.

Orleans East Bank Lakefront Levee Reach 6 extends from the Bayou St. John Canal at
station 196+50 to the London Ave Canal at station 163+98. Starting at the east bridge abutment,
the protection consists of floodwall up to Lake Terrace Drive where it then transitions back to
the typical levee cross-section that Design Memorandum No. 13 indicates was to be constructed
to a net elevation of 18 feet NGVD. The transition area appears to be a low point in the
protection. The levee section runs along the north side of Lake Shore Drive until it approaches
the London Avenue Outfall Canal where it then crosses to the south side of Lake Shore Drive
where it ties into the London Avenue west levee. Corps survey markers were found in this area
with spot elevations of 14.47 feet NGVD on the crest of Lakeshore Levee and elevation
12.84 feet NGVD on the crest of the west levee along the canal. The point where the protection
crosses Lake Shore Drive appears to be a low point.

Orleans East Bank Lakefront Levee Reach 4 extends from the London Ave Canal at station
161+00.18 B/L to the Inner Harbor Navigational Canal at station 0+00.00. This reach is typically
levee. The section from station 136+13.19 B/L to station 102+23.16 B/L has been removed and a
new floodwall has been constructed on the back side of the University of New Orleans. The
original DM showed the floodwall on the front side of what is not the University of New
Orleans. This area includes floodwall and levee. Figure 7 shows the new floodwall and levee.
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The majority of the damage in this reach is lake side erosion, scour at the base of the floodwalls,
and damaged floodwalls. There are also trees and bushes growing adjacent to and on the levee.
Figure 8 shows the bushes on the levee.

Figure 7. Floodwall and Levee behind the University of New Orleans

Reach 23-32 (now 54-60) — These reaches consist primarily of levees on the lakefront with
walls at certain protection areas. Elevations range from 12 to 18 feet depending upon the section.
The lengths of the reaches are shown with their respective elevations. There are eleven
transitions and eighteen gates in this reach.

Reach Length Elevations

54 2,925 12.00

55 6,310 18.00

56 9,940 17.00

57 2,380 16.50

58 3,220 16.50

59 7,605 16.50

60 1,155 14.40
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Elevation Stationing

Section Start

1 0+00

2 1+13.57
3 1+21.07
4 1+51.07
5 1+58.57
6 2+54.51
7 5+60.00
8 5+74.37
9 7+04.00
10 7+62.87
11 7+69.37
12 8+02.37
13 8+08.87
14 8+59.15
15 8+63.15
16 8+91.15
17 8+95.15
18 9+88.10
19 14+31.42
20 14+40.23
21 15+30.23
22 15+85.23
23 15+90.23
24 16+08.23
25 16+27.23
26 16+36.23
27 16+70.23
28 16+79.18
29 16+95.46
30 17+13.46
31 17+18.46
32 20+00.00
33 20+05.00
34 20+22.25
35 20+33.43
36 20+40.43
37 20+62.43
38 20+69.43
39 20+76.30
40 20+93.55
41 20+98.55
42 42+10.0
43 42+16.00
44 42+26.00
45 42+62.00
46 42+68.00
47 42+80.00
48 78+55.24
49 78+65.24
50 78+70.24
51 78+98.24
52 79+36.24
53 79+64.24
54 79+75.24
55 79+81.24
56 91+50.00
57 94+60.00
58 102+23.16
59 136+13.19
60 159+70.00
61 163+98.15
62 166+38.00
63 167+02.00
64 196+50.00
65 199+41.52
66 203+18.00
67 204+28.30
68 218+14.5
69 218+77.5
70 244+59.81
71 246+10.04

End
1+13.57
1+21.07
1+51.07
1+58.57
2+54.51
5+60.00
5+74.37
7+04.00
7+62.87
7+69.37
8+02.37
8+08.87
8+59.15
8+63.15
8+91.15
8+95.15
9+88.10
14+31.42
14+40.23
15+30.23
16+85.23
15+90.23
16+08.23
16+27.23
16+36.23
16+70.23
16+79.18
16+95.46
17+13.46
17+18.46
20+00.00
20+05.00
20+22.25
20+33.43
20+40.43
20+62.43
20+69.43
20+76.30
20+93.55
20+98.55
42+10.0
42+16.00
42+26.00
42+62.00
42+68.00
42+80.00
78+55.24
78+65.24
78+70.24
78+98.24
79+36.24
79+64.24
79+75.24
79+81.24

91+50.00
94+60.00
102+23.16
136+13.19
159+70.00
163+98.15
166+38.00
167+02.00
196+50.00
199+41.52
203+18.00
204+28.30
218+14.5
218+77.5
244+59.81
246+10.04
246+37.18

Structure
I-Wall
I-Wall
Ramp formerly Gate No 1
I-Wall
I-Wall
Levee
Levee Transition
Levee
I-Wall
I-Wall
Gate No.
I-Wall
I-Wall
I-Wall
Gate No.
I-Wall
Seabrook Bridge
I-Wall
Levee
Levee Transition
Levee
I-Wall
I-Wall Transition
I-Wall
I-Wall
Gate No. 4
I-Wall
I-Wall
I-Wall Transition
I-Wall
Levee
I-Wall
I-Wall Transition
I-Wall
I-Wall
Gate No. 5
I-Wall
I-Wall
I-Wall Transition
I-Wall
Levee
Ramp No 1 - Levee Transition
Ramp No 1 - Levee
Ramp No 1 - Roadway
Ramp No 1 - Levee
Ramp No 1 - Levee Transition
Levee
Ramp No 2 - Levee Transition
Ramp No 2 - Levee
Ramp No 2 - Roadway
Ramp No 2 - Shoulder
Ramp No 2 - Roadway
Ramp No 2 - Levee
Ramp No 2 - Concrete Capping
Levee (Now Floodwall)
Levee Transition
Levee (Ramp 3 included)
FLOODWALL AT UNO - 1984
Levee
London Ave. Outfall Canal
Levee
Ramp No. 5 (SEE PLATE 24 FOR DETAILS)
Levee
Bayou St. John
Levee
Gate No 8 (SEE PLATE 17 FOR DETAIL)
Levee (with 300 ft concrete capped wall at Ramp 6)
Ramp No. 6 (SEE PLATE 24 FOR DETAILS)
Levee
Gate No 9 Marconi (SEE PLATE 18 FOR DETAIL)
Levee (now concrete capped floodwall)

N

w

EL
EI14.5
EI14.0
EI10.0
EI14.0
El14.5
EI14.0

EI14.0-EI15.0
EI15.0
EI15.5
EI15.0

EI8.0
EI15.0
EI15.5
EI15.0
EI10.75
EI15.0
EI19.19
EI15.5
EI15.0

EI15.0 - EI18.0
EI18.0
EI18.5

EI18.5-EI18.0
EI18.0
EI18.5

EI12.25
EI18.5
EI18.0

EI18.0-EI185
EI18.5
EI18.0
EI18.5

EI18.5-EI18.0
EI18.0
EI17.5
El12.5
EI17.5
EI18.0

EI18.0 -EI18.5
EI18.5
EI18.0

EI18.0-El145
El14.5
El14.5
El14.5

EI14.5-El 18
EI18.0

EI18.0-El 145
El 14.5
El14.5
EI15.0
El14.5
El14.5
EI18.0
EI19.5

EI19.5-EI17.0
EI17.0

EI17.5
EI18.0
EI18.0
EI17.5
EI17.5
EI17.5

E|17.5

Section/Point Length Avg Height
S 113.57 14.5
P 7.5 14
P 30 14
P 7.5 14
S 95.94 14.5
S 305.49 14
S 14.37 14.5
S 129.63 15
S 58.87 15.5
S 6.5 15
S 33 15
S 6.5 15
S 50.28 15.5
S 4 15
S 28 15
S 4 15
S 92.95 19.19
S 443.32 15.5
S 8.88 15
S 90 16.5
S 55 18
S 5 18.5
S 18 18.25
S 19 18
S 9 18.5
S 34 17.5
S 8.95 18.5
S 16.28 18
S 18 18.25
S 5 18.5
S 281.4 18
S 5 18.5
S 17.25 18.25
S 11.18 18
S 7 17.5
S 22 17.5
S 7 17.5
S 6.87 18
S 17.25 18.25
S 5 18.5
S 2111.45 18
P 6 16.25
P 10 14.5
P 46 14.5
P 6 14.5
P 12 16.25
S 3575.24 18
P 10 16.25
P 5 14.5
P 28 14.5
P 38 15
P 928 14.5
P 11 14.5
P 6 18
S 1168.76 19.5
S 310 18.25
S 763.16 17

3390.07 20
S 2356.81 17.5
P - -
S 239.85 18
P 64 15.5
S 2948 18
P - -
s 376.48 17.5
P 110.3 17.5
S 1386.2 17.5
P 63 14.5
S 2582.31 17.5
P 150.23 17.5
S 27.14 17.5

Reach

Reach

Reach

Reach

Reach
Y

Reach
Reach
Reach

Reach

Reach

32

31

30

27
26
25

Weighted Average

14.41

14.30

15.90

17.94

17.19

17.36
20.00
17.50

17.95

17.46
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Features

Elevation Feature

13.8 Gate at W. Roadway Street
14 WLT - OM 10/11

7.55 Gate 10 - Topaz Dr

13.8 NB Ramp at Canal Blvd

13.8 SB Ramp at Canal Blvd

12.05 Gate 9 - Marconi Dr.

16 Ramp 6 - Lakeshore Dr.

16 Ramp Lake Terrace Dr.

16 Ramp 5 - Lakeshore Dr.

16.8 Ramp 4 - Lakeshore Dr.

16.8 Ramp 3 - Lakeshore Dr.

16.3 Ramp 2 - Franklin Ave - double wide ramp
14.5 Ramp 1 - Leroy Johnson Drive
11.8 Gate 5 - Navy Reserve

11.55 Gate 4 - Navy Reserve

14 WLT O 16/15

10.05 Road Gate 3

7.3 RR - Gate 2

7 Gate at Filmore Ave

7 Gate at Filmore Ave

7 Gate at Leon C Simon Blvd
8.8 W. Roadway St

8.8 Gate 15 - Into Marina Parking
8.8 Gate 14 - Into Marina Parking
8.8 Gate 13 - Into Marina Parking
8.8 Gate 12 - Entrance to Marina
6.05 Gate 11 - Lakeshore Dr.

7.55 Gate 10 - Topaz Dr

12.05 Gate 9 - Marconi Dr.

-5 Bayou St John Floodgate

10 Gate 3 UNO

10 Gate 2 UNO

10 Gate 1 UNO

11.8 Gate 5 - Navy Reserve

11.55 Gate 4 - Navy Reserve

10.05 Road Gate 3

7.3 RR - Gate 2
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Reach 32
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Reach 31
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Reach 30
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Reach 29
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Reach 27
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Reach 26
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Reach 25
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Reach 25
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Reach 25
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Reach 27

Reach 27
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Reach 30 and 31
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Reach 31
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Reach 31 and 32

Section 6: Inner Harbor Navigation Canal (INHC)
Narrative

The Inner Harbor Navigational Canal (IHNC) reach extends along the west side of the IHNC
from the lock at St. Claude Avenue northward to Lake Pontchartrain. Flood protection along this
reach consists of levee and floodwall. From Station 0+00.00 to Highway 90 (Station 118+85.00)
the floodwall sustained minor damage in the form of scour along its base. Figure 8 shows the
repair to the floodwall scour. The Levee and floodwall between Hwy 90 (Station 118+85.00) and
Florida Ave (Station XX+XX.XX) sustained scour damage. In this area, the floodwall breached
at N29 59.315 and W90 01.612. Figure 9 shows the repairs in the breached area. The floodwall
between Florida Avenue and the Lock sustained damage along the base of the floodwall in the
form of scour.
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Repair to Scour Along Floodwall.
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Repairs Along the IHNC Where The Floodwall Breached Levee Section.

Definition of Reaches

Reach 33-41 (now 61-65)— These reaches consists primarily of I-walls along the canal with a
levee section at the Port of New Olreans facility. The elevations of the I-walls and lengths of
reaches are shown below. There are fourteen transitions (Pump Stations 3 and 4) and thirty five
gates in this reach.

Reaches Length Elevations

61 9,095 13.50

62 9,170 13.80

63 1,490 13.80

64 8,390 13.80

65 875 20.10
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Elevation Stationing

Section Start End Structure EL Section/Point Length Avg Height Weighted Average
1 31+05 46+00 I-Wall 14 B 1495 14 Reach 33 14.00
2 46+00 46+30 I-Wall Transition 14.0 - 14.25 30 14.125 v
3 46+30 61+00 I-Wall 14.25 1470 14 Reach 34 14.00
4 61+00 61+30 I-Wall Transition 14.25-14.5 30 14.375
5 61+30 76+00 I-Wall 14.5 1470 145  Reach 35 14.50
6 76+00 76+30 I-Wall Transition 14.5-14.75 30 14.625
7 76+30 90+70 I-Wall 14.75 1440 14.75  Reach 36 14.75
8 90+70 91+00 I-Wall Transition 14.75 - 15.0 30 14.875
9 91+00 106+25 I-Wall 15 1525 15
10 106+25 106+57 France Road Ramp 145 32 14.5
1 106+57 106+84.5 I-Wall 15 275 15
12 106+84.5 109+81.5 I-Wall 14.5 297 14.5
13 109+81.5 110+37.5 Gate 1W / T-Wall 14 56 14
14 110+37.5 112+15 I-Wall 14.5 177.5 14.5
15 112+15 112+56 Gate 2W / T-Wall 14 4 14
16 112+56 116+53 I-Wall 14.5 397 14.5
17 116+53 118+85 I-Wall 15 232 15
18 118+85 119+59 Hwy 90 17 74 17
19 119+59 1214785 I-Wall 145 2195 14.5
20 1214785 122+07.5 Gate 3W 14 29 14
21 122+07.5 124+88.5 I-Wall 14.5 281 14.5
22 124+88.5 125+17.5 Gate 4W 14 29 14
23 125+17.5 128+41.5 I-Wall 14.5 324 14.5
24 128+41.5 128+70.5 Gate 5W 14 29 14
25 128+70.5 130+53.5 I-Wall 14.5 183 14.5
26 130+53.5 130+82.5 Gate 6W 14 29 14
27 130+82.5 132+00 I-Wall 14.5 117.5 14.5
28 132+00 135+31 I-Wall 15 331 15
29 135+31 136+10 Gate 7W 14 79 14
30 136+10 136+27 T-Wall 14 17 14
31 136+27 136+94.5 Gate 8W 14 67.5 14
32 136+94.5 137+42 I-Wall 15 465 15
33 137+42 137472 I-Wall 14.5 30 14.5
34 137472 141420 Levee 15 348 15
35 141+20 143+94 I-Wall 15 274 15
36 143+94 144+01 T-Wall 14 7 14
37 144+01 144+48 Gate 9W 14 47 14
38 144+48 145+39 I-Wall 15 91 15
39 145+39 145+76 I-Wall 14.5 37 14.5
40 145+76 148+28 Levee 15 252 15
41 148+28 210+10 I-Wall 15 6182 15

Double Hung Gates (France Rd Parkw 80
42 210+10 210+89 T-Wall 14 79 14
43 210+89 211+03 Gate 10W 14 14 14
44 211+03 211+17 T-Wall 14 14 14
45 211417 211+46 I-Wall 15 29 15 2
46 211+46 211+81 I-Wall 14.5 35 145  Reach 37 14.88
France Road Ramp 14.5
47 211+81 226+44 Levee 15 1463 15 Reach 38 15.00
48 226+44 226+60 I-Wall 15 16 15
49 226+60 235+77 T-wall 14 917 14 Reach 39 14.02
Start at Pump Station #14
50 390 l-wall/Twall 15 Transition Pumping Station #14
51 2293 l-wall 13 Reach 40
53 875 Levee 20 Reach 41 IHNC Lock
Features
Elevation Feature
13.25 Ramp east of France Road near Hickey Bridge
14.75 France Road Ramp near Chef Mentuer Hwy
6.25 Road Gate 7W
7.4 RR Gate 8W
9 Ramp to Bridge
4.75 RR Gate OW
14.75 France Rd Ramp
4.25 Gate 10W - RR open
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14.75
2.25
2.25

14

7.25
7.55
9.5
11.25
11.25
11.25
6.25
7.4
4.75
4.25
4.25
4.25
4.25
2.5
2.5

2.25

2.25
2.75
7.45
4.45
7.25

8.25
7.5

1.75
2.35
5.35
5.35
3.5

2.25

France Road Ramp

Gate in Levee at Port of NO

Gate in Levee at Port of NO

Pump Station near Florida Ave Bridge

LWT OM 22/23

Gate in France Road

Gate 1W road closed

Gate 2W RR open

Gate 3W access open

Gate 4W access open

Gate SW access open

Gate 6W access open

Gate 7W road closed — damaged

Gate 8W RR open — Failed during Katrina
Gate 9W RR open — damaged

Double Gates - France Rd Parkway — damaged
Gate 10W - RR open — damaged

Gate in levee at Port of NO — Failed during Katrina
Gate in levee at Port of NO — Failed during Katrina
Gate in pier access — no damage

Gate in pier access — no damage

Gate next to pump station

Road closed — Florida Avenue Bridge Gate W20
RR closed

RR open — Gate W21

Road open — Florida Ave Bridge

Road open — Florida Avenue Wharf

RR open — Florida Avenue Wharf

Road open — Florida Avenue Wharf

Road open

Road open

Road open

Road open — Gate W6

RR closed — Gate W5

Road open — Gate W4

RR Access closed — Gate W3

Road open — Gate W2

Road open — Gate W1
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Reach 33
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Reach 33

Reach 33
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Reach 33
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Reach 33

Reach 34
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Reach 35
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Reach 35 and 36
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Reach 36
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Reach 36

Reach 36
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Reach 36

Reach 36
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Reach 36

Reach 36 and 37

Reach 37
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Reach 38
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Reach 39
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Reach 39
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Reach 40
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Reach 40

Reach 40
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Reach 40

Las]

Reach 40
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Reach 41

Section 7: Mississippi River and Levees (MRT)

References

General design information was not available for the MRT walls and levees within Orleans
Parish at the time of the report. Information was gathered from discussion with the Orleans
Parish Levee Board and from the field recon.

Narrative
The MRT connects to the IHNC at the navigation lock facility. The MRT structures consist

of levees into the INHC lock, a series of flood walls (as shown below) that surround the City of
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New Orleans up to the Port of New Orleans and a MRT levees from the Port of New Orleans to
the Jefferson/Orleans Parish border.

Typical Area on the Mississippi River East Levee and Floodwall.

Definition of Reaches

Reach 42-50 (now 66-71) — These reaches consists primarily of I-walls with levees at the

lakefront entrance on both on the east side of the London Avenue Canal at average elevation
14.0 feet with a length of approximately 12,130 feet, 3,880 feet, 12,765 feet and 3,030 feet
respectively. There are two transitions (Pump Stations 3 and 4) and three gates in this reach.

Reaches Length Elevations

66 1,980 21.50

67 8,915 22.50

68 25,450 23.60

69 10,780 24.30

70 14,180 24.80

71 3,350 25.80

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-7-84

This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Section
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11
12
13

Structure

Levee
I-Wall
I-Wall
l-wall
I-Wall
I-Wall
I-Wall
I-Wall
I-Wall
I-Wall
Levee
Levee
Levee
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21
17
20
17
14
17
20
18
20
24
24
20
24

Length Section/Point
1774
19661
2951
1469
8371
3437
1843
5920
1902
2961
5917
2732
4526
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Reach 42
Reach 43
Reach 44

Reach 45

Reach 46
Reach 47
Reach 48
Reach 49
Reach 50

Weighted Elevations
21
17
20

15.1

18.8

24
20
24

Features

Elevation

Feature

7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5

DN D D D D D D

NN NN NG
DN D D D D D

Road Access — Off Poland Ave - Navy Complex
Road Access — Off Poland Ave - Navy Complex

RR Gate — Pauline St Wharf

Road Access — Pauline St Wharf

RR Gate — Pauline St Wharf

RR Gate — Off Charles St. — photo
Road Access — Off Charles St.

Road Access — Off Charles St.

RR Gate — Press St. Wharf

Road Access — Esplande St and Wharf

Road Access — To riverfront parking off N Peters
Road Access — To riverfront parking - St Peters
Road Access — To riverfront parking — Toulouse
Road Access — To riverfront parking - St. Louis
Road Access — To riverfront parking - Conti St
Road Access — To riverfron parking — Bienville
Pedestrian Crossing — North end of Riverwalk

Road Access — Convention Center openings
Road Access — Henderson Street

Road Access — Race Street

Road Access — Orange Street

Road Access — Celeste St — photo

Road Access — Port of NO - near Felicity St
Road Access — Port of NO - 3rd St

Road Access — Port of NO - Washington St
RR Gate — Port of NO - across from 9th ST
Road Access — Port of NO

RR Gate — Port of NO

Road Access — Port of NO - Louisana Ave
Road Access — Port of NO

RR Gate — Port of NO - Napoleon Ave
Road Access — Port of NO - Wharchouse Rd
Road Access — Port of NO

Road Access — Port of NO - Coffee Dr
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7.5 Road Access — Port of NO - Leake Ave
7.5 Road Access — Port of NO - Henry Clay Dr

Reach 42

Reach 42
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Reach 43
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Reach 43

T
Reach 43
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Reach 43
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Reach 43

Reach 43
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Reach 43

Reach 43
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Reach 44

Reach 44
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Reach 44
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Reach 45
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Reach 45

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-7-95
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Reach 45
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Reach 45
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Reach 46 and 47
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Reach 47
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Reach 47

Reach 47

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-7-100
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Reach 48
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Reach 48
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Reach 48
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Reach 48

Reach 48
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Reach 49
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Reach 50
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Orleans West Bank

The Orleans Parrish West Bank Basin is composed of two sub-basins (Figure 1). These are
located on either side of the upper end of the Algiers. OW1, on the west side of Algiers Canal,
was designed as part of the Algiers Canal to Hero Canal Project. OW2, on the east side of the
Algiers Canal, was designed as part of the Harvey Canal to Algiers Project.

‘Legend

#  Point Descriptions of Leveeg!

Sub Basin Boundary

Figure 1. Orleans Parish West Bank Basin with sub-basins (OW1 and OW2)

ow1

Orleans West Bank — OW1 (Algiers Canal to Hero Canal Project)

Sub-basin OW1, as shown above, is located on the west bank of the Mississippi River in
Orleans Parish and is generally bounded by a portion of the Algiers Canal, the Mississippi River
and the Orleans-Plaquemines Parish line. Topography is flat with ground elevations ranging
from +5 feet NGVD on the alluvial ridges along the Mississippi River to —7 feet NGVD in the
interior of the area. Approximately 40 percent of the area is below sea level. The surface area is
4.7 square miles. The sub-basin area is protected by 15.0 miles of levees and floodwalls. There
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are no floodgates, drainage structures or control structures in the protection system. There is one
pumping station that drains the protected area (NOS&WB Pumping Station #11 at location
29.90962 -89.978).

Segment 1 is a low, all earth (clay) non-federal levee separating Orleans Parish from
Jefferson Parish. It extends from the main line Mississippi River levee (MRL) inside the US
Coast Guard Station to the Algiers Canal levee with an elevation of 3—4 ft NVGD.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-7-109
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



=

LAY 7™
'F'Missi sippi River Levee

MRL and back levee intersection
‘inside the US Coast Guard Station

Back levee begins
US Coast Guard Station
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; .Eack levee continues inside
- US Coast Guard Station

Back levee crossed by rbédy__vay inside
US Coast Guard Station. Roadway is 2 feet
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Back levee continues outside US Coast Guard toward GIWW Station. Crown is rutted
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Drainage structure under Back Levee outside US Coast Guard station. Screw gate closure on culvert
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Back Levee passed under General De Gaulle onramp from
Hwy 406. Buckling of concrete slab on levee under ramp.

Segment 2 is the East bank of the Algiers Canal levee that extends between the local interior
levee (Segment 1) and the Algiers Lock. This 9.5 ft NVGD clay levee is interrupted by a
floodwall segment that crosses in front of NOS&WB Pumping Station #11.
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Abandoned pipe crossing through the Algiers Canal
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Typical Algiers Canal levee; no armor
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o 1

South end of Algiers Lock

Segment 3 is the Orleans West Levee District Mississippi River levee. This levee segment
closes the North and East side of the sub-basin. It extends from the GIWW and Mississippi River
intersection to where it intersects the interior levee (Segment 1) inside the US Coast Guard

Station. The MRL is an all clay levee with crushed stone surfacing on the 10-ft wide crown at
elevation 22 ft NVGD.
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Pipe crossing along MRL just east of GIWW and MRL intersection
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Barge sitting on foot of MRL
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. Typical MRL.
10 t.crow of grass and stone

ow2

Orleans West Bank — OW2 (Harvey Canal to Algiers Canal)

Sub-basin OW2, as shown in figure above, is located on the west bank of the Mississippi
River in Orleans Parish. It is generally bounded by the Mississippi River, the Algiers Canal, and
the Orleans-Jefferson-Plaquemines Parish boundary. The topography is flat with ground
elevations ranging from +10 feet NGVD on the alluvial ridges along the Mississippi River to
-5 feet NGVD in the interior of the area. Approximately 25 percent of the area is below sea level.
The surface area is 6.3 square miles and the population is approximately 57,000. The sub-basin
is protected by 12.6 miles of levees and floodwalls.

Segment 1 is a clay, non-federal levee that begins at the Greater New Orleans Bridge
(US 90) crossing of the Mississippi River Levee and runs along the Orleans-Jefferson Parish line
to the Algiers Canal levee, near the NOS&WB Pump Station #13. This interior levee is
approximately 4 miles long and is at elevation 3—4 ft NGCD.
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Segment 2 is the West bank of the Algiers Canal levee (GIWW) that extends between the
local interior levee and the Algiers Lock. This clay levee is interrupted by a floodwall segment
that crosses in front of NOS & WB Pumping Station #13. It is 1.8 miles long at elevation 9.5 ft
NGVD.

Segment 3 is the Orleans West Levee District Mississippi River Levee extending from the
Algiers Canal Lock west to the Orleans Parish Line (beneath the Greater New Orleans Bridge,
US 90), completing the sub-basin. This MRL is a predominately all clay levee with small
reaches of short concrete [-Walls atop the clay levee base. It is 6.8 miles long at elevation
22-23.5 ft NGVD. There are no floodgates, drainage culverts or control structures in the
protection system. There is one pumping station that drains the protected area (NOS & WB
Pumping Station #13 at location 29.8959, -89.9978).

Risk Model Idealization

The West BankHPS was descretized into two sub-basins (OW 1 and OW 2) as shown in
Figure 2. The sub-basins were defined to correspond to the known interior drainage areas. This
reach idealization follows from the basin description information presented above, which was
collected from project documents and field inspections. Figure 3 shows the elevations for the
Orleans Parish West Bank HPS: Pre-Katrina—at the time of Katrina, Current—as of
1 June 2007, and the Authorized system (authorized at the time of Katrina).
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Jefferson West & Orleans West Basins [©
Risk Model Reach Definitions
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Figure 2. Orleans Parrish West bank Basin reaches (HA1,HA 5-HA9) and sub-basins (OW 1 and OW 2)
definition for use in the risk model.
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West Bank Basin
Pre-Katrina Elevations
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Legend

Reach End Points
#  Pre-Katrina Elevations
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Figure 3. Elevations for the Orleans Parrish West Bank (OW1 and OW2) for the Pre-Katrina HPS (in
place when Katrina occurred), the Current HPS (as of 1 June 2007), and the Authorized HPS
(authorized at the time Katrina occurred) (continued)

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-7-125
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



West Bank Basin
Current Elevations

NAVD88 (EPOCH 2004.65) Feet
= ‘_E ] i it

Reach End Points

#  Current Elevations
XXxx Reach Name

I Sub-basin Number

Figure 3. Continued

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-7-126
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



West Bank Basin
Authorized Elevations
NAVDSS

(EPOCH 2004.65) Feet
= - —

Reach End Points
#  Authorized Elevations
XXxx Reach Name
B Sub-basin Number

Figure 3. Concluded
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Appendix 8
Hazard Analysis

Introduction

This appendix includes several components. First is an overall discussion of the Hazard
Analysis modeling effort, describing the surge (ADCIRC) and wave (WAM, STWAVE)
modeling. That first section is followed by a subsidiary section labeled Appendix 8-1 that
defines the many acronyms used in the modeling discussion. This is followed by a major section
labeled Appendix 8-2 consisting of the Whitepaper of Donald T. Resio, ERDC-CHL, which
forms the basis of the storm statistics and JPM methods discussed in the main body of the report.
Owing to its prominence in the discussion, it has, for convenience, been referred to as R2007.
Note that R2007, itself, includes several appendices; these are identified as Appendices A-G
within Appendix 8-2. Finally, a discussion of the rainfall model is included here as
Appendix 8-3.

Hazard Analysis

The hazard analysis required for the risk assessment was based upon the hurricane modeling
conducted by a team of Corps of Engineers, FEMA, NOAA, private sector and academic
researchers working toward the definition of a new system for estimating hurricane surges and
waves. Following is a discussion of the processes used by this team and the steps taken by the
risk team to incorporate the results into the risk analysis.

The hurricane hazard definition required as input to the risk analysis involved several steps:
1. Selection of the methodology to be used for estimating surges and waves

2. Determination of hurricane probabilities

3. Production of the ADCIRC grid models for the different HPS configurations.

4. Production of the computer system for development of the large number of hydrographs
required by the risk model.

Formatting of the ADCIRC/STWAVE hydrographs for input to the risk computer model
6. Determination of the rainfall volumes expected for each hurricane

9]
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The hurricane modeling resulted in a total of 152 storms that were used in the risk analysis.
Of these storms, frequencies were developed by the storm team for only 77 storms. The storm
parameters and there frequency of occurance are shown in Table 8-1.

Methodology for Hurricane Modeling

At least five methods have been applied in past studies of environmental extremes due to
hurricanes in the United States:
1. Formulation of design storm events
Estimates based only on historical storms
The empirical simulation technique (EST)
The joint probability method (JPM) and
The Empirical Track Model

il o

All of the methods referenced above have different strengths and weaknesses for various
applications. Appendix 2 (R2007) includes a complete discussion of each of these methods. It
considers includes the following topics:

1. Potential extensions of probabilistic methods to future hurricane surges,

2. The JPM with Optimal Sampling (JPM-OS); and

3. A computational methodology for effective simulation of storm surges for hurricane

inundation studies.

In each method, it is important to understand that two different statistical measures are
required to characterize the expected extremes over an interval of time. The first of these is the
measure of the expected values of the distribution and the second is a measure of expected
dispersion around these central values.

Hydrograph Production System
Overview

On-going projects for storm-surge and inundation mapping along the US Gulf of Mexico
coast require the computation of many simulations using state-of-the-art numerical models and
high-performance computational facilities. In this context, the storm-surge model ADCIRC and
spectral wave model STWAVE are used in a “coupled” scenario to improve upon the storm
surge solutions provided by ADCIRC. Coupling of the models is done through input/output file
exchange between the numerical models. The water level and wind field from ADCIRC are
provided in the appropriate form for the spectral wave model STWAVE. STWAVE computes
the high-frequency wave field, including the wave radiation stress associated with the storm
(wind) and simulated water level. This wave radiation stress is then passed to the next ADCIRC
simulation as an additional forcing term, in conjunction with the storm wind and pressure field.
This model communication through file I/O achieves a first-order coupling of the non-linear

interaction between the wind-induced storm-surge and the wind-driven higher frequency wave
fields.
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The primary difficulty with the large number of compute-resource-intensive simulations
required by these projects is ensuring that each simulation uses the correct files and that the
compute-jobs run to completion with as little intervention as possible. Avoiding human
interaction is critical to prevent errors in file input, compute-job staging, and post-processing. To
address this problem, a software system has been developed to prepare each required simulation
and submit each simulation to the compute-resource job manager. Basic graphics/visualizations
and archiving are included to aid in QA/QC procedures and permanent storage of the computed
results.

This document describes the software production system developed for coupled
ADCIRC/STWAVE simulations. The software manages the gathering and preparation of input
files for the ADCIRC/STWAVE models, and writes the job control script that the user submits to
the host machine job manager (e.g., LSF, PBS, LoadLeveler). The production management
software is written in the scripting languages perl and bash. Technical details of the script
procedures and operations are reported in a separate technical report.

The primary requirements for the production system are independently verified and validated
numerical models; tested and verified model grids; and runtime inputs to the models (forcing
functions). Input files that provide initial conditions and forcing functions to the
ADCIRC/STWAVE system are required to be pre-computed. This includes the storm realization
(wind and pressure fields computed by the Ocean Weather PBL model) and the wave energy
spectra for each storm (computed by the WAM model and interpolated onto the STWAVE
model boundaries).

Computer system

The components of the production system are independent of the UNIX HPC computer
system used, and can be set up on any system with accessible processing elements, large disk
and storage capacity, and a job controller (Load Sharing Facility, Portable Batch System,
LoadLeveler, etc). The scripting language perl and shell language bash must exist on the
computer system (which is generally the case on Linux-based systems). Additional software
packages (GNUplot, GMT) are used to facilitate post-simulation graphical analysis of the
solutions.

The production system has been developed on the ERDC Cray XT3 (Sapphire) and the
University of Texas Dell cluster LoneStar. However, the system is easily portable to other high-
performance computing facilities with minor changes to the scripts and job controller/manager
configurations. This has been tested several times on the following system/job scheduler
combinations: NAVO IBM P5 (Babbage)/LLSF, LONI IBM P5 (Neptune)/LoadLeveler, Cray
Research Cray XT3 (Salmon)/PBS.

For the 2005, 2007, and 2010 (LACPR) simulations, the ERDC Cray XT3 Sapphire and
University of Texas Dell cluster LoneStar were used for the computations. The only required
changes to the scripts and setup are the specification of different job control parameters and a
different home directory for the system. The basic computer system characteristics for Sapphire
and LoneStar are shown in Table A.
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Table A: Basic configurations of the High-Performance Computer systems used for the
LACPR storm-surge simulations. On 9 April, 2007, the ERDC Cray XT3 Sapphire
returned to service after a major hardware upgrade and several related software
changes. Its current configuration is indicated in parentheses in the table.

System ERDC Cray XT3 Sapphire University of Texas Dell LoneStar

Operating System SUSE Linux & UNICOS/Ic CentOS Linux

Compute-Nodes AMD Opteron 2.6GHz single-core, single- Intel Xeon 5100 series 2.66GHz dual-core,
processor (dual core, single-processor) dual-processor

Number of 4176/4176 (4096/8192) 1300/5200

Nodes/Processors

Parallel Filesystem (/work) Lustre Lustre

Compute-Job Controller LSF (PBS) LSF

Website www.erdc.hpc.mil www.tacc.utexas.edu

Numerical Models in the Production System

The “coupled” approach to the required storm-surge solutions uses the shallow-water finite
element surge model ADCIRC (Luettich and Westerink, 2004) in conjunction with the steady-
state spectral wave model STWAVE (Smith et al, 2001). Software versions are 46 48 and
greater, and ep_110306 and greater, for ADCIRC and STWAVE respectively. Figure A shows
the extents of the three models’ grids. The ADCIRC grids (boundary drawn in black) cover the
western North Atlantic Ocean, with the only open boundary at 60 deg west. All ADICRC grids
in this project use the same footprint and general coverage. Only the details in the Louisiana and
surrounding regions differ. The Ocean Weather PBL model boundary is shown in red, covering
the Gulf of Mexico and 0.05 degrees resolution. ADCIRC interpolates the PBL grid to the
ADCIRC grid and pads the far-field extent with background values. The STWAVE grid
boundaries (blue) are shown along the Louisiana, Alabama, and Mississippi coasts. The Lake
Pontchartrain domain is barely visible at this scale.
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Figure A. Footprints of the various model domains for the coupled ADCIRC/STWAVE system. ADCIRC,
OWI/PBL, and STWAVE grid boundaries are shown in black, red, and blue respectively.

Surge Model — ADCIRC

The storm surge model ADCIRC is a state-of-the-art model that solves the generalized wave-
continuity equation on linear triangular elements. The depth-integrated (2D) implementation is
used, where the water level and depth-averaged velocity are solved for at each triangle vertex
(node), after complete specification of the initial conditions and time history of the boundary
conditions (forcing). The finite element grids used in this project are the SL15 grid sequence for
the 2005, 2007, and 2010 levee configurations. There are approximately 2.1 million horizontal
nodes and 4.2 million elements in this sequence of grids. Ninety percent of the computational
grid nodes are within the region shown in Figure B1. The computational domain is decomposed
into 256 sub-domains, and each sub-domain problem is allocated to a separate computing
processor. Inter-domain communication of boundary data is handled through MPI. Each solution
is computed with a timestep of 1 second. A detail of the finite element grid is shown in
Figure B2 for the New Orleans East area.
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Figure B1. ADCIRC bathymetry (in meters) for the SL15 grids along the northern Gulf of Mexico coast. In
this image, the bathymetry is clipped at -100 meters for display purposes. Each of the SL15
grids, for the 2005, 2007, and 2010 simulation sets has details that are not discernable at this
scale shown.
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Figure B2. ADCIRC grid detail in the New Orleans East area. The solution is computed at the vertex of
each triangle, and the thick black line is the model boundary. Weir boundary conditions are
applied at the boundaries shown in this image.
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Wave model - STWAVE

Five STWAVE grids are used in the current production system implementation covering the
Louisiana, Mississippi and Alabama coastal region. (The “west” W grid is not used for the LA
EAST simulations.) The boundaries of the domains are shown in Figure C. The spatial resolution
of each STWAVE grid is 200 meters, and the temporal resolution is set to 30 minutes. The
parallel STWAVE implementation is used in this system. In this version, each wave field
snapshot is solved for on a separate processing element (cpu). The half-plane STWAVE is used
for the South (S), Mississippi-Alabama (MS-AL), Southeast (SE) and West (W) grids. The full-
plane STWAVE model is used for the Lake Pontchartrain domain.
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Figure C.

Boundaries of the five STWAVE model domains and the PBL wind model northern extent (red)
used in the current implementation of the production simulation system. The ADCIRC grid
boundary is also shown (black) for one of the production grids. The Lake Pontchartrain (in
green and not labeled) simulations use the full-plane STWAVE version; the other domains use
the half-plane STWAVE. The “W” west grid is used in the LAWEST simulations, but not in the
LAEAST simulations. The actual STWAVE grids to use for a specific simulation are a
configurable part of the system.
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Initial Condition to Storm Simulations (River Spinup)

The initial condition for the storm-surge simulations is an ADCIRC solution that provides a
background river discharge on the Mississippi and Atchafalaya Rivers. River inflow to the
Mississippi River at Baton Rouge and to the Atchafalaya River at Simmesport is specified as a
flux per unit width as defined by a wave radiation boundary. The radiation condition is based on
the relationship between the normal flow and elevation at the boundary. The river condition is
spun up for 2.0 simulation days, with forcing of normal flow specified at the head of the rivers.
A two-day spin up period with a half-day hyperbolic ramping function is applied to the river
boundary forcing prior to any additional model forcing. While the solution has not quite reached
a steady state after this period, the subsequent wind-driven solutions continue this river spinup,
and the river stages reach steady state over the next simulation day. The water elevations at the
default sampling locations within the two rivers are shown in Figure D. This initial condition is a
pre-computed requirement to each storm-driven simulation.

fort.61

{neters)

Sinulation Days

Figure D. Water elevations along the Mississippi and Atchafalaya Rivers showing the spinup of the initial
condition. This solution is driven by volume fluxes across the open boundary on the two rivers.

The discharge is ramped up over the first 0.5 days. The maximum elevation reached at the top
of the Mississippi River is 1.84 meters.
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Wind Fields for Storms

The primary inputs to the production system are the wind and pressure fields generated by
application of the Ocean Weather Planetary Boundary Layer (PBL) model. The boundary of this
domain is shown in Figure A1. Each storm/simulation must be represented by wind and pressure
field files (WND/pre) in PBL format, ready to read by ADCIRC and as specified by the
parameter NWS=+/-12,212 in the fort.15 file. For the LACPR storms, the WND/pre fields were
pre-computed, external to the production system and assumed to exist as input to the system. An
example of the WND/pre fields is shown in Figure E for LACPR storm number 042 (TPOC: Jay
Ratcliff, USACE/MVN).

PBL-QA/QC : JPM-FEMA Region (Res 0.05° ) TEST CASE: CAPOG0SHER
BEAROMETRIC PRESSURE RESULTS: RUNOD42

PBL-QA/QC : JPM-FEMA Region (Res 0.05% ) TEST CASE: CAPOBOSHER
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Figure E. Wind (left) and pressure (right) fields for LACPR storm 042 at landfall. The storm track is
shown with the dashed, red line. The fields are computed with the Ocean Weather Planetary
Boundary Layer (PBL) model, and are used to drive the far-field wave model WAM and
ADCIRC. The wind field information is passed to STWAVE through the ADCIRC global output
wind file fort.74.

The WND/pre files must be placed in the SPSHOME/winds directory to be detected by the
production system. In the USACE/LACPR specification of the production system, the landfall
date is YYYYMMDDHHMN, where the year is arbitrary and MMDDHHMN is 08010200
(2AM on 01 August). This landfall date is conveyed to the production system scripts by
specifying it in system control file (ProdSysDef.pm). It is also assumed that the storm center
continues past landfall time for 24 hours. The pre-landfall time length is arbitrary. A graphic
timeline is shown at the top of Figure F.
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Figure F. Tracks used to define the 152 LACPR storms. Hurricane parameters vary along the tracks, and
provide the input to the Ocean Weather PBL wind/pressure field model. This provides the
storm forcing required for each production system simulation.

There are 152 storms defined, each of which has a corresponding PBL WND/pre field. The
storms are specified by variations of the hurricane parameters along the tracks shown in
Figure F. The details of the storm parameter specification are described elsewhere in the
technical documentation for this project.

Wave Field Boundary Conditions for STWAVE

All of the half-plane STWAVE grids (the full-plane STWAVE version is used for Lake
Pontchartrain) require specification of the wave spectral characteristics on the open boundary.
These boundary condition sets are pre-computed by running the WAM ocean wave model for
each storm and extracting the wave energy spectra from the WAM solutions at the STWAVE
open boundary node locations. The WAM-to-STWAVE procedure is applied for each of the
storm wind/pressure fields, and the results are made available to the production system
(WAM TPOC: Robert Jensen, USACE/ERDC-CHL).
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Solution Sampling Locations

Each ADCIRC storm-surge simulation produces water level timeseries, both for the global
model domain and for pre-defined station locations. In the current system implementation, the
pre-defined sampling locations are shown in Figure G. There are three sets of points; for LACPR
(blue), MSCIP (magenta), and IPET (red). The IPET locations correspond to reach locations as
defined in the IPET risk model system definition files. The station output from each solution can
be visualized using the post-processing code plotofort61.pl. This perl script generates a
timeseries plot using GNUplot to be used for quick inspection of the fort.61 results. The
timeseries plot for the ADCIRC3 (step 4) part of the process is shown in Figure G for storm 042.

Slorn 47, ANETRE+STUAYE
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Figure G. Left) ADCIRC solution sampling points that define the station output in the fort.61 file. The
global model solution is interpolated to these locations and output for visualization and
analysis. Right) Hydrograph plot generated by plotfort61.pl, for the ADCIRCS step of the
production system, for LACPR storm 042.

Solution Procedure (Process Management)

Each simulation is performed in four computational parts, as shown in the “Production
Steps” part of Figure H. The initial conditions (River Spinup), PBL wind and pressure fields, and
the wave energy spectra boundary conditions (as computed by WAM) are all required inputs to
the system.

1. ADCIRCI1: Each simulation is started from the River Spinup (ADCIRCO0). ADCIRC is
run from the start of the PBL wind field to 24 hours prior to landfall of the storm
(ADCIRCI1, River+Winds). The model state is output to disk to provide initial conditions
for continuation of the simulation (step 2), and for the subsequent rerun of step 2 that
includes wave radiation stresses from STWAVE (step 3).

2. ADCIRC2: The ADCIRCI solution (River+Winds) is then continued to the termination
of the PBL wind/pressure fields. The ADCIRC2 global water level (fort.63) and wind
field (fort.74) are output for QA/QC as well as to provide to STWAVE as input.

3. STWAVE: The ADCIRC?2 solution in step 2 is interpolated to the STWAVE domains,
and each STWAVE domain is executed to generate wave radiation stress gradients for
input back to ADCIRC in step 4.
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4. ADCIRC3: ADCIRC?2 is re-run over the same time period as in step 2, but including the
wave radiation stress gradient computed by STWAVE and interpolated onto the
ADCIRC grid. This is the River+Winds+RadStress solution and is also referred to as the

ADCIRCH+STWAVE step.

LandFall
WYY WYY WYY VY
ME=07 ME=07 ME-08 MM=02
DD=?7? oD=31 oD=01 D=0
HH=77 HH=01 HH=01 HH=01 PBL Time
TN =00 TN =00 TN =00 MM=00
t=0d t=2d t=Md t=Nd ADCIRC Time
Pre-LandFall Post-
Landfall
PBL Winds,Pressure
Total Storm Simulation Length
Pre-computed
WAM Spectra
Production
Pre-computed Step
ADCIRCO
River Spinup 1,2
Pre-computed
3
4

Figure H. Timeline for Production System simulations. The timeline for the wind forcing (PBL) is shown at
the top. PBL winds and pressures are used to drive both the WAM wave model and the
ADCIRC/STWAVE simulations. Specification of the PBL and WAM fields is a required input to

the Production System.

These four steps are coordinated by a perl script (prep_prod sim.pl) that organizes the
directory structure for each run, gathers the needed input files (grids, initial conditions), edits the
files for the specifics of the current simulation, and writes a job control file for the high-
performance computer system job controller (PBS on the ERDC Cray Sapphire and LSF on the
Uni. of Texas Lonestar Dell cluster). The data file flow controlled by this script is shown in
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Figure I. To stage a specific simulation, this script is executed with the storm number specified
on the command line.

prep prod sim.pl
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Fiver PEL WAM Map to
ME?;“;EG; Winds > Spectra ™ sTwave
YV v v L
ADCIRC ADCIRGZ2 pre- STWAVE post- ADGIRCZ
STWAVE [ Ses || STWAVE +STWAVE
Rkt + Wirtids Fiver + Winids Magp Map Rivara. +
Corrd fomedrd (P omEE |l srwae R —
AN radlElian +HR
L IR Il B e | L el
e [ GiiFee | (| o2 A
Paralial! prriod
Saguantial
Standand il Standarg Standars
ADCIRG STWANE ADCIRG
i Ctpart Cautpart
Figure I.  Data flow controlled by the production system script prep_prod_sim.pl. Pre-computed inputs

are shown at the top with red arrows. The middle row of boxes corresponds to the four steps,
where the STWAVE step includes interpolation from ADCIRC to the STWAVE grids, the
STWAVE simulations, and the interpolation back to ADCIRC. ADCIRC2+STWAVE is the
“ADCIRC3” step. Blue lines indicate the ADCIRC hotstart file process. Parameters that are the
same for all simulations are defined in the ProdSysDef.pm file and read by prep_prod_sim.pl at
runtime.

Katrina Simulation with PBL Wind Field

A comparison of the observed high-water marks (HWMs) to ADCIRC+STWAVE solutions
is shown in Figure J, for the surge that accompanied hurricane Katrina. Two ADCIRC solutions
are shown.

The verification solution, forced by the Ocean Weather 95% best-estimate winds, is
compared to the observed HWMs (in blue). The overall agreement is very good, with the best-
estimate winds solution explaining 94% of the observed HWM variance (1’=.94, Sc=1.5). The
ADCIRC3 solution forced by the Ocean Weather PBL wind and pressure field is shown in red.
The agreement is also very good (r*=.88, S¢=2.1).
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For each solution, the best-fit line is shown, colored the same as the data points, as well as
the 95% confidence region about the data.
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Figure J. Comparison of observed High Water Marks (HWM) for hurricane Katrina, and the Production
System Katrina simulation using the PBL wind and pressure fields (red). Also shown is the
comparison between the observed HWMs and the verification solution forced by the Ocean
Weather 95% wind and pressure field (blue). Observations are on the abscissa, and the
ADCIRCS3 values are on the ordinate.

References

Luettich, R., and J. Westerink. Formulation and Numerical Implementation of the 2D/3D ADCIRC, Finite
Element Model Version 44.XX, 2004. http://adcirc.org/adcirc_theory 2004_12 08.pdf

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-8-14
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Smith, J., A. Sherlock, and D. Resio. STWAVE: Steady-State Spectral Wave Model User's Manual for
STWAVE Version 3.0, Tech Report ERDC/CHL SR-01-1, 2001.
http://chl.erdc.usace.army.mil/Media/2/4/4/erdc-chl-sr-01-11.pdf

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VIII-8-15
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Appendix 8-1
Acronyms

ADCIRC | ADvanced CIRCulation model for shallow seas

CHL Coastal Hydraulics Laboratory

ERDC Engineer Research and Development Center

GMT Generic Mapping Tools; open-source plotting package used for post-processing
graphics generation

HWM High-water mark

HPC High-performance computing

I/0 Computer input and output

IPET Interagency Performance Evaluation Task force

LACPR |Louisiana Coastal Protection and Restoration project

LONI Louisiana Optical Network Initiative

LSF Platform Computing’s Load Sharing Facility (LSF) job scheduler

MPI Message-passing interface; parallel programming model used by ADCIRC and
STWAVE

NAVO NAVal Oceanographic computing facility

PBL Planetary boundary layer model of Ocean Weather Inc.

PBS Portable Batch System job scheduler

QA/QC | Quality assurance/quality control

STWAVE | STeady-state spectral WAVE model

WAM NOAA large-scale wave model
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Appendix 8-2 (R2007)

(May 27, 2007)

White Paper on Estimating Hurricane
Inundation Probabilities

Written by: Donald T. Resio, Senior Scientist, U.S. Army Corps of Engineers, ERDC-CHL
Incorporating contributions, discussions, data, and comments by: (in alphabetic order)
Stanley J. Boc (ERDC-CHL), Leon Borgman (private consultant), Vincent J. Cardone,
(Oceanweather, Inc), Andrew Cox (Oceanweather, Inc.), William R. Dally (Surfbreak
Engineering), Robert G. Dean (U. of Florida), David Divoky (Watershed Concepts), Emily
Hirsh (FEMA), Jennifer L. Irish (Texas A&M University), David Levinson (NOAA'’s National
Climatic Data Center), Alan Niedoroda (URS Corporation), Mark D. Powell (NOAA’s
Hurricane Research Division, AOML), Jay J. Ratcliff (USACE-MVN), Vann Stutts (USACE-
MVN), Joseph Suhada (URS Corporation), Gabriel R. Toro (Risk Engineering), Peter J.
Vickery (Applied Research Associates), and Joannes Westerink (U. of Notre Dame)

Introduction

Over the last several months, a team of Corps of Engineers, FEMA, NOAA, private sector
and academic researchers have been working toward the definition of a new system for
estimating hurricane inundation probabilities. This White Paper is an attempt to capture the
findings and recommendations of this group into a single document.

At least five methods have been applied in past studies of environmental extremes due to
hurricanes in the United States:
1. Formulation of design storm events
Estimates based only on historical storms
The empirical simulation technique (EST)
The joint probability method (JPM) and
The Empirical Track Model

N

In each method, it is important to understand that two different statistical measures are
required to characterize the expected extremes over an interval of time. The first of these is the
measure of the expected values of the distribution and the second is a measure of expected
dispersion around these central values.

All of the methods referenced above have different strengths and weaknesses for various
applications. To help understand these, a brief discussion of conventional applications of these
methods in the past will be given before moving on to a discussion of the approach
recommended for future hurricane surge applications. This will be followed by sections that treat
the following:
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Potential extensions of probabilistic methods to future hurricane surges,

The JPM with Optimal Sampling (JPM-OS); and

3. A computational methodology for effective simulation of storm surges for hurricane
inundation studies.

N —

Formulation of Design Storm Events

An example of this approach applied to coastal inundation is the Standard Project Hurricane.
This approach was adopted by the Corp of Engineers in the 1960’s to estimate potential surge
hazards along many U.S. coastlines. Due to the paucity of data, it would have been very difficult,
if indeed possible, to investigate detailed characteristics of landfalling hurricanes prior to 1960;
consequently, the Corps requested that NOAA prepare an estimate of a storm with characteristics
that were expected relatively infrequently within some stretch of coastline. Unfortunately, the
period prior to 1960 (the input to the statistical analyses performed by NOAA) was a period of
relatively low hurricane activity in the Gulf of Mexico; consequently, the SPH, as specified in
those earlier studies, is not representative of the characteristics of extreme storms that have
occurred in the Gulf since 1960.

In the past, the design storm approach has typically utilized a single storm to characterize
environmental factors for design at a given location. This effectively reduces the number of
degrees of freedom in storm behavior to one parameter, typically the intensity of the storm. All
other storm parameters (for example: storm size, forward storm speed, and track location) are
deterministically related to storm intensity. The major problem with this is that, if a second
factor (such as angle of storm approach to the coast, storm duration or river stage) significantly
affects design conditions and/or considerations, the design storm approach cannot accurately
capture all aspects of the storm that affect the design. An extrapolation of the single design storm
concept is to define a small set of storms with some range of additional parameters considered.
This defines a set of storms that can be used to examine various design alternatives in an
efficient manner, while retaining some additional degrees of freedom within the analysis.
Because of their use in this context, these storms are often termed “screening storms” rather than
design storms.

Estimates Based only on Historical Storms

If at least one sample from a population of interest occurs within each year, it might be
possible to apply statistical methods that utilize annual maxima to formulate the stage-frequency
curves at a site. However, it is clear that such a situation cannot be well characterized by
conventional asymptotic methods which assume many samples in a population occur annually.
Since hurricanes are both relatively infrequent and relatively small in terms of the amount of
coastline affected by these storms each year, the frequency of storms affecting a site is typically
significantly less than 1 storm per year. As an example of this, Figure 1 provides an estimate for
the frequency of severe hurricanes (greater than Category 2 intensity) per 1-degree by 1-degree
(area) per year for the Gulf of Mexico.
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Another sampling problem related to the use of historical storms for specifying extremes is
the tendency for intense storms to behave differently than weaker storms. To compensate for this
sampling inhomogeneity, many oil-industry groups have adopted the “Peaks Over Threshold,” or
POT method for estimating extremes. In this approach, only storms above some threshold value
are considered within a statistical analysis of extremes. By screening small storms from the
analyzed sample, the effect of small storms on the parameters of fitted distributions (e.g. the
parameters of the Gumbel, Frechet, Weibull, Lognormal, Log Pearson or other distributions of
choice) is minimized. This approach is inherently parametric due to the need to assume/specify a
distribution (or class of distributions such as the Generalized Extreme Value method).

Another potentially more serious problem with the reliance only on historical storms for
estimating coastal inundation is related to the small sample of storms at any site. As can be seen
from Figure 1, even in the vicinity of New Orleans, the frequency of major storms passing within
a given 60 nautical mile region (1-degree) is only about once every 20-25 years. Since we have
limited records beyond the middle of the 20™ century and since the frequency of storms in the
latter half of the century may be markedly different than the frequency of storms in the early part
of the century, the historical record for a direct hit (taken here for simplicity as £30nm of a site)
would include on the average only about 2-3 storms. Given this small potential sample size,
sampling variability can lead to very unrealistic variations in storm frequency and intensities
along the coast. For this reason, methods for estimating coastal inundation based solely on
historical analyses should not be used for coastal hazard assessment. This point is also pertinent
to arguments that the use of historical records for extremal estimation is also difficult to justify in
many other, non-coastal applications.

The Empirical Simulation Technique (EST)
Statistics of Expected Extremes

Conventionally, the EST was used as an approach for estimating the expected extremal
distribution for surges based on a variation of the “historical record” approach (Borgman et al.,
1992; Scheffner et al. 1993). In this approach a set of storms above some threshold affecting a
particular area are hindcast, similar to the approach used within the POT method. The primary
difference is that typically the largest 1 or 2 storms is re-run over a number of track variations in
order to distribute the effects of the storm over a wider area. Unfortunately, the rules for this re-
distribution of tracks were developed only after some preliminary applications of this approach
and tend to be somewhat arbitrary. Results from computer simulations at each point of interest
are then ranked and assigned a cumulative distribution value via a formula that links the rank to
the cumulative distribution function, F(x), which is be abbreviated as CDF is subsequent
discussions,

m

F(x)=N+1

(1)

where m is the rank of the storm (with m=1 as the smallest) and N is the total sample number.
This is converted to a measure of recurrence via the use of a Poisson frequency parameter, A4
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where T(x) is the expected return period for x. For example, if we hindcast 50 storms from an
interval of 100 years, the value of 4 would be 0.5; and the estimates of T(x) would span the
range from slightly over 100 years to slightly over 2 years.

In the interior of the ranked points, the EST assumes that the best estimate of the expected
distribution is the sample itself and does not fit any parametric distribution to the central
distribution in order to obtain a “smoothed” distribution. Thus, within this interior range, the
distribution is nonparametric. If one is interested in return intervals outside of the range covered
by the ranked sample points, it is necessary to invoke some sort of empirical (parametric)
function for extrapolation. This is a severe limitation of the conventionally applied EST, since it
restricts the non-parametric estimates to approximately the number of years covered by the
hindcasts, just as in any other method that relies only on historical storms. In fact, the
conventional EST, as used in most past studies, is very similar to the so-called peaks over
threshold (POT) method based on historical hindcasts, with three notable exceptions discussed
below.

First, the POT method typically uses a parametric fit in the interior region of the distribution,
rather than just in the region beyond the largest storms. It can be shown via Monte Carlo
simulations that, if the entire sample is drawn from a single parent distribution, the POT method
would provide a more stable estimate of the actual distribution in the interior than would the
EST. However, in many situations in nature, the interior distribution can consist of samples from
several different parent populations. An example of multiple populations would be the case of
storm surges due to “direct hits” of hurricanes vs. storm surges due to bypassing storms. Surges
from these two sources could have relatively different probability characteristics at a fixed
coastal location, as shown in Figure 2. Consequently, the use of nonparametric estimates within
the central portion of the distribution seems more appropriate for most coastal flooding
applications.

Second, the POT method uses a “fit” to the entire sample to extrapolate into longer return
periods. In this case, the problem of mixed populations could potentially introduce serious
problems into extrapolations, if the more that one population persists into the region above the
“cut-off” threshold. However, many POT methods carefully choose the threshold value to try to
restrict the sample to a single population. In some situations this is possible and in others this
may not be possible due to lack of sample size (i.e. there may only be 1 or two direct “hits” by
hurricanes). On the other hand, the EST uses an empirical “spline” fit to some small number of
points near the high end of the distribution combined with a set of secondary restrictions that
tend to limit excessive curvature in the extremes. Extrapolations in such situations tends to be
subject to considerable judgment, since there is no underlying distribution used as the basis for
estimating values larger than those included within the sample.

Third, in hurricane surge studies with the EST, it was observed that a single intense storm
could introduce an anomalously large value into a small spatial region, while other areas had
much lower maximum surge values. Since there is no reason to believe that all future hurricanes
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would strike only points included in the historical data set, some applications of the EST
introduced a set of hypothetical storms intended to distribute the effects of large storms
throughout the region being studied. In this approach, the largest storm was usually assigned a
number of offset tracks and the probability of that storm was distributed over that set of tracks.
However, each of these “cloned” storms had exactly the same characteristics as the original
storm. In this approach, the extent of the offsets was rather arbitrary, in spite of the fact that the
degree of smoothing (distance over which the storm track is replicated) can significantly affect
estimated local extremes. Also, only characteristics of storms that fell within the area being
analyzed were included in an analysis. Thus, a storm such as Katrina (a large, very intense
storm) is difficult to reliably predict from a local sample that does not contain this type of storm
within its sample.

Both the POT method and the EST use various statistical methods to incorporate tidal effects
into their estimates of water levels at the coast. In a sense, these could be considered as
hypothetical storms, since they represent storms that struck the coast at a different tidal phase.

From this discussion, it can be seen that a major problem with the conventional EST is the
same as encountered in any approach to hurricane flooding based on local data only: lack of
sample. The relatively small spatial extent of hurricanes combined with the small number of
storms affecting a given section of coast during the period of reliable records and the apparent
existence of long term cycles and trends makes the sampling variability in historical records very
large along U.S. coastlines. This same variability affects all estimates of coastal flooding since
they all rely on historical data; however, this variability can be greatly exacerbated when only
local data is considered. It is perhaps fair to say that the application of the EST requires more
experience and judgment than an application of the JPM.

Measures of Variability in Expected Extremes

Since the EST does not contain an underlying theoretical distribution, no theoretical
estimates of variability (confidence limits) are possible. Instead, the EST uses a “re-sampling”
method to obtain estimates of expected variations in extremes over an interval of time. This
method, rather than its methodology for estimating expected extremes, is the strength of the EST.
The combination of the re-sampling with the nonparametric distribution provides a sound basis
for estimating the variability of the estimated extremes.

The Joint Probability Method (JPM)

Statistics of Expected Extremes

The JPM was developed in the 1970’°s (Myers, 1975; Ho and Meyers, 1975) and
subsequently extended by a number of investigators (Schwerdt et al., 1979; Ho et al., 1987) in an
attempt to circumvent problems related to limited historical records. In this approach,
information characterizing a small set of storm parameters was analyzed from a relatively broad
geographic area. In applications of this method in the 1970’s and 1980’s, the JPM assumed that
storm characteristics were constant along the entire section of coast from which the sample was
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drawn. Recent analyses suggest that this assumption is inconsistent with the actual distribution
of hurricanes within the Gulf of Mexico.

The JPM used a set of parameters, including 1) central pressure, 2) radius of maximum wind
speed, 3) storm forward speed, 4) storm landfall location, and 5) the angle of the storm track
relative to the coast, to generate parametric wind fields. Furthermore, initial applications of the
JPM assumed that the values of these five parameters varied only slowly in storms approaching
the coast; therefore, the values of these parameters at landfall could be used to estimate the surge
at the coast. Recent data shows that this is not a good assumption (Figure 3). Kimball (2006) has
shown that such decay is consistent with the intrusion of dry air into a hurricane during its
approach to land. Other mechanisms for decay might include lack of energy production from
parts of the hurricane already over land and increased drag in these areas. In any event, the
evidence appears rather convincing that major hurricanes begin to decay before they make
landfall, rather than only after landfall as previously assumed.

The conventional JPM used computer simulations of straight-line tracks with constant
parametric wind fields to define the maximum surge value for selected combinations of the basic
five storm parameters. Each of these maximum values was associated with a probability

p(C,, R sV 0,,%)

where

¢, is the central pressure,

R 1s the radius of maximum wind speed

v, 1s the forward velocity of the storm

0, 1s the angle of the track relative to the coast at landfall

x is the distance between the point of interest and the landfall location

These probabilities were treated as discrete increments and the CDF was defined as
F(X) = zpijklm ’ xijklm <X (3)

where the subscripts denote the indices of the 5 parameters used to characterize the hurricanes.
Similar to the EST, this method is nonparametric; however, the conventional JPM included a
range of parameter combinations that typically made extrapolation beyond the range of
simulations unnecessary. This is an advantage over the conventional EST, since it removes the
need to assume a particular parametric form for the CDF in critical ranges of values.

Another potential advantage of the JPM over methods which depend heavily on historical
storms was that the JPM considered storms that might happen; whereas, the EST considered only
storms that did happen. Assuming that, for the purpose of surge generation, storm characteristics
can be represented adequately by the set of parameters used, it is possible to construct a Katrina-
like storm (high intensity combined with large size) even if one has not happened previously.
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Likewise, it is possible to interpolate between re-curved storms such as Opal and Wilma to
understand possible hurricane impacts in the Tampa area, even though neither of these storms
produced significant surges in the Tampa area.

Perhaps the biggest controversy in JPM applications during the 1970’s and 1980’s centered
on the definition of this 5-dimension joint-probability function. The lack of data on historical
storms prior to 1950 made it very difficult to derive representative distributions, even for
extended sections of coast. For example, information on storm size (radius of maximum wind
speed was lacking for most historical storms; consequently, a statistical estimate of »__(as a

function of latitude and central pressure) was frequently substituted for actual values in the
probability distribution. One wind field factor not considered in early JPM applications was the
variable peakedness of hurricane wind fields. This term is represented in terms of the Holland B
parameter in recent hurricane wind models and will be discussed in a subsequent section of this
white paper.

One point of interest that should not be lost here is the importance of capturing the mean
statistical behavior of any time-varying properties used in JPM applications. For example, surges
derived from previous JPM applications, under the assumption of that storm characteristics near
the coast were constant, may have been biased low, since they were based on statistics at
landfall. Since storms are consistently more intense off the coast (as shown in Figure 3), the
modeled offshore storms are less intense than the actual offshore storms, under this assumption.
Of course, some calibration was performed in these studies, so this might have been somewhat
accounted for via calibration procedures; however, calibration tends to somewhat storm specific,
so such calibration could still leave considerable residual bias in the final results.

JPM Measures of Variability in Expected Extremes

Most applications of the JPM only considered the definition of the mean CDF from the
simulations, and little attention was paid to quantifying the dispersion (uncertainty) of what
could happen within a particular time sample. This is potentially a major shortfall in the JPM as
it was originally applied.

The Empirical Track Model

Vickery et al. (2000) presents a method for modeling hurricane risk in the United States.
This method has been adopted for the development of design wind speed maps within the U.S.
(American National Standards Institute (ANSI), ASCE 1990, 1996). This method uses a Monte
Carlo approach to sample from empirically derived probability and joint probability
distributions. The central pressure is modeled stochastically as a function of sea surface
temperature along with storm heading, storm size, storm speed, and the Holland B parameter.
This method has been validated for several regions along U.S. coastlines and provides a rational
means for examining hurricane risks associated with geographically distributed systems such as
transmission lines and insurance portfolios.
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A key requirement for the application of the Empirical Track Model within its Monte Carlo
framework is the ability to efficiently execute storms over many, many years (20,000 years in the
Vickery et al. (2000) application). Whereas this is not too demanding for an efficiently written
PBL wind model, it is well beyond the range of possibility in large, high-resolution ocean and
coastal response models (wave models and surge models). For this reason, the Empirical Track
Model was not considered for application to coastal inundation; however, it provides an
excellent source for validating the statistical characteristics of the winds used for inundation
modeling.

Potential Extensions of Probabilistic Methods to Future
Hurricane Surges

As noted in the earlier section on the design storm approach, the design storm approach
suppresses much of the real variability in storm characteristics and should be used only for
screening alternatives and not for final design of critical coastal structures. However, it is
sometimes informative to examine the relative return period of specific historical storms.
Appendix A provides an estimation method along these lines which estimates the return periods
for both Hurricanes Katrina and Rita (found to be 397 and 89 years, respectively).

It should be clear from the previous section that both the EST and the JPM in older
applications suffered from a paucity of historical data. Also, older applications did not include
many of the modeling advances that are now regarded as necessary for accurate simulations, for
example: inclusion of numerically simulated wave set-up, use of detailed grids to capture high-
resolution bathymetric effects, and the application of improved near-coast meteorological models
for hurricane evolution and wind-field behavior. Many of these effects were recognized and
improved methods for treating them were developed during the forensic study of Hurricane
Katrina by the Interagency Performance Evaluation Task Force (IPET).

Recognition that waves can play a substantial role in coastal surge levels introduces a key
difference between older JPM applications and the applications being considered today. In the
older methods, the assumption of constant parameters was intended to span an interval of about
12 — 24 hours, essentially the primary period for direct wind forcing of coastal surges in
historical hurricanes. Waves contribute to coastal surges primarily in nearshore areas; however
they are generated over a span of days during the approach of the storm to land. Thus,
consideration of wave contributions to surges requires some knowledge of the storm behavior 1-
4 days prior to landfall. Treatment of hurricanes in terms of straight tracks with constant size and
intensity over such a period is a bad assumption, since such tracks would not retain the wave-
generation characteristics produced by the curved tracks within the historical record.

This brings us to a crucial point in considering what statistical approach should be used in
future applications, i.e. whether to use an approach based strictly on re-sampling historical
storms (essentially a modification/extension of the EST) or an approach based on parameterized
wind fields over longer tracks (essentially a modification/extension of the JPM). On one hand, it
is clear that each historical storm has many, many factors which vary throughout its history
which influence hurricane wind fields. For example, eye-wall replacement cycles, interactions
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with large-scale wind systems, asymmetries within the eye-wall, and complicated track
curvatures can all create significant perturbations within the structure of hurricane wind fields. It
is not clear however that such modifications to the winds affect the total wave generation process
so much, since the nature of this process integrates the wind input over several 10’s of hours. In
fact, numerical experimentation with hurricane Katrina showed that all of the versions of the
wind field (PBL alone, HWIND, and the most recent Oceanweather version) created minimal
variations in the wave field (in the range of 5-7% differences in wave height) in the area off of
Mississippi.

In a sense, the critical factor that must be considered here is the number of primary
dimensions required for representing wind fields with sufficient accuracy that they provide
reasonable, relatively unbiased skill when used to drive coastal wave and surge models. For the
case of extratropical storms, there is no known simple set of parameters that meets this criterion
and some extension of the EST or POT method may be the suitable choice for such applications.
For the case of hurricanes, dynamic models of hurricane wind fields (Thompson and Cardone,
1996; Vickery et al., 2000) can be shown to capture a substantial portion of the wind field
structure, when driven with the parameters listed above plus the so-called “Holland B” (Holland,
1980) parameter.

Each hurricane will tend to exhibit some degree of deviation from the theoretical PBL-model
estimates. At any fixed time, such deviations could be produced by strong storm asymmetries,
variations in R_,_around the storm, enhanced spiral bands, etc. Hence, a “best-estimate” wind

field crafted by experts to assimilate all the observations in a given hurricane will typically
represent the details of that particular storm much more faithfully than possible via a
parameterized theoretical model. Such wind fields today are produced primarily by Mark Powell
and others at the Hurricane Research Division of the National Hurricane Center of NOAA or by
analysts at Oceanweather, Inc. These wind fields are absolutely essential for advancing our
understanding of hurricane winds relative to wave and surge forcing in offshore and coastal
areas.

It is obvious that “best-estimate” wind fields contain an extremely large number of degrees
of freedom in their formulation. Given the relatively small number of historical hurricanes, it is
unlikely that we can understand/quantify the probabilistic nature of all the interrelated detailed
factors creating these deviations. If these details were absolutely critical to coastal wave and
surge estimation, we would be able to represent a past hurricane very accurately but would know
little about the probability of future hurricanes unless we retained the same number of the
degrees of freedom, including their expected variability in estimates of future storm surge and
wave estimates. To demonstrate this point, in the definition of surge probabilities via numerical
models, we are considering a relationship of the form

PO =[] PO X000 X, )SIW (1, Xy X, ) = ), ., (4)

where 77 (= 1, for each individual storm at a fixed spatial location) is the storm surge level,

o[.] is the Dirac delta function and W (x,, x,,...,x,) 1s a numerical model or system of models
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that operate on the set of parameters ( x,,x,,...,x,) to provide an estimate of the surge level at a
fix location. This can be directly integrated to yield the CDF for surge levels

F) =[] P05 XX, YHI = P (51, Xy, %, WA, .., (5)

where H[.] is the Heaviside function. If we retained a sufficient number of degrees of freedom

to resolve the wind fields exactly, if our numerical codes were also “exact,” and if our
specification of the joint probability function p(x,,x,,...,x,) were known exactly, we could treat

this equation as an exact integral for the CDF, with no uncertainty in its expected value. The
sampling variability could then be estimated by re-sampling methods along the lines of the EST.

The CDF integral (equation 5) shows that the number of dimensions required for an exact
representation of the surge CDF must equal the number of degrees of freedom contained within
the system (for practical purposes determined by the number of degrees of freedom contained in
the wind fields). Since we recognize that all wind fields, wave models, and surge models remain
inexact and that our estimates of joint probabilities are greatly hampered by lack of sample size,
it is clear that the actual representation of this integral should be written as

F(n) = j [ PO X X, ) HI =W (3, %, 0 x,) + £, .., d (6)

where ¢ is an “error” term due to wind field deficiencies, model deficiencies, unresolved scales,
etc. In this form, we see that there is a trade-off between modeling accuracy and the magnitude
of the error term, £ . There is also a similar trade-off between errors/uncertainties in the
probability estimates and the overall accuracy in estimates of the surge CDF. These errors will
increase substantially if we attempt to split a small sample (for example the historical hurricane
record in the Gulf of Mexico) into information for too many dimensions. Following this
reasoning, it seems advisable to limit the number of parameters considered in the JPM
probability integral and to include an approximation for all of the neglected terms within the
error term, & . As noted previously, PBL models provide a relatively accurate representation of
the broad-scale structure within hurricanes. Furthermore, wind fields from PBL models have a
very long history of providing accurate wave estimates in Gulf of Mexico hurricanes (Cardone et
al., 1976). Consequently, the logical choice appears to be to limit the number of dimensions in
the JPM integral to the number of parameters contained within such PBL models

F(n)= J-...Ip(cp,Rp,vf,Hl,x,B)p(g)H[n -Y(x,x,,....x,) + ekdxdx,...dx de (7)

where the error term has been separated from the rest of the probability distribution. In this form,
the “error” term allows us to include additional effects on water levels, such as tides (albeit in an
uncoupled, linear fashion). Also, in this equation, we have replace R, with R,, since the latter

X

term is used in the PBL model selected for application here (see Appendix B) for details.
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During the last several months considerable effort has gone into re-analyzing hurricane
characteristics and hurricane wind fields. One of the significant findings of this effort is that the
Holland B parameter in mature storms within the Gulf of Mexico tended to fall within the range
0f 0.9 — 1.6. Furthermore, numerical sensitivity tests of both wind fields and coastal surges
suggest that the adoption of a constant value of 1.27 for storms centered more than 90 nm from
the coast provided a reasonable first approximation to both the wind fields and the surges. Thus,
if we add the effects of B-variations into the “error” term, we can reduce the CDF equation to

F)=|...[ plc,. R,.v,.0,%)p(c | HIn =P (%, %,,.... 5, ) + £ dx, .. dx, d e (8)

In this form, ¢ is considered to include, at a minimum, the following terms:

tides,

random variations in B,

track variations not captured in storm set,

model errors (including errors in bathymetry, errors in model physics, etc.), and
errors in wind fields due to neglect of variations not included in the PBL winds.

M

It is evident that we can only approximate the overall distribution of & from ancillary
information on errors in comparisons to High Water Marks and comparisons of results from runs
with the “best-estimate” wind fields and PBL wind fields. Tides can be factored into this analysis
assuming linear superposition, with some degree of error introduced. Based on the best available
approximations to all of these terms, assuming that all the “error” contributions are independent,
and a loose application of the Central Limit Theorem, we will assume that the “error” term can
be represented as a Gaussian distribution with a mean of zero (assuming that the model suite is
calibrated to this condition) and a standard deviation equal to some percentage of the modeled
surge.

If we were to try to extend the EST to include shifting actual historical storms from one
landfall site to another, we would implicitly be holding all the “details” constant by assuming
exactly the same storm will occur in the future at different locations. This constrains all future
hurricanes to have the same detailed characteristics as the single historical storm upon which it is
based. It seems more logical to approach this in two stages as described above, an initial stage to
capture the broad-scale wind characteristics and a second stage to understand/quantify the impact
of deviations around these broad-scale winds on coastal surges. In this way, the probability
analysis can be kept within a sufficiently small number of dimensions to allow reasonable
approximation from historical records.

In our own work investigating modifying the EST, we began by making the same assumption
as the older JPM application, i.e. that we could take some section of coast and treat it at though it
were homogeneous with respect to expected storm parameters. With this assumption, we felt that
it would be appropriate to move a storm some distance along the coast without affecting its
characteristics. Unfortunately, when we tested this approach, we saw that historical tracks did
not translate well spatially. We found that all of the large storms affecting U.S. Gulf of Mexico
coastlines entered the Gulf through either the gap between Cuba and the Yucatan Peninsula or
through the southern Florida to Cuba area. A simple geometric displacement of a particular
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storm track made that track intersect with land in areas that are not suitable for their origin. For
example, such a displacement to allow a storm such as Hurricane Opal to strike the western
portion of Louisiana would intersect with land at a point slightly south of the border between the
United States and Mexico. It is essentially impossible for such a track to generate a storm of
Opal’s strength. Another example would be the simple translation of Katrina’s track to a point
farther east. It is highly unlikely that such a track would be able to support a storm of Katrina’s
size and intensity. Thus, any concept that involves a simple geometric translation of a historical
storm track to a position very far from where it actually occurred was found to be very naive, at
least in a meteorological/climatological sense. Still another example of problems associated with
the use of a detailed track would be the simplistic shifting of a track with a loop in it, such as
Hurricane Elena along the panhandle of Florida. The implication of using this exact track and
associated wind field is that all future storms of this type will exhibit exactly this same loop and
associated intensity, size, asymmetry, and other detailed characteristics during its approach to
land. The probability of this actually occurring is very near zero.

An additional problem in our initial attempt to modify the EST for storm surge application
relates to the definition of storm probability. We found that, due to the geographic constraints of
entry points for intense storms into the Gulf, it was a very bad assumption to treat any extended
section of coast as though it were a homogeneous area in terms of expected hurricane
characteristics. Instead, several independent analyses have shown that the statistical properties of
hurricanes vary continuously and substantially throughout the Gulf of Mexico. This means that it
is not advisable to shift a storm track from one section of coast to another and treat it as an
equivalent sample to a storm that actually occurred in that section of coast. A related problem in
attempting to modify the EST for hurricane surge applications is assigning the probability of
exceedance of some characteristic in a particular storm. For example, most critical reviews
conducted recently have advocated limiting the period of record to be used in climatological
estimates of hurricane characteristics to a period from no earlier than the mid-1940’s to the
present. Thus, if we adopt the conventional plotting position, Katrina will represent somewhere
in the neighborhood of a 60 year event. We can probably increase this a little by spreading
Katrina over some section of coast; but as noted above, this is not a simple exercise. The degree
of spreading, the reasonableness of the tracks, and the spatial variation of statistical properties all
make this a procedure that should not be trivialized.

The final point worth noting is that prior to 2005, there was no Katrina in the historical
record. Straightforward estimates of surges using the EST method prior to Katrina suggest that
such a surge only occurs once every 1200 years, or so. Most analyses suggest that this is a
substantial overestimation of the return period for such a surge. The problem here is that, prior to
Katrina, no historical storm combined both intensity and size in a fashion equivalent to Katrina.
Thus, Katrina was outside the sample range of the EST. Although this particular deficiency in
the sample has been remedied for at least some of the Gulf coast (since Katrina has now occurred
there), one must ask what other gaps in the sample of historical storms might exist. Given this
point along with all the other discussion points in this section, it was decided that it would be
more straightforward to modify the JPM for hurricane surge applications than to modify the
EST. As noted previously, both of the methods are nonparametric in the interiors of their
cumulative distribution functions.
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The Modified JPM Method (JPM-OS)

In this section, a method for estimating storm surges via a modified JPM will be developed,
including estimation of some key climatological characteristics of hurricane tracks, intensities,
and sizes. The term JPM-OS will be used here to denote this new methodology, since the
underlying concept of this methodology is to provide a good estimate of the surges in as small a
number of dimensions as possible, while retaining the effects of additional dimensions by
including the ¢ term within the estimated CDF for surges. This approach will also attempt to
minimize the number of runs required by improving methods used for interpolating between
combinations of variables in different simulations.

Estimation of Spatially Varying Probabilities

In our new approach, the recommended treatment of geographic variation is to use the
Chouinard et al. (1997) method for determining optimal spatial size for estimating hurricane
statistics. In this method, the optimal size for spatial sampling is estimated in a manner that
balances the opposing effects of spatial variability and uncertainties related to sample size.
Although the final, definitive statistics are still being developed, a brief description of the
method is included here, along with the preliminary results.

We begin by estimating the omni-directional statistical properties for storm frequency and
intensity. Work performed by Gabriel Toro of Risk Engineering showed that the optimal spatial
sample (kernel) size was in the range of 160 km for frequency analyses, but found that the
optimal spatial size for intensities reached a plateau above about 200 km and did not drop off
substantially at higher spatial kernel sizes. For our purposes, we took the basic data set of 22
hurricanes, which had central pressures less than 955 mb, shown in Figures A3 through A5 and
defined their locations and intensities along the line shown in Figure A2. Although this line
includes the west coast of the Florida peninsula for completeness within the analysis, results will
only be presented for the section of coast west of this peninsula. Our hurricane sample covers the
interval 1941 through 2005. Appendix C provides a synopsis of some work supporting the
selection of this period of record.

For our frequency analysis, we selected a “line-crossing” methodology, rather than an ‘area-
crossing” (such as used in the Toro analysis presented in Figure 1) since the frequency of
landfalling storms is inherently better posed in this context. The location of this line is shown in
Figure A2 and distance in this system will be referenced in this white paper via an “increment
number.” This “increment number” is based on integer values of the distance in degrees
(longitude at 29.5 degrees latitude) as explained in the figure caption in Figure A2.

After a number of sensitivity studies we were able to show that the results for spatial samples
for spatial kernels above 250 km or so did not vary markedly and settled on a sample size of
+3 degrees (333 km) along this line. Results from this analysis are converted into an estimate of
the frequency of hurricanes (which attain a minimum central pressure of 955 mb or less) making
landfall within contiguous 1-degree increments along the reference line. Figure 4 gives the
results of this analysis. As can be seen here, the “line-crossing” frequency estimate is fairly
consistent with the spatial-area frequency estimates obtained by Toro in Figure 1. It should be
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noted that the Toro analysis was based on 52 storms (all storms above Category 2 intensity
within the Gulf of Mexico) rather than the 22-storm subset used here.

For each 1-degree increment along the coast, pressure differentials at the time of landfall for
all storms making landfall within the £3-degree distance along the reference line were used to
define a best-fit (conditional) Gumbel distribution, i.e. the distribution of hurricane intensity
given that a hurricane (with central pressure less than 955 mb) does occur. The Gumbel
coefficients for the pressure differentials are shown in Figure 5. Combining the storm frequency
estimates with these values we can estimate the omni-directional probability of intensity along
the Gulf coast at the time of landfall.

Figure 6 shows the (smoothed) distribution of the 50-year, 100-year, and 500-year central
pressures based on the Oceanweather information. Also shown in this Figure is the estimates
using the same derivation methodology, but based on the official NOAA values for landfalling
central pressures. As can be seen here, the two methods yield very similar results, except for
some divergence as the Louisiana-Texas border is approached. This curious aspect of the
otherwise excellent agreement was found to be related to a single spurious value in the
Oceanweather files for Hurricane Audrey. Once this was fixed, the region of good agreement
extended across the entire region.

Interpretation of these values to “off-coast” values should refer to Figure 3, which suggests
that the off-coast central pressures should be on the average around 10-15 mb lower that these
values. For comparison, return periods based on independent analyses performed by David
Levinson (National Climate Center) suggest that the 100-year central pressure offshore was in
the range of 894-908 for a broad portion of the central Gulf of Mexico, which is reasonably in
agreement with the values derived here, based on 1-degree increments of coast. However, in
performing this comparison, it is essential to bear in mind that the estimates are appropriate for
the recurrence within a 1-degree section of coastline. To compare the estimates in Figure 6 with
values for the entire Gulf of Mexico, Peter Vickery performed an independent analysis of
extremes based on 1) a statistical combination of all of the coastal segments and 2) an extremal
analysis of the NOAA’s landfalling pressures. As can be seen in Figure 7a, the estimates of
landfalling central pressures shown in Figure 6 can be used to provide a very consistent estimate
for landfalling central pressures along the U.S. coast from Texas to the northwest Florida coast.
And, as can be seen in Figure 7b, a similar analysis for a single 1-degree increment shows, as
expected, a little more randomness for this (smaller) set of points but a similar good general
agreement in the tail of the distribution. Figure 7c shows a comparison of another independent
check on the probability distribution based on a comparison to the results of Toro’s analysis
performed for FEMA Region 4, along the Mississippi coast. These tests confirm the general
estimation methodology used here is quite robust for hurricanes along the U.S. Gulf of Mexico
coasts.

Several independent analyses over the last several months have shown that storm size is not
independent of storm intensity; and recently, Shen (2006) has shown that the potential intensity
achievable by a hurricane is very sensitive to the size of a hurricane eye. Figures 8a and 8b show
the relationships between R, and central pressure from Oceanweather analyses of all storms
exceeding Category 2 within the Gulf of Mexico at their time of maximum strength (52 storms —
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shown in Figure 8a) and the 22-storm sample of landfalling storms (Figure 8b). Equation A3 in
Appendix A gives an estimate of the conditional probability of storm size as a function of central
pressure. Figure 8 gives the mean angle of storm heading as a function of distance along the
reference line shown in Figure A2, along with the standard deviation of the heading angles
around this mean value. The direction convention used here is that a heading of due north
represents an angle of zero degrees. Storms heading more westerly than due north will have
positive angles, while storms heading more easterly will have negative angles. These estimates
were derived by the same spatial averaging procedure used in deriving the central pressures and
frequencies. A circular normal distribution is used here to represent the storm heading
probability distribution as a function of location along the reference line.

Figure 10 presents the estimated forward storm speed as a function of central pressure. This
figure suggests that storm intensity and the forward speed of the storm are approximately
independently distributed. However, if we plot forward storm speed as a function of storm
heading at landfall for the 14 storm subset that intersect with the 29.5-degree latitude portion of
the reference line in Figure A2 and for the entire 22-storm sample of landfalling storms (shown
in Figures 11a and 11b), we see that there is a tendency for higher forward speeds to be
associated with lower storm heading angle (a correlation of 0.52 which is significant at the 0.05
level of signficance with 21 degrees of freedom in a “Student’s ¢” test). This is consistent with
the expected behavior of re-curving storms that become swept up in stronger westerly
circulations. The primary exception to the overall relationship is Hurricane Betsy, represented by
the point in the upper right-hand corner of this Figure. This storm moved very fast into the New
Orleans area after crossing the lower portion of the Florida peninsula.

Putting all of the pieces of information together, for any point in our five-dimensional
parameter space (retaining appropriate interrelationships among parameters), we see that the
final estimates of joint probability densities can be written as

p(c,, R,,v,,0,x)=A Ay -Ay- Ay Ay

A, =plc, | x)= OF[ay(x),4,(¥)] =i{exp {—exp— {cp——ao(x)}} } (Gumbel Distribution)

ac, ox a,(x)
| _(R,(AP)-R,)’
A, =p(R,|c,)=———=e 7O
’ P o(APW27
1 0D,
A =p(v, |0)=——e 2
} s o~N2rx
1 (8,(0)-6)
Ay =p(6]x) = e

O'(X)\/Z ¢

A, =D(x)

where the overbars denote average values of the dependent variable for a specified value of an
independent variable in a regression equation, a,(x) and a,(x) are the Gumbel coefficients for
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the assumed Gumbel form of the central pressures, and ®(x)is the frequency of storms per year
per specified distance along the coast (taken as one degree in examples presented here).

Figures 12-14 show three sets of synthesized tracks that are being used in the ongoing New
Orleans area study. These central tracks (Figurel2) essentially mimic the behavior of intense
landfalling historical storms in the record, while preserving the geographic constraints related to
land-sea boundaries. These storms preserve the historical pattern of the tracks better than simply
shifting the same storm tracks east or west along the coast, since they capture the observed
variations in mean storm angles along the coast.

Estimation of the € Term

Although there may be some degree of nonlinearity in the superposition of tides and storm
surges, numerical experiments have shown that for the most part linear superposition provides a
reasonable estimate of the (linearly) combined effects of tides and surges. Thus, the tidal
component of the ¢ term, represents the percentage of time occupied by a given tidal stage and
can be directly derived from available tidal information along the coast.

Careful analyses appropriate for formulating Holland B parameters for ocean response
modeling have shown that this parameter falls primarily in the range of 1.1 - 1.6 offshore and
0.9 - 1.2 at the coast (Appendix E). For Gulf of Mexico hurricanes, a mean value of 1.27 in
offshore areas is assumed with a standard deviation of 0.15, while at the coast the corresponding
mean and standard deviation is 1.0 and 0.10, respectively. Via numerical experiments, the
maximum storm surge generated by a hurricane has been found to vary approximately linearly
with variations in the Holland B parameter, at least for changes of the Holland B parameter in
the range of 10-20%.

Off-coast track variations affect surges at the coast primarily through the effects of these
track variations on wave fields, rather than by their effects on direct wind-driven surges. As
noted previously, wave fields tend to integrate wind field inputs over 10’s of hours;
consequently, off-coast track variations tend to shift the wave fields somewhat while maintaining
the general form and magnitude of the wave height contours. Near-coast radiation stresses are
approximately proportional to gradients in wave energy fluxes, which, in turn, can be related to
the square of the wave height gradient. In shallow water, where contributions of radiation
stresses to surges are most important, wave heights tend to be depth limited. It is only in the
incremental region, where larger waves make additional contributions due to increased energy
losses offshore, that larger wave conditions affect the total wave set-up at the coast. Numerical
sensitivity studies suggest that once incident waves become much larger than about 10 meters,
most of the additional energy loss is in depths that do not contribute very much to wave set up.
For this reason plus the fact that in general the wave set-up term tends to be only about 15-30%
of the total surge, we expect the effect of storm track variations on wave set-up at the coast to be
fairly small (due to the fact that surge response is on a much faster scale than wave generation,
where we noted that the “straight-track™ approximation was not very good). We will assume that
the deviations around the mean surge will be approximately Gaussian. A standard deviation of
20% of the calculated wave-set up contributions to the total surge (determined by subtracting the
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direct wind-only surge from the total surge due to winds and waves combined) will be used
within this distribution.

Model errors combined in calibration/verification runs of ADCIRC have shown that this
combination of model and forcing in the Louisiana-Mississippi coastal area provides relatively
unbiased results with a standard deviation in the range of 1.75-2.50 feet. Relative errors
associated with the use of PBL winds increase the value of the standard deviation to 2.00 to 3.50
feet. This is not to surprising, since the accuracy of HWM’s (the primary measurements to which
the model results are compare) are quite variable in and of itself.

Combining all of these terms, under the assumption that they are each independently
distributed, gives

p(e)= J..[ ” ole +e+e+e,—¢)ple)p(e)ple)ple)dede,dede,

where

&, 1s the deviation between a storm at a random tide phase and a zero tide level,;
&, 1s the deviation created by variation of the Holland B parameter;
&, 1s the deviation created by variations is tracks approaching the coast; and

&, 1s the deviation created primarily by errors in models and grids.

Three of the terms ¢, &,, and &, are treated here as though they are approximately

independent of the magnitude of the surge, while the remaining term, &, has been found to

depend essentially linearly with the magnitude of the surge. For a monochromatic tide, the tidal
elevation distribution, &, is known to be bimodal distributed around its zero value; however, in

nature, the effect of combining several tidal components with varying phases is to force the
distribution toward a unimodal distribution. The probabilities of terms &, and &, are assumed to

be normally distributed; thus, the probability distribution of the sum of these two terms will also
be a normal distribution with the variance given by the sums of the individual variances of the
two terms.

Figure 15 gives a numerical example of the combination of all four terms assuming a storm
surge of 15 feet, as might be associated with a particular deterministic model execution based on
a set of track and PBL parameters. As can be seen in this figure, the overall magnitude of these
effects can add or subtract substantially to the total water depth. In this case, the distribution
appears similar to a Gaussian distribution, since it is dominated by the term with the largest
variance (deviations due to the omission of the Holland B parameter); however, the other terms
have been included within the integral for p(¢). Table 1 shows an example of the effect of

adding this term on expected surge levels for selected return periods. In this example, a Poisson
frequency of 1/16 was used in combination with a Gumbel distribution, with parameters
a, = 9.855 and a, = 3.63 . For this example, the effect of adding the & -term is less than 5 foot

for return periods up to 175 years and only exceeds1 foot at return periods greater than
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400 years. However, for risk-based calculations which often include very large return periods
(1,000-10,000 years), this term can become as large as 2-3 feet, even for the case where the
effects of all neglected factors are assumed to be distributed around a mean deviation of zero.
The effect could of course be larger if the deviations were biased.

From Table 1 and the above discussion, we see that the effect of the & -term becomes much
more pronounced at large return periods. Thus, older applications of the JPM that neglected this
term were probably reasonably accurate at the 100-year return period, but were likely to have
been progressively biased low at higher return periods. The important points to stress here are
twofold. First, any neglect or suppression of natural variability in a procedure to estimate
extremes will lead to some degree of underestimation of the estimated extremes, whether using a
JPM or an EST approach; therefore, it is important to recognize and attempt to quantify all
significant factors affecting surge heights at the coast. Second, to avoid making the number of
dimensions in the JPM unmanageable, the estimated effects of the neglected factors contributing
to extreme surges should be addressed statistically, such as we have done here via the addition of
the ¢ -term to the JPM integral.

Treatment of Subsidence and Sea-Level Rise

Rather than treat subsidence and sea-level rise within the ¢ -term, it is simpler to include this
in a separate analysis. For purposes of design, as a first approximation to the non-overtopping
situations, estimates of subsidence and sea-level rise can be added linearly to the expected surge
levels. Thus, (as a purely hypothetical scenario) if two feet of local subsidence is anticipated
along with one-foot of sea-level rise over a design lifetime (say 100 years as an example), a
levee design set for 20 feet would need to “evolve” to 23 feet in order to provide the same level
of protection at the end of the design lifetime. Other options might be to overbuild the design at
the outset to account for anticipated subsidence and sea-level rise. In either case, it will be
critical to constantly monitor the changing water levels to ensure that the design level of
protection is maintained.

Sampling of Storm Parameters for the JPM-OS

In the conventional JPM each simulation was typically treated as representative of its entire
discrete probability range (i.e. all of the probability for each multi-dimensional box centered on
its mean position). In these applications, the computational burden was considerably less than
what is considered appropriate for surge simulations today (see subsequent section on the
computational effort recommended for today’s applications). Even in the original JPM, however,
a scaling relationship between the pressure differential of a storm and computed surge levels was
used to reduce the number of computer runs. This relationship, based on theoretical
considerations and confirmed numerically in several studies, shows that surges are linearly
proportional to the pressure differential of a storm at all areas close to the area of maximum
storm impact. This information can be used effectively to interpolate between two different
numerical results within the JPM integral. Such an interpolation provides added resolution along
the pressure differential axis in this integral, which is very important due to the highly nonlinear
characteristics of the probability of pressure differentials [ p(AP)].
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In addition to the scaling relationship between surge levels and pressure differentials, the
JPM-OS attempts to sample the parameter space in a fashion that can be used to estimate surges
(develop the response surface) in an optimal manner. This method has been developed via
hundreds of simulations on relatively straight coasts, as well as on coasts with other simple
geometries, and is in the process of being extended to more complex coasts. It attempts to
alleviate the need for very closely spaced parameter values in numerical simulations (essentially
track spacing and number of storm sizes, forward speeds, and track angles considered); thereby
potentially greatly reducing the total number of computer runs required for JPM execution. The
initial set of runs for the New Orleans area consists of 152 hurricanes traveling along tracks
shown in Figures 12-14. To put this number of runs in perspective, since a major storm only
affects each one-degree section of coast once per 16 years and the section of coast being studied
is only about 2.5 degrees, this number of hurricanes would only be expected in the simulated
area every 853 years. Consequently, unless we have selected these storms in a very
unrepresentative fashion, we expect this number of storms (combined with an accurate
methodology for surge simulation) to provide a fairly accurate description of the general
characteristics of hurricane surges at least up to the 500-year return period. A description of the
parameters of these storms is given in Appendix D, along with a discussion of some scaling
relationships between storm parameters and surges that have been found in our numerical
studies.

Specification of Variations in Pre-landfalling Hurricanes

Whereas the original JPM considered storm size, intensity, and wind field distribution to be
constant in storms approaching the coast, the new JPM uses information from recent storms to
estimate the rate of change of these parameters for pre-landfall conditions. In general these
trends show that storms tend to fill by about 10-15 millibars (Figure 3), become slightly
(15-30%) larger (Figure 16) and have less peaked wind speed distributions (Holland B parameter
decreasing from about 1.27 to around 1.0) over the last 90 nautical miles of coastal water before
landfall. Since all of our probabilities have been developed based on landfalling characteristics,
the offshore characteristics must be estimated from a generalized transform

p(AP’ Rp’ vf’ Hl’ x)ofﬁlmre = p(AP7 Rp’ vf’ 017 x)landfall‘]_l

where J is the Jacobian for the transform from nearshore to offshore conditions. However, since
1) storm heading during approach to the coast is relatively constant, 2) the forward speeds are
assumed to be constant during approach to land and 3) the points of intersection (x) are identical
for each offshore and landfall case, the transform can be viewed in only two dimensions,

AP and R, . Details will be given in Appendix D.
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A Computational Methodology for Effective Simulation of Storm
Surges for Hurricane Inundation Studies

For completeness, we include here a brief description of the computational methodology that
has been adopted for calculating inundation levels/probabilities. The first step in this procedure
is to develop appropriate surge and wave model grids and verify them. The second step is to use
both “best available” winds and best PBL winds to verify the modeling system performance
within the area of interest. The “best available” winds, which include all appropriate data
assimilation and expert analyses, are used to verify the model and grid and to provide calibration
guidance, if required. The second set of runs with winds from the PBL model are used to
establish any additional tuning required and to determine the actual modeling error term to be
used in the ¢ -term in the JPM integration. Following this procedure, the complete production
system is exercised for all of the selected combinations of storm tracks and wind parameters
required for the JPM-OS application. A schematic diagram of this system is shown in Figure 17.

Step 1

As seen here, for each defined storm (a track and its time-varying wind field parameters) the
Oceanweather PBL model (Thompson and Cardone, 1996) is used to construct 15-minute
snapshots of wind and pressure fields for driving surge and wave models.

Step 2

Using “warm-start” condition with all major rivers already “spun up,” initiate ADCIRC
(version 46.50 or higher as they come online) for simulation of direct wind-driven surge
component (assuming zero tide). In parallel with the initial ADCIRC runs, execute a large-
domain,discrete, time-dependent spectral wave model (WAM or WAVEWATCH) to calculate
directional wave spectra that serve as boundary conditions for local-domain, near-coast wave
model runs in Step 3.

Step 3

Using initial water levels from ADCIRC, winds that include the effects of sheltering due to
land boundaries, and spectral boundary conditions from the large-domain wave model, execute
either STWAVE or SWAN model runs (again using the PBL winds) to produce a wave fields
and estimated radiation stress fields.

Step 4

Using the radiation stress fields from Step 3 added to the PBL-estimated wind stresses, rerun
the ADCIRC model for the time period during which the radiation stresses potentially make a
significant contribution to the water levels. In this step, care must be taken to “match” the grids
in the wave model and ADCIRC model.

Volume VIII Engineering and Operational Risk and Reliability Analysis — Technical Appendix VI1II-8-36
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers.



Step 5

Using the water levels from Step 4, in locations adjacent to structures, a method based on
Boussinesq modeling (either direct application or interpolations from generic runs) is used to
provide estimates of the following key information along man-made structures and steep-sided
natural flood barriers: incremental contribution to the water level at the structure (which should
be considered as the final water level for inundation efforts at these locations); estimated total
overtopping at structure; and estimated velocities on the front face, crest, and rear face of the
structures. The boundary conditions for driving the Boussinesqg-based runs are taken from the
closest points in the nearshore grids used in Step 3.

Summary

Some of the key issues addressed in this paper, along with relevant conclusions, are as
follows:

1. The Joint Probability Method (JPM) provides a sound method for estimating inundation
probabilities. However, given the number of degrees of freedom in hurricanes
characteristics affecting coastal surges and the computational burdens associated with
coastal surge simulations, it is critical to reduce the number of factors considered to a
minimum, while maintaining sufficient detail to properly model hurricane wind fields for
surge prediction.

2. After a discussion of various alternatives, it is recommended that the same five
parameters used in older JPM studies (storm intensity, storm size, forward speed of the
storm, angle of the storm track with the coast, and track location) be used to characterize
storms for simulating coastal surges. With this number of dimensions within the JPM
integral, it is essential 1) to allow these characteristics to exhibit observed variations
during their approach to land and 2) to retain and quantify a statistical “error” term that
adds the suppressed variability back into the estimated extremes. Previous applications of
the JPM did not consider this term.

3. Similar to the Empirical Simulation Technique (EST), it is recommended that uncertainty
in the stage-frequency relationships be estimated via re-sampling methods.

4. As discussed in Appendix C and as has been noted in many journal publications, it
appears that a 40-year cycle is a dominant feature within the recent hurricane record. We
have experienced one full “high-activity” portion of a cycle and about 2/3 of a second
“high-activity” portion of a cycle. It is recommended that a comparable proportion of
“low-activity” years be included within the record being used for estimating inundation
probabilities. Following this logic, we will use the full “low-activity” interval
(approximately 30 years) between the two recent “high-activity” intervals plus a period
equivalent to 2/3 of the recent “low-activity” interval within our sample period. This
yields 1941 through 2005 as our period of record for coastal inundation analyses.
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5. The topic of future climatic variability has been dealt with in a recent manuscript by
Resio and Orelup. In this manuscript, it is shown that the hurricane record within the
Gulf of Mexico does not exhibit a strong secular trend, in contrast to the record in the
Atlantic Basin. The Resio and Orelup manuscript showed that the “high-activity”
intervals dominated the extreme surge population for return periods greater than 50 years
or so. As a sensitivity study, they investigated the consequences of a doubling of “high-
activity” years, even though there is no evidence that such a doubling is imminent.
Results of this study showed that such a climate scenario would produce about a 12%
increase in surge levels at the 100-year level, with decreasing effects at longer return
periods.

6. Historically, the storms which appear to have had the most impact on coastal areas within
the Gulf of Mexico have all moved along the central paths shown in Figure 12. Theses
storms include Rita, Ivan, Camille, Katrina, and Andrew in the historical record from
1941 through 2005; thus the set of tracks in this figure have been nicknamed the RICK-
fan.

7. The JPM-OS represents an attempt to combine statistical information over an interval of
the coastline in order to gain more confidence in information relevant to the definition of
extreme surges at a point. This approach also allowed us to incorporate information on
the general behavior of storms in coastal areas (such as storm decay and variations in
storm size and the peakedness of the wind distribution along a transect) into our
simulations of extreme events.
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Table 1.

e-Term Included

Example of Expected Surge Values as a Function of Return Period With and Without

Return Period (years)

Without e-Term (feet)

With e-Term (feet)

50 11.98 12.06
75 13.64 13.90
100 14.82 15.21
125 15.74 16.22
150 16.49 17.04
175 17.12 17.74
200 17.67 18.35
225 18.15 18.88
250 18.59 19.36
275 18.98 19.79
300 19.33 20.18
325 19.66 20.55
350 19.97 20.88
375 20.25 21.20
400 20.52 21.49
425 20.76 21.76
450 21.00 22.02
475 21.22 22.27
500 2143 22.50
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Rate of Cat >2 Hurricanes (storms/deg/yr) (160 km kernel; 1950-2005)
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Figure 1. Analysis of hurricane frequency from Toro (Risk Engineering) from an analysis using an
optimized spatial kernel.
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Figure 2.

Distribution of the maximum surge heights from ADCIRC simulations for a site in Lake

Pontchartrain. Storms within the “non-event” asymptote consist of storms which do not make
landfall close to the site of interest; whereas, storms within the “direct-hit” asymptote represent
storms that pass very close to the site of interest. The different slopes of these line segments
suggests that it may not be justifiable to combine these points into an analysis that treats all of

the points as though they are drawn from a single analysis.
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1992 Aug - Andrew
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Figure 3. Central pressure in landfalling storms plotted against distance from the coast. Previously it was
believed that storm decay began only after landfall. These data from Oceanweather, Inc. show
clearly that decay begins offshore.
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Figure 4. Frequency of hurricanes along reference line with annotated geographic locators, based on

22-storm sample. Location along this line can be taken as equivalent to 1-degree increments

along the coast, with the New Orleans area falling within increment 7.
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Figure 5. Gumbel coefficients for locations along reference line, based on 22-storm sample. For
reference, the Gumbel equation is reproduced here in terms of its explicit dependence on x,

F(AP [ ) = oxp- {exp_ {M

x) }} , Where AP is the pressure differential (peripheral
a,(x

pressure minus central pressure). It should be recognized that the frequency is assumed to be
equal to 1 in this equation. Location along this line can be taken as equivalent to 1-degree
increments along the coast, with the New Orleans area falling within increment 7.
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Figure 6. Distribution of 50-year, 100-year, and 500-year central pressures along the reference line
shown in Figure A2, using both Oceanweather, Inc. (OWI) data and official NOAA values.
Location along this line can be taken as equivalent to 1-degree increments along the coast,
with the New Orleans area falling within increment 7.
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Figure 7a. Comparison of Vickery’s analysis of the combination of distributions for landfalling central
pressures from all coastal segments (taken from the NOAA results shown in Figure 6)
compared to the distribution of all (NOAA) landfalling central pressures within the Gulf of
Mexico.
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980

©
[=2]
o
P
[mg

Y

'I—I

3
A
[

920 -

Central Preessure (mbar)

o0} [{=}

e} [=}

o o
| |

860 !
1 10 100 1000

Reurn Period (Years)

Figure 7b. Same as Figure 7a except specific to the 1-degree increment centered on 7.
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Annual Exceedence Rate of DP for Storms within 100 km of Site MS (30.2 N, §9.3 W)
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