Appendix 1
Hydrograph and High Water Mark
Analysis

Introduction

During Hurricane Katrina, flooding and overtopping, levee erosion, and the sequencing of
levee/floodwall failures, all depended on the time variation of water level. Variation of water
level during the storm was a key driving force in the response of the hurricane protection system.
For such a complex and expansive system, water levels are expected to have great spatial
variability. Unfortunately, measured data were not available at many locations where
information was needed. Therefore, the IPET study used a combination of measured data and
model-simulated data to characterize the time varying water level conditions. Both types of data
complemented each other. Measured data fell into two categories, high water mark
measurements that capture peak water levels (with some uncertainty) and hydrographs which
capture the water level as a function of time. This chapter describes the work done to
characterize water level, based on measured data, along the periphery of the hurricane protection
system, outside of the areas protected by the levee system.

An extensive post-storm effort was undertaken to identify and survey high water marks
following passage of the storm. While certain high water marks capture the peak water levels
well, they contain no information about the temporal variation of water level. High water marks
also have their own inherent issues of quality, uncertainty whether they in fact do reflect a peak
condition, and whether or not water surface motions due to short wind waves or other factors are
reflected in a high water mark.

Measured hydrographs are the most reliable source of data for capturing both the temporal
variation and the maximum water level, and they were used to define conditions wherever
possible. Water level fluctuations were measured with instrumentation during the build-up stage
of the storm at a number of sites throughout the study region; however, few instruments operated
throughout the storm. Most of them failed prior to the peak. Consequently, there is little mea-
sured data that captures peak conditions. In a few cases, photographs and other visual images
were utilized to provide information about the temporal variation of water level to supplement
the recorded hydrographs. These reconstructed hydrographs proved to be extremely valuable for
characterizing conditions along the south shore of Lake Pontchartrain.
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Storm surge modeling was used to complement high-quality water level measurements were
they existed and provide water level information in the many locations were measured data were
not available or were of questionable quality. The model computations provide hydrographs that
capture the peaks and temporal variation on either side of the peak. In a complementary way,
hydrograph data and the highest quality high water marks also are used to evaluate the accuracy
of the storm surge model. Model-to-measurement comparisons provide valuable information for
quantifying the uncertainty in model predictions, which is important because model results were
used to estimate the temporal variation of water level in many locations, particularly in St.
Bernard and Plaquemines Parishes.

High Water Mark Acquisition and Analysis - Overview

The acquisition of high water marks (HWMSs) is generally a two-step process. The first step
is identification and documentation of the mark including photographs or electronic images,
location (local landmarks and latitude, longitude coordinates), type of mark (e.g., mud line on
interior or exterior of a building), the vertical distance above some fixed permanent object or
structure such as a concrete foundation slab, and any other noteworthy characteristics, such as
length. This step is performed as rapidly as possible as the marks are perishable and subject to
eradication by natural causes or human activity.

The second step is termed “recovery” of the mark and refers to the vertical leveling of the
mark relative to an established and accepted vertical datum such as NAVD-88 or NAVD-88
(2004.65). This second step typically is more time consuming and expensive than the first, but
the HWMs would be of little value if not surveyed to a common datum.

Acquisition of HWMs following Katrina was performed by three Federal agencies, USGS,
USACE, and FEMA (or a FEMA contractor), and the State of Louisiana through the Louisiana
State University (LSU). All four entities shared the data. Marks identified by USACE, FEMA,
and LSU were also recovered by each respective agency. Most of the marks identified by USGS
were recovered by FEMA (or a FEMA contractor). A selected subset of approximately 50 marks
identified by USGS was also recovered by USGS field crews to confirm elevations provided by
FEMA contractors.

The passage of hurricanes often results in short-period wind waves on top of the much
longer-period storm surge that creates significant entrainment of various types of debris
including vegetation, seeds, dirt, man-made trash, and dislodged building material. Depending
on local conditions, the entrained debris will deposit on or adhere to some surfaces once the peak
stage has been reached and the stages begin to fall. The deposited debris leaves what is referred
to as a high water mark (HWM) and the mark is used to quantify the magnitude of peak storm
surge. The highest quality marks for estimating storm surge are those that have little or no wave
effect (i.e., no influence of wave crests or wave run-up). Some HWMs are collected where
significant wave effects are present but that effect is noted. In this analysis, the focus was on use
of HWM s as indicators of storm surge, without the effects of wave crest and wave run-up.
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All HWMs were reviewed and assigned a reliability value. The reliability of each HWM is
assessed as “Excellent,” “Good,” or “Fair/Poor”. There is no standard method for determining
HWM reliability. Moreover, assignment of reliability values to HWMs is not a totally objective
process, but by its nature involves both objective and subjective elements. Discussion by the
team assigning the reliability values led to a consensus that the mark should reflect, as closely as
possible, the storm surge, stable or mean, water level. That is, the physical setting where the
mark was located should approximate a tide gage stilling-well type environment. The basis for
this consensus is that storm surge models do not explicitly include wave crest or runup effects,
and one of the important uses of the HWM data is validation and verification of surge model
simulations.

Other criteria for assigning quality or reliability values have been used (and could have been
used herein), such as the degree of confidence that the surveyed HWM elevation is indicative of
the actual peak water elevation, and without regard to the physical processes involved in
establishing the mark.

For Hurricane Katrina, the criteria used for this report are:

Observer notes — The notes included in the description of HWMs by the field survey teams
identifying the marks, generally contain an initial assessment of the reliability of the mark.

Interior (inside structures) or exterior (outside structures such as levee debris) HWM - For
this report, only interior HWMs were classed as excellent. No exterior HWMs are classed as
excellent because of the possibility the HWM includes other physical effects. This does not have
to be the case, but that criterion was adopted in this study.

Self-consistency — Groups of similar types of marks in a small geographic area should show
elevations consistent with one another. There is no objective test for consistency, but HWM
values in the limited geographic area generally should not vary by more than about 10 percent
from one another to be assessed as “Excellent” and not more than about 20 percent to be
assessed as “Good.”

Obvious inclusion of wind, wave, or rainfall effects — Some HWMs, because of location
and/or field observer notes, include wind, wave, or rainfall effects. These effects tend to elevate
the water surface above that produced by the surge, so degrades the mark reliability.

Approximately 790 HWMs were identified and recovered by the four previously identified
agencies in Louisiana and Mississippi following Katrina’s passage, excluding marks identified
and recovered within the New Orleans levee system. Of these 790 marks, approximately 95
marks (about 12%) were recovered from the interior of structures and are considered to be the
most reliable measures of the storm surge. The remaining 695 HWMs are debris lines (wrack
lines), or on the exterior of structures where they could include wave or wind-blown water
effects. It should be emphasized here that the exterior HWMs are not less valid measures of
inundation, just that they are not as accurate indicators of what is generally defined as storm
surge.
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The area of southeast Louisiana including the New Orleans metropolitan area is known to be
subsiding. To provide the best vertical datum reference for leveling marks in Louisiana, the
National Geodetic Survey (NGS) was consulted. The NGS staff recommended a time-dependent
datum designated NAVD88 (2004.65) be used. The use of NAVD88 (2004.65) resulted in
vertical adjustment of network monumentation in this geographic area of between 0.4 ft and
0.7 ft. Adjustment of the vertical datum used for Mississippi HWMs was considered not required
at this time, so all HWMs in Mississippi are referenced to NAVD88 vertical datum.

Figure 1-1 is an example image of a HWM presentation, which includes the HWM identifier,
and water elevation. The shape of the HWM identifier indicates the HWM reliability. The setting
in which a high water mark was collected is important in assessing the quality of a mark and
those processes that might be reflected in the mark. Superposition of the mark on a photographic
image aids in assessment and interpretation of HWMs in light of their geographic setting. Images
1 through 58 (two photo index images and 56 separate images with HWMs) at the end of this
chapter show the HWM s in the metropolitan New Orleans vicinity and southeastern Louisiana
area, which were utilized in this study. Images depict the location, elevation and reliability of all
HWMs, focusing on unprotected areas.

Figure 1-1. Sample image of the 17th Street Canal Entrance showing locations of HWMs and water
elevation for each mark.
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Plates 1-1 through 1-3 contain spreadsheets with identification, location, and elevation of all
HWMs for Louisiana and Mississippi that were acquired as part of this study, in unprotected and
protected areas. There are a number of HWMs in protected areas. There are fewer HWMs in
unprotected areas of eastern St. Bernard, eastern Orleans, and southern Plaquemines Parishes.

Hydrograph Acquisition and Analysis - Overview

Hydrograph data, as defined herein, differ from High Water Mark (HWM) data in that time
and magnitude are known for water level data whereas only magnitude is known for HWM data.
The hydrograph data come from various sources including gage data, staff readings, and survey
of physically identifiable objects in time-tagged digital pictures. In the usual (and strict) sense of
usage, the term “hydrograph” refers to water level data from a calibrated staff or instrument
recorded either manually or automatically. Because the time sequence of events is of paramount
importance for the post-Katrina project performance studies, every available technique has been
used to depict as accurately as possible the rise, peak, and fall of storm water levels. All
hydrograph data from identified conventional gages or calibrated staffs in the affected area have
been reviewed. Unfortunately, most gages malfunctioned or did not survive, therefore did not
record the peak water level of Katrina. Of greatest interest, there were no gages at the entrances
of the 17th Street, Orleans, and London Avenue canals, the GIWW, or the Inner Harbor
Navigation Canal (IHNC) except at the IHNC Lock.

Time-tagged digital images from the Lake Pontchartrain - New Orleans lakefront were taken
by several individuals who were in buildings or vessels during Katrina’s passage. Using these
images (which contained physically identifiable reference marks), logs of observations, and
nearby HWMs, hydrographs were constructed for the 17th Street Canal entrance, the New
Orleans Lakefront Airport, and the IHNC lock. Recorded and reconstructed hydrographs are pre-
sented in the following sections. Note that all elevations are presented in the time-dependent
datum NAVD88 (2004.65).

Observed Water Levels in Lake Pontchartrain and Along the
South Shore

This report summarizes observed water levels from gages in Lake Pontchartrain and high
water marks along the south shore of Lake Pontchartrain. Figure 1-2 shows a map of various
locations in Lake Pontchartrain used herein. All elevations presented herein are in the time
dependent datum of NAVD88 (2004.65).

Figure 1-3 shows a plot of 5 gage hydrographs and two constructed hydrographs. Each
hydrograph is labeled with a relative location in Lake Pontchartrain as either west, central, or
east. The constructed hydrographs at the 17th Street Canal and the Lakefront Airport and the
gage hydrographs at Southshore Marina, Little Irish Bayou, Pass Manchac, and Bayou Labranch
are in NAVD@88 (2004.65). The Midlake Gage was adjusted to NAVD88 (2004.65) by matching
the average of the Pass Manchac and Bayou Labranch gage hydrographs before the storm.
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Figure 1-2. Lake Pontchartrain gages and other locations referenced herein.
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Figure 1-3. Gage hydrographs and constructed hydrographs on Lake Pontchartrain.
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Figure 1-4 shows a plot of high water marks along the south shore of Lake Pontchartrain.
The marks are separated into 3 categories of USACE marks inside buildings, USACE levee
debris, and FEMA wrack or debris lines with the last two categories being essentially the same
type of mark. The plot also shows a best estimate of peak storm water level based on the high
water marks. With the exception of the Williams Boulevard location, the best estimate line is
based on USACE marks inside buildings. At Williams Boulevard, there is a restroom that has all
the characteristics of an excellent stilling well. The elevation of the mark (6.5 ft) in this restroom
is much lower than the levee debris found by both the USACE and the FEMA teams. The 6.5 ft
elevation is consistent with the elevations from Hurricane Rita. Any marks on Figure 1-4 less
than about 7.5 ft and to the east of Bayou Labranch could reflect Hurricane Rita rather than
Hurricane Katrina. The levee debris is accepted at this location because the foreshore slope
between the levee debris and the lake is extremely flat and long that would have resulted in
minor wave action at the location where the levee debris was deposited.
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Figure 1-4. Variation of peak water level along south shore of Lake Pontchartrain based on high water
marks.

Starting at Frenier on the west, the best estimate line is based on two excellent marks inside
buildings. At the next point east at Bayou Labranch, the best estimate is based on two excellent
marks inside buildings at 5.75 ft and 6.0 ft and the Bayou Labranch gage. Notice that the Bayou
Labranch gage in Figure 1-3 peaks at an elevation of 6.0 ft. It is possible that the Bayou
Labranch readings are affected by the fact that the gage and the HWMs are connected to the
Lake by a channel that is about 0.5 mile long. An alternate estimate of water level along the
south shore is to connect Frenier and the Williams Blvd points. The next point on the best
estimate line at Williams Boulevard has already been discussed. From Williams Blvd to the next
points at 17th Street Canal, the profile is assumed to be linear but water levels could have stayed
high for some distance west of 17th Street before dropping to the level at Williams Blvd. The
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selection of a value of 10.8 ft for the 17th Street Canal was based on 13 excellent (inside
buildings) high water marks. These marks are discussed subsequently in this report. Continuing
to the east, there is a high water mark LA 1012 that is an excellent mark inside Shelter No. 2 on
the Lakefront in a restroom at elevation 11.7 ft. The door to this restroom was not latched but
was held closed by an automatic door closer. Although this restroom was inside another room
whose door was open to the storm, waves could have pushed the restroom door open allowing
some wave effect of this mark. For this reason and because it is a single point, this mark was not
used in the best estimate line.

The next marks to the east are the numerous levee debris marks that exhibit large variability.
The marks south of the lakefront levee and inside London Avenue Canal would be expected to
have a lower wave component. However, the two breaches on London Avenue Canal occurred as
early as 7:00 AM that is roughly 2 hours before the peak water level. During peak water levels, a
large amount of flow would be entering London Avenue Canal. Any high water marks in the
canals would be affected by the entrance loss at the junction of London Canal and Lake
Pontchartrain as well as the conversion of potential energy in the Lake to Kinetic energy in the
canal. For that reason, points inside London Canal were not used. Levee debris points along the
lakefront levee were not used because of the large variability. The next inside building points to
the east were at the old Naval Reserve on the west side of the IHNC. Three points LA 1050 at
11.4 ft, LA 1086 at 11.9 ft, and LA 1154 at 11.8 ft result in an average value of 11.7 ft for this
location. The last inside building marks were at the Lakefront Airport east of the IHNC where
three marks were found LA 1033 at 11.7 ft, LA 1063 at 12.1 ft, and LA 1253 at 11.8 ft for an
average of 11.9 ft. No inside building marks could be found east of the Airport.

Using the best estimate curve, the 4 canals have the following values of peak water level: 1)
17th Street Canal at 10.8 ft, 2) Orleans Canal at 11.1 ft, 3) London Canal at 11.4 ft, and 4) IHNC
at 11.8 ft. All elevations are in NAVD88 (2004.65). Using these peak water levels at the canal
entrances along with the constructed hydrographs at 17th Street Canal and the Lakefront Airport
(discussed in the following section), hydrographs were interpolated for Orleans, London, and the
IHNC Canal entrances as shown in Figure 1-5 for a general plot and Figure 1-6 for a detailed
plot.

Constructed Hydrograph for 17th Street Canal Entrance

General Description. Gage data defining the time variation of water level during Hurricane
Katrina were not available on the South shore of Lake Pontchartrain in the vicinity of the
breaches on 17th Street and London Canals or on the Inner Harbor Navigation Canal. The time
variation of water level is needed to define the water level at various events during the hurricane,
such as the water level at the time of a floodwall breach. As part of the data collection task of the
IPET, high water marks, intermediate water marks from photographs, and observations recorded
in a log by an individual are used to construct a hydrograph for the 17th Street Canal. All
elevations are in the time dependent datum of NAVD88 (2004.65).
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Lake Pontchartrain Canal Hydrographs- General
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Figure 1-5. Constructed and interpolated hydrographs at canal entrances- general view.

Lake Pontchartrain Canal Hydrographs- Detailed
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Figure 1-6. Constructed and interpolated hydrographs at canal entrances- detailed view.

Water level data from digital pictures. A boat owner stayed at the Municipal Yacht Harbor
(MYH) on his boat during Katrina. The MYH is located immediately east of the entrance to the
17th Street Canal on Lake Pontchartrain as shown in Figure 1-7. The boat was a large steel
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hulled trawler moored in the location shown on Figure 1-7. The boat was moored with multiple
2” diameter hawsers. Figure 1-8 shows a view looking south toward the MYH building that is
located on the south side of the Harbor. Figure 1-8 also shows blue railing (background) and
piling (foreground) that were used to define water surface elevation in the digital photographs.
The blue railing has two levels above the concrete dock supporting the railing. The center of the
lower rail is 1.95 ft above the concrete dock. The center of the higher rail is 3.85 ft above the
concrete dock. The rails are 0.2 ft in diameter. Table 1-1 shows various surveyed elevations
pertinent to determining elevations from the photographs including the average tops of pilings
looking northeast from the position of the boat. These pilings are shown in subsequent pictures
labeled “looking northeast” and were relatively consistent in top elevation and only visible at
elevations less than about 6.9 ft. The points taken from the digital pictures were initially
surveyed in November 2005. These points were resurveyed by a different company in March

2006 and found to be correct.

N

Coast Guard Harbor

1/7th Street Canal —

L oke Pontchaortrain

Municipal Yacht Harbor

Trawler Moored Here

rleans Marina

Figure 1-7. Location of Municipal Yacht Harbor and Orleans Marina at 17th Street Canal.
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Figure 1-8. Railings, pilings, and other features near Municipal Yacht Harbor Building. Looking south

Table 1-1
Elevations of Features Pertinent to Determine Water Surface Elevations from the Boat
Owner Pictures

Feature Elevation, ft NAVD88 (2004.65) | Source

Slab supporting blue railing 5.25 Surveyed

Center of lower railing 7.2 Slab elevation plus 1.95 ft
Center of Upper railing 9.1 Slab elevation plus 3.85 ft
Slab near chain link fence 3.9 Surveyed

Top of piling with orange cushion wrapped 6.6 Surveyed

High water mark 10.3 Surveyed

Average tops of pilings northeast of moored boat 6.9 Surveyed

Water level on electrical box showing elevation on 8/30 at 1132 4.55 Surveyed

(CDT)

A series of digital photographs were taken with a Sony DSC-F828. Some provided
information for delineating water level while others did not. The pictures were tagged with time
that was one hour behind Central Daylight Time (CDT). The camera owner/operator and the
LSU Hurricane Center personnel confirmed that the camera file times were in Central Standard
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Time. References to time in this report will use CDT by adding 1 hour to the digital picture
tagged times. To convert to UTC, add 5 hours to CDT.

a.

IV-1-12

Thisis a

0552 (CDT) on 8/29/05, elevation 6.6 ft: Figures 1-9 and 1-10 show pictures taken of the
blue rail at 0552 (CDT). By knowing the distance between the top and bottom rails and
the elevation of both rails, the distance from the bottom rail to the water surface can be
determined using the ratio of distances in the photograph. In Figure 1-9 the water level is
1.0 ft below the lower rail. In Figure 1-10, the water levels at the 3 vertical posts are 0.2,
0.6, and 0.7 ft below the lower rail. The differences in distance below the lower rail is the
result of wave action that has a wave height (trough to crest) of at least 0.8 ft based on
these two pictures. By averaging the distances, the wave effects are reduced but not
eliminated. Averaging all 4 yields an average distance below the lower rail of 0.6 ft for a
water surface elevation of 7.2 — 0.6 = 6.6 ft.

0814 (CDT) on 8/29/05: Pictures DSC02233-DSC02236 show the harbor with no tops of
piling visible but no elevations can be determined.

0816 (CDT) — 0826 (CDT) on 8/29/05, elevation 9.1 ft: Figures 1-11 to 1-15 (pictures
DSC02237-DSC02241) show the water level at the top rail in all available pictures.
Figure 1-14 shows the double door in the middle of the north wall of the MYH building.
The boat owner said the double door was knocked down sometime on the 8/29/05.
Elevation of the top rail is 9.1 ft.

0934 (CDT) — 0935 (CDT) on 8/29/05: Pictures DSC02242-DSC02244 show intense rain
but no features that provide an elevation. These pictures are in the middle of the time
range that contains the peak storm surge presented subsequently.

1005 (CDT) on 8/29/05: Pictures DSC02245-DSC02250 show boats in the harbor but no
tops of piling that could provide an elevation. These pictures are at the end of the time
range that contains the peak storm surge presented subsequently.

1312 (CDT) — 1313 (CDT) on 8/29/05, elevation 6.3 ft: Pictures DSC02251-DSC02256
show pilings in the harbor. Figure 1-16 (DSC02255) shows a double piling with some
orange visible beside the piling. At the site visit, only one double piling had an orange
wrap that was loose at the bottom and would have floated up during the higher water
level. A mark was placed on this piling at the water level estimated from the picture. The
mark was 0.5 ft below the top of the piling. This mark was surveyed and found to be at
elevation 6.2 ft. Other pilings in the picture were also about 0.5 ft below the top of piling
providing an elevation of 6.4 ft. A value of 6.3 ft is used for this time.
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Figure 1-9. Picture DSC02231.JPG taken at 0552:00 CDT on 8/29/05, elevation 6.6 ft. Looking
southwest. Water level is 1.0 ft below lower rail.
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Figure 1-10. Picture DSC02232.JPG taken at 0552:22CDT on 8/29/05, elevation 6.6 ft. Looking
southwest. Left vertical post: water level 0.2 ft below lower rail. Center vertical post: water
level 0.6 ft below lower rail, right vertical post: water level 0.7 ft below lower rail. Average of
all observations from DSC02231 and DSC02232 is 0.6 ft. Picture brightness and contrast
adjusted.
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|78Iue upper rail

Figure 1-11. Picture DSC02237.JPG taken at 0816:22 (CDT) on 8/29/05, elevation 9.1 ft. Looking
southeast. Water level at upper rail. Brightness and contrast adjusted.

Volume IV The Storm — Technical Appendix IV-1-15
This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Figure 1-12. Picture DSC02238.JPG taken at 0816:28 (CDT) on 8/29/05, elevation 9.1 ft. Looking
southeast. Water level at upper rail. Brightness and contrast adjusted
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Figure 1-13. Picture DSC02239.JPG taken at 0816:52 (CDT) on 8/29/05, elevation 9.1 ft. Looking
southeast. Water level at upper rail. Brightness and contrast adjusted.
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Figurel-14. Picture DSC02240.JPG taken at 0826:32 (CDT) on 8/29/05, elevation 9.1 ft. Looking south.
Water level at upper rail.
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Blue upper railing —‘

Figure 1-15. Picture DSC02241.JPG taken at 0826:36 (CDT) on 8/29/05, elevation 9.1 ft. Looking south.
Water level at upper rail. Brightness and contrast adjusted.
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Double piling with
orange wrap

Figure 1-16. Picture DSC02255.JPG taken at 1313 (CDT) on 8/29/05, elevation 6.3 ft. Looking northeast

g. 1537 (CDT) — 1543 (CDT) on 8/29/05, elevation 6.5 ft: Numerous pictures provide rail
evidence and top of piling evidence. Figure 1-17 (DSC02262- 1538:44) shows the water
level at 5 vertical posts at 0.7, 0.8, 0.8, 0.7, and 0.6 ft below the lower rail that averages
0.7 ft. Figure 1-18 (DSC02263- 1538:54)) show the water level at 4 vertical posts at 0.5,
0.7, 0.7, and 0.9 ft below the lower rail that averages 0.7 ft below the lower rail that gives
an elevation of 7.2 — 0.7 = 6.5 ft. Figures 1-19 (DSC02267- 1539:34) and 1-20
(DSC02269- 1539:56) show the double piling with the orange cushion. Based on the
photographs, the water level is about 0.1 ft below the top of piling giving an elevation of
6.5 ft.

h. 1648 (CDT) — 1650 (CDT) on 8/29/05, elevation 6.7 ft: Numerous pictures (DSC02280-
DSC02296) of fire in background and top of piles both close to the boat and far away.
Figure 1-21 (DSC02287) shows a typical picture of top of piling relative to water level.
Average distance of water level below tops of piling was about 0.1-0.3 ft. Based on sur-
veyed average top of piling, average elevation was 6.7 ft.

i. 1710 (CDT)-1724 (CDT) on 8/29/05, elevation 6.9 ft: Pictures DSC02297 — DSC02327
show distance of water level below tops of highest pilings of about 0.1 ft or an elevation
of 6.8 ft. Figures 1-22 (DSC02305- 1711:04) and 1-23 (DSC02306- 1711:14) show the
chain link fence section west of the moored boat. The water level position on the fence
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was determined by counting the openings in the chain link fence and measuring that
location on the fence above the slab that was surveyed near the fence. The distances
above the slab were 3.6 ft and 2.6 ft giving respective water surface elevations of 7.5 and
6.5 ft for the two photographs that were 10 sec apart. In this case, wave height was at
least 1.0 ft. Average water surface elevation based on the chain link pictures is 7.0 ft.
Average of chain link derived and top of piling derived water surface elevations is 6.9 ft.
By averaging the chain link derived water surface elevations with the top of piling
derived elevations, the effects of wave action is reduced but not eliminated.

j. 1757 (CDT) - 1758 (CDT) on 8/29/05, elevation 6.7 ft: Pictures DSC02328- DSC02337
show the water level at about 0.2 ft below the tops of the highest pilings giving an
average elevation of about 6.7 ft. Figure 1-24 (DSC02333) shows a typical top of piling
picture.

k. 1132 (CDT) on 8/30/05, elevation 4.55 ft: Figure 1-25 (DSC02338) shows electrical box
where the water level on 8/30 is 4.0 ft above the water level on 11/8 based on measuring
the location of the water on the box in the picture down to the water level on 11/8. This
point was not surveyed in the initial survey. The electrical box is located on the east end
of the third row of docks. The water level on 11/8 was 5.8 ft lower than a surveyed mark
on a piling that was at elevation 6.15 giving a water level of 6.2-5.8 = 0.4 ft on 11/8. The
water level on 8/30 = 4.0 + 0.4 = 4.4 ft. In the resurvey in 2006, this point was at an
elevation of 4.55 ft.
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Figure 1-17. Picture DSC02262.JPG taken at 1538:44 (CDT) on 8/29/05, elevation 6.5 ft. Looking east-
southeast. From left to right vertical posts, water level is 0.7, 0.8, 0.8, 0.7, and 0.6 ft below
the center of the lower rail.
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Figure 1-18. Picture DSC02263.JPG taken at 1538:54 (CDT) on 8/29/05, elevation 6.5 ft. Looking
southeast. From left to right, water level is 0.5, 0.7, 0.7, and 0.9 ft below the center of the
lower rail.
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Figure 1-19. Picture DSC02267.JPG taken at 1539:34 (CDT) on 8/29/05 elevation 6.5 ft. Looking
northeast.
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Figure 1-20. Picture DSC02269.JPG taken at 1539:56 (CDT) on 8/29/05, elevation 6.5 ft. Looking
northeast.
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Figure 1-21. Picture DSC02287.JPG taken at 1649 (CDT) on 8/29/05, elevation 6.7 ft. Looking northeast.
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Chain Link
fence

Figure 1-22. Picture DSC02305.JPG taken at 1711:04 (CDT) on 8/29/05, elevation 7.5 ft. Looking west
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Figure 1-23. Picture DSC02306.JPG taken at 1711:14 (CDT) on 8/29/05, elevation 6.5 ft. Looking west.
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Figure 1-24. Picture DSC02333.JPG taken at 1757 (CDT) on 8/29/05, elevation 6.7 ft. Looking northeast
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Figure 1

Electrical box

-25. Picture DSC02338.JPG taken at 1132 (CDT) on 8/30/05 elevation 4.4 ft. Electrical box at
east end of third row of docks

Log of Water Level Observations. A second boat owner stayed on his boat in the Orleans

Marina

(Figure 1-7) during Hurricane Katrina on Sunday and Monday, August 28 and 29, 2005

and kept a log of water levels during the storm. The boat owner was interviewed by the IPET on
12-15-05 at his boat in the Orleans Marina. Log entries were as follows:

a.

b.

IV-1-30

Thisis a

Sunday 8/28/05, 16:00 hrs: Water level 1 ft above normal. No mark will be surveyed
because uncertain how to quantify “normal.”

Sunday 8/28/05. 23:00 hrs, elevation 3.0 ft: Water level at bottom side of the 2X6’s
covering the deck of the finger pier. Survey point OM-01, Figure 1-26.

Monday 8/29/05,01:30, elevation 3.7 ft: Water level at top of 1% step up from finger pier.
Survey point OM-02, Figure 1-27.

Monday 8/29/05,04:00, elevation 5.1 ft: Water level at top of concrete pile cap. Survey
point OM-03, Figure 1-28.

Monday 8/29/05,06:00, elevation 5.6 ft: Water level at top of steps equal to top of main
concrete dock in Figure 1-28. Survey point OM-04.

Monday 8/29/05,06:15, elevation 7.0 ft: Water level at 1* rail. Survey point OM-05,
Figure 1-29.
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g. Monday 8/29/05,10:00, elevation 10.1 ft: Water level at top rail. Survey point OM-06,
Figure 1-29.

Figure 1-26. Time 23:00 on 8/28/05, elevation 3.0 ft. Bottom of 2X6 deck board
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Figure 1-27. Time 1:30 on 8/29/05, elevation 3.7 ft. Top of first step on finger dock
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| Concrete
pile cap

Figure 1-28. Time 4:00 on 8/29/05, elevation 5.1 ft. Top of concrete pile cap next to steps
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Figure 1-29. Time 6:15 on 8/29/05, elevation 7.0 ft (bottom rail) and 10.1 ft (top rail)

h. Monday 8/29/05,11:00, elevation 9.2 ft: The boat owner stated that he observed the water
on the floodwall was falling at 1100 hrs. He pointed to a location on the floodwall that
was 2’3" below the top of floodwall (floodwall at 12.5 ft NAVD88, 2004.65) that was the
location of the peak of the 2 ft waves being caused by the West wind. A survey point was
placed at 3°3” below the top of wall and asked if this level would represent an average
water level. He agreed that it was. Survey point OM-09, Figure 1-30, was the average
level. This point has a high degree of uncertainty.

I. Monday 8/29/05, from 12:45 to 15:00, elevation 6.5 ft: Water level at top of main
walkway that supports metal railing. Elevation scaled from Figure 1-31 as 6.5 ft.

J. Monday 8/29/05,unknown time, elevation 11.9 ft: HWM on a column near steps based on
visual observation by boat owner and based on another boat owner’s (who also stayed on
his boat) depth sounder that resulted in the peak storm surge at 7 ft over the main pier.
Because use of this mark would require checking the depth sounder and there are
numerous HWM inside buildings in this area, this mark was not used.

k. Monday 8/29/05, unknown time: The boat owner showed us a boat that had gouges on
the stern where it had risen with the storm surge and hit the metal roof which gouged the
boat. Boat located at Pier 5, slip 47 (2nd slip on left). Since the location on the bent roof
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that caused the gouges is uncertain and the vertical extent of the gouges is about 1 ft, this
HWM was not used.

I. It must be noted that this individual believed the peak happened between 10:00 and 11:00
AM and closer to 11:00. His observations at 10:00 and 11:00 show the water level was
falling. He was not able to make observations between 6:15 and 10:00 AM that contains
the time interval of peak storm surge from the Lakefront Airport photographs.

High water marks. The high water mark (HWM) at the MYH was consistent at several
locations inside the building and 5.2 ft above the floor. This mark, LA 1163, was surveyed as
elevation 10.3 ft. This magnitude is compared in Table 1-2 to other HWM s in the 17th street area
of Lake Pontchartrain. Figure 1-1 shows the locations of the high water marks. All of the HWMs
are inside buildings and values in Table 1-2 are presented in NAVD88 (2004.65). Buildings are
generally “tight” having brick walls and steel doors or “porous” having unsealed sheet metal
walls attached to a metal framework. Based on the author’s field observations of each mark in
Table 1-2, marks are labeled as (1) a likely high estimate of surge because of the presence of
waves inside a porous building, (2) a possibly low estimate of surge because the mark was inside
an undamaged tight building that may not have reached equilibrium, or (3) uncertain whether
high or low because building was tight but damaged in the storm at an unknown time in the
hydrograph. The four values for likely high estimate of surge range from 11.0 to 11.7 ft
NAVD88 (2004.65). The 5 possibly low estimate of surge ranges from 10.0 to 10.9 ft NAVD88
(2004.65). Six values of 10.3 to 11.1 were classified as uncertain whether high or low. Three
techniques were used to determine a representative value as follows:
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Figure 1-30. Time 11:00 on 8/29/05, elevation 12.5 ft (top of floodwall), 10.2 ft (peak of 2 ft waves), 9.2 ft
(average water level at OM-09)
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Figure 1-31. Main walkway of Orleans Marina. Boat is just behind individual on the walkway.
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Table 1-2
High Water Marks in 17th Street Canal and Vicinity

Elevation, ft
NAVD88
LA ID#'s (2004.65) Description
1007 10.8 Seed/debris line inside Coast Guard, brick and steel door room. Door had crease on
backside indicating it was blown open but not known when. Uncertain whether this is low or
high estimate of surge.
1031 10.9,10.3, 10.0, Seed/debris line in Coast Guard rooms that had steel doors that were relatively tight and
104 were intact. These points are possibly low estimates of surge because of building tightness.
1008,1009 | 10.7,11.0 Seed/debris line inside storage room of residential type construction, double door with
wooden frame lying on floor, lower mark has less wave exposure. These points are unknown
whether high or low because not certain when doors were damaged.
1010, 11.7,11.0 Seed/debris line in sheet metal building which has many entry points for water and was
1020 severely damaged by Katrina. Lower mark set by COPRI after observing first mark had more
wave exposure. These points are likely high estimates of surge because of wave exposure.
1032 10.2 Seed/debris line in Orleans Marina Men’s restroom. Brick and steel door building. This point
is possibly a low estimate of surge because of building tightness.
1034 10.8 Hong Kong restaurant. Seed/debris line on outside of building. Uncertain whether this point
is high or low because the building was tight but damaged sometime during the storm.
1035 114 Seed/debris line inside severely damaged boathouse, definite wave exposure. This point is
likely a high estimate of surge because of wave exposure.
1036 11.2 Seed/debris line inside sheet metal building that was severely damaged by Katrina. This
point is likely a high estimate of surge because of wave exposure.
1038 111 Coast Guard, seed/debris line inside garage room with roll down door that had damage to
the bottom during Katrina. Uncertain whether this is low or high estimate of surge.
1056 10.8 Levee Debris just west of Coast Guard. This is likely a high estimate of surge due to wave
exposure. This is the only outside mark and is given no weight.
1163 10.3 Seed/debris line inside municipal yacht harbor. Steel door and brick building that was
damaged by Katrina. Uncertain whether this is a low or high estimate of surge.

Average of all points = 10.8 ft.

Omit high category and low category HWMs. Average of uncertain points = 10.8 ft.

c. Use one value for each location and average all locations. In buildings such as the Coast
Guard where 5 points were taken, an average for each location was determined. The
average of all locations was determined to be 10.9 ft.

o

Based on the above averaging techniques, a high water mark value of 10.8 ft is recommended
for the 17th Street Canal entrance. Using all values in Table 1-2, the high water mark data has a
standard deviation of 0.5 ft.

The timing of the high water mark is needed to position the high water mark in the
hydrograph. Based on ADCIRC model results, the timing of peak high water at the 17th Street
Canal and the Lakefront Airport is within 15-20 minutes of each other. The photographic record
at Lakefront Airport is the best data available concerning when the peak occurred. Based on data
from the Lakefront Airport and both marinas discussed herein, the peak water level occurred
sometime between 9:00 AM and 10:00 AM. This time range will be shown on the hydrograph.
This high water time range also agrees with the time estimate of an Orleans Avenue Canal Pump
Station #7 operator who stated the short wall connecting the pump station to the floodwall
started overflowing at 8:30-9:00 and lasted for about 1.5 hours.
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Hydrograph Plot- The data derived from the boat owner pictures, log, and the high water
mark are plotted in the Figure 1-32 hydrograph.

Lake Pontchartrain Hydrograph near 17th Street Canal

13
Magnitude of high water mark based on average value for 17th
12 1 Street Canal vicinity. Time for the high water mark is based on
o 11 data from both observers and the large amount of data from
g 10 - —T—r——_lthe Lakefront Airport that showed the peak happening between
8 9 9:00-10:00 CDT. A peak at 9:30 CDT is shown for the
& hydrograph.
8 8
8
S 7 Pary
<Z( 6 o
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Central Daylight Time on 8/29-8/30

Figure 1-32. Hydrograph for Lake Pontchartrain at 17th Street Canal based on digital photographs, log of
events, average HWM in vicinity, and HWM time based on boat owners and Lakefront Airport
data.

Constructed Hydrograph for New Orleans Lakefront Airport

General Description. During the passage of Hurricane Katrina on Monday August 29, 2005,
personnel of the Orleans Levee District stayed in the terminal building of the Lakefront Airport
(Figure 1-33). Levee District personnel used digital cameras to record events during the
hurricane including the rise and fall of storm surge both inside and outside the terminal building.
The digital photographs were used to identify water level locations that were subsequently sur-
veyed. The surveyed elevations along with the time stamp on the digital picture files were used
to construct a hydrograph for the Airport location.

Water Level Data from Digital Photographs. The digital cameras used by levee district
personnel were an HP Photosmart 735, a Sony DSC P72, and a Sony FDMAVICA. The Sony
DSC P72 had no automatic time update for daylight savings time (DST) whereas the HP
Photosmart 735 has this feature as an option. The FDMAVICA has this feature on some
cameras. The operator of the Sony DSC P72 camera confirmed that the time on this camera was
12 hr 9 min ahead during daylight savings time. The operator provided a cell phone picture on
Dec 15, 2005 at 8:23 PM and the file information showing 9:32 AM on the 16th. When checked
after DST in January 2006, the HP Photosmart 735 camera was 1 hour ahead that would have
made the camera time correct during DST if the camera did not have this feature. The HP
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Photosmart operator stated the camera had not been adjusted since Katrina. In January, 2006, the
camera was set to a time and date during DST to see if the camera time fell back 1 hour when the
time reached the end of DST. No change in camera time occurred so the camera time during
Katrina was accepted as being correct. The Sony FDMAVICA was one day off in time during
Katrina since the date was shown as August 28 on both the files and the red letters shown on the
photographs. The Sony FDMAVICA operator had reset the camera since Katrina to correct the
date so it was not possible to check the time on the FDMAVICA. Times from the FDMAVICA
are accepted but it was the only camera whose time could not be checked. Fortunately, the bulk
of the data came from the DSC P72 and the HP Photosmart.

Center of Terminal Bldg
X-3,694,610 ft

Y- 560,940 ft

scaled LA South Zone

Figure 1-33. Location of Lakefront Airport Administration Bldg.

Water surface elevation marks from the pictures were located by members of the IPET data
collection and datum teams. The marks were surveyed by differential leveling on 16 Dec 05, by
3001, Inc. All elevations are referenced to the updated time dependent vertical datum for the
New Orleans region—NAVD88 (2004.65). Some points were not directly surveyed because the
surveyed floor elevation of the airport terminal building was used as a reference.

Figure 1-33 shows the airport terminal building and runways. The main runway west of the
airport terminal was not surveyed but records obtained from the airport showed the main runway
has an elevation of 6-7 ft west of the terminal that goes up to 7-8 ft on the north end of the main
runway. The datum of these elevations is not certain. The concrete taxiway area adjacent to the
north side of the airport terminal is lower at about 4.5 ft elevation (NAVD88, 2004.65). The
purpose of presenting these elevations herein is two fold: (1) The water levels on the lower parts
of the rising and falling limbs of the hydrograph are likely not representative of Lake
Pontchartrain because the land around the airport is high enough to retard water levels reaching
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and leaving the vicinity of the airport. (2) Wave activity in the terminal and surrounding
buildings was reduced by the presence of the runways.

Table 1-3 shows the sequence of photographs and surveyed elevations that were used to
construct the hydrograph. The table provides picture filenames as received from the Orleans
Levee District. The following paragraphs describe each point in Table 1-3. Unless noted all
points are in the time dependent datum of NAVD88 (2004.65).

a. Time 7:29, Airport high water mark (APH)-01, elevation 6.7, Figure 1-34. Located south
of terminal building on sloping wall. APH-01 is the earliest photograph providing stage
data at the airport. Being on the south side of the terminal building, this mark is protected
from direct wave activity from Lake Pontchartrain. Low wave action is evident.

b. Time 7:29 AM, APH-22, elevation 6.6, Figure 1-35. On south wall of terminal building
near east walkway. Horizontal joint in wall is 0.3 ft above floor of terminal which is at
elevation 8.45 ft. Distance from bottom of light to joint was 6.3 ft. Scaled distance from
joint to water surface was 2.2 ft. The influence of the surrounding bathymetry on water
levels raises significant doubt about points APH-01 and APH-22.

c. Time 8:27 AM, APH-21, elevation 10.8, Figure 1-36. Picture inside terminal lobby in
which brightness and contrast have been adjusted to show water level. The window
height was measured at 4.5 ft and the distance from the bottom of the window to the floor
was 3.5 ft. Based on scaling the photograph, the distance from the bottom of the window
to the water surface was 1.2 ft resulting in a 2.3 ft depth above the floor. The floor of the
terminal is at elevation 8.45 giving a water level of 10.8.

d. Time 8:28 AM, APH-15, elevation 10.8, Figure 1-37. Inside terminal on wall near south
door in Figure 1-37. The distance on the wall above the bottom of the light switch was
measured at 2.7 ft and the bottom of the light switch to floor was 4.2 ft. Based on scaling
the photograph, the distance to the water surface was 1.9 ft below the bottom of the
switch giving a depth above floor of 2.3 ft. Based on a terminal floor elevation of 8.45 ft,
water level was 10.8 ft. Note that the column in the figure is brown whereas the same
column in subsequent figures is white. According to Orleans Levee District personnel,
the picture in Figure 1-37 was taken just before the fake marble covering fell off the
column. The inside terminal elevation marks should have low wave activity and low
uncertainty. The agreement of APH-15 and APH-21 elevations adds to the confidence in
water level at this time in the hydrograph but some low wave activity can be seen inside
the terminal in Figure 1-36.
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Table 1-3

Water Levels at Lakefront Airport based on Digital Pictures

Elevation, ft
NAVDS88
Time HWM# Location Photograph # [ Camera (2004.65)
7:29 AM (7:38 PM)* APH-01 Sloping wall south of entrance DSC00943 DSC-P72 6.7
7:29 AM (7:38 PM)* APH-22 South wall of building, east DSC00945 DSC-P72 6.6
walkway
8:27 AM (8:36 PM)* APH-21 Window on inside wall of west side | DSC00948 DSC-P72 10.8
of lobby
8:28 AM (8:37 PM)* APH-15 Wall switch near south entrance DSC00949 DSC-P72 10.8
door.
9:40 AM APH-04 Column on east side of balcony on | Gallery 4 Sony FDM 11.7
north side of bldg KatG400003 AVICA
9:42 AM APH-03 Wall just north of spiral staircase on | Gallery 4 Sony FDM 10.6
east side of bldg KatG400004 AVICA
9:55 AM APH-05 On chain link fence, north side of Gallery 1 HP 11.3
bldg, east of lobby KAT00021 Photosmart
735
9:56 AM APH-16, Wall just north of spiral staircase on | Gallery 1 HP 10.9
based on east side of bldg KAT00022 Photosmart
APH-03 735
10:30 AM (10:39 PM)* | APH-17, Wall just north of spiral staircase on | DSC00952 DSC-P72 10.6
same elev as | east side of bldg
APH -03
10:31 AM APH-02 Wall just north of spiral staircase on | Gallery 4 Sony FDM 9.5
west side of bldg KatG400007 AVICA
10:56 AM (11:05 PM)* | APH-08 Inside lobby, on column near DSCO00955 DSC-P72 10.2
director of aviation sign, 1.7 ft & Gallery 3
above floor KatG300007
10:56 AM (11:05 PM)* | APH-10 Elevator door facing on west side of [ DSC00956 DSC-P72 10.3
lobby, 1.84 ft above floor & Gallery 3
KatG300008
11:48 AM (11:57 PM)* | APH-18, At top of lowest window on building | DSC00961 DSC-P72 10.3
based on east of terminal building
APH -13
11:49 AM APH-06 On switch box inside fence of APH- | Gallery 1 HP 9.7
05 KAT00026 Photosmart
735
12:08 PM APH-09 Inside lobby, on column near Gallery 4 Sony FDM 8.9
director of aviation sign, 0.5 ft KatG400011 AVICA
above floor
12:31 PM (12:40 AM APH-19, On west side of bldg east of DSC00979 DSC-P72 8.8
on 8/30)* based on terminal building. 1.5 ft below top of
APH -13 lowest window near middle of west
side of bldg.
12:51 PM APH-13 On west side of bldg east of Gallery 4 Sony FDM 8.3
terminal. 2.0 ft below top of lowest | KatG400012 AVICA
window near middle of west side of
bldg.
2:46 PM APH-12 On west side of bldg east of Gallery 1 HP 7.1
terminal. 0.5 ft below window sill KAT00042 Photosmart
near north west corner of bldg. 735
5:14 PM (5:23 AM on APH-20, On west side of bldg east of DSC01010 DSC-P72 7.4
8/30)* based on terminal. 0.3 ft below bottom of
APH-12 lowest window.
5:30 PM APH-11 Bottom of metal railing on north Gallery 1 HP 7.4
side of building west of elec panel KAT00048 Photosmart
box ATS2 735
6:30 PM APH-14 Near corner of floodwall just north Gallery 1 HP 7.0
of flood gate on hand rail KAT00069 Photosmart
735
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High water mark in
Airport -No time

APH-07

High water mark inside Room 105,
3.35 feet above floor

No time
stamped
picture

NA

11.8

* DSC P72 camera operator confirmed this camera was 12 hrs 9 min ahead during daylight savings time.

Figure 1-34. Time 7:29 AM, APH-01.
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Figure 1-35. Time = 7:29, APH-22. Wall on south side of terminal building, east walkway
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Figure 1-36. Time 8:27 AM, APH-21.
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i Light switch
| Water Level

Figure 1-37. Time = 8:28 AM, APH-15. Door at south side of terminal building lobby

e. Time =9:40 AM, APH-04, elevation 11.7 ft, Figure 1-38. On column outside northeast of
lobby of terminal building. This mark was determined by measuring from the top of the
metal rail to the bottom of the beam supporting the deck (a distance of 5.4 ft). The
photograph was used to scale this distance in the photograph to the distance from the
bottom of the deck beam to the water level. The distance from the photograph was 9.6 ft
and this location on the column was surveyed as 12.0 ft. This value must be adjusted
because the actual distance from the location of the camera and the 5.4 ft measurement is
less than the actual distance from the camera location to the 9.6 ft measurement. Based
on site measurements, the distance from the camera to the center of the 5.4 ft measure-
ment is 47.2 ft versus the distance from the camera to the center of the 9.6 ft
measurement was 48.4 ft. The actual distance of the 9.6 ft scaled from the photograph is
9.6*48.4/47.2 = 9.9 ft. The location surveyed on the column should have been 0.3 ft
lower resulting in an elevation of 11.7 ft. This was the only mark in the data set where the
distance correction was felt to be important. The elevation of this mark has significant
uncertainty because it is exposed to high wave activity (see Figure 1-38).

f. Time =9:42 AM, APH-03, elevation 10.6 ft, Figure 1-39. On outside wall north of east
spiral staircase where plaster is broken. The elevation of this mark has significant
uncertainty because it is exposed to high wave activity.
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g. Time =9:55 AM, APH-05, elevation 11.3 ft, Figure 1-40. Mark is located on the chain
link fence. This mark is exposed to high wave activity. The number of openings in the
chain link fence between the top bar of the fence and the water surface were counted
from the photograph. The same number was used in the field to determine the position to
be surveyed.

h. Time = 9:56 AM, APH-16, elevation = 10.9 ft, Figure 1-41. Located on the outside wall
north of east spiral staircase where plaster is broken. This mark is exposed to high wave
activity.

I. Time =10:30 AM, APH-17, elevation = 10.6 ft, Figure 1-42. On outside wall north of
east spiral staircase where plaster is broken. This mark is exposed to high wave activity.

j. Time =10:31 AM, APH-02, elevation 9.5 ft, Figure 1-43. On outside wall north of west
spiral staircase. This mark is exposed to high wave activity. This mark was difficult to
locate because the wall had no defined points to relate to the water level. One IPET
member positioned himself in the window where the picture was taken and another IPET
member placed his hand on the wall until his hand in the actual viewing and the water
level in the photograph were at the same vertical position on the wall. This mark has
significant uncertainty because of the method just described and the high waves present.

Figure 1-38. Time = 9:40 AM, APH-04.Water level on column northeast of lobby.
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Figure 1-39. Time = 9:42 AM, APH-03. Wall north of east spiral staircase.
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Figure 1-40. Time = 9:55 AM, APH-05. Chain link fence, north side of building, east of lobby.
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Figure 1-41. Time = 9:56 AM, APH-16. Wall north of east spiral staircase.
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Figure 1-42. Time = 10:30 AM, APH-17. Wall north of east spiral staircase.
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Figure 1-43. Time = 10:31 AM, APH-02. Wall north of west spiral staircase.

k. Time =10:56 AM, APH-08, elevation 10.2 ft, Figure 1-44. Located on the column just
below the electrical outlet in the lobby of the terminal building. The mark was
determined by scaling from the photograph the height of the outlet and the distance from
the bottom of the outlet to the water surface. The height of the outlet was measured at the
airport and the ratio of the photograph measurements were used to position the mark. The
broken doors on the north side of the building provided limited openings to this room that
should have resulted in low wave activity and low uncertainty of this mark. Some wave
action is apparent in Figure 1-44.

I. Time =10:56 AM, APH-10, elevation 10.3 ft, Figure 1-45. Mark was determined by
scaling from the photograph the distance from the top of the white strip on the elevator
door facing to the top of the elevator door opening and the distance from the top of the
white strip to the water surface. The distance from the top of the white strip to the top of
the elevator door opening was measured at the airport and the ratio of the photograph
measurements were used to position the mark. The elevator is in a side hallway off the
main lobby of the terminal building and should have little wave activity. The agreement
of this mark and APH-08 is strong evidence supporting these two marks.

m. Time = 11:48 AM, APH-18, elevation 10.3 ft, Figure 1-46. On the west side of the
building east of the terminal building, the water level is at the top of the lowest window.
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Based on the survey of point APH-13, this places the top of the lowest window at 10.3 ft.
As seen in the photograph, this mark is exposed to high wave activity.

n. Time = 11:49, APH-06, elevation 9.7 ft, Figure 1-47. Inside the chain link fence of the
north side of the building east of the lobby of the terminal building. By zooming the
picture, the water level is just below the 2™ row of switches on the electrical box in the
middle of the picture. The location of the switches on the north side of the airport
building and the 11:48 AM picture in Figure 1-46 show this point is exposed to
significant wave activity.

0. Time =12:08 PM, APH-09, elevation 8.9 ft, Figure 1-48. Used technique described for
APH-08. Since water depth over lobby floor of the terminal building was about 0.5 ft and
the lobby has limited door openings, waves in the lobby should be minor and this point
has low uncertainty. The water surface around the column in Figure 1-48 has less wave
activity than the earlier time in Figure 1-44.

p. Time =12:31, APH-19, elevation 8.8 ft, Figure 1-49. The left side of the photograph was
zoomed to the windows on the building east of the airport. Mark to be surveyed was
determined by scaling from the photograph the height of the window and the distance
from the top of the lowest window to the water surface. The height of the window (2.5 ft)
was measured at the airport and the ratio of the photograph measurements were used to
position the mark. The size of the windows and the haziness in the photograph along with
the wave activity cause significant uncertainty in this mark.
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Figure 1-44. Time = 10:56 AM, APH-08. Column in terminal building lobby.
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Figure 1-45. Time = 10:56 AM, APH-10, elevator east of lobby.
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Figure 1-46. Time = 11:48 AM, APH-18. Top of lowest window on building east of terminal building.
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Figure 1-47. Time = 11:49 AM, APH-06. On switchbox in middle of picture.
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Figure 1-48. Time = 12:08, APH-09. On column in terminal building lobby.
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LWindows

Figure 1-49. Time = 12:31 PM, APH-19. Windows on building just east of terminal building.

g. Time =12:51 PM, APH-13, elevation 8.3 ft, Figure 1-50. Mark is on the windows on the
building east of the terminal building. The mark to be surveyed was determined by
scaling from the photograph the height of the window and the distance from the top of
the lowest window to the water surface. The height of the window (2.5 ft) was measured
at the airport and the ratio of the photograph measurements were used to position the
mark which was 2.0 ft below the top of the lowest window. Even though wave activity is
present, the water level can be determined at several windows that results in low
uncertainty in this mark. The good agreement of this mark and the best fit line presented
subsequently supports the validity of the assumed timing on the FDMAVICA camera.

r. Time = 2:46 PM, APH-12, elevation 7.1 ft, Figure 1-51. Mark is below the windows on
the building east of the terminal building. The mark to be surveyed was determined by
scaling from the photograph the height of the window and the distance from the bottom
of the lowest window to the water surface. The height of the window (2.5 ft) was
measured at the airport and the ratio of the photograph measurements were used to posi-
tion the mark which was 0.5 ft below the bottom of the lowest window. This is the first
photograph where the water is calmed significantly which makes this a mark with little
uncertainty.

Volume IV The Storm — Technical Appendix IV-1-59
This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



S.

Time = 5:14 PM, APH-20, elevation 7.3, Figure 1-52. Mark is below the windows on the
building east of the terminal building. The mark to be surveyed was determined by
scaling from the photograph the height of the window and the distance from the bottom
of the lowest window to the water surface. The height of the window (2.5 ft) was
measured at the airport and the ratio of the photograph measurements were used to posi-
tion the mark which was 0.0 to 0.3 ft below the bottom of the window.

Time = 5:30 PM, APH-11, elevation 7.4 ft, Figure 1-53. Located on north side of
terminal building, west of lobby. Water level is at horizontal framework just to the west
or right of the electrical panel box. Wave activity was low.

Time = 6:30 PM, APH-14, elevation 7.0 ft, Figure 1-54. Located southwest of terminal
building near floodwall opening. Mark to be surveyed was on sloping handrail that is
below and slightly to the left of the jet engine. The absence of wave activity makes this a
mark with little uncertainty.

High Water Marks. High water mark, APH-07, elevation 11.8 ft, has no definite time
associated with it. Several highwater marks were found in the terminal building ranging from 3.1

t0 3.75

ft above the floor of the lobby. The 3.1 ft mark was in the office on the northwest corner

of the lobby that had a steel door. The level in this office may not have reached equilibrium
during the brief peak storm surge. The best high water mark found at the airport was in Room

105 wh

ich had a louver at the bottom of the door that provided enough area to reach equilibrium.

This room was in a hallway off the lobby of the terminal building. This mark was at 3.35 ft
above the floor resulting in an elevation of 11.8 ft. Other high water marks in the Lakefront
Airport vicinity are similar to APH-07. Highwater Mark (HWM) LA 1063 is inside the building
east of the terminal building at elevation 12.1 ft. HWM LA1033 is inside the National Guard
Bldg #103 about 0.25 mile east of terminal building at 11.7 ft. HWM 1074 is levee debris near
the Marina east of the terminal building at 11.9 ft. The 3 inside points (11.8, 12.1, and 11.7) have
an average value of 11.9 ft that will be used in the hydrograph.
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Figure 1-50. Time = 12:51 PM, APH-13. Windows on building east of terminal building.
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Figure 1-51. Time = 2:46 PM, APH-12. Below windows on building east of terminal building.
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Figure 1-52. Time = 5:14 PM, APH-20. Below windows on building east of terminal building.
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Figure 1-53. Time = 5:30 PM, APH-11. Bottom of horizontal rail to right of electrical panel box on north
side of terminal building, east of lobby.
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Railing

Figure 1-54. Time = 6:30 PM, APH-14. On slanted railing just below jet engine.
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Lake Pontchartrain Hydrograph at Lakefront Airport
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Figure 1-55. Constructed hydrograph at Lakefront Airport. Note that the point at 7:28 AM is not considered
representative of Lake Pontchartrain because of relatively high topography around airport
building (elevated runways) and is not included in the smoothed line of the hydrograph. The
recession side may also have some of this effect but the lower rate of fall may reduce the
impact.

Hydrograph Plot. The above data was used to construct a hydrograph as shown in Figure 1-
55. Solid points are used to signify points with little or no wave effects. Larger open data points
are used to signify points with significant uncertainty in elevation due to factors such as wave
effects. Note that these open symbol points can be either high or low estimates of storm surge
depending on the timing of the photograph relative to the wave crest or trough. The time of the
high water mark in Figure 1-55 is based on extrapolating the digital photograph points along the
recession of the storm surge up to a level of 11.9 ft while considering the 8:28 time of the two
points at 10.8. The resulting time of peak storm surge is between 9:00 and 10:00. The smoothed
line hydrograph is shown with a time of 9:30 AM on the plot. Due to the rapid rise of the storm
surge and the presence of the runways and other high topographic features, the data at 7:28 AM
should not be used in developing a hydrograph to represent levels in Lake Pontchartrain. The
recession side of the hydrograph may have some effects of the high topography but the lower
rate of fall may reduce these effects.

Orleans Levee District personnel are thanked for allowing use of these photographs.

Observed Water Levels Along the IHNC and GIWW

General Description. This section summarizes hydrographs from self-recording gages, staff
gages, and digital pictures along the Inner Harbor Navigation Canal (IHNC) and Gulf
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Intracoastal Waterway (GIWW). This report also presents variation of peak water level along the
IHNC from high water marks. All elevations presented herein are in the time dependent datum of
NAVDS88 (2004.65).

Recorded Hydrographs at IHNC Lock. Figure 1-56 shows a plot of data from two self-
recording gages at 1-10 on the IHNC, a self-recording gage at Paris Road (I-510) on the MRGO,
staff gage readings at the IHNC Lock, and water levels derived from digital pictures taken at the
IHNC Lock. Each source of data in Figure 1-56 is described in the following paragraphs.

During passage of Hurricane Katrina, water levels were recorded by an operator at the IHNC
Lock from the staff gage at the lock. The operator stated that on each hour he would read the
high and low and record an average value. Based on the recorded readings and the operator’s
statements, the gage was being read to the nearest 0.1 ft for elevations below about 12.5 ft and
the nearest 0.5 ft while the stage was approaching the peak and wave variation was significant.
The operator was observing the staff gage from the north end of the lock wall at the edge where
it drops to the lower level. Figure 1-57 shows a closeup of the gage and Figure 1-58 shows a
picture of the gage from the lock operator’s observation location. Both figures are looking north.
Note that the top of the framework in the background behind (north of) the staff gage is about
2.5 ft below the peak water level of 15 ft on the gage. This framework would have reduced wave
activity at the gage. The operator appeared to be a reliable observer of the staff gage and stated
that he had good eyesight. The staff gage was surveyed by IPET datum team and the 15 ft mark
was equal to an elevation of 14.3 ft in NAVD88 (2004.65). All IHNC staff gage readings were
reduced by 0.7 ft to convert to NAVD88 (2004.65).
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Figure 1-56. Hydrographs on the IHNC.
Volume IV The Storm — Technical Appendix IV-1-67

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



Figure 1-57. Staff gage at IHNC lock. Numbers were far more visible when the lock was visited in October
2005. Picture looking north.
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Figure 1-58. Staff gage from viewing location during storm. Picture looking north. Claiborne Avenue
bridge in the background.

Water Level Data from Digital Pictures, IHNC Lock. Digital pictures were taken by one
of the IHNC Lock personnel on a Kodak DX6490 zoom digital camera. The camera time was
checked on 7 Feb 2006 and found to be the correct time. The lockmaster stated he had loaned the
camera out during the period since the storm and he could not be certain that the time had not
been changed. The camera owner’s manual was checked and no mention was found of any
automatic update of time for Daylight Savings Time (DST). Without this camera option, the
times on the camera could be 1 hour behind assuming that no changes have been made to the
camera. However, agreement of times and elevations from the staff gage and the camera lead to
accepting the camera times. Details of the pictures are as follows:

a. File time 7:06 AM, Picture 100_0498, Figure 1-59, looking southeast. Water level was
based on distance below top of lockwall on east side of lock. Top of lockwall surveyed at
19.9 ft. Used height of post (3.55 ft) and height of top of yellow box (5.56 ft) to scale
down to water surface at 4 points along wall. Distances below top of wall were 6.6 ft,

7.8 ft, 7.1 ft, and 6.5 ft for an average distance of 7.0 ft and a water level of 12.9 ft. The
range of water level of 1.3 ft provides some information about wave height along the
wall.
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Figure 1-59. Time 7:06, file 100_0498. Picture brightness and contrast adjusted to show water level.
Looking southeast.

b. File time 11:47 AM, Picture 100_0502, Figure 1-60, looking east-northeast into Lower
Ninth Ward. Water level at location of sloping handrail. Elevation = 11.5 ft.

c. Filetime 11:50 AM, picture 100_0507, Figure 1-61, looking north. Shows staff gage
where water level is almost hidden by handrail. Using other objects in the picture such as
tops of handrails, the staff gage reading is 11.8 ft, that is an elevation of 11.1 ft.

d. File time 3:03 PM, Picture 100_0508, Figure 1-62, looking northeast into Lower Ninth
Ward. Top of highest pile in cluster under arrow is at elevation 8.7 ft. Based on width of
pile cluster of 4.8 ft, water level is 0.8 ft below top of highest pile for an elevation of
7.9 ft.

e. File time 6:03 PM, Picture 100_0509, Figure 1-63, looking northeast into Lower Ninth
Ward. Top of highest pile in cluster under arrow is at elevation 8.7 ft. Based on width of
pile cluster of 4.8 ft, water level is 2.6 ft below top of highest pile for an elevation of
6.1 ft.

To determine the elevations used in the above paragraph, IPET members used a level to
determine water surface elevations in pictures taken at the IHNC lock on 29 Aug 05. The survey
was conducted on 7 Feb 06.
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Figure 1-60. Time 11:47, picture 100_0502. Red arrow shows location surveyed. Looking east-northeast
into Lower Ninth Ward.
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Figure 1-61. Time 11:50, picture 100_0507, looking north.
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Figure 1-62. Time 3:03 PM, picture 100_0508. Breach on east side of IHNC in background. Looking
northeast into Lower Ninth Ward.
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Figure 1-63. Time 6:03 PM, file 100_0509. Breach on east side of IHNC in background. Looking northeast

into Lower Ninth Ward.

High Water Marks, IHNC Lock. High water marks in the vicinity of the lock are
summarized in Table 1-4. Due to the perceived reliability of the operator who read the staff gage,
the reading of 14.3 ft (2004.65) is considered the best estimate of the peak high water. High
water mark data are up to about 0.5 ft lower.

Table 1-4
High Water Marks in Vicinity of IHNC Lock

Elevation, ft (NAVD88

Point ID | Description (2004.65))
LA 1171 | The operator was reading the staff gage to the nearest 0.5 ft. Staff gage reading of 15 ft = 14.3
14.3 ft NAVD88 (2004.65)
LA 1005 | Inside a sheet metal building which is typically very porous. Mark was consistent throughout | 13.7
building.
LA 1006 | Inside galley of lock. This mark had uncertain connection to the outside water level and was | 13.2
not accepted.
LA1172 | In coast guard building stairwell that had wall damage that should have allowed adequate 13.8
entry of water if the damage occurred prior to the peak water level.
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Other IHNC and GIWW Recorded Hydrographs. The USGS and Orleans Levee District
(OLD) gages at 1-10 on the IHNC and the USGS Paris Road gage were surveyed to convert to
the NAVD88 (2004.65) datum. The USGS 1-10 at IHNC readings had to be reduced by 0.41 ft
and the OLD 1-10 at IHNC readings had to be reduced by 0.45 ft. The USGS Paris Road gage,
which had an unknown datum, had to be reduced by 3.5 ft to convert to NAVD88 (2004.65).

As shown in Figure 1-56, the USGS gage at 1-10 on the IHNC (1-65) experienced a 5 ft drop
in stage at about 4:30 AM on August 29 when the stage was about 9.5 ft. At first, this drop was
interpreted to mean that a breach on the IHNC occurred at this time but most people doubted that
the water level dropped 5 ft. Figure 1-64 shows that the white PVVC pipe holding the USGS gage
has a top elevation of about 9 ft on the staff gage. The larger PVC pipe is the OLD gage. The
electronic cable holding the USGS pressure transducer inside the PVC pipe is exposed above the
top of the pipe. One possible explanation of the 5 ft drop is that the high velocities through the
railroad/1-10 bridge opening, along with debris, snagged the cable and pulled the transducer up
out of the pipe giving it an apparent drop in water level. The OLD gage is a float gage and
experienced identical 7.8 ft readings at 4:00 AM, 5:00 AM, and 5:40 AM followed by a rapid
rise in 8 minutes to about 10.9 ft. The 10.9 ft reading is in agreement with the IHNC Lock
readings. The constant readings followed by the rapid rise is consistent with a float gage that
became stuck. Whether the OLD gage got stuck or the level readings indicate the time of a
breach is unknown. Because the OLD and USGS gages are within 10 ft of each other, the
difference in water levels after about 4:30 raises concerns about readings on both gages.

Volume IV The Storm — Technical Appendix IV-1-75
This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



USGS Gage

Orleans Levee
District Gage

Figure 1-64. USGS and Orleans Levee District gages on east side of IHNC and south of railroad bridge at
I-10. Picture looking southwest.

Variation of High Water Marks along the IHNC. The peak water level variation along the
IHNC is complicated by railroad bridges that were in the down position and had relatively low
chord elevations and the presence of the Port of New Orleans (PONO) floodwall that was never
finished and does not tie into the USACE protection on the north end of the PONO. In addition,
some or all of the floodgates on the PONO were either not closed or only partially closed during
Katrina. Personnel of the OLD stated that these floodgates are generally not closed because of
the lack of completion of the PONO floodwall on the north end. Low chord elevation on a bridge
refers to the lowest elevation at which the bridge structure begins to block the flow area. The low
chord elevations on the IHNC are as follows:

a. Railroad bridge at Lakeshore Drive- elevation 2.4 ft
b. Railroad bridge at 1-10- elevation 3.5 ft
c. Railroad bridge at Florida Avenue- elevation 4.1 ft

Figures 1-65, 1-66 and 1-67 show high water marks and a layout of the USACE protection
along the west side of the IHNC. Figure 1-66 shows the layout of the PONO floodwall. On
Figure 1-66 at the railroad south of 1-10 on the west side is the floodwall opening that was
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sandbagged prior to Katrina and failed sometime during Katrina. High water mark LA 1054 at
13.0 ft is close to this opening and may have been affected by the sandbag failure. The other
marks in this area of 14.2-14.4 ft are believed to better represent water levels immediately south
of the railroad bridge just south of the I-10 bridge. The railroad bridge was in the down position
during Katrina. High water marks on the north and south sides of the railroad bridge show about
a 1.5 ft drop in water level across the bridge. Evidence on the ground (Figure 1-68) showed
vegetation laid down indicating high velocity through the I-10/railroad area of the IHNC.
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Figure 1-65. Floodwall layout, wall elevations, and high water marks along the west side of IHNC, Lake
Pontchartrain to I-10.

In Figure 1-67 on the south end of the floodwall note that high water mark data are only
available at the IHNC Lock and at the south end of the PONO floodwall. The elevation drops
from 15.2 ft at the south end of the PONO floodwall to about 14.3 ft at the lock based on the
staff gage or about 13.8 ft based on the high water marks. As stated above, this could have been
the result of the breach. Another alternative or a contributing factor could have been the head
loss across the Florida Avenue railroad bridge that was also reported to be in the down position
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during the storm. Figure 1-69 shows the Florida Avenue Railroad bridge (blue bridge in

foreground) in the down position on 7 Sept 05.

Figure 1-70 shows the variation of peak water level along t
marks. Note that the area west of the PONO that experienced a
shown to have experienced a peak water level of about 14.2 to

he IHNC based on high water
levee and floodwall breaches is
14.3 ft. On the east side of the

PONO, peak water levels were up to 15.4 ft at the junction of the MRGO. The difference in peak
water level across the PONO floodwall is likely due to (1) the 1600 ft long east-west earth levee

on the west side of the PONO that was at an elevation of about
overtopping all along the reach west of the PONO.

11.0 ft and (2) USACE floodwall
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Figure 1-66. Floodwall layout, wall elevations, and high water marks
Florida Avenue railroad bridge.

along the west side of IHNC, I-10 to

One location west of the PONO floodwall has a single high water mark (LA 1027) that does

not agree with the other high water mark data (See Figure 1-66

). Mark LA 1027 is also shown on

Figure 1-70 at latitude 29.987. Mark LA 1027 at elevation 15.4 ft is located in the same building

as LA1026 at elevation 14.3 ft. Neither mark is a well-defined
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seed/debris line as are the other
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marks in this area. Both marks are based on debris in the rafters of a heavily damaged building
that is close to the floodwall and levee breach on the west side of the IHNC. Both LA 1026 and
LA 1027 were described as possibly low. Subsequent visits to this building by other IPET
members has not resolved the peak water level in this building. The agreement of LA 1026 at
elevation 14.3 ft with 4 other marks west of the PONO is the reason LA 1027 is not accepted.

Easting Coordinate, ft
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Figure 1-67. Floodwall layout, wall elevations, and high water marks along the west side of IHNC, Florida
Avenue railroad bridge to IHNC Lock.
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Figure 1-68. Vegetation at I-10 laid down in a northerly direction by flow in IHNC.
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Figure 1-69. Florida Avenue railroad bridge (blue), two breaches on east side of IHNC into Lower 9"
Ward, and IHNC lock at top of picture. Picture looking south-southwest. Note debris on
railroad bridge.
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High Water Marks Along IHNC
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Figure 1-70. Variation of peak water level along IHNC based on high water marks. Red line is Port of New
Orleans (PONO) Floodwall that is not complete and is not tied in to the USACE protection on
the north end.

Observed Water Levels in Orleans Parish Canal Interiors

Introduction. The data collection team of IPET visited various locations along the subject
canals and made observations of high water marks and water levels and factors affecting those
marks. At the pump stations and within the canals, high water marks were generally fair or poor
marks with a few exceptions. Canal walls were subjected to intense rains from Hurricane Rita
and yielded little information. At pump stations, several factors were present that complicated
the interpretation of high water marks including:

a. Backflow through the pumps- the pump stations on London Canal (OP#3) and Orleans
Avenue Canal (OP#7) have not been upgraded with frontal protection that has been
accomplished at the 17th Street Canal (OP#6). Frontal protection provides pump station
walls that are the same elevation as the floodwalls and gates/valves that, if closed,
prevent backflow through the pumps. Interviews with pump station operators have been
varied and inconclusive regarding if frontal protection gates were closed or if backflow
occurred. At OP#7, an operator stated that early on 8/29/05, he had pumps spinning
backwards that means backflow was occurring at this station.

b. Pumps being turned off and on- when large pumps are turned off and on, a significant
surge is created in the discharge area that could have altered high water marks. This
could be particularly significant when a station loses power and several pumps shut down
at one time. Information shows that London and Orleans Canal pump stations were down
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prior to the peak water level in the lake. The 17th Street Canal OP#6 may have come
back online near the time when the peak water level was occurring in the Lake.

c. Time of breach- the timing of breaches could have been the deciding factor on the height
of the water level at the pump stations on the south end of the canals.

d. Surging/seiching in the canals- No information has been found assess whether or not the
canals were subject to significant surging.

e. Debris and bridge losses- Debris on the Hammond Highway bridge over the 17th Street
Canal almost certainly influenced the water level in the canal south of the bridge after
significant flow started through the breach. Losses at other bridges on the canals could
also be a factor in determining water levels.

f.  Wind and waves- eyewitness and photographic evidence shows that waves were present
in the 17th Street Canal. Wind setup of the water level at the south end of the canals is
also possible.

All elevations presented herein, unless otherwise noted, are in the time dependent datum of
NAVD88 (2004.65). Times are presented in Central Daylight Time (CDT). UTC is 5 hours
earlier than CDT.

Orleans Avenue Canal

An operator who stayed at pump station OP#7 during the storm was interviewed on 9/29/05.
Figure 1-71 shows the low pump station wall that connects OP#7 to the floodwall. Figure 1-72
shows a picture of the low wall, the earth levee, and the south end of the east floodwall. Figure
1-73 shows the low wall looking south towards the pump station. Figure 1-74 shows the layout
of the wall around the station along with elevations. The low pump station wall is at about
elevation 9.7 ft. The floodwall north of OP#7 is at elevation 14.0 ft. The earth levee on the east
side connecting the low wall to the floodwall is at about elevation 8.3-8.7 ft. Future frontal
protection at Orleans Avenue Canal Pump Station OP#7 will raise this wall and add valves/gates
to prevent backflow through the pumps. The operator stated that the low pump station wall
overtopped by about 6-12” (the 6-12” amount is based on an estimate of how high the operator
held his hand above the low wall) and had flow over the wall for about 1% hours starting at
about 8:30 to 9:00 am on Monday. If the 1%-hour is assumed to begin at 8:45 AM, the flow over
the wall lasted until 10:15 and the peak would have occurred at about 9:30 AM. This timing is
consistent with the peak high water timing developed from digital photographs and an event log
at the Marinas at the 17th Street Canal entrance and the Lakefront Airport. The water surface
elevation based on 6-12” estimate would be about 10.2-10.7 ft that is consistent with an 11.1 ft
peak water level at the Orleans Avenue Canal entrance that was estimated from high water marks
along Lake Pontchartrain. A difference in water level between the lake and the pump station may
have been due to a) drawdown from flow over the wall, b) possibly drawdown from backflow
through the pumps, c) the low area in the levee profile just north of Robert E Lee Bridge
(presented subsequently) if that area was low during Katrina, and d) losses at the bridges.
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No scour
behind this
higher wall.
Figure 1-71. Low pump station wall at Orleans Avenue Pump station OP#7.
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Figure 1-72. Low wall, earth levee, and floodwall in background on east side of Orleans Avenue Canal just
north of pump station. Looking northwest.
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Figure 1-73. Low wall that connects to OP#7 at Orleans Avenue Canal looking south-southeast standing
on earth levee.
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Orleans Canal Pump Station 7 Wall Layout
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Figure 1-74. Floodwall, levee, and pump station wall elevations at OP#7.

The only high water mark at the pump station was debris around the south end of the east
floodwall. The mark LA 1052 at 9.5 ft is a poor mark and represents a minimum level of the
peak water.

Another operator on another visit to OP#7 stated that the wall did not overtop. Water levels
in Lake Pontchartrain, scour, and limited high water marks near the pump station show the wall
did overtop. Although not easily seen in Figure 1-71, minor scour occurred below the low wall
on the east side of the station. Note the rise of about 1 ft in the low wall in Figure 1-71 behind
the individual in the picture. The walls adjacent to the low wall that are at elevation 10.8 ft on
the east side and elevation 11.3 ft on the west side had no evidence of scour on the protected side
of the wall supporting the first operator’s account of the maximum amount of flow over the wall
being about 1 ft. Figure 1-75 shows scour between the columns that could only have come from
flow down the concrete slope that is adjacent to the low wall on the east side of the channel.
Figure 1-76 shows scour around a power pole below the earth levee on east side of Orleans Ave
Canal. Figure 1-77 shows scour below the concrete apron that is below the low wall on the east
side of the canal. Figure 1-78 shows greater scour behind the low wall on the west side of
Orleans Canal. Note that the west low pump station wall has a larger fall to the ground that is
important in determining the amount of scour. Figure 1-79 shows where the west low wall ties
into the higher pump station wall. Based on debris trapped in the vegetation, flow overtopped
this wall by about 6” that supports the pump station operator’s lower estimate of 6-12” of flow
over the wall.
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Figure 1-75. Scour between columns below low pump station wall at OP#7. Low wall is at top of slope
behind concrete columns.
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Figure 1-76. Scour around power pole below earth levee on east side of Orleans Ave Canal.
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Figure 1-77. Scour below concrete apron that is below low pump station wall on east side of Orleans Ave
Canal.
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Figure 1-78. Scour below OP#7 low pump station wall on west side. Note that fall distance and scour is
greater on this side than on the east side. Note floodwall in background that is about 4.3 ft
higher.
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Figure 1-79. Debris caught in vegetation showing flow over low wall at OP#7. About 6” above low wall on
west side.

Figures 1-80 and 1-81 show wall profiles along the west and east sides of Orleans Avenue
Canal, respectively. The low levee elevation on the west side of the canal just north of Robert E.
Lee bridge suggest that water may have flowed over the levee at this location since the peak
water levels were about 11.0 ft.
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Figure 1-80. West Levee and Floodwall Profile for Orleans Avenue Canal. Note that low areas at bridges
and pump stations are floodgate openings that were closed during the storm.
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Figure 1-81. East Levee and Floodwall Profile for Orleans Avenue Canal. Note that low areas at bridges
and pump stations are floodgate openings that were closed during the storm.
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17th Street Canal

On 9/29/05, a location was observed about 200 ft south of the 17th Street Canal breach
looked like ground that had flow over it. Further south of this location on the east side of the
canal are the lowest wall elevations on 17th Street Canal of about 12.1 ft. The scour was possibly
the result of minor wave overtopping but no visible scour was observed. A picture (Figure 1-82)
was taken in this area but the effect on vegetation was so minor it does not show up.

The floodwall and fronting protection walls at the pump station OP#6 are at about elevation
13-13.2 ft as shown in Figure 1-83. On 9/29/05, debris was observed at the top of the fronting
protection wall as shown in Figure 1-84. This debris was only observed at the center portion of
the fronting protection wall as shown on Figure 1-83, a location where waves coming down the
canal would be largest. On 11/9/05, a debris HWM LA 1252 was found (Figure 1-85) around
two gate rods, both at about 2.1 ft below the top of the floodwall for an elevation of about
11.1 ft. This type of mark is best described as “at least this high” because the debris can wrap
around the gate rod at a higher water level and fall down when the stage drops/waves subside
and settle on the gate rod support. The location of this HWM is 50-ft east of the point on the
fronting protection wall that is inline with the east floodwall (Figure 1-83). This high water
elevation was confirmed at another HWM LA 1251 found on 9/29/05 and located in an area on
the west side of the discharge area where top of debris at a crack in the wall was found at 2.2 ft
below top of floodwall (at the 13.08 ft point in Figure 1-83) for an elevation of 10.9 ft. Both
marks, LA 1251 and 1252 were in areas exposed to some wave action. A picture (Figure 1-86)
taken in 4/06/06 shows the location of LA 1251. In this picture the debris in the crack was no
longer at the level of 2.2 ft below the top of the wall. A third HWM LA 1019 at this general
location was levee debris at 9.0 ft. Levee debris high water marks have been inconsistent when
compared to nearby marks inside structures.
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Figure 1-82. Attempt to show possibility of minor scour along west floodwall, south of 17th Street Canal
breach.
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Wall Elevations at OP#6 at South End Of 17th Street Canal
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Figure 1-83. Wall elevation at OP#6 at south end of 17th Street Canal.
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Figure 1-84. Debris on top of floodwall at OP#6 at 17th Street Canal.
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Figure 1-85. Debris high water mark at top of brackets holding gate rods on east side of discharge area.
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Figure 1-86. LA 1251 at crack in wall. Picture taken 4/06/06. Debris in crack was 2.2 ft below top of wall
on 9/29/05.
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Several eyewitness accounts provide information about events in the canals including water
levels as described in the following:

a. Around 6:30 AM- Two witnesses observed a single floodwall panel leaned over. Several
witnesses in houses near the breach report only water in the streets, with no significant
flooding until about 9:00 AM. Based on the constructed hydrograph for the 17th Street
Canal entrance, Lake Pontchartrain was at a water level of about 7.0 ft at 6:30 AM.

b. 9:00 AM to 9:30 AM- Several witnesses in houses close to the breach report rapidly
rising water with water moving at a fast pace down the street. This would suggest that the
breach widened rapidly at this time. Based on the constructed hydrograph for the 17th
Street Canal entrance, Lake Pontchartrain was at a water level of about 10.8 ft at 9-9:30
AM.

c. An eyewitness in an apartment at 1161 Lake Avenue on the west side of the 17th Street
Canal stayed during the storm with his family. This apartment is north of Veterans and
about 0.9 mile south of the Hammond Bridge. He observed water and debris coming over
the floodwall between 5:00 AM and 7:00 AM but he was uncertain about this timing. He
was more certain that the water and debris stopped coming over the wall between 8:00
and 9:00 AM and far more certain that the water and debris were not coming over the
wall after 9:00 AM.

d. Another eyewitness lives in an apartment immediately next to the west side of the 17th
Street Canal at 1111 Lake Avenue. His apartment is north of Veterans and about 1 mile
south of the Hammond Bridge. The floodwall north of Veterans on the west side has an
elevation of about 12.3 ft. He stayed during the storm and said he was the only person
who stayed in his building. He stated the power went off around 5:00 am and he turned
on his battery-powered radio/TV and heard that there was some flooding reported. At
around 8:00 AM he went outside where he said the wind was high and reported seeing
water from waves coming over the 17th Street Floodwall. Waves were moving in the
canal from north to south. He stated that the waves could have been occurring before
8:00 AM but it only became light enough to see at 8:00 AM. He said the amount of water
coming over the wall was not great because his patio did not flood. He took a picture
(Figure 1-87) that shows the wave splash. He stated the picture was a case of unfortunate
timing because the tree limb hides a wave crest. He stated the wave crests were clearly
visible and up to 1 ft above the wall. He said this continued until around 10:00 AM. |
asked him how far north and south the waves were coming over the wall. He stated that
his field of view width was about 50 yards but water was coming over that entire width.
At 10:00 AM, he walked to the wall and looked over the wall and observed the water
level in the canal at about 2 ft below the top of the floodwall and moving rapidly toward
the lake. He went to the Hammond Bridge on the afternoon of 8/29/05 and took pictures
at 2:00 and 3:00 PM (Figures 1-88 and 1-89). Times in these pictures are based on the
recollection of the observer and were not digital pictures. Based on the brown part of the
floodwall being 65 high and the top of floodwall near the breach at elevation 12.5 ft, the
water level at 2-3:00 PM was at elevation 4.0 ft. In the interview, the eyewitness
described this as a high tide level.
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Figure 1-87. Wave spray or splash (left of tree limb) at west wall of 17th Street Canal north of Veterans
Blvd and 1.0 mile south of Hammond Hwy. The individual who took this picture stated that
the tree limb obscures the crest of a wave.

e. Another eyewitness on the west side of the canal at 1161 Lake Avenue did not go out
early but later in the day walked along the floodwall. The west side of the 17th Street
Canal in this area has a paved walkway that is easily accessible. This eyewitness reported
seeing fish that presumably came over the floodwall.

f.  While at the 17th Street Canal in March 2006, an assistant superintendent with the East
Jefferson Levee District Police Department was interviewed. He stated he stayed in the
emergency operations center during the storm and that they had not received reports of
water coming over the floodwall on the west side of the 17th Street Canal.

g. Two eyewitnesses reported that the water level in the canal was about 1-2 ft below the
top of the wall near the breach at about 6:30 AM on the morning of 8/29/05.

h. The fireman’s video shows water level in the canal at about 11:10 AM. Based on analysis
of the picture, water level in the canal at this time was about 3-4 ft.
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Figure 1-88. 17th Street Canal and breach at 2 pm on 8/29/05. Looking south.
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Figure 1-89. North end of 17th Street Canal breach at 3 PM on 8/29/05.

If valid, the most complete information on the canal water levels is the log of water levels
recorded at OP#6 on the south end of the 17th Street Canal. The water levels at the pump station
differ significantly from the constructed hydrograph for the 17th Street Canal entrance as shown
in Figure 1-90. The IPET data collection team spent considerable effort to determine if the
logbook readings correctly describe the water level in the 17th Street Canal during Hurricane
Katrina on the morning and afternoon of 8/29/05. The logbook data shows that the water level in
the canal peaked at an elevation of 7.5 ft between 4:30 AM and 6:00 AM and fell after that time.
The datum of the pump station logbook data was established using Lake Pontchartrain
hydrographs that have water surface elevations in NAVD88 (2004.65). From 12:00 AM to 12:00
PM on 8/28/05, the Orleans Levee District gage at Southshore Marina averaged 1.25 ft, the Pass
Manchac gage averaged 1.09 ft, and the Bayou Labranch gage averaged 1.27 ft. Based on
averaging the 3 gages, Lake Pontchartrain averaged an elevation of 1.20 ft from 12:00 AM to
12:00 PM on 8/28/05. During this time, no significant pumping was taking place at OP#6. Based
on the pump station logbook for the same time interval, the average reading at OP#6 was 22.6 ft
in the Cairo datum. The conversion from Cairo datum to NAVD88 (2004.65) is 22.6-1.2 ft =
21.4 ft for OP#6 logbook readings on the discharge side of the pump station. This conversion
value is considered to be valid for this location in the system. The conversion is used in Figure 1-
90 and the derived hydrograph at the Lake and the pump station log are in fair agreement on the
morning of 8/29/05 before 4:00 AM.

The IPET data collection team visited the station numerous times, most recently on 3/02/06.
The information determined is as follows:
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Lake Pontchartrain Hydrograph near 17th Street Canal
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Figure 1-90. Pump station logbook values and constructed hydrograph at 17th Street Canal entrance.

a. The logbook numbers on the 17th Street Canal (north or discharge) side of the pump
station were taken from a mechanical air pressure gage connected to a bubbler system.
The operators were not reading the discharge side staff gage on the outside of the pump
station because of adverse weather conditions nor were they reading the strip chart
recorder. Even if power is lost, the bubbler system will remain valid if the system does
not lose air pressure. The bubbler system had a 5-gallon air tank connected to a
compressor powered by 60 Hz electricity. The compressor and tank supply air to 2
bubbler systems on the suction side of the pump station and one system on the discharge
side of the pump station. Based on interviews with station operators and the logbook,

60 Hz electrical power was lost beginning between 4:00 AM and 5:00 AM on 8/29/05.
The 60 Hz electrical power was not restored until days after the storm.

b. The compressor used during Katrina was present and still operating on 3/02/06. At 11:10
hrs on Thursday 3/02/06, the IPET team read 22.2 ft (Cairo datum) on the mechanical
dial gage of the bubbler system and 21.8 ft (Cairo datum) on the outside staff gage
indicating the bubbler system on the discharge side of the pump station was functioning.
Later that day, the bubbler system was tested by unplugging the compressor to simulate
the loss of electrical power on 8/29/05. The system began losing pressure after 2 hours
and the mechanical gage on the discharge side bottomed out at a reading of 16 ft (Cairo
datum) after 3 hours.

c. It was observed that the suction side bubbler system had a damaged air tube that could
have been the source of the loss of pressure. The operators did not know if the line was
damaged before, during, or after Katrina. One reason this was unknown was that the
operators could easily read a staff gage on the suction side of the pump station.
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d. The berm on the canal side of the floodwall at the 17th Street Canal breach did not erode
and remained at an elevation of about 0.0 to —1.0 ft. Lack of berm erosion was also seen
on the breach on the west side of the IHNC. By remaining intact, the berm should prevent
water levels from going below the top of the berm. On 8/29/05, flow was going over the
top of the berm that means the minimum canal levels would be greater than the top of the
berm. As shown in Figure 1-90, the bubbler system gage shows 9 readings less than the
top of the berm ranging from an elevation of —-1.2 to —3.8 ft, thus at some point the
logbook readings must not be valid. If readings are invalid for part of the record, this
casts doubt over the entire record after power was lost.

The large drop in water level recorded in the pump station logbook at 9:30 to 10:30 is
consistent with eyewitness information regarding the time of the breach and it is logical to
conclude that the pump station data are capable of indicating time of changes even though the
magnitudes may not be correct. This conclusion must be tempered by the fact that the bubbler
gage showed a similar response to loss of air supply when tested on 2 March 2006.

As shown in Figure 1-90, the system appears to rebound to about correct values at about 3:00
PM. This appears impossible because the air compressor did not regain power. Close inspection
of the logbook numbers indicated the possibility that a 2 had been written over the 1 in the
logbook. For example, a value of 16 in the logbook became 26. It is possible that the outside
staff gage was being read because winds had died down by this time.

Summarizing the bubbler system, the loss of electrical power beginning sometime between
4:00 to 5:00 AM on 8/29/05 along with the 2.2 ft increase in stage above the lake level from 4:00
AM to 4:30 AM followed by four identical 7.5 ft readings causes concern with the bubbler
system. The rapid loss of pressure of the bubbler system when tested on 03/02/06 also causes
concern for the 8/29/05 readings. Readings of the bubbler system below the berm elevation of 0
to -1 ft are likely not possible. These three problems with the bubbler system cast doubt on the
entire set of readings after power was lost.

To accept the elevations from the pump station log, one must accept the bubbler system
worked after loss of power and that other pictures, high water marks, and eyewitness data are
incorrect. We have not been able to develop a scenario that accepts the pump station data and
incorporates the other data. One unanswered question is how pump discharge and pump
backflow affect this scenario. The records on these topics are unclear.

Integrating all data sources and considering the problems with the pump station data noted
above indicates that it is more likely that stages continued to rise in the canal to a higher level
before falling to the low levels observed at around 11:00 AM, 2:00 PM, and 3:00 PM.

Floodwall elevations along the 17th Street Canal are shown in Figures 1-91 and 1-92.
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Elevation of East Wall 17th Street Canal- North to South
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Figure 1-91. Floodwall profile along east side of 17th Street Canal. Note that low areas at bridges and
pump stations are floodgate openings that were closed during the storm.

Elevation of West wall 17th Street Canal- South to North
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Figure 1-92. Floodwall and levee profile along west side of 17th Street Canal. Note that low areas at
bridges and pump stations are floodgate openings that were closed during the storm.
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London Avenue Canal

Various factors but particularly the timing of the breaches complicate high water marks
within the London Avenue Canal. Both the north breach near Robert E. Lee and the south breach
near Mirabeau may have occurred before the peak high water in the lake, which would influence
high water marks inside the canals. Marks south of Lakeshore Drive will have wave influence
and will be lowered by the entrance loss at the north end of London Avenue Canal as well as
head loss across the Lakeshore Drive Bridge because of flow through the breaches. The locations
of levee debris marks near the entrance of the London Canal are shown in Figure 1-93. Observed
high water marks inside London Avenue Canal were as follows:

a. LA 1015- 10.8 ft- Levee debris on west side of canal north of Robert E Lee Bridge.
Figure 1-94 shows the location of this mark and demonstrates the difficulty of providing
good photographs with the high grass. The debris line could be easily seen by looking
straight down into the high grass.

b. LA 1017- 7.6 ft- Levee debris on west side of canal south of Lakeshore Drive- ASCE
COPRI felt a better mark was found south of this location.

c. LA 1018- 7.9 ft- debris on area near railroad track at OP#3, east side of discharge area.
This area is shown in Figure 1-95.

d. LA 1022- 10.6 ft- this is the ASCE COPRI mark near LA 1017. See Figure 1-96.

e. LA 1059- 11.2 ft- Levee Debris on west side of canal just north of Leon C Simon Bridge.

Volume IV The Storm — Technical Appendix IV-1-107
This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Figure 1-93. Location of high water marks near entrance of London Avenue Canal.
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Figure 1-94. Debris high water mark LA 1015 located on 10/02/05 on west side of London Avenue Canal.
Looking north between Lakeshore Drive and Leon Simon Drive.
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Figure 1-95. East floodgate at OP#3 at south end of London Avenue Canal. High water mark LA 1018 at
top of painted concrete wall.
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Levee Debris High
Water Mark

Figure 1-96. Debris high water mark LA 1022 on east levee of London Avenue Canal north of Leon C
Simon Drive.

f. LA 1060- 9.8 ft- Levee debris on west side of canal, south of Leon C Simon Bridge, at
bridge abutment.

g. LA 1061- 10.6 ft- Levee debris on west side of canal, north of Leon C Simon Bridge, at
bridge abutment. Marks 1060 and 1061 suggest losses across this bridge of about 0.8 ft
that would have been the result of flow through a breach but levee debris lines have
significant variability.

h. LA 1069- 10.6 ft- Debris on southwest side of Robert E. Lee Bridge.

i. LA 1227- 9.5 ft- revisit to site of LA 1018 at OP#3 on east side of discharge area. This is
a difficult mark to assess because of the factors listed in the beginning of this section.
Observers believe debris between railroad rails suggest the water level was at least as
high as the railroad ties that was the elevation surveyed. Mark location shown in Figure
1-97.

j. LA 1228- 10.0 ft- this mark is a debris mark on the west side of the discharge area.
Debris is on a support for the floodgate and somewhat protected from any wave action in
the canal as shown in Figure 1-98. The water level could have been higher as the debris
may have been left behind as the water level dropped.
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One eyewitness on London Avenue Canal just north of the Mirabeau Breach on the east side
of the canal reported that at some time after 7:30 AM, he was hoisted up onto the floodwall and
was able to reach over and touch the water with his hand. The time at which this happened is
uncertain.

Figure 1-97. East floodgate at OP#3 at south end of London Avenue Canal. High water mark LA 1227 at
top of railroad ties.
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Debris J

Figure 1-98. West floodgate at OP#3 at south end of London Avenue Canal. High water mark LA 1228
based on debris on top of sill at floodgate opening.

Floodwall and levee profiles for London Avenue Canal are shown in Figures 1-99 and 1-100.
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East Levee and Floodwall Profile London Canal
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Figure 1-99. East levee and floodwall profile for London Avenue Canal. Note that low areas at bridges and
pump stations are floodgate openings that were closed during the storm.

West Levee and Floodwall Profile London Canal
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Figure 1-100. West levee and floodwall profile for London Avenue Canal. Note that low areas at bridges
and pump stations are floodgate openings that were closed during the storm.
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Observed Water Levels along the GIWW and MRGO

High water marks collected along the GIWW and the MRGO are described in the following
paragraph. Marks are presented beginning at the IHNC, east to the confluence of the GIWW and
MRGO, and then southeast along the MRGO.

a.

LA 1004 (el 15.2 ft) - Mark is debris line on interior wall of Crane Building at
Maersk/Sealand located at the intersection of the IHNC and the GIWW/MRGO.
Structure is located on the east side of the Port of New Orleans floodwall.

LA 1030 (el 15.2 ft) - Mark is debris line on interior wall of Crane Building at
Maersk/Sealand located at the intersection of the IHNC and the GIWW/MRGO.
Structure is located on the east side of the Port of New Orleans floodwall.

LA 1260 (el 15.4 ft) - Mark is debris line on interior wall of bathroom located at the
intersection of the IHNC and the GIWW/MRGO. Structure is located on the east side of
the Port of New Orleans floodwall.

LA 1039 (el 15.5 ft) - Mark is located at Boh Bros construction site on the north side of
the GIWW/MRGO about 2.4 miles west of the confluence of the GIWW and MRGO.
The mark was a debris line on an interior wall of the elevated office building. On the
initial visit, the highest mark found was at 14.5 ft but it was a weak debris mark at 2.3 ft
above the floor. On a subsequent visit, a better debris line was found at 3.3 ft above the
floor giving an elevation of 15.5 ft.

LA 1053 (el 15.5 ft) - Mark is at the Entergy power plant that is on the north side of the
GIWW/MRGO and about 0.7 miles west of the confluence of the GIWW and MRGO.
The mark was inside a building that is at the water’s edge of the MRGO. The mark was a
debris line inside an electrical panel box.

LA 1093 (el 14.7 ft) - Mark is at the Entergy power plant that is on the north side of the
GIWW/MRGO and about 0.7 miles west of the confluence of the GIWW and MRGO.
Mark was debris on a chain link fence.

LA 1043 (el 18.2 ft) - Located 1.1 mile southeast of the GIWW/ MRGO junction at the
Bayou Bienvenue Structure. This mark is debris inside a radiator that is inside the gage
house (Figure 1-101). The doors to this gage house were damaged by the storm surge and
significant flow was passing through the gage house. The large amount of flow through
the gage house and potential for wave effects within the gage house may cause this mark
to be high.

LA 1044 (el 18.5 ft) - Also at Bayou Bienvenue but was debris on the upper handrail
outside the gage house and exposed to wave activity.

LA 1045 (el 16.5 ft) - Also at Bayou Bienvenue but was debris on the lower handrail
outside the gage house and exposed to wave activity.

LA 1040 (el 20.8 ft)- At Bayou Dupre Structure on MRGO about 7.5 miles southeast of
the GIWW/MRGO junction. Inside gage house that was heavily damaged, small amount
of debris in window frame, likely high.

LA 1041 (el 16.8 ft) - Also at Bayou Dupre. Debris on lower guardrail.

LA 1042 (el 21.7 ft) - Also at Bayou Dupre. Debris on light standard on outside of gage
house, likely high.

The marks at Bayou Bienvenue and Bayou Dupre were difficult to interpret and
inconclusive.
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n. LA 1155 - This mark was not surveyed and was only accessible by boat since it was on
channel marker #107 (Figure 1-102). The marker is about 13.8 miles southeast of the
GIWW/MRGO junction and about 0.7 miles southeast of where the levee protection
leaves the MRGO. The debris on this tower was measured at 19.6 ft above the water level
at 1345 hrs on 10/17/2005. The Bayou Dupre gage read about 1.8 ft on this same day
giving an elevation of about 21.4 ft (relative to an uncertain datum). This debris elevation
contains a large wave component. Water depth at the channel marker on the day of the
inspection was about 12 ft.

0. LA 1087 (el 18.1 ft) - Well-defined debris line inside bedroom of home (Figure 1-103) at
Shell Beach that is about 19 miles southeast of the GIWW/MRGO junction. High water
mark is 31” above second level floor.

Figure 1-101. Bayou Bienvenue Gage House.
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Figure 1-102. LA 1155 on MRGO. Debris on tower.
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Figure 1-103. Home in Shell Beach containing high water mark LA 1087 at 31" above second level floor.

p. LA 1088 (el 18.7 ft) - Well-defined debris line inside pantry of a different home at Shell
Beach. Of the three marks at Shell Beach, this house is closest to the MRGO.

g. LA 1089 (el 17.1 ft) - Inside business at Shell Beach. Of the three marks at Shell Beach,
this business is farthest from the MRGO.

Figure 1-104 shows a plot of the high water mark data along the GIWW/
MRGO along with a best estimate line. The best estimate line ends at the Entergy Plant because
of uncertainty of high water marks at Bayou Bienvenue and Bayou Dupre, the large wave
component at channel marker 107, and the fact that Shell Beach is beyond the levee protection.
Of all the marks southeast of the GIWW/
MRGO junction, the marks at Shell Beach are the most reliable estimates of the peak “still”
water level.

Additional Relevant Hydrographs

Figures 1-105 and 1-106 are hydrographs acquired by NOAA National Ocean Service
stations 8761724 at Grand Isle, Louisiana and 8760922 at Southwest Pass, Louisiana. The
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instruments at these stations are among the few that functioned throughout Katrina’s passage and
recorded peak water levels. The Grand Isle station recorded a peak water level of 5.70 ft above
mean lower-low water (MLLW) at 09:06 UTC on 29 August 2005. The Southwest Pass station
recorded a peak water level of 7.61 ft above MLLW at 09:30 UTC on 29 August 2005.

Peak Water Level along GIWW/MRGO
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Figure 1-104. Peak water level along GIWW and MRGO based on high water marks.
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Figure 1-105. Hydrograph for NOAA National Ocean Service station at Grand Isle, Louisiana. Vertical
datum relation between MLLW and NAVD88-2004.65 is uncertain.
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Figure 1-106. Hydrograph for NOAA National Ocean Service Station at Southwest Pass, Louisiana.
Vertical datum relation between MLLW and NAVD88-2004.65 is unknown.

Note the double peak in the Grand Isle hydrograph. There was initial concern that the double
peak may have been caused by movement of the gage or supporting structure. Inspection of the
station shortly after Katrina’s passage showed the gage and supporting structure to be intact and
the gage vertical datum was confirmed as correct. The simplest, most obvious meteorological
explanation for the double peak is a sudden, temporary shift in the local winds, but this has not
been verified at this time. The data of these hydrographs have been verified as conforming to
NOS standards.
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Images of High Water Mark Locations

Index to North Images
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Index to South Images
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Plate 1-1. Spreadsheet of FEMA and USGS High Water Marks for Louisiana

Elev NAVD88
HWM Flood Reliability [2004.65 Survey Survey
HWM_ID |County Type of HWM HWM Object Quality [Type of mark [(corrected) Latitude [Longitude [Survey Comments
KLAC- |St. Tammany |Mud Line Exterior trailer Good Coastal - |good 9.7 30.301813 |-89.93886 [NGS Control Used: ALCO.STENNIS
01-01 Surge CORS ARP.HAMMOND CORS MON
Only
KLAC- |St. Tammany |Mud Line Exterior of front door {Good Coastal - |good 9.7 30.301163 [-89.94365 |NGS Control Used: ALCO.STENNIS
01-02 Surge CORS ARP.HAMMOND CORS MON
Only
KLAC- |St. Tammany |Debris Line Next to road in ditch |Fair Coastal - |poor 7.6 30.309747 |-89.93982 [NGS Control Used: ALCO.STENNIS
01-03 Wave CORS ARP.HAMMOND CORS MON
Runup
KLAC- |St. Tammany |Mud Line Exterior of house Fair Coastal - |poor 5.2 30.329397 |-90.003 NGS Control Used:
01-04 Surge STENNIS.ALCO.NICOLE.G 275.A 193
Only
KLAC- |St. Tammany |Mud Line Exterior of shed / Good Coastal - |fair 10.5 30.328688 |-89.98737 [NGS Control Used:
01-05 carport Surge STENNIS.ALCO.NICOLE.G 275.A 193
Only
KLAC- |St. Tammany |Mud Line Exterior post back of [Poor poor 27.9 30.394586 |-89.89353 |NGS Control Used:
01-06 car port STENNIS.ALCO.NICOLE.G 275.A 193
KLAC- |St. Tammany |Mud Line Exterior Post of Boat|Good Riverine - |fair 9.8 30.314372 |-89.92729 |NGS Control Used: ALCO.STENNIS
01-10 House Bldg Hurricane CORS ARP.HAMMOND CORS MON
KLAC- |St. Tammany |Debris Line Next to wooden Fair Riverine - |fair 9.6 30.331819 |-89.9459  [NGS Control Used: ALCO.STENNIS
01-11 bridge at church Hurricane CORS ARP.HAMMOND CORS MON
KLAC- |St. Tammany |Mud Line Exterior of trailer Good Coastal - |[fair 9.8 30.315155 [-89.95477 |NGS Control Used: ALCO.STENNIS
01-12 Surge CORS ARP.HAMMOND CORS MON
Only
KLAC- |St. Tammany |Debris Line grass next to ditch  |Good Coastal - |[fair 10.8 30.326294 |-89.98468 |NGS Control Used: ALCO.STENNIS
01-13 Surge CORS ARP.HAMMOND CORS MON
Only
KLAC- |Jefferson Mud Line Apartment Fence Good tbd protected |-1.2 29.893883 |-90.14487 |NGS Control Used: ZURFLUH.B
01-14 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Mud Line Front of house - bay [Good tbd protected (1.2 29.876847 |-90.13436 |NGS Control Used: B 369.L 278.S
01-15 window 188.ALCO.WASTE WELL RESET 2
KLAC- |Jefferson Wrack Line Stake Good thd poor 2.4 29.76864 |-90.08252 |NGS Control Used: REGGIO 2.C 195.R
01-16 194.B 369.A 152.MILAN 2
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Elev NAVD88
HWM Flood Reliability [2004.65 Survey Survey
HWM_ID |County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments
KLAC- |Jefferson Mud Line steel power pole Good tbd protected (-1.8 29.854061 |-90.0703 |NGS Control Used: B 369.L 278.S
01-17 next to Destrehan 188.ALCO.WASTE WELL RESET 2
Ave, next to
Woodmere
Elementary School
KLAC- |Terrebonne |Wrack Line GROUND, STAKE |Good Coastal - |poor 2.1 29.469424 1-90.55929 |NGS Control Used: S 233.G 233
02-01 Surge
Only
KLAC- |St. Charles |Debris Line ground Good Riverine - |poor 13.6 29.938693 |-90.37497 [NGS Control Used: ALCO.G 275.S
02-02 Hurricane 379.G 165.HAMMOND CORS ARP
KLAC- |St. Charles |Debris Line ground Good Riverine - |poor 15.7 29.935227 |-90.36343 [NGS Control Used: ALCO.G 275.S
02-03 Hurricane 379.G 165.HAMMOND CORS ARP
KLAC- |Jefferson Debris Line spray paint on Levee|Good Riverine - |poor 17.8 29.96386 |-90.27356 |NGS Control Used: B 369.L 278.S
02-04 - stake at bottom of Hurricane 188.ALCO.WASTE WELL RESET 2
levee
KLAC- |St. Charles [Wrack Line ground Good Riverine - |poor 35 29.834727 1-90.47595 [NGS Control Used: ALCO.G 275.S
02-05 Hurricane 379.G 165.HAMMOND CORS ARP
KLAC- |Livingston Water Line duct tape - front door|Good Coastal - |good 3.1 30.262079 [-90.6462 |NGS Control Used: ALCO.G 275.S
02-06 step Surge 379.G 165.HAMMOND CORS ARP
Only
KLAC- |Livingston Water Line fence - survey Fair Coastal - |good 2.8 30.261999 [-90.64758 |NGS Control Used: ALCO.G 275.S
02-07 ground - vertical Surge 379.G 165.HAMMOND CORS ARP
offset Only
KLAC- |Livingston Personal Account |ground Fair Coastal - |[fair 3.3 30.263901 [-90.62395 |NGS Control Used: ALCO.G 275.S
02-08 Surge 379.G 165.HAMMOND CORS ARP
Only
KLAC- |Livingston Personal Account |ground Fair Coastal - |good 5.4 30.310067 [-90.60236 |NGS Control Used: ALCO.G 275.S
02-09 Surge 379.G 165.HAMMOND CORS ARP
Only
KLAC- Orleans unknown |10.7(NAVD88) |30.02316 (-90.113 NGS Control Used: B 369.L 278.S
02-16 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown |14.5(NAVD88) |30.02672 (-90.108 NGS Control Used: B 369.L 278.S
02-17 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown [12.9(NAVD88) |30.02725 [-90.098 NGS Control Used: B 369.L 278.S
02-18 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown [12.6(NAVD88) |30.02786 |[-90.089 NGS Control Used: B 369.L 278.S
02-22 188.ALCO.WASTE WELL RESET 2
KLAC- |Jefferson Water Line Interior garage wall - [Good Coastal - |excellent |5.8 29.265225 [-89.95735 |NGS Control Used: B 369.L 278.S
02-35 transferred to Surge 188.ALCO.WASTE WELL RESET 2
exterior Only
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Elev NAVD88
HWM Flood Reliability [2004.65 Survey Survey
HWM_ID |County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments
KLAC- |Jefferson Water Line Bottom level glass |Good Coastal - |good 8.5 29.241738|-89.97881 |NGS Control Used: H 359.Q 359.876
02-36 doors (front of Surge 1724 TIDAL 11
house) Only
KLAC- |Jefferson Water Line Water line from Good Coastal - |excellent |8.9 29.211475 |-90.05154 |NGS Control Used: H 359.Q 359.876
03-01 inside wall Surge 1724 TIDAL 11
transferred to Only
outside wall
KLAC- |LaFourche |Water Line On door jamb of Good Coastal - |[fair 7.5 29.156245 |-90.18039 |NGS Control Used: H 359.Q 359.876
03-02 outside bathroom Surge 1724 TIDAL 11
under carport Only
KLAC- |Tangipahoa |Water Line Outside Building Good Coastal - |[fair 6 30.404156 |-90.32338 |NGS Control Used: H 359.Q 359.876
03-03 Wall Surge 1724 TIDAL 11
Only
KLAC- |Tangipahoa |Water Line On the dock palen [Good Coastal - |poor 5.6 30.405803 |-90.26204 |NGS Control Used: H 359.Q 359.876
03-04 (Boat Dock) Surge 1724 TIDAL 11
Only
KLAC- |Tangipahoa |Water Line Middendorf Good Coastal - |poor 3.5 30.290135 |-90.40138 |NGS Control Used: H 359.Q 359.876
03-05 Restaurant (brown Surge 1724 TIDAL 11
building) mark on Only
back of building
(watermark)
KLAC- |St. John the [Personal Account |Post on Lakeside Fair Coastal - |fair 6 30.281138 |-90.39997 [NGS Control Used: ALCO.A
03-06 Baptist seafood. South side Wave 193.STENNIS CORS ARP.COVINGTON
of bar door (Beacon Height CORS ARP.HAMMOND CORS MON
Lounge)
KLAC- |St. John the [Water Line guardrail on West  [Fair Coastal - |poor 2.8 30.194538 |-90.43598 [NGS Control Used: ALCO.G 275.S
03-07 Baptist side of interchange Surge 379.G 165.HAMMOND CORS ARP
Only
KLAC- |St. John the |Water Line exterior wall of Good Coastal - |poor 3.9 30.101686 [-90.42541 |NGS Control Used: ALCO.G 275.S
03-09 Baptist house Surge 379.G 165.HAMMOND CORS ARP
Only
KLAC- |St. John the |Debris Line pipe line mark/stake |Fair Coastal - |poor 5.7 30.101597 |-90.42488 [NGS Control Used: ALCO.G 275.S
03-10 Baptist - stake taped to Surge 379.G 165.HAMMOND CORS ARP
pipeline mark Only
KLAC- |St. Charles |Wrack Line On ground debris on |Good Coastal - |poor 6.4 30.055665 [-90.3718 |NGS Control Used: ALCO.G 275.S
03-29 embankment Surge 379.G 165.HAMMOND CORS ARP
Only
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Elev NAVD88
HWM Flood Reliability [2004.65 Survey Survey
HWM_ID |County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments
KLAC- |St. Charles |Wrack Line Wrack line on fence- |Good Coastal - |good 55 29.999022 |-90.28475 |NGS Control Used: B 369.L 278.S
03-30 personal account Surge 188.ALCO.WASTE WELL RESET 2
from head maint. Only
Supervisor Jeff
Parish
KLAC- |St. Charles |Wrack Line Railroad track Good Coastal - |poor 9.3 30.072671 [-90.39937 |NGS Control Used: ALCO.G 275.S
03-31 structure Surge 379.G 165.HAMMOND CORS ARP
Only
KLAC- |St. Tammany |Mud Line On wheel of trailer [Good Riverine - |poor 12.8 30.477691 |-90.08724 [NGS Control Used:
04-01 transferred to stake Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
KLAC- |St. Tammany |Mud Line Flood Gage on side |Good Riverine - |fair 9.7 30.461502 |-90.08175 |NGS Control Used:
04-02A of Abita River Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
KLAC- |St. Tammany |Debris Line Debris line Good Riverine - |fair 7.7 30.438345 |-90.11593 |NGS Control Used:
04-03 Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
KLAC- |St. Tammany |Personal Account |Exterior SE wall of [Good Riverine - |good 8.1 30.437713 |-90.11628 |NGS Control Used:
04-04 utility room under Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
raised house
transferred to
Northwest column of
carport
KLAC- |St. Tammany |Mud Line on post of Good Riverine - |poor 6.9 30.398989 |-90.15579 [NGS Control Used:
04-05 homeowner's Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
mailbox
KLAC- |St. Tammany |Mud Line electrical meter Good Riverine - |poor 4.3 30.402995 |-90.15373 |NGS Control Used:
04-06 panel on east side of Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
Tchefuncte River
south of LA 22
KLAC- |Jefferson Water Line exterior wall @ front |Good Levee - |protected |[-4.3 30.042867 |-90.27493 |NGS Control Used: ZURFLUH.B
04-07 door Interior 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Wrack Line ground (levee) Good Coastal - |poor 9.4 30.040061 |-90.23809 |NGS Control Used: ZURFLUH.B
04-10 Wave 369.REGGIO 2.ALCO.WASTE WELL
Runup RESET 2
KLAC- |Jefferson Wrack Line Good Coastal - |poor 11.6 30.032774 1-90.21962 |NGS Control Used: ZURFLUH.B
04-11 Wave 369.REGGIO 2.ALCO.WASTE WELL
Runup RESET 2
KLAC- |Jefferson Wrack Line Wrack line on levee |Good Levee - |protected |-3.9 29.9948 |-90.19442 |NGS Control Used: B 369.L 278.S
04-13 bank Interior 188.ALCO.WASTE WELL RESET 2
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Elev NAVD88
HWM Flood Reliability [2004.65 Survey Survey
HWM_ID |County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments
KLAC- |Jefferson Debris Line School fence Good Levee - |protected |[-3.7 29.984246 |-90.19876 |NGS Control Used: B 369.L 278.S
04-14 transferred to stake Interior 188.ALCO.WASTE WELL RESET 2
(Top of debris
equates to level of
debris)
KLAC- |Jefferson Mud Line Visible mud line on |Good Levee - |protected |-3.8 29.99597 [-90.21629 |NGS Control Used: ALCO.G 275.S
04-15 wooden fence Interior 379.G 165.HAMMOND CORS ARP
transferred to power
pole on SE corner 5"
from bottom rail east
face of power pole
KLAC- Orleans unknown [16.6 (NAVD88) |30.03372 [-90.042 NGS Control Used: B 369.L 278.S
04-18 188.ALCO.WASTE WELL RESET 2
KLAC- |Jefferson Wrack Line Inside of levee Good Coastal - |poor 8.5 30.049191 |-90.27667 |NGS Control Used: ZURFLUH.B
04-33 Surge 369.REGGIO 2.ALCO.WASTE WELL
Only RESET 2
KLAC- |Jefferson Wrack Line Levee Coastal - |poor 9.4 30.04081 |-90.24307 |NGS Control Used: V 375.S
04-34 Surge 188.ALCO.WASTE WELL RESET 2
Only
KLAC- |Jefferson Wrack Line Good Coastal - |fair 6.8 30.027021 |-90.19898 [NGS Control Used: ZURFLUH.B
04-35 Wave 369.REGGIO 2.ALCO.WASTE WELL
Runup RESET 2
KLAC- |St. Tammany |Water Line Exterior condo wall |Good Coastal - |good 13.2 30.219233 |-89.81995 |NGS Control Used:
05-01 on siding Surge STENNIS.ALCO.NICOLE.G 275.A 193
Only
KLAC- |St. Tammany |Water Line exterior wall line Good Riverine - |fair 11.2 30.278714 |-89.83856 |NGS Control Used:
05-03 Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
KLAC- |St. Tammany |Water Line inside window blind [Good Riverine - |excellent |11 30.27216 |-89.79514 |NGS Control Used:
05-04 transferred to Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
exterior wall
KLAC- |St. Tammany |Water Line Front Porch Wall SE |Good Riverine - [good 10.5 30.272963 |-89.79474 [NGS Control Used:
05-05 Corner Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
KLAC- |St. Tammany |Water Line Exterior Wall of Good Riverine - |excellent |11.4 30.263776 |-89.79352 |NGS Control Used:
05-06 house (door jam) Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
transferred from
inside wall of house
KLAC- |St. Tammany |Water Line Interior wall Good Coastal - |excellent [15.3 30.195716 |-89.75619 [NGS Control Used: A 193.ALCO
05-07 transferred to Surge
exterior wall Only
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“HWM_ID

Elev NAVD88

HWM Flood Reliability [2004.65 Survey Survey
County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments
KLAC- |St. Tammany |Water Line interior wall Good Coastal - |excellent |16 30.203851 |-89.69958 |NGS Control Used: A 193.ALCO
05-09 transferred to front Surge
right of door jam Only
KLAC- |Jefferson Wrack Line ground Good tbd protected |0.4 29.884566 |-90.09947 |NGS Control Used: ZURFLUH.B
05-10 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Wrack Line ground Good tbd protected |0.9 29.875315 |-90.1099 |NGS Control Used: ZURFLUH.B
05-11 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Wrack Line ground Good tbd protected |0.4 29.854456 |-90.11716 |NGS Control Used: ZURFLUH.B
05-12 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Wrack Line Bank of canal-East |Good thd protected (-4.3 29.894341|-90.0145 |NGS Control Used: ZURFLUH.B
05-14 side 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Water Line Exterior wall Good tbd protected |-3.7 29.906414 |-90.02241 |NGS Control Used: ZURFLUH.B
05-15 between garage 369.REGGIO 2.ALCO.WASTE WELL
doors. RESET 2
KLAC- |Jefferson Wrack Line West bank of canal |Good tbd protected |-5.7 29.879582 |-90.0343 |NGS Control Used: ZURFLUH.B
05-16 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Plaguemines |Water Line Exterior garage wall |Good tbd poor 2.9 29.74339 |-90.0245 [NGS Control Used: REGGIO 2.C 195.R
05-17 194.B 369.A 152.MILAN 2
KLAC- |Plaquemines [Wrack Line 6 feet up from HWM [Fair tbd poor 16.3 29.81729 |-90.00688 [NGS Control Used: ZURFLUH.B
05-18 on concrete 369.REGGIO 2.ALCO.WASTE WELL
revetment on RESET 2
riverside of levee
KLAC- Orleans unknown |15.3 (NAVD88) |30.03142 (-90.039 NGS Control Used: B 369.L 278.S
05-30 188.ALCO.WASTE WELL RESET 2
KLAC- |St. Tammany |Water Line Exterior wall of Good Coastal - |good 7.8 30.389975 |-90.20524 |NGS Control Used:
05-43 garage Surge STENNIS.ALCO.NICOLE.G 275.A 193
Only
KLAC- |St. Tammany |Water Line interior garage wall |Good Coastal - |excellent (12.8 30.22262 |-89.81597 [NGS Control Used:
06-01 transferred to Surge STENNIS.ALCO.NICOLE.G 275.A 193
exterior wall Only
KLAC- |St. Tammany |Wrack Line ground Good Riverine - |poor 171 30.325798 |-89.8379  |NGS Control Used:
06-02 Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
KLAC- |St. Tammany |Wrack Line ground, bank of Fair Riverine - |poor 12.6 30.309997 |-89.77983 |NGS Control Used:
06-03 stream Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
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Elev NAVD88
HWM Flood Reliability [2004.65 Survey Survey
HWM_ID |County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments
KLAC- |St. Tammany |Water Line exterior wall Good Riverine - |fair 121 30.285462 |-89.72844 |NGS Control Used:
06-04 Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
KLAC- |St. Tammany |Water Line foundation pile of I- |Good Riverine - |good 15.2 30.38148 |-89.73736 |NGS Control Used:
06-05 59 bridge Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
KLAC- |St. Tammany |Water Line red paint on light Fair Riverine - [good 15.2 30.384245 |-89.73483 [NGS Control Used:
06-06 pole Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
KLAC- |St. Tammany |Wrack Line ground Good Riverine - |poor 12.4 30.247756 |-89.76381 |NGS Control Used:
06-08 (embankment of 1-10 Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
overpass)
KLAC- |St. Tammany |Wrack Line ground Good Riverine - |poor 13.4 30.290653 |-89.76771 |NGS Control Used:
06-09 Hurricane STENNIS.ALCO.NICOLE.G 275.A 193
KLAC- |Jefferson Wrack Line red paint on levee  |Good Riverine - |poor 17.9 29.965889 |-90.25818 [NGS Control Used: E 191.S 379.S
06-10 Hurricane 188.HAMMOND CORS ARP
KLAC- |Jefferson Wrack Line red paint on Good Riverine - |poor 17.9 29.917806 |-90.14178 |NGS Control Used: V 375.S
06-11 roadway over levee Hurricane 188.ALCO.WASTE WELL RESET 2
KLAC- |Jefferson Wrack Line ground Good thd protected |-3.6 29.897037 |-90.20696 |NGS Control Used: ZURFLUH.B
06-13 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Plaquemines [Wrack Line Levee Good thd poor 13.2 29.480648 |-89.69368 [NGS Control Used: REGGIO 2.C 195.R
06-14 194.B 369.A 152.MILAN 2
KLAC- |Plaguemines |Wrack Line Levee Good thd poor 11.9 29.524854 |-89.73995 |NGS Control Used: REGGIO 2.C 195.R
06-15 194.B 369.A 152.MILAN 2
KLAC- |Plaguemines |Wrack Line Levee Good tbd poor 3.2 29.638149 |-89.94847 |NGS Control Used: REGGIO 2.C 195.R
06-17 194.B 369.A 152.MILAN 2
KLAC- |Plaguemines |Wrack Line Levee Good tbd poor 17 29.697418 |-89.98234 |NGS Control Used: REGGIO 2.C 195.R
06-18 194.B 369.A 152.MILAN 2
KLAC- |Plaguemines |Water Line Exterior wall facing |Good tbd good 5.4 29.747804 |-90.02397 [NGS Control Used: REGGIO 2.C 195.R
06-19 Hwy 23 (door jam) 194.B 369.A 152.MILAN 2
KLAC- |Plaguemines |Wrack Line Levee Good thd poor 125 29.540295 |-89.75253 |NGS Control Used: REGGIO 2.C 195.R
06-20 194.B 369.A 152.MILAN 2
KLAC- |Plaguemines |Wrack Line Levee Good tbd poor 12 29.585034 |-89.80633 |NGS Control Used: REGGIO 2.C 195.R
06-21 194.B 369.A 152.MILAN 2
KLAC- |Plaguemines |Wrack Line Levee Good tbd poor 13.7 29.615051 |-89.88299 |NGS Control Used: REGGIO 2.C 195.R
06-22 194.B 369.A 152.MILAN 2
KLAC- |Plaquemines [Wrack Line Levee Good thd poor 16.1 29.6477331-89.94561 [NGS Control Used: REGGIO 2.C 195.R
06-23 194.B 369.A 152.MILAN 2
KLAC- |Plaguemines |Mud Line Levee Good thd poor 4.3 29.718877 |-89.98194 |NGS Control Used: REGGIO 2.C 195.R
06-24 194.B 369.A 152.MILAN 2
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HWM Flood Reliability 12004.65 Survey Survey
HWM_ID |County Type of HWM HWM Object Quality [Type of mark [(corrected) Latitude [Longitude |[Survey Comments
KLAC- Orleans unknown |12 (NAVD88) |30.03688 (-90.015 NGS Control Used: ZURFLUH.B
06-27 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Livingston Personal Account |Pre-existing stake  |Good Riverine - |poor 4 30.271941 |-90.75152 |NGS Control Used: E 191.S 379.S
07-01 marked per personal Hurricane 188.HAMMOND CORS ARP
account
KLAC- |St. Tammany |Other Exterior wall Good Coastal - |poor 8.8 30.351446 |-90.05033 |NGS Control Used: A 193.ALCO
07-02 Surge
Only
KLAC- |St. Tammany |Mud Line Exterior wall - front [Good Coastal - |[fair 9.2 30.354669 [-90.06762 |NGS Control Used: ALCO.STENNIS
07-03 door of house Surge CORS ARP.HAMMOND CORS MON
Only
KLAC- |St. Tammany |Mud Line Exterior door Good Coastal - |[fair 9.3 30.35969 [-90.07084 |NGS Control Used: ALCO.STENNIS
07-04 Surge CORS ARP.HAMMOND CORS MON
Only
KLAC- |St. Tammany |Mud Line Mud line on garage |Good Coastal - |[fair 9.1 30.362328 |-90.0798 |NGS Control Used: ALCO.STENNIS
07-05 door Surge CORS ARP.HAMMOND CORS MON
Only
KLAC- |St. Tammany |Wrack Line On ground Good Coastal - |poor 6.6 30.364935 [-90.09184 |NGS Control Used: ALCO.STENNIS
07-07 Wave CORS ARP.HAMMOND CORS MON
Runup
KLAC- |St. Tammany |Mud Line Exterior wall Good Coastal - |[fair 9.2 30.363178 |-90.07756 |NGS Control Used: ALCO.STENNIS
07-08 Surge CORS ARP.HAMMOND CORS MON
Only
KLAC- |St. Tammany |Personal Account |Exterior front steps [Fair Coastal - |good 10.3 30.357811 [-90.06549 |NGS Control Used: ALCO.STENNIS
07-09 Surge CORS ARP.HAMMOND CORS MON
Only
KLAC- |St. Tammany |Mud Line Exterior wall of shed |Good Coastal - |[fair 8.4 30.371039 |-90.10491 |NGS Control Used: A 193.ALCO
07-10 in back Surge
Only
KLAC- |St. Tammany |Mud Line Exterior brick piling |Good Coastal - |poor 7.8 30.396049 |-90.1217 |NGS Control Used: A 193.ALCO
07-11 Surge
Only
KLAC- |St. Tammany |Wrack Line Stake-debris line in  [Good Riverine - |fair 7.8 30.419672 |-90.10429 |NGS Control Used: A 193.ALCO
07-12 backyard Hurricane
KLAC- |St. Tammany |Mud Line Exterior Wall Good Coastal - |poor 9 30.425247 |-90.08152 |NGS Control Used: A 193.ALCO
07-13 Surge
Only
KLAC- |Jefferson Mud Line Exterior column by |Good Levee - |protected |-3.4 30.02291 |-90.18743 |NGS Control Used: ZURFLUH.B
07-14 front door Interior 369.REGGIO 2.ALCO.WASTE WELL
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HWM_ID |County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments
KLAC- |Jefferson Mud Line Exterior garage door (Good Levee - |protected |-3.5 30.020022 |-90.1743 |NGS Control Used: ZURFLUH.B
07-15 on left Interior 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Mud Line Exterior wall - Good Levee - |protected |-3.6 30.018831 |-90.15917 |NGS Control Used: ZURFLUH.B
07-16 Northern frame of Interior 369.REGGIO 2.ALCO.WASTE WELL
garage door. RESET 2
KLAC- [Jefferson Mud Line Exterior wall - frame |Good Levee - protected |2.4 29.983684 [-90.14265 |NGS Control Used: ZURFLUH.B
07-18 of garage door Interior 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Mud Line Exterior wall - Good Levee - |protected |2.5 29.976499 |-90.14049 |NGS Control Used: ZURFLUH.B
07-19 cement around door Interior 369.REGGIO 2.ALCO.WASTE WELL
- front of house RESET 2
KLAC- [Jefferson Mud Line Exterior wall - front |Good Levee - protected |2.6 29.976465 [-90.12681 |NGS Control Used: ZURFLUH.B
07-20 right column of Interior 369.REGGIO 2.ALCO.WASTE WELL
house (facing RESET 2
house)
KLAC- |Jefferson Mud Line Exterior column of |Good Levee - |protected |[-3.2 30.012813 |-90.12372 |NGS Control Used: ZURFLUH.B
07-21 fence Interior 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Mud Line Exterior - front door. {Good Levee - |protected |-3.3 30.016298 |-90.14337 |NGS Control Used: ZURFLUH.B
07-23 Interior 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Mud Line Exterior wall Good Levee - |protected |[-3.1 30.011497 |-90.13486 |NGS Control Used: ZURFLUH.B
07-24 Interior 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Mud Line Exterior - Frame of |(Good Levee - |protected |-3.3 30.014168 |-90.16827 |NGS Control Used: ZURFLUH.B
07-25 front door Interior 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Mud Line Exterior - garage Good Levee - |protected |[-3.8 30.014035 |-90.18593 |NGS Control Used: ZURFLUH.B
07-28 door Interior 369.REGGIO 2.ALCO.WASTE WELL
RESET 2
KLAC- |Jefferson Mud Line Exterior - Cement  [Good Levee - |protected |-3.6 29.989979 |-90.16455 |NGS Control Used: B 369.L 278.S
07-29 front step Interior 188.ALCO.WASTE WELL RESET 2
KLAC- |Jefferson Mud Line Exterior - wooden Good Levee - |protected |-3.4 29.992 -90.15776 |NGS Control Used: B 369.L 278.S
07-30 frame of front door Interior 188.ALCO.WASTE WELL RESET 2
KLAC- |Jefferson Mud Line Frame of front door |(Good Levee - |protected |1.5 29.960933 |-90.21074 |NGS Control Used: B 369.L 278.S
07-31 Interior 188.ALCO.WASTE WELL RESET 2
KLAC- |Jefferson Mud Line Brick exterior Fair Levee - |protected |4.3 29.956418 |-90.21918 |NGS Control Used: B 369.L 278.S
07-32 Interior 188.ALCO.WASTE WELL RESET 2
IV-1-188 Volume IV The Storm — Technical Appendix

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




“HWM_ID

Elev NAVD88

HWM Flood Reliability [2004.65 Survey Survey
County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments

KLAC- |Jefferson Personal Account |Interior Wall Good Coastal - |good 8.6 29.208757 |-90.03385 |NGS Control Used: H 359.Q 359.876
08-01 transferred to Surge 1724 TIDAL 11

Exterior Only
KLAC- |LaFourche |Personal Account |Porch Bottom, left [Good Coastal - |good 4.1 29.257687 |-90.21436 |NGS Control Used: H 359.Q 359.876
08-02 side if facing Surge 1724 TIDAL 11

restaurant Only
KLAC- |Plaguemines |Water Line Coastal Hurricane  [Good thd poor 1.4 29.474219 |-89.69721 |NGS Control Used: REGGIO 2.C 195.R
08-06 Protection Levee 194.B 369.A 152.MILAN 2
KLAC- |Plaguemines |Wrack Line Wrack/debris line on |Good thd poor 7.1 29.522635 |-89.741 NGS Control Used: REGGIO 2.C 195.R
08-08 Coastal Hurricane 194.B 369.A 152.MILAN 2

Protection Levee
KLAC- |Plaguemines |Water Line Stake in levee Good thd poor 3 29.543527 |-89.77808 |NGS Control Used: REGGIO 2.C 195.R
08-09 194.B 369.A 152.MILAN 2
KLAC- |Plaguemines |Mud Line Exterior wall front Good tbd poor 8.3 29.518947 [-89.73203 |NGS Control Used: REGGIO 2.C 195.R
08-10 corner of building; 194.B 369.A 152.MILAN 2
KLAC- |Plaguemines |Wrack Line Stake at wrack line [Good thd poor 5.9 29.527769 |-89.76299 |NGS Control Used: REGGIO 2.C 195.R
08-11 on marsh side of 194.B 369.A 152.MILAN 2

Coastal Hurricane

Protection Levee
KLAC- |Plaguemines |Wrack Line Stake in ground at  |Good tbd poor 5.8 29.54315 |-89.77909 |NGS Control Used: REGGIO 2.C 195.R
08-12 wrack line on marsh 194.B 369.A 152.MILAN 2

side of Coastal

Hurricane Protection

Levee
KLAC- |Plaguemines |Water Line Stake in ground Good thd poor 0.4 29.625983 |-89.9497 |NGS Control Used: REGGIO 2.C 195.R
08-13 marking water line 194.B 369.A 152.MILAN 2

on marsh side of

levee
KLAC- |Plaguemines |Wrack Line Stake in ground at  |Good tbd poor 4.2 29.625942 |-89.95043 |NGS Control Used: REGGIO 2.C 195.R
08-14 wrack line on Estate 194.B 369.A 152.MILAN 2

side of levee
KLAC- |Plaguemines |Wrack Line Stake with yellow Good thd poor 13.6 29.624711 |-89.87833 |NGS Control Used: REGGIO 2.C 195.R
08-16 tape at wrack line in 194.B 369.A 152.MILAN 2

coastal hurricane

protection levee.
KLAC- |Plaguemines |Water Line Water mark on levee |Good tbd poor 8.9 29.648495 |-89.94456 |NGS Control Used: REGGIO 2.C 195.R
08-17 194.B 369.A 152.MILAN 2
KLAC- |Plaguemines |Wrack Line Wrack line on levee |Good tbd poor 16.2 29.648567 |-89.94467 |NGS Control Used: REGGIO 2.C 195.R
08-18 194.B 369.A 152.MILAN 2
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HWM_ID |County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments
KLAC- |St. Charles |Wrack Line ground Good Riverine - |fair 13.5 29.979332 (-90.40267 |NGS Control Used: E 191.S 379.S
20-01 Hurricane 188.HAMMOND CORS ARP
KLAC- |St. John the |Wrack Line ground Good Riverine - |poor 12.9 30.044764 |-90.54956 |NGS Control Used: E 191.S 379.S
20-02 Baptist Hurricane 188.HAMMOND CORS ARP
KLAC- |St. James Wrack Line ground Riverine - |poor 13.6 30.028047 |-90.6942 [NGS Control Used: E 191.S 379.S
20-03 Hurricane 188.HAMMOND CORS ARP
KLAC- St. Bernard unknown (12 (NAVD88) |29.86042 |-89.913 NGS Control Used: E 191.S 379.S
88-01 188.HAMMOND CORS ARP
KLAC- St. Bernard unknown |17.1 (NAVD88) |29.84059 (-89.758 NGS Control Used: V 375.REGGIO
88-02 2.WASTE WELL RESET 2
KLAC- |Jefferson Water Line Still water mark good 6.6 30.040939 |-90.23858 |NGS Control Used: V 375.S
88-04 inside of restroom. 188.ALCO.WASTE WELL RESET 2
KLAC- Jefferson/Orleans unknown |10.9 (NAVD88) |30.02101 (-90.123 NGS Control Used: V 375.S
88-05 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown |11.8 (NAVD88) |30.02978 (-90.091 NGS Control Used: V 375.S
88-06 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown |11.8 (NAVD88) |30.0338 [-90.04 NGS Control Used: V 375.S
88-07 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown [13.8 (NAVD88) |30.05768 [-89.969 NGS Control Used: V 375.S
88-08 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown |13.8 (NAVD88) |30.05772 (-89.969 NGS Control Used: V 375.S
88-09 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown [13.7 (NAVDS88) |30.05776 [-89.969 NGS Control Used: V 375.S
88-10 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown |13.5 (NAVD88) |30.05778 (-89.969 NGS Control Used: V 375.S
88-11 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown [12.7 (NAVD88) |30.05783 [-89.969 NGS Control Used: V 375.S
88-12 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown |12.7 (NAVD88) |30.05786 (-89.969 NGS Control Used: V 375.S
88-13 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown [13.1 (NAVD88) |30.05791 [-89.969 NGS Control Used: V 375.S
88-14 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown |13 (NAVD88) |30.05793 (-89.969 NGS Control Used: V 375.S
88-15 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown [13.2 (NAVDS88) |30.05797 [-89.968 NGS Control Used: V 375.S
88-16 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown |13.6 (NAVD88) |30.05801 (-89.968 NGS Control Used: V 375.S
88-17 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown [13.8 (NAVD88) |30.05805 [-89.968 NGS Control Used: V 375.S
88-18 188.ALCO.WASTE WELL RESET 2
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HWM Flood Reliability [2004.65 Survey Survey
HWM_ID |County Type of HWM HWM Object Quality [Type of mark [(corrected) Latitude [Longitude |[Survey Comments
KLAC- Orleans unknown |11.4 (NAVD88) |30.03679 (-90.017 NGS Control Used: V 375.S
88-20 188.ALCO.WASTE WELL RESET 2
KLAC- Orleans unknown |11.7 (NAVD88) |30.04179 (-90.023 NGS Control Used: B 369.L 278.S
99-01 188.ALCO.WASTE WELL RESET 2
KLA- St. Tammany |Debris Line Front of house Fair fair 7.9 30.399072 |-90.1571 |NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
01
KLA- St. Tammany [Debris Line Door Good fair 7.5 30.404488 |-90.15816 [NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
03
KLA- St. Tammany |Debris Line Glass door Good good 7.6 30.410498 |-90.16853 |NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
04
KLA- St. Tammany [Debris Line House exterior Good fair 7.5 30.409486 |-90.16215 [NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
05
KLA- St. Tammany |Scum and Debris |Piling Good fair 7.6 30.413102 |-90.15987 |NGS Control Used: ALCO.STENNIS
USGS- Line CORS ARP.HAMMOND CORS MON
06
KLA- St. Tammany [Scum and Debris Good fair 7.7 30.406241 |-90.15531 [NGS Control Used: ALCO.STENNIS
USGS- Line CORS ARP.HAMMOND CORS MON
07
KLA- St. Tammany |Debris Line Interior wall Good excellent [7.9 30.400375 [-90.15297 |NGS Control Used: ALCO.STENNIS
USGS- transferred to CORS ARP.HAMMOND CORS MON
08 exterior door frame
KLA- St. Tammany [Debris Line Fence Fair poor 12.8 30.408792 |-90.1401 [NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
09
KLA- St. Tammany |Debris Line Fence Fair fair 8.6 30.36721 [-90.0976 |NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
10
KLA- Plaguemines |Debris Line Excellent |tbd poor 12.8 29.586328 |-89.80684 [NGS Control Used: V 375.S
USGS- 188.ALCO.WASTE WELL RESET 2
101
KLA- Plaquemines [Seed Line Good tbd poor 131 29.586142 |-89.80753 |NGS Control Used: V 375.S
USGS- 188.ALCO.WASTE WELL RESET 2
102
KLA- Plaguemines |Debris Line Concrete levee wall [Good tbd poor 13.4 29.583721 |-89.79296 [NGS Control Used: REGGIO 2.C 195.R
USGS- 194.B 369.A 152.MILAN 2
103
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HWM Flood Reliability [2004.65 Survey Survey
HWM_ID |County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments
KLA- Plaquemines [Seed Line Good tbd poor 13.2 29.64296 |-89.93042 |NGS Control Used: REGGIO 2.C 195.R
USGS- 194.B 369.A 152.MILAN 2
105
KLA- Plaguemines |Seed Line Exterior wall Good tbd poor 7.2 29.858856 |-89.91498 [NGS Control Used: V 375.REGGIO
USGS- 2.WASTE WELL RESET 2
106
KLA- Plaquemines [Seed Line Good tbd poor 7 29.85877 |-89.91498 |NGS Control Used: V 375.REGGIO
USGS- 2.WASTE WELL RESET 2
107
KLA- Terrebonne |Debris Line Good poor 6.3 29.38475 |-90.73036 |NGS Control Used: S 233.G 233
USGS-
109
KLA- St. Tammany |Debris Line Good fair 7.9 30.415975 |-90.13586 |NGS Control Used: ALCO.STENNIS
USGS-11 CORS ARP.HAMMOND CORS MON
KLA- St. Tammany |Debris Line Garage door Good fair 8.1 30.402588 |-90.131 NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
12
KLA- St. Tammany |Debris Line Frame of garage Not fair 8.8 30.369432 |-90.10732 |NGS Control Used: ALCO.STENNIS
USGS- door Provided CORS ARP.HAMMOND CORS MON
i3 By USGS
KLA- St. Tammany Good poor 8.8 30.36671 [-90.11085 |NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
14
KLA- St. Tammany |Debris Line Exterior concrete Good fair 8.7 30.36488 [-90.08302 |NGS Control Used: ALCO.STENNIS
USGS- wall CORS ARP.HAMMOND CORS MON
i
KLA- St. Tammany |Debris Line House Excellent fair 9.3 30.358349 [-90.07855 |NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
16
KLA- St. Tammany |Debris Line Good fair 9.1 30.361793 [-90.07633 |NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
17
KLA- St. Tammany |Debris Line Good fair 9.1 30.352383 |-90.05769 |NGS Control Used: A 193.ALCO
USGS-
18
KLA- St. Tammany |Debris Line Not fair 9.4 30.350002 |-90.0601 |NGS Control Used: A 193.ALCO
USGS- Provided
19 By USGS
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HWM_ID |County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments
KLA- St. Tammany |Debris Line Exterior wall Good fair 10 30.339285 |-90.03978 |NGS Control Used: A 193.ALCO
USGS-
20
KLA- St. Tammany [Debris Line Interior wall Good excellent (8.4 30.335535 |-90.04498 [NGS Control Used: A 193.ALCO
USGS-
21
KLA- St. Tammany |Debris Line Good poor 9.5 30.329096 |-90.00401 |NGS Control Used: A 193.ALCO
USGS-
22
KLA- St. Tammany Not poor 9.6 30.300184 [-89.9573 |NGS Control Used: A 193.ALCO
USGS- Provided
23 By USGS
KLA- St. Tammany |Debris Line Door frame Good poor 6 30.302465 |-89.92252 |NGS Control Used: A 193.ALCO
USGS-
24
KLA- St. Tammany [Debris Line Good poor 2.9 30.284085 [-89.91699 |NGS Control Used: A 193.ALCO
USGS-
25
KLA- St. Tammany |Debris Line Exterior window Good fair 11.7 30.273698 |-89.85962 |NGS Control Used: A 193.ALCO
USGS- frame
26
KLA- St. Tammany [Debris Line Fence Not poor 8 30.280911 |-89.86094 [NGS Control Used: A 193.ALCO
USGS- Provided
27 By USGS
KLA- Livingston Seed Line Bridge piles Good fair 3.9 30.307745 [-90.60859 |NGS Control Used: ALCO.G 275.S
USGS- 379.G 165.HAMMOND CORS ARP
28
KLA- Livingston  |Seed Line Good fair 5.7 30.37286 (-90.55118 |NGS Control Used: ALCO.G 275.S
USGS- 379.G 165.HAMMOND CORS ARP
29
KLA- Livingston Mud Line Bridge piles Poor poor 6.8 30.43138 [-90.54706 |NGS Control Used: ALCO.G 275.S
USGS- 379.G 165.HAMMOND CORS ARP
30
KLA- Tangipahoa ([Seed Line Fair poor 5 30.404156 |-90.32338 [NGS Control Used:
USGS- STENNIS.ALCO.NICOLE.G 275.A 193
31
KLA- St. Tammany Steel bridge support [Not fair 11 30.271359 [-89.79349 |NGS Control Used: ALCO.STENNIS
USGS- Provided CORS ARP.HAMMOND CORS MON
32 By USGS
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HWM_ID |County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments
KLA- St. Tammany |Seed Line Excellent fair 10.5 30.270442 |-89.78379 |NGS Control Used:
USGS- STENNIS.ALCO.NICOLE.G 275.A 193
33
KLA- St. Tammany Not poor 11.3 30.248595 |-89.79394 [NGS Control Used:
USGS- Provided STENNIS.ALCO.NICOLE.G 275.A 193
34 By USGS
KLA- St. Tammany |Seed Line Interior wall Good excellent |13.4 30.229114 |-89.80674 |NGS Control Used:
USGS- STENNIS.ALCO.NICOLE.G 275.A 193
35
KLA- St. Tammany Fair fair 11.3 30.277091 |-89.80732 [NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
36
KLA- St. Tammany Interior wall Good excellent ]12.2 30.265562 |-89.84415 |NGS Control Used:
USGS- STENNIS.ALCO.NICOLE.G 275.A 193
37
KLA- St. Tammany Interior wall Good poor 10 30.226541 |-89.67755 [NGS Control Used:
USGS- STENNIS.ALCO.NICOLE.G 275.A 193
38
KLA- St. Tammany Not fair 15.2 30.230726 [-89.71151 |NGS Control Used:
USGS- Provided STENNIS.ALCO.NICOLE.G 275.A 193
39 By USGS
KLA- St. Tammany Stud Good good 16 30.231136 |-89.66929 [NGS Control Used:
USGS- STENNIS.ALCO.NICOLE.G 275.A 193
40
KLA- Mississippi  |Debris Line Bridge support Very Poor good 21.9 30.239215 |-89.61394 |NGS Control Used:
USGS- STENNIS.ALCO.NICOLE.G 275.A 193
41
KLA- St John the Interior wall Not excellent (16.8 30.157315 |-89.73773 [NGS Control Used:
USGS- |Baptist Provided STENNIS.ALCO.NICOLE.G 275.A 193
42 By USGS
KLA- Tangipahoa Post Not poor 3.8 30.28938 |-90.40211 |NGS Control Used: ALCO.A
USGS- Provided 193.STENNIS CORS ARP.COVINGTON
43 By USGS CORS ARP.HAMMOND CORS MON
KLA- Tangipahoa Post Not fair 5 30.289241 |-90.40201 [NGS Control Used: ALCO.A
USGS- Provided 193.STENNIS CORS ARP.COVINGTON
44 By USGS CORS ARP.HAMMOND CORS MON
KLA- Tangipahoa Support post Not poor 29 30.289675 |-90.40132 |NGS Control Used: ALCO.A
USGS- Provided 193.STENNIS CORS ARP.COVINGTON
45 By USGS CORS ARP.HAMMOND CORS MON
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Elev NAVD88

HWM Flood Reliability 12004.65 Survey Survey
HWM_ID |County Type of HWM HWM Object Quality [Type of mark [(corrected) Latitude [Longitude |[Survey Comments
KLA- Tangipahoa Support post Not poor 29 30.289679 |-90.40135 |NGS Control Used: ALCO.A
USGS- Provided 193.STENNIS CORS ARP.COVINGTON
46 By USGS CORS ARP.HAMMOND CORS MON
KLA- Tangipahoa PVC pipe Not fair 4 30.293711 |-90.40416 [NGS Control Used: ALCO.A
USGS- Provided 193.STENNIS CORS ARP.COVINGTON
47 By USGS CORS ARP.HAMMOND CORS MON
KLA- Tangipahoa Post Not poor 2.4 30.302949 |-90.40506 |NGS Control Used: ALCO.A
USGS- Provided 193.STENNIS CORS ARP.COVINGTON
48 By USGS CORS ARP.HAMMOND CORS MON
KLA- Tangipahoa Post Not poor 2.3 30.308865 |-90.40469 [NGS Control Used: ALCO.A
USGS- Provided 193.STENNIS CORS ARP.COVINGTON
49 By USGS CORS ARP.HAMMOND CORS MON
KLA- St. Tammany Sign Not poor 6.4 30.396116 [-90.1571 |NGS Control Used: ALCO.STENNIS
USGS- Provided CORS ARP.HAMMOND CORS MON
50 By USGS
KLA- St. Tammany 2x4 Not poor 7.8 30.397819 |-90.15604 [NGS Control Used: ALCO.STENNIS
USGS- Provided CORS ARP.HAMMOND CORS MON
51 By USGS
KLA- St. Tammany |Scum Line Signpost Fair fair 7.7 30.400775 |-90.15696 |NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
52
KLA- St. Tammany [Seed Line Support post Good poor 6.8 30.401321 |-90.15848 [NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
53
KLA- Tangipahoa |Debris Line Timber post Fair poor 51 30.404078 |-90.32401 |NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
54
KLA- St. Tammany [Scum Line Fair good 7.6 30.387738|-90.20932 [NGS Control Used:
USGS- STENNIS.ALCO.NICOLE.G 275.A 193
56
KLA- St. Tammany |Mud Line Tree Poor poor 4.5 30.309137 |-89.9297 |NGS Control Used: ALCO.STENNIS
USGS- CORS ARP.HAMMOND CORS MON
57
KLA- St. Tammany Garage door frame |Fair good 9.8 30.286559 |-89.9535 [NGS Control Used:
USGS- STENNIS.ALCO.NICOLE.G 275.A 193
59
KLA- St. Tammany Roofing timber Not good 9.6 30.297754 |-89.93985 |NGS Control Used: ALCO.STENNIS
USGS- Provided CORS ARP.HAMMOND CORS MON
60 By USGS
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Elev NAVD88

HWM Flood Reliability 12004.65 Survey Survey
HWM_ID |County Type of HWM HWM Object Quality [Type of mark [(corrected) Latitude [Longitude |[Survey Comments
KLA- St. Tammany |Stain Line Interior wall Good excellent (9.7 30.293306 |-89.93545 |NGS Control Used:
USGS- STENNIS.ALCO.NICOLE.G 275.A 193
61
KLA- Plaguemines |Debris Line Ground Not tbd poor 3.8 29.626077 |-89.95134 [NGS Control Used: REGGIO 2.C 195.R
USGS- Provided 194.B 369.A 152.MILAN 2
73 By USGS
KLA- Plaquemines |Debris Line Ground Fair tbd poor 4.4 29.633632 |-89.94939 |NGS Control Used: REGGIO 2.C 195.R
USGS- 194.B 369.A 152.MILAN 2
74
KLA- Plaguemines |Debris Line Fence Poor thd poor 4.2 29.670619 |-89.9709 [NGS Control Used: REGGIO 2.C 195.R
USGS- 194.B 369.A 152.MILAN 2
75
KLA- Plaquemines Gate post Not tbd poor 4.2 29.649179 |-89.96566 |NGS Control Used: REGGIO 2.C 195.R
USGS- Provided 194.B 369.A 152.MILAN 2
76 By USGS
KLA- Plaguemines |Seed and Debris |Door frame Good tbd poor 7 29.5838931-89.8281 [NGS Control Used: REGGIO 2.C 195.R
USGS- Line 194.B 369.A 152.MILAN 2
77
KLA- Plaquemines |Debris Line levee Poor tbd poor 5.6 29.61738 |-89.91564 |NGS Control Used: REGGIO 2.C 195.R
USGS- 194.B 369.A 152.MILAN 2
78
KLA- Plaguemines |Debris Line Fence Good thd poor 5.4 29.595853 |-89.84867 [NGS Control Used: REGGIO 2.C 195.R
USGS- 194.B 369.A 152.MILAN 2
79
KLA- Plaquemines |Debris Line Fair tbd poor 5.6 29.597849 |-89.84868 |NGS Control Used: REGGIO 2.C 195.R
USGS- 194.B 369.A 152.MILAN 2
80
KLA- Plaguemines |Debris Line Ground Fair thd poor 35 29.618379 |-89.91054 [NGS Control Used: REGGIO 2.C 195.R
USGS- 194.B 369.A 152.MILAN 2
81
KLA- Plaquemines Not thd poor 3.2 29.638149 |-89.94847 |NGS Control Used: REGGIO 2.C 195.R
USGS- Provided 194.B 369.A 152.MILAN 2
82 By USGS
KLA- Plaguemines Exterior wall Very tbd poor 4.3 29.647637 [-89.96369 |NGS Control Used: REGGIO 2.C 195.R
USGS- Good 194.B 369.A 152.MILAN 2
383
KLA- Plaquemines |Debris Line Levee Fair tbd poor 14.8 29.462508 |-89.67112 |NGS Control Used: REGGIO 2.C 195.R
USGS- 194.B 369.A 152.MILAN 2
84
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Elev NAVD88

HWM Flood Reliability [2004.65 Survey Survey

HWM_ID |County Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments

KLA- Plaquemines |Debris Line Poor tbd poor 11.8 29.468431 |-89.6803 |NGS Control Used: REGGIO 2.C 195.R

USGS- 194.B 369.A 152.MILAN 2

85

KLA- Plaguemines |Debris Line Poor tbd poor 11.8 29.480121 |-89.69319 [NGS Control Used: REGGIO 2.C 195.R

USGS- 194.B 369.A 152.MILAN 2

87

KLA- Plaquemines |Debris Line Not thd poor 15 29.490806 |-89.70266 |NGS Control Used: REGGIO 2.C 195.R

USGS- Provided 194.B 369.A 152.MILAN 2

88 By USGS

KLA- Plaguemines |Debris Line Poor tbd poor 121 29.506911 |-89.71594 [NGS Control Used: REGGIO 2.C 195.R

USGS- 194.B 369.A 152.MILAN 2

89

KLA- Plaquemines |Debris Line Levee slope Fair tbd poor 7 29.525419 |-89.75335 |NGS Control Used: REGGIO 2.C 195.R

USGS- 194.B 369.A 152.MILAN 2

91

KLA- Plaguemines |Debris Line Interior door Fair tbd good 11.4 29.545586 |-89.77367 [NGS Control Used: REGGIO 2.C 195.R

USGS- 194.B 369.A 152.MILAN 2

92

KLA- unknown 29.8399 |-89.688 NGS Control Used: REGGIO 2.C 195.R

USGS- 194.B 369.A 152.MILAN 2

93

KLA- unknown |16.9 (NAVD88) |29.84266 (-89.751 Description for this point has a measure

USGS- up of 14.0 ft from finish floor, field survey

94 recorded 10.3 ft from finish floor - HWM
elevation is based on 10.3 ft) NGS
Control Used: REGGIO 2.C 195.R 194.B
369.A 152.MILAN 2

KLA- Seed Line Good poor 11.8 29.873418 |-89.85357 |NGS Control Used: ZURFLUH.B

USGS- 369.REGGIO 2.ALCO.WASTE WELL

95 RESET 2

KLA- Debris Line Interior wall Excellent poor 0.8 29.911314 |-89.89827 |NGS Control Used: ZURFLUH.B

USGS- 369.REGGIO 2.ALCO.WASTE WELL

96 RESET 2

KLA- Debiris Line Interior wall Excellent poor 0.5 29.936323 |-89.92337 |NGS Control Used: ZURFLUH.B

USGS- 369.REGGIO 2.ALCO.WASTE WELL

97 RESET 2

KLA- Debris Line Interior wall Excellent poor 11.9 29.945682 |-89.97176 |NGS Control Used: ZURFLUH.B

USGS- 369.REGGIO 2.ALCO.WASTE WELL

98 RESET 2
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“HWM_ID County

Elev NAVD88

HWM Flood Reliability [2004.65 Survey Survey
Type of HWM HWM Object Quality |Type of mark  |(corrected) Latitude |Longitude |Survey Comments
KLA- Debris Line Excellent poor 10.7 29.960582 |-90.00123 |NGS Control Used: V 375.S
USGS- 188.ALCO.WASTE WELL RESET 2
99
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Plate 1-2. Spreadsheet of USACE High Water Marks for Louisiana

Elev
Reliability INAVD88 |Elev Survey |Survey
HWM_ID|of mark [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments
LA 1001 |excellent [12.55 12.87 30.0169 |-90.0319 |Based on Kemp, Smith, |Holcim, west bank IHNC, 8 ft |unprotected |CEMVN IHNC Periera, Alette
Maynord, Chapman above concrete floor in
evaluation, this point was |warehouse.
in a building exposed to
some wave activity. At an
office in this same
building, another point
was located.
LA 1002 |excellent [12.53 12.85 30.0091 |-90.0293 |[Slab elevation of 4.65 ft |Trinity Yachts, West bank unprotected |CEMVN IHNC Periera, Alette
was surveyed. A/C unit  [IHNC, mark is 8.2 ft above
removed. High Water concrete floor in "NC" shop
Mark is sum of 4.65 and |on a/c at northwest corner of
8.2 ft office.
LA 1003 |good 12.81 13.13 30.0091 |-90.0293 [Mark was added Trinity Yachts, mark on wall |unprotected |CEMVN IHNC Pereira, Alette
east of LA 1002, Trinity
Yachts.
LA 1004 |excellent (15.2 15.52 29.9843 [-90.0223 |Maynord, Kemp, Smith, [Maersk Sealand, 2700 unprotected |CEMVN IHNC Pereira, Alette
and Chapman believe France Rd, West Bank IHNC,
this is a valid point. 5.1 ft above concrete floor in
Crane Department Bldg.
LA 1005 |excellent [13.72 14.04 29.9674 |-90.0274 |Maynord, Kemp, Smith, |USCG, West Bank IHNC, unprotected |CEMVN IHNC Pereira, Alette
and Chapman believe 9.2 ft above floor in Industrial
this is a valid point. Mechanical Div Engine shop,
Bldg 12.
LA 1006 |excellent |13.2 13.52 29.9662 [-90.0271 [Maynord, Kemp, Smith, [IHNC Lock, 2.9 ft above unprotected [CEMVN IHNC Pereira, Alette
and Chapman did not engine room floor, on west
believe this point reached|wall electrical panel boxes.
an equilibrium water
level.
LA 1007 |excellent [10.82 11.12 30.0210 |-90.1234 Inside Coast Guard station  [unprotected |ERDC and 17th St Canal|Kemp,
near 17th St Canal on NW LSuU Biedenharn,
side of building in room with Maynord
double door. HWM found on
back of shelves and moved
from shelves to wall because
office was being cleaned.
Orange paint on floor. Mark is
22" above floor.
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HWM_ID

Reliability
of mark

Elev
NAVD88
2004.65

Elev
NAVD88

Survey
Latitude

Survey
Longitude

Survey Comments

LA 1008

excellent

10.74

11.54

30.0219

-90.1192

East side of 17th St Canal,
inside storage room of
building that had double door
completely removed but there
was another structure
between Lake and storage
room to block waves. HWM
was near door and was less
exposed to any sloshing and
was 1.55 ft from

unprotected

ERDC and
LSU

17th St Canal

Kemp,
Biedenharn,
Maynord

LA 1009

excellent

11.29

30.0220

-90.1192

East side of 17th St Canal,
Inside storage room of
building that had double door
completely removed but there
was another structure
between Lake and storage
room to block waves. HWM
was near wall air conditioner
and was more exposed to
any sloshing and w

unprotected

ERDC and
LSU

17th St Canal

Kemp,
Biedenharn,
Maynord

LA 1010

good

11.74

12.24

30.0236

-90.1181

East side of 17th St Canal,
Inside business at 402 South
Roadway St at back wall of
building. 7.9 ft above
concrete dock. Subsequent
visit by COPRI team resulted
in observation by one
member that HWM may be
high because of wave
exposure. Another mark set

unprotected

ERDC and
LSU

17th St Canal

Kemp,
Biedenharn,
Maynord

LA 1011

fair

10.79

11.41

30.0251

-90.0980

Debris HWM on east levee of
Orleans Ave Canal, near end
of Snipe St, 2.07 ft below top
of levee crest.

unprotected

ERDC and
LSU

Orleans Ave
Cana

Kemp,
Biedenharn,
Maynord

LA 1012

excellent

11.73

12.31

30.0297

-90.0914

Inside west bathroom at
Shelter No 2 on Lakeshore
Dr between Orleans Ave
Canal and Bayou St John,
4.28 ft above floor.

unprotected

ERDC and
LSU

New Orleans
lake

Kemp,
Biedenharn,
Maynord

LA 1013

poor

12.59

14.99

30.0279

-90.0892

FEMA HWM "KLAC-02-22,
9/16/05", debris HWM on
Lakeshore Dr between Bayou
St John and Orleans Ave
Canal.

unprotected

ERDC and
LSU

New Orleans
lake

Kemp,
Biedenharn,
Maynord
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Elev
Reliability INAVD88 |[Elev Survey |Survey

HWM_ID|of mark  [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments

LA 1014 |poor 12.52 13.07 30.0247 |-90.0823 Debris HWM on east levee of [unprotected |ERDC and Bayou St Kemp,
Bayou St John, 1.05 ft below LSU John Biedenharn,
levee crest. Maynord

LA 1015 |fair 10.82 11.38 30.0250 |-90.0721 Debris HWM on west levee of|unprotected |[ERDC and London Ave [Kemp,
London Ave Canal, north of LSU Canal Biedenharn,
Robert E. Lee Blvd, 1.5 ft Maynord
below crest of levee.

LA 1016 |poor 10.73 11.40 30.0308 |-90.0746 Debris mark on west side of [unprotected |ERDC and London Ave [Kemp,
London Ave Canal, on north LSuU Canal Biedenharn,
side of Lake Pontchartrain Maynord
levee, about 4 ft below crest
of levee. This mark was felt
to be influenced by waves by
COPRI team. New point
located about 100-150 ft west
that had a higher road
embankmen

LA 1017 |poor 7.61 8.41 30.0288 |-90.0725 Debris mark on east levee of [unprotected |[ERDC and London Ave [Kemp,
London Ave Canal, south of LSU Canal Biedenharn,
Lakeshore Dr, 4.8 ft below Maynord
levee. COPRI team felt that
HWM should be moved and
new point was set about
400 ft south on same levee.

LA 1018 |protected [8.1 8.79 29.9889 (-90.0677 At London Ave Canal pump |unprotected |ERDC and London Ave [Kemp,
station, pump station #3, east LSU Canal Biedenharn,
side of discharge area on top Maynord
of concrete wall along
railroad track, this could be
high estimate. Levee debris
HWM is 4.67 ft below
adjacent floodwall.

LA 1019 |protected (8.74 8.99 29.9878 [-90.1239 Levee debris HWM, east side [unprotected |ERDC and London Ave [Kemp,
of London Ave Canal pump LSU Canal Biedenharn,
station discharge area, pump Maynord
station #3.

LA 1020 |excellent [11.04 12.12 30.0236 |-90.1181 Inside business at 402 South [unprotected |COPRI and 17th St Canal|COPRI,
Roadway St at back wall of ERDC Biedenharn,
building. Same building as LA Maynor
1010.
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Reliability [INAVD88 |Elev Survey |Survey

HWM_ID|of mark  [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments

LA 1021 |poor 10.03 10.50 30.0309 |-90.0750 Debris HWM on west side of [unprotected |COPRI and London Ave |COPRI,
London Ave Canal, on north ERDC Canal Biedenharn,
side of Lake Pontchartrain Maynor
levee.

LA 1022 |fair 10.59 10.95 30.0278 |-90.0727 Debris HWM on east levee of [unprotected |COPRI and London Ave |COPRI,
London Ave Canal, south of ERDC Canal Biedenharn,
Lakeshore Dr. Maynor

LA 1023 |protected (3.04 3.36 29.9891 (-90.0282 IHNC,Cold Storage site, protected COPRI and IHNC COPRYI,
between two containers, on ERDC Biedenharn
tire.

LA 1024 |protected (4.45 4.77 29.9877 |-90.0285 IHNC, HWM on chain link protected COPRI and IHNC COPRYI,
fence to Kerney Co. ERDC Biedenharn

LA 1025 |protected (4.94 5.26 29.9872 |-90.0280 IHNC, Inside Kerney Bldg, protected COPRI and IHNC COPRYI,

SE corner, in secretary office. ERDC Biedenharn

LA 1026 |Poor 14.34 14.34 29.9872 (-90.0264 IHNC, Puerto Rico Marine unprotected [COPRI and IHNC COPRI,
Compound, debris in rafters, ERDC Biedenharn
may be low estimate.

LA 1027 |poor 15.44 15.76 29.9872 |-90.0264 IHNC, Puerto Rico Marine unprotected |COPRI and IHNC COPRYI,
Compound, dot in rafters, ERDC Biedenharn
may be low estimate.

LA 1029 |poor 14.44 14.76 30.0038 |-90.0267 IHNC, south of I-10. HWM on |unprotected [COPRI and IHNC COPRI,
large gravel pile not marked ERDC Biedenharn
with orange.

LA 1030 |excellent [15.19 1551 29.9843 [-90.0223 |Maynord, Kemp, Smith, [IHNC, Crane Machine Shop. |unprotected |COPRI and IHNC COPRYI,
and Chapman believe HWM is under 2 big black ERDC Biedenharn
this is a valid point. cranes.

LA excellent (10.846 [11.03 30.0211 |-90.1230 West side of 17th Street unprotected |CEMVN 17th St Canal|Bellocq,Winer

1031a Canal at Coast Guard
Station. HWMs are 12-22"
above slab at 4 places in 1st
floor.

LA excellent (10.34 10.52 30.0211 {-90.1230 West side of 17th Street unprotected |CEMVN 17th St Canal|Bellocq,Winer

1031b Canal at Coast Guard
Station. HWMs are 12-22"
above slab at 4 places in 1st
floor.

LA excellent (10.01 10.19 30.0211 |-90.1230 West side of 17th Street unprotected |CEMVN 17th St Canal|Bellocq,Winer

1031c Canal at Coast Guard
Station. HWMs are 12-22"
above slab at 4 places in 1st
floor.
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Survey Comments

LA
1031d

excellent

10.405

10.58

30.0211

-90.1230

West side of 17th Street
Canal at Coast Guard
Station. HWMs are 12-22"
above slab at 4 places in 1st
floor.

unprotected

CEMVN

17th St Canal

Bellocq,Winer

LA 1032

excellent

10.2

10.56

30.0220

-90.1157

East side of 17th Street
Canal, Orleans Levee Board
Marina, Mens' Restroom.
HWM is 42"above floor on
south wall just inside the
door.

unprotected

CEMVN

17th St Canal

Bellocq,Winer

LA 1033

excellent

11.7

12.24

30.0352

-90.0222

Maynord, Kemp, Smith,
and Chapman believe
this is a valid point.

National Guard Bldg near
Lakefront Airport, bldg 103,
left center portion of bldg
inside stairwell. HWM is 83"
above floor, on south side of
building close to road.

unprotected

CEMVN,
ERDC

New Orleans
lake

Blodgett,
Pereira

LA 1034

excellent

10.78

11.14

30.0237

-90.1136

East side of 17th St Canal,
7400 Lakeshore Dr, Hong
Kong Restaurant. HWM is
68.5" above floor.

unprotected

CEMVN

17th St Canal

Alette,Frost

LA 1035

excellent

11.4

11.76

30.0268

-90.1172

Maynord, Biedenharn,
Smith, and Chapman
believe this is a valid
point.

East side of 17th St Canal,
7734 Breakwater Dr, 18th
boathouse. HWM is 0.7 ft
above carpet in back
bedroom, 2nd floor elevation
above concrete in front is
7.0 ft.

unprotected

CEMVN,ERDC

17th St Canal

Alette, Frost

LA 1036

excellent

11.2

11.56

30.0232

-90.1203

Maynord, Kemp, Smith,
and Chapman believe
this is a valid point.

East side of 17th St Canal,
between 7352 and 7358 W
Roadway St, inside building.
HWM is 7.15 ft above floor.

unprotected

CEMVN,
ERDC

17th St Canal

Alette, Frost

LA 1037

poor

9.51

9.26

30.0401

-90.2381

Maynord, Kemp, Smith,
and Chapman believe
this is a valid point.

Williams Boat Launch, Levee
Debris HWM, stake in levee
about even with front of
Pontchartrain Center.

unprotected

CEMVN

Jefferson
Parish

Alette, Frost

LA 1038

excellent

11.07

11.25

30.0211

-90.1230

West of 17th St Canal at
Coast Guard Station. HWM is
2.4 ft above floor at second
bolt from bottom of the NE
garage door, lakeside.

unprotected

CEMVN

17th St Canal

Alette, Frost
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Elev
Reliability [INAVD88 |Elev Survey |Survey
HWM_ID|of mark |2004.65 |NAVD88 |Latitude [Longitude [Survey Comments

LA 1039 |excellent [14.45 14.20 30.0030 |-89.9607 On GIWW, at Boh Bros Unprotected |ERDC GIWW Maynord,
Construction. HWM is inside Dunbar,Smith,
office, 2.25 ft above floor. Ch

Mark moved to outside of
building, 3.22 ft 3.22 ft below
HWM. Surveyed mark at
10.9. Must add 3.2

LA 1040 |poor 20.77 20.09 29.9347 |-89.8368 Bayou Dupre Floodgate, east |Unprotected [ERDC MRGO COPRYI,
gate house, small debris in Biedenharn
window frame, painted,
probably high.

LA 1041 |poor 16.77 16.90 29.9347 |-89.8368 Bayou Dupre Floodgate, east |Unprotected [ERDC MRGO COPRYI,
gate house, lower guardrail Biedenharn
debris, painted.

LA 1042 |poor 21.73 21.60 29.9349 |-89.8369 Bayou Dupre Floodgate, east |Unprotected [ERDC MRGO COPRYI,
gate house, light standard, Biedenharn
painted metal plate, probably
high.

LA 1043 |poor 18.17 18.42 29.9986 |-89.9156 Bayou Bienvenue Floodgate, |Unprotected [ERDC MRGO Maynord,
west gate house, top of Biedenharn

radiator, painted orange,
3.3 ft above floor, best

estimate.

LA 1044 |poor 18.47 18.68 29.9986 |-89.9156 Bayou Bienvenue Floodgate, |Unprotected [ERDC MRGO Maynord,
top rail of handail closest to Biedenharn
gate house, upper limit of
surge.

LA 1045 |poor 16047 16.70 29.9986 |-89.9155 Bayou Bienvenue, bottom rail |Unprotected [ERDC MRGO Maynord,
of handrail closest to gate Biedenharn
house, lower limit of surge.

LA 1046 |poor 14.97 15.44 30.0314 |-90.0715 Levee Debris HWM on levee, |Unprotected [ERDC London Ave [Smith,
Lakeshore Dr, east of London Canal Chapman,
Ave Canal- has wave Maynord,
component.

LA 1047 |poor 14.4 14.87 30.0314 |-90.0716 Levee Debris HWM on levee, |Unprotected [ERDC London Ave [Smith,
Lakeshore Dr, east of London Canal Chapman,
Ave Canal- has lesser wave Maynord,

component because
protected by downed tree
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Elev
Reliability INAVD88 |[Elev Survey |Survey

HWM_ID|of mark  [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments

LA 1048 |poor 16.64 17.16 30.0340 |-90.0429 Top of levee, obtain levee Unprotected |ERDC Smith,
crest elevation, every 50 ft for Chapman,
200 ft east and west of GPS Maynord,
location.

LA 1049 |poor 16.57 17.01 30.0329 [-90.0411 HWM at top of floodwall. Unprotected |ERDC Smith,
Survey top of floodwall. Chapman,

Maynord,

LA 1050 |excellent (11.43 11.87 30.0326 |-90.0399 |Accepted by Kemp Naval Reserve building west |Unprotected [ERDC IHNC Smith,
of IHNC. At backside in 3rd Chapman,
building from east side. HWM Maynord,
is 3.7 ft above floor. Must call
Joe Peters at 985-703-1692
for access.

LA 1052 |poor 9.16 9.52 29.9952 (-90.1008 Survey arrow in orange paint (unprotected |ERDC Orleans Ave |Smith,
at south end of east floodwall Canal Chapman,
at Orleans pump station, Maynord
pumping station #7. HWM is
0.5 ft below arrow. Also
survey 3 points along levee
between this HWM and
beginning of short wall
attached to station. Survey
points at ends a

LA 1053 |excellent [15.54 16.31 30.0069 |-89.9368 Entergy power plant at unprotected |ERDC & LSU [MRGO Smith,
MRGO. HWM is in pump Chapman,
area next to MRGO in most Maynord,
eastern building in an
electrical panel box. HWM is
3.55 ft above concrete floor.

Rough measurements place
this HWM 15.9 ft above water
level in MRGO.

LA 1055 |excellent [12.42 12.83 30.0168 |-90.0316 Inside "Holcim" bldg office on |unprotected [ERDC & LSU [IHNC Smith,
west side of bldg near SW Chapman,
corner. HWM is 2.44 ft above Maynord,
slab on counter on left after
entering office. This is a
revision to LA 1001. Marked
on counter with arrow but not
with orange paint.

LA 1056 |poor 10.84 11.20 30.0203 |-90.1255 Debiris line on levee just west [unprotected [ERDC & LSU |17th St Canal|Smith,
of Coast Guard building at Chapman,
17th St Canal. Maynord,
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Survey
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Survey
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LA 1057

poor

11.74

12.19

30.0195

-90.1428

Debris line on levee near
Bonnabel boat launch

unprotected

ERDC & LSU

Jefferson
Parish

Smith,
Chapman,
Maynord,

LA 1058

good

6.76

6.51

30.0410

-90.2386

Williams Blvd near Lake
Pontchartrain center, on lake
side of levee, inside ladies
restroom, 2.27 ft above slab.

unprotected

ERDC & LSU

Jefferson
Parish

Smith,
Chapman,
Maynord,

LA 1059

poor

11.16

11.63

30.0267

-90.0729

Debris HWM on west levee of
London Ave Canal north of
Leon C Simon Dr bridge.
Marked with orange paint and
3" long bolt driven into levee.

unprotected

ERDC

London Ave
Canal

Biedenharn,
Maynord, Pink

LA 1060

fair

9.75

10.22

30.0228

-90.0713

West Flood wall/abutment
wall that is south of Leon C
Simon Dr bridge over London
Ave Canal. Survey top of wall
near GPS location. Debris
HWM on levee is 0.9 m
below top of flood wall. HWM
is not marked by paint.

unprotected

COPRI

London Ave
Canal

COPRI

LA 1061

fair

10.64

1.11

30.0236

-90.0713

West Flood wall/abutment
wall that is north of Leon C
Simon Dr bridge over London
Ave Canal. Survey top of wall
near GPS location. Debris
HWM on levee is 0.67 m
below top of flood wall. HWM
is not marked by paint.

unprotected

COPRI

London Ave
Canal

COPRI

LA 1062

poor

-1.8

-0.95

30.0334

-90.0272

New Orleans East
Lakefront Levee

North side of center support
pier under the railroad
overpass over Downman Rd,
just north of Hayne Bivd.
HWM is 2.81 ft above the
concrete median at a gage
reading of 3.5 ft on the staff
gage on the peir.

Corps MVN

Alette, Bellocq
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Reliability INAVD88 |[Elev Survey |Survey
HWM_ID|of mark  [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments
LA 1063 |excellent (12.11 12.63 30.0358 |-90.0241 |[lat and long is just New Orleans Lakefront Corps MVN New Orleans |Alette, Bellocq
outside the exterior door |Airport, in the Taylor Energy lake
that is closest to the hangar, the westernmost
HWM hangar, the first one to the
east of the main terminal
building. HWM is located in
the stairway behind the wall
at the sound end of the open
area in the hangar. The
entrance to
LA 1064 |protected (-1.49 -0.98 30.0580 |-89.9656 Garage door of single family [protected Corps MVN New Orleans |Alette, Bellocq
home at 7963 Jahncke Road, East
just off Hayne Blvd and just
to the southeast of the
Jahncke Pumping Station.
Mark is 8 inches above the
driveway slab on the garage
door.
LA 1065 |poor 11.4 11.71 30.1316 |-89.8721 |Appears that the peak Debris HWM about 3 ft below [unprotected |Corps MVN New Orleans |Alette, Bellocq
stage during Katrina levee crown along the South East
slightly overtopped the  |Point to GIWW levee just
levee at this location as |south of I-10. This appears to
evidenced by debris near |be an interim HWM, where
the landside toe that the water stood for a time
appears to have been during Katrina. May be
swept over the top of the |worthwhile to shoot top of
levee from the floodside. |levee at this location.
LA 1066 |poor 13.79 14.10 30.1240 |-89.8659 |Appears that the peak Debris HWM along the South [unprotected |Corps MVN New Orleans |Alette, Bellocq
stage during Katrina Port to GIWW levee just east East
slightly overtopped the  [of US Hwy 11.
levee at this location as
evidenced by debris near
the landside toe that
appears to have been
swept over the top of the
levee from the floodside.
LA 1067 |fair 10.1 10.57 30.0276 |-90.0743 Debris HWM on levee unprotected |Corps MVN New Orleans |Pereira,
approximately 29 inches from lake Blodgett
top of each wheel track on
top of levee
Volume IV The Storm — Technical Appendix IV-1-207
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LA
1069a

fair

10.64

11.11

30.0236

-90.0713

Debris HWM on southwest
side of Robert E. Lee Blvd
bridge over the London Ave
Canal, approximately 3.0 ft
below top of wingwall

unprotected

Corps MVN

London Ave
Canal

Pereira,
Blodgett

LA
1069b

poor

4.96

5.43

30.0236

-90.0713

Rita

Debris HWM on southwest
side of Robert E. Lee Blvd
bridge over the London Ave
Canal, approximately 3.0 ft
below top of wingwall

unprotected

Corps MVN

London Ave
Canal

Pereira,
Blodgett

LA
1070a

protected

3.17

3.63

29.9883

-90.0678

Two marks at this
location, LA 1070A and
LA 1070B

Pumping Station 3 at North
Broad St. Two marks, first
mark is on metal cabinet 11
inches above floor in office.
Second mark is 23.5 inches
above concrete floor on door
outside of office in pump
building

protected

Corps MVN

New Orleans
Metr

Pereira,
Blodgett

LA
1070b

protected

3.15

3.61

29.9883

-90.0678

Two marks at this
location, LA 1070A and
LA 1070B

Pumping Station 3 at North
Broad St. Two marks, first
mark is on metal cabinet 11
inches above floor in office.
Second mark is 23.5 inches
above concrete floor on door
outside of office in pump
building

protected

Corps MVN

New Orleans
Metr

Pereira,
Blodgett

LA 1071

poor

10.74

11.21

30.0309

-90.0746

Debris HWM on lake side of

levee, south of Lakeshore Dr.

HWM is 43 inches below top
of levee. Note - drove stake
with 2 inch PVC pipe painted
orange at high water mark

unprotected

Corps MVN

New Orleans
lake

Pereira,
Blodgett

LA 1072

poor

11.93

12.40

30.0320

-90.0653

Debris HWM on lake side of
levee on Lakeshore Dr,
across from Kurshmann Hall.
Debris line is 30 inches
below top of levee. Did not
mark.

unprotected

Corps MVN

New Orleans
lake

Pereira,
Blodgett

LA 1073

poor

16.35

16.87

30.0341

-90.0433

Debris HWM on top of levee

unprotected

Corps MVN

New Orleans
lake

Pereira,
Blodgett

LA 1074

good

11.92

12.50

30.0369

-90.0148

Marina at Lakefront Airport.
Debris line approximately 2 ft
below top of levee.

unprotected

Corps MVN

New Orleans
East

Pereira,
Blodgett
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LA 1075

poor

9.52

10.20

29.9447

-90.0028

Painted orange mark located
on steel I-beam forming the
platform for grated walkway
of wingwall, 63 inches below
concrete base of platform at
Mississippi River at
Chalmette gage

unprotected

Corps MVN

Mississippi
Rive

Pereira,
Servay

LA 1077

excellent

14.18 14.59

29.3889

-89.5965

HWM is in control house of
Empire Lock, 4 inches above
floor on back of door. Line
very faint, but there was mud
on floor.

unprotected

Corps MVN

Mississippi
River

Pereira,
Servay

LA 1078

excellent

14.39 14.80

29.3889

-89.5966

HWM is in bathroom
downstairs in control house
of Empire Lock, 85.5 inches
above cement floor

unprotected

Corps MVN

Mississippi
River

Pereira,
Servay

LA 1079

poor

4.27

4.61

30.1006

-90.4287

HWM on chain link fence
2.21 ft above ground. Use
middle of orange paint line on
fence post

unprotected

Corps MVN

St John the
Bapt

Pereira

LA 1080

excellent

7.16

7.01

30.1066

-90.4241

HWM on quonset hut located
at the corner of Peavine
Road and Ponch Road. Mark
is located on a white wooden
door inside the Quonset, near
floor

unprotected

Corps MVN

St John the
Bapt

Pereira

LA 1081

excellent

3.91

5.12

30.2812

-90.3999

HWM is located in a building
approximately 100 ft south of
the Pass Manchac DCP
gage. The mark is on the
inside of the back door of the
Beacon Lounge, 0.45 ft avoe
the bottom of the door.

unprotected

Corps MVN

St John the
Bapt

Pereira

LA 1082

poor

4.6

4.76

29.9857

-90.3496

HWM is located on the
northwest portion of the sheet
pile at Cross Bayou

Structure. Mark is 90 inches
below the top of the sheetpile

unprotected

Corps MVN

St Charles
Paris

Pereira

LA 1083

excellent

15.71 15.93

30.0668

-89.8063

HWM is located on sheetrock
in stairwell of house at 4300
Fort Mcomb. Mark is 112
inches above floor (concrete
slab)

unprotected

Corps MVN

New Orleans
East

Pereira,
Servay
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LA 1084 |fair

12.52

12.52

30.0280

-90.0891

Recovered as in Corps
photo. Stake reads KLAC
not KLAL. Tied to NGS
PBM Essex published
superceded 6.43 ft.
Found 5.78 ft

Debris line about 4 to 8
inches below the top of the
levee on the lake front of
Lake Pontchartrain, marked
by FEMA stake FEMA KLAC-
02-22

unprotected

Corps MVN

New Orleans
lake

Blodtett and
Taylor

LA 1085 |poor

16.85

16.85

30.0285

-90.0936

See photo, may have
been splash line

Debris line along lake front of
Lake Pontchartrain.

unprotected

Corps MVN

New Orleans
lake

Blodgett and
Taylor

LA 1086

excellent

11.86

11.86

30.0329

-90.0401

LA1156 in same vicinity

High water mark is located in
the old Naval Reserve
Center. Mark is located at
approximately 75 ft from the
back of the building on the
second of the four wings
starting from the left. No
information provided as to
measurement from floor

unprotected

Corps MVN

New Orleans
lake

Blodgett and
Taylor

LA 1087

excellent

18.12

18.12

29.8510

-89.6801

Mark is located on inside of
home in Shell Beach at the
corner of West Indies Drive
and Caribbean Blvd. Should
be one mark in each
bedroom located upstairs on
the end of the house
opposite the kitchen. Mark is
approximately 31 inches
above carpet

unprotected

Corps MVN

New Orleans
East

Blodgett and
Taylor

LA 1088

excellent

18.67

18.67

29.8538

-89.6777

Mark is located on inside of
home in Shell Beach at the
end of West Indies St
opposite to the house above.
Mark is located in a pantry in
the kitchen, 28 inches above
the 2nd story floor or about
142 inches above the ground
slab

unprotected

Corps MVN

New Orleans
East

Blodgett and
Taylor

LA 1089

excellent

171

17.10

29.8427

-89.7509

Mark is located on inside of
Dixie Well Service and
Supply. Mark is located about
11 ft above the slab by the
stairs leading to a second
level.

unprotected

Corps MVN

New Orleans
East

Blodgett and
Taylor
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Elev
Reliability [INAVD88 |Elev Survey |Survey

HWM_ID|of mark  [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments

LA 1090 |excellent [15.77 15.77 30.0697 |-89.8139 [Sheetrock has been Mark is located on inside of [unprotected |Corps MVN New Orleans |Bellocq and
removed. HWM home at 4620 Murano Road. East Donnelly
measured from third step |Mark is 2 ft below slab of
of inside stairs. Elevation |second floor, 61 inches
of third step = 10.69 ft above the third step.

LA 1091 |poor 2.61 2.61 30.0285 |-89.8931 Mark is on Industrial Parkway Corps MVN New Orleans |Bellocq and
in New Orleans. Mark East Donnelly
measures 39 inches above
train tracks.

LA 1092 |poor 12.85 12.85 30.0063 |-89.9393 |Top of levee, low spot Debris overtopping GIWW unprotected |Corps MVN New Orleans |Bellocq and
levee by Paris Road Bridge. East Donnelly

LA 1093 |poor 14.71 14.71 30.0093 |-89.9386 [Low point in levee at Entergy Michoud Power unprotected |Corps MVN New Orleans |Bellocq and

Paris Rd Bridge = Elev  |Plant. Debris along fence East Donnelly
12.85 ft under Paris Road Bridge.
LA 1094 |poor 12.4 12.40 30.0086 |-90.0264 |Floodside toe = 10.37 ft, |Under east side of Danzinger |unprotected |Corps MVN New Orleans |Bellocq and
protected side toe = Bridge over Chef Menteur East Donnelly
9.37 ft Highway. Water overtopped
floodwall.

LA poor 12.08 12.08 30.0173 |-90.0271 |[First elevation is top of floodgate and top of unprotected |Corps MVN New Orleans |Bellocq and

1095a floodgate, second floodwall at Dwyer Road East Donnelly

elevation is floodwall floodgate E11

LA poor 13.02 13.02 30.0173 |-90.0271 |First elevation is top of floodgate and top of unprotected |Corps MVN New Orleans |Bellocq and

1095b floodgate, second floodwall at Dwyer Road East Donnelly

elevation is floodwall floodgate E11

LA 1096 |poor 3.79 3.79 30.0317 [-90.0317 |Elevation needs to be Mark on floodgate located at |Unprotected?|Corps MVN New Orleans |Bellocq and

checked, surveyor Jourdan Road and Hayne East Donnelly
measured 2 marks. Top |Blvd. Mark is 58 inches from
of floodwall is 11.19 ft bottom of steel floor

LA 1097 |poor 6.42 6.42 30.0041 |-89.9492 Debiris line at 28 mark of staff [Unprotected |Corps MVN New Orleans |Bellocq and
gage at Grand St Pumping East Donnelly
Station

LA 1098 |poor 18.6 18.60 30.0276 |-89.9060 [Fence removed. Debris on chain link fence Unprotected |Corps MVN New Orleans |Bellocq and

Elevation is for top of and razor wire on the Maxent East Donnelly
floodwall at Gate M3, Canal on the east side of Air

Eastside Maxent Canal. |Products Corps.

Air Products will send

photos of water

overtopping floodwall
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Reliability INAVD88 |[Elev Survey |Survey
HWM_ID|of mark  [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments

LA 1099 |good 16.46 16.50 29.7685 |-89.7899 Administrative building in Unprotected |Corps MVN New Orleans |Bellocq and
Delacroix. Mark painted East Donnelly
orange on slab in front of
building must add 13.35 ft to
slab elev of 3.11 ft

LA 1100 |good 16.7 16.70 29.7587 |-89.7844 House on main highway in Unprotected |Corps MVN New Orleans |Bellocq and
Delacroix, with number East Donnelly
address 6623. Nail in fifth
post on right side as you face
house. Nail is approximately
4.8 ft off ground. HWM is

8.8 ft above nail at elev 7.9 ft

LA 1101 |protected (-1.39 -1.39 30.0413 |-89.9478 Main Developer's House at  |Protected Corps MVN New Orleans |Bellocq and
5690 Eastover Drive New East Donnelly
Orleans. Mark is on front
porch to the right of the front
door, 43 inches from ground.

LA 1102 |protected (-1.31 -1.31 30.0470 |-89.9444 The Golf Club of New Protected Corps MVN New Orleans |Bellocq and
Orleans Eastover. Mark is 38 East Donnelly
inches from groung outside of
building on grounds

LA 1103 |protected (-1.43 -1.43 30.0539 |-89.9671 7601 Bullard, New Orleans. |Protected Corps MVN New Orleans |Bellocq and
Mark on concrete porch on East Donnelly
front of house, 22 inches
from ground

LA 1104 |protected (-1.39 -1.39 30.0543 |-89.9674 11901 Curran Road, New Protected Corps MVN New Orleans |Bellocq and
Orleans. Mak on north edge East Donnelly
of fence, 12 inches from
ground.

LA 1105 |protected (-1.44 -1.44 30.0260 |-89.9502 11611 N Adams Court, New |Protected Corps MVN New Orleans |Bellocq and
Orleans. House at N Adams East Donnelly

and W Adams Ct. Mark is
next to front window left of
front door, 33 inches from

ground
LA 1106 |protected (2.73 2.73 29.9554 (-90.1210 2331 S Carrollton Ave New  |Protected Corps MVN New Orleans |Bellocq and
Orleans. Corner of S Metr Donnelly

Claiborne Ave and South
Carrollton Ave. Mark is
located onside of Chase
Bank building on S Claiborne
Ave, 34 inches from ground
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Sal Seafood building, 70.5
inches from ground.

Reliability INAVD88 |[Elev Survey |Survey
HWM_ID|of mark  [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments
LA 1107 |protected [2.6 2.60 29.9504 |-90.1068 4401 Fountainebleau Dr New |Protected Corps MVN New Orleans |Bellocq and
Orleans. Mark is on side of Metr Donnelly
building located at corner of
Napoleon Ave and Broad St,
89 inches from ground
LA 1108 |protected ([1.96 1.96 29.9288 (-90.1001 4219 Baronne St, New Protected Corps MVN New Orleans |Bellocq and
Orleans. Mark on wooden Metr Donnelly
fence to right of gate, 14.5
inches from ground
LA 1109 |protected (1.96 1.96 29.9270 {-90.0990 9 Palm Terrace, New Protected Corps MVN New Orleans |Bellocq and
Orleans. Southern most edge Metr Donnelly
of flooding in Broadmoor.
Mark on white cinder block
wall, to the left of the
driveway, 10 inches from
ground
LA 1110 |protected (2.49 2.49 29.9360 [-90.0945 |Tied to NGS PBM 'X-49' |3328 LaSalle St New Protected Corps MVN New Orleans |Bellocq and
Flint Goodridge Hosp. Orleans. Mark is on building Metr Donnelly
Published superceded El |for Mo Hair Design on corner
= 3.69' found 3.29' of LaSalle St and Louisiana
Ave, 48.5 inches from ground
LA 1111 |protected [2.52 2.52 29.9423 [-90.0954 South Claiborne Ave and Protected Corps MVN New Orleans |Bellocq and
Toledano. Mark is on building Metr Donnelly
52.5 inches from ground
LA 1112 |protected [2.52 2.52 29.9444 1-90.0908 2841 South Claiborne Ave. |Protected Corps MVN New Orleans |Bellocq and
Mark in on front of Winn Dixie Metr Donnelly
building, 59 inches from
ground.
LA 1113 |protected [2.52 2.52 29.9498 (-90.1003 3933 Washington Ave New  |Protected Corps MVN New Orleans |Bellocq and
Orleans. Mark is on Rhodes Metr Donnelly
Funeral Home building, 63
inches from ground
LA 1114 |protected (2.38 2.38 29.9528 [-90.0979 Pumping station at South Protected Corps MVN New Orleans |Bellocq and
Broad and Martin Luther King Metr Donnelly
Blvd. Mark is 44 inches
below top of flood wall
located on west side of
pumping station off bridge.
LA 1115 |protected [2.55 2.55 29.9498 (-90.1003 3609 Toledano St, New Protected Corps MVN New Orleans |Bellocq and
Orleans. Mark is on Captain Metr Donnelly
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HWM_ID|of mark  [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments

LA 1116 |protected [2.54 2.54 29.9624 (-90.0901 425 Broad St New Orleans. |Protected Corps MVN New Orleans |Bellocq and
Mark is on Israel Augustine Metr Donnelly
Middle School, 46 inches
from ground

LA 1117 |protected (2.6 2.60 29.9646 |-90.0881 200 S Broad, New Orleans. |Protected Corps MVN New Orleans |Bellocq and
Mark is at right corner of Metr Donnelly
building housing McKenna
and Medley Eye Clinic, 74.5
inches from concrete

pavement
LA 1118 |protected (2.32 2.32 29.9688 [-90.0845 Old Pumping station at North |Protected Corps MVN New Orleans |Bellocq and
Broad and St Louis. Mark in Metr Donnelly

right of garage door 21
inches from ground.

LA 1119 |protected [2.52 2.52 29.9708 |-90.0826 711 N Broad St New Orleans. |Protected Corps MVN New Orleans |Bellocq and
Mark on side of building Metr Donnelly
housing Ruth Chris Steak
House, on top of grey curb,
49 inches from grey curb

LA 1120 |protected (1.93 1.93 29.9820 |-90.0996 718 N Alexander St. New Protected Corps MVN New Orleans |Bellocq and
Orleans. Mark on Orleans Metr Donnelly
Ave side of building, 19.5
inches from ground.

LA 1121 |protected (1.94 1.94 29.9863 |-90.1221 441 Fairway Drive. New Protected Corps MVN New Orleans |Bellocq and
Orleans. Mark is on white Metr Donnelly
wooden fence 50.5 inches
from ground.

LA 1122 |protected (-3.22 -3.22 30.0046 |-90.1073 724 Harrison Ave Metairie Protected Corps MVN Jefferson Bellocq and
LA. Mark is 2.5 inches from Parish Donnelly
step.

LA 1123 |fair 9.93 9.93 29.9466 |-89.9592 St. Avide and Tournefort mark |Protected Corps MVN St Bernard |Jones
on Metal Light Pole 10 ft from Paris
ground

LA 1124 |fair 10.97 10.97 29.9443 |-89.9522 St. Avide and Decomine mark |Protected Corps MVN St Bernard |Jones
on Metal Light Pole 12 ft from Paris
ground

LA 1125 |fair 9.39 9.39 29.9480 |-89.9534 Marietta and Josephine mark |Protected Corps MVN St Bernard |Jones
on Metal Light Pole 12 ft from Paris
ground

LA 1126 |fair 9.08 9.08 29.9511 |-89.9490 Eagle and Dauterive mark on |Protected Corps MVN St Bernard |Jones
Metal Light Pole 10 ft from Paris
ground

IV-1-214 Volume IV The Storm — Technical Appendix

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



Elev
Reliability [INAVD88 |Elev Survey |Survey

HWM_ID|of mark  [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments

LA 1127 |fair 10.29 10.29 29.9416 |-89.9509 2909 Palmisano mark on tree |Protected Corps MVN St Bernard |Jones
in neutral ground 9 ft from Paris
ground

LA 1128 |fair 9.47 9.47 29.9356 |-89.9178 2809 St. Marie mark on Metal |Protected Corps MVN St Bernard  |Jones
Light Pole 15 ft from ground Paris

LA 1129 |fair 9.09 9.09 29.9408 |-89.9162 Van Cleave and Ehrhard Protected Corps MVN St Bernard |Jones
mark on Metal Light Pole 14 Paris
feet from ground

LA 1130 |fair 10.25 10.25 29.9428 |-89.9139 4218 Florida Ave in Lexington|Protected Corps MVN St Bernard |Jones
mark on Wood Light Pole Paris
15 ft from ground

LA 1131 |fair 11.11 11.11 29.9297 |-89.9280 Hannan Blvd near Hwy 46 Protected Corps MVN St Bernard |Jones
mark on tree on west side 8 ft Paris
from ground

LA 1132 |fair 8.65 8.65 29.9653 |-89.9988 1519 Alexander mark on Protected Corps MVN St Bernard |Jones
wood light pole 10 ft from Paris
ground

LA 1133 |fair 7.08 7.08 29.9586 |-89.9737 Creole and Evangeline mark |Protected Corps MVN St Bernard |Jones
on Metal Light Pole 12 ft from Paris
ground

LA 1134 |poor 9.02 9.02 29.9480 |-89.9881 2209 Pirate Drive mark on Protected Corps MVN St Bernard  |Jones
Metal Light Pole 12 ft from Paris
ground

LA 1135 |fair 8.86 8.86 29.9571 |-89.9792 Packenham and W Claiborne |Protected Corps MVN St Bernard |Jones
Sqg mark on cement light pole Paris
12 ft from ground

LA 1136 |fair 9.91 9.91 29.9460 |-89.9379 3709 Jacob Drive mark on Protected Corps MVN St Bernard |Jones
Metal Light Pole 9.4 ft from Paris
ground

LA 1137 |fair 9.94 9.94 29.9702 |-89.9917 Rose and Center St mark on |Protected Corps MVN St Bernard |Jones
Wood Pole 11 ft from ground Paris

LA 1138 |fair 11.01 11.01 29.9505 |-90.0049 448 Friscoville mark on Wood |Protected Corps MVN StBernard |Jones
Pole 6 ft from ground Paris

LA 1139 |fair 10.87 10.87 29.9415 |-89.9702 2300 Victor St mark on Wood |Protected Corps MVN StBernard |Jones
Pole 8 ft from ground Paris

LA 1140 |fair 9.29 9.29 29.9453 |-89.9645 219 Urquart mark on Wood  |Protected Corps MVN St Bernard  |Jones
Pole 6 ft from ground Paris

LA 1141 |fair 9.95 9.95 29.9524 |-89.9616 3812 Fenelon mark on Wood |Protected Corps MVN StBernard |Jones
Pole 6.3 ft from ground Paris
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HWM_ID|of mark  [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments

LA 1142 |fair 10.74 10.74 29.9352 |-89.9449 2316 Despaux mark on Protected Corps MVN St Bernard |Jones
Wood Pole 6 ft from ground Paris

LA 1143 |fair 10.01 10.01 29.9469 |-89.9280 3217 Munster mark on Wood |Protected Corps MVN StBernard |Jones
Pole 13 ft from ground Paris

LA 1144 |fair 10.51 10.51 29.9276 |-89.9053 3032 Maureen mark on Protected Corps MVN St Bernard  |Jones
Wood Pole 10.72 ft from Paris
ground

LA 1145 |fair 9.98 9.98 29.9102 |-89.8921 3012 Lakewood mark on Protected Corps MVN St Bernard |Jones
Metal Pole 13 ft from ground Paris

LA 1146 |fair 11.72 11.72 29.9048 |-89.9002 Colonial @ 3rd mark on Protected Corps MVN St Bernard |Jones
Metal Pole in neutral ground Paris
10 ft from ground

LA 1147 |fair 10.07 10.07 29.8792 |-89.8958 Corner of River Park Dr. & Protected Corps MVN StBernard |Jones
STB Hwy mark on Wood Paris
Pole 4 ft from ground

LA 1148 |fair 10.39 10.39 29.8689 |-89.8907 2020 E Christie mark on Protected Corps MVN St Bernard |Jones
Metal Pole 5 ft from ground Paris

LA 1149 |fair 10.84 10.84 29.8738 |-89.8748 2700 Torres mark on Wood  |Protected Corps MVN St Bernard  |Jones
Pole 6 ft from ground Paris

LA 1150 |fair 10.88 10.88 29.8787 |-89.8898 #5 South Lake Blvd mark on |Protected Corps MVN St Bernard |Jones
metal pole 7 ft from ground Paris

LA 1151 |fair 10.86 10.86 29.9103 |-89.9046 Corner of Edgar & Kenneth  |Protected Corps MVN St Bernard |Jones
mark on cement pole 15 ft Paris
from ground

LA 1152 |fair 10.81 10.81 29.9199 |-89.9120 Corner of Landry Ct & Birch |Protected Corps MVN St Bernard  |Jones
St. - Parc Oaks Sub mark on Paris
metal pole 10 ft from ground

LA 1153 |fair 9.81 9.81 29.9319 |-89.9308 2208 Etienne mark on metal |Protected Corps MVN St Bernard |Jones
pole, 10 feet from ground Paris

LA 1154 |excellent (11.78 11.78 30.0336 |-90.0409 In first building west of Unprotected |Corps MVN New Orleans [MVN
NAVAL Reserve just west Of Lake
IHNC at Lake P. Survey mark
in side room 4.88 ft above
slab

LA 1156 |fair 9.54 9.54 30.1080 |-90.4239 In Frenier, on side of house |Unprotected [ERDC, LSU Frenier Maynord,
facing lake. FEMA mark Kemp, Garcia,
KLAC-03-08. Dar
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LA 1157 |good 7.3 7.30 30.1077 |-90.4246 In Frenier, on foundation post [Unprotected [ERDC, LSU Frenier Maynord,
on SE corner of storage Kemp, Garcia,
building. HWM is 3.0 ft above Dar
arrow on post. Survey arrow.

Arrow = 4.3 ft

LA 1158 |excellent (7.08 7.08 30.1067 |-90.4241 In Frenier, in Quonset Hut. Unprotected |ERDC, LSU Frenier Maynord,
Moved to outside building on Kemp, Garcia,
right side of door. Mark is at Dar
about 7.65 ft on owners
gage.

LA 1159 |good 6.02 6.00 30.0500 |-90.3678 At Marsh Hunting Club on Unprotected |ERDC, LSU West Lake p [Maynord,
Bayou LaBranche. Drive Kemp, Garcia,
along levee and then along Dar
railroad track to get there.

Building at back, survey
concrete foundation pad at
front left corner of building
where painted. Two distinct
HWM. Owner said Katrina
higher. Katrina

LA 1160 |excellent [5.75 5.75 30.0500 |-90.3678 |Crew did not find arrow |At Marsh Hunting Club on Unprotected |ERDC, LSU West Lake p [Maynord,

on pipe. Elevation is for |Bayou LaBranche. Drive Kemp, Garcia,
finished floor elevation. |along levee and then along Dar

railroad track to get there.

HWM moved to back NW

corner of main building from

inside in closet. HWM is

shown by arrow on pipe on

corner. Katrina mark only

because Rita did not g

LA 1161 |poor 15.15 15.15 30.0315 |-90.0709 Levee debris, 2.44 ft below |Unprotected [ERDC Orleans Maynord,
levee. Garcia

LA 1162 |poor 14.13 14.13 30.0332 |-90.0521 Lakefront levee debris, Unprotected |ERDC Orleans Maynord,
between UNO and Naval Garcia
Reserve. 1.9 ft below top of
levee.

LA 1163 |fair 10.29 10.29 30.0254 [-90.1194 |Measured 4.15 ft above |Municipal Yacht Club, HWM |Unprotected |ERDC Orleans Maynord,

wood deck on outside of east side of Garcia
bldg. About 5.2 ft above wood
deck.
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HWM_ID|of mark  [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments

LA 1171 |good 14.28 14.28 29.9664 |-90.0269 Inner Harbor Navigation Unprotected |ERDC IHNC Maynord,
Canal Lock, survey gage Garcia
installed by lockmaster. Use
15 ft mark on gage. 15.0 was
highest level recorded on
staff gage

LA 1172 |excellent (13.8 13.80 29.9667 [-90.0269 |Elevation of slab below |Near Inner Harbor Navigation |Unprotected |ERDC IHNC Maynord,

HWM = 3.80 ft Canal Lock at coast guard Garcia
bldg 13, SW corner, stairwell,
5.6 ft above 5th step. Survey
HWM.

LA 1173 |protected |2.4 24 29.9339 (-90.0921 |2119 Harmony. On gate, Protected MVN Orleans Blodgett.
scum line is 28" above Hickerson
sidewalk

LA 1174 |protected (2.0 2.0 29.9426 |-90.0810 [1416 Simon Blvd. Mark is Protected MVN Orleans Blodgett.
10" above sidewalk. Hickerson

LA 1175 |protected (2.4 2.4 29.9489 [-90.0775 |Girod St near Protected MVN Orleans Blodgett.
Superdome. Mark is Hickerson
inside parking garage,

13" above concrete.

LA 1176 |protected [2.6 2.6 29.9543 [-90.0813 |Laboratory of Protected MVN Orleans Blodgett.
Environmental Medicine. Hickerson
Mark is on column 37
inches above footing.

LA 1177 |protected (2.4 2.4 29.9544 (-90.0813 |Laboratory of Protected MVN Orleans Blodgett.
Environmental Medicine. Hickerson
Two marks, Mark 1177A
is on parking meter, 57
inches above sidewalk.

Scum line is 6 inches
below HWM.

LA 1178 |protected (2.6 2.6 29.9685 [-90.0843 |Orange Building on N Protected MVN Orleans Blodgett.
Broad across from Hickerson
pumping station. Address
may be 470 N Broad.

Scum line 40 inches
above parking lot.
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HWM_ID|of mark  [2004.65 [NAVDS88 |Latitude |Longitude [Survey Comments

LA 1179 |protected (2.6 2.6 29.9709 [-90.0824 |Zulu Social and Pleasure Protected MVN Orleans Blodgett.
Club. Address may be Hickerson
730 N Broad. Scum line
59 inches above walk on
southwest side of
building

LA 1180 |protected |2.7 2.7 29.9871 [-90.0676 |2837 AP Tureaud Ave. Protected MVN Orleans Blodgett.
Mark 1180 is 69 inches Hickerson
above walk. Scum line is
0.7 ft below HWM.

LA 1181 |protected [2.7 2.7 29.9861 [-90.0620 |3518 Pauger St. Mark is Protected MVN Orleans Blodgett.
on glass 64.5 inches Hickerson
above driveway

LA 1182 |protected [3.2 3.2 29.9861 [-90.0620 |3520 Pauger St. Original Protected MVN Orleans Blodgett.
mark is inside garage. Hickerson
Mark moved outside to
right door post, Mark is
71 inches above
driveway

LA 1183 |protected (3.4 3.4 29.9886 [-90.0587 2936 Elysian Fields. Protected MVN Orleans Blodgett.
Original mark is inside Hickerson
bar. Mark moved outside
next to window. Mark is
87 inches above wall
footing, which is about 6
inches above sidewalk.

LA 1184 |protected |2.6 2.6 29.9759 [-90.0587 |1811 Frenchmen St. Protected MVN Orleans Blodgett.
Mark is 29.5 inches Hickerson
above sidewalk at corner.

LA 1185 |protected (2.6 2.6 29.9716 |-90.0536 1336 Spain St. Mark is 18 Protected MVN Orleans Blodgett.
inches above walk. Hickerson

LA 1186 |protected (2.0 2.0 29.9686 [-90.0395 |3423 Urquhart St. Mark is Protected MVN Orleans Blodgett.
54 inches above walk to Hickerson
house.

LA 1187 |protected (4.9 4.9 29.9693 [-90.0334 |4034 N Robertson. Mark Protected MVN Orleans Blodgett.
is inside building. Mark Hickerson
moved outside to left
window post 64 inches
above ground. Scum line
37 inches below HWM.
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LA 1188 |protected (4.8 4.8 29.9750 [-90.0338 1938 Alvar St. Mark is Protected MVN Orleans Blodgett.
inside building, copied to Hickerson
siding above door 86.5
inches above floor. Mark
moved outside to 88
inches above porch.
Scum line 3 ft below

HWM.
LA 1189 |protected (4.8 4.8 29.9796 [-90.0350 [2344 Congress St. Mark Protected MVN Orleans Blodgett.
is inside building, 2 Hickerson

inches above top of door.
Mark moved outside 119
inches above ground on
corner of house. Scum
line 38 inches below

HWM.
LA 1190 |protected (5.3 5.3 29.9818 |-90.0372 2518 Louisa St. Mark is Protected MVN Orleans Blodgett.
inside building, 89 inches Hickerson

above floor. Mark moved
outside 131 inches above
ground. Scum line 31
inches below HWM.

LA 1191 |protected (1.8 1.8 30.0048 |-90.0525 4484 Painters St. Mark is Protected MVN Orleans Blodgett.
14 inches up fireplace Hickerson
curtain. Mark moved
outside 5 inches above
outside walk. Scum line 1
inch below HWM.

LA 1192 |protected [2.9 2.9 30.0120 |-90.0638 |5158 Cameron St. Mark Protected MVN Orleans Blodgett.
is 74 inches above front Hickerson
porch. Mark 1192B is
scum line 15 inches

below HWM.

LA 1193 |protected (2.6 2.6 30.0121 |-90.0726 |5363 Chatham Drive. Protected MVN Orleans Blodgett.
Mark 1193 is 90.5 inches Hickerson
above front walk.

LA 1194 |protected (2.8 2.8 30.0144 [-90.0793 1360 Mendez Drive. Protected MVN Orleans Blodgett.
Mark is 85.5 inches Hickerson

above front porch.
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LA 1195

protected

2.8

2.8

30.0065

-90.0828

4840 St Bernard Ave.
Mark is inside building,
62 inches above subfloor.
Scum line 24 inches
below HWM.

Protected

MVN

Orleans

Blodgett.
Hickerson

LA 1196

protected

2.8

2.8

30.0124

-90.0961

City Park Equine Center.
Mark is 68.5 inches
above concrete walk at
entrance.

Protected

MVN

Orleans

Blodgett.
Hickerson

LA 1197

protected

2.9

2.9

29.9995

-90.0984

City Park Marconi
Meadows. Mark on
outside refrigerator, 54
inches above slab.

Protected

MVN

Orleans

Blodgett.
Hickerson

LA 1198

protected

2.1

2.1

29.9906

-90.0933

City Park Bayou Oaks
Golf Club. Mark is 47
inches above ground on
left side of entrance.
Scum line 0.7 ft below
HWM.

Protected

MVN

Orleans

Blodgett.
Hickerson

LA 1199

protected

3.4

3.4

30.0052

-90.1035

6327 Marshall Foch St.
Mark is 96 inches above
ground, 5 inches above
soffit.

Protected

MVN

Orleans

Blodgett.
Hickerson

LA 1200

protected

3.4

3.4

30.0102

-90.1133

6546 Catina St. Mark is
inside building, copied
outside, 84.5 inches
above entry floor at top of
left door post. Scum line
is 24 inches below HWM.

Protected

MVN

Orleans

Blodgett.
Hickerson

LA 1201

protected

3.4

3.4

30.0060

-90.1198

331 Harrison St, Acrus
Electrolux. Mark is 103.5
inches above inside floor.
Scum line is 26 inches
below HWM.

Protected

MVN

Orleans

Blodgett.
Hickerson

LA 1202

protected

3.2

3.2

29.9918

-90.1101

620 Hopedale St. Mark is
in stairwell 79 inches
above floor, about 7
inches above outside
walk. Scum line 1.8 ft
below HWM.

Protected

MVN

Orleans

Blodgett.
Hickerson
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LA 1203 |protected (2.6 2.6 29.9738 [-90.1019 |4110 Cleveland Ave. Protected MVN Orleans Blodgett.
Mark is 65 inches above Hickerson
ground.

LA 1204 |protected (2.5 2.5 29.9673 [-90.1133 |8338 Stroelitz St. Mark is Protected MVN Orleans Blodgett.
63.5 inches above Hickerson
ground.

LA 1205 |protected (2.5 2.5 29.9691 [-90.1203 |8936 Olive. Mark is 64 Protected MVN Orleans Blodgett.
inches above ground. Hickerson

LA 1206 |protected |2.5 25 29.9719 [-90.1199 [9129 Airline Highway. Protected MVN Orleans Blodgett.
Mark is on downspout 84 Hickerson

inches above ground.
Scum line is 6 inches

below HWM.

LA 1207 |protected |2.4 2.4 29.9749 (-90.1402 (206 Maple Ridge Dr. protected MVN Orleans Blodgett.
Mark is 43.5 inches Hickerson
above porch.

LA 1208 |protected (2.5 25 29.9810 (-90.1398 |409 Ridgewood Drive. protected MVN Orleans Blodgett.
Mark is on front window, Hickerson
44.5 inches above
ground.

LA 1209 |protected (2.5 2.5 29.9530 [-90.1083 [4100 Vendome St. Mark protected MVN Orleans Blodgett.
copied to left post 54 Hickerson

inches above ground.
Scum line is 8 inches

below HWM.
LA 1210 |protected (4.4 4.4 29.9970 [-90.0347 |3756 Louisa St. Mt protected MVN Orleans Blodgett.
Kingdom Church. Mark Hickerson

inside building 86 inches
above floor, moved
outside. Scum line 30
inches below HWM.

LA 1211 |protected (4.5 4.5 29.9874 |-90.0366 [2926 Louisa St. Mark is protected MVN Orleans Blodgett.
120 inches above Hickerson
ground. Scum line at 34
inches below HWM.

LA 1212 |protected (4.4 4.4 29.9825 [-90.0374 |3240 Law St, Johnson protected MVN Orleans Blodgett.
Lockett Public School. Hickerson
Mark at 89.5 inches
above porch. Scum lime
23 inches below HWM.
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LA 1213 |protected (3.6 3.6 29.9805 |-90.0465 [2211 Almonaster St. protected MVN Orleans Blodgett.
Mark is 49 inches above Hickerson
porch. Scum line 22
inches below HWM.

LA 1214 |protected (3.5 3.5 29.9892 [-90.0495 2940 Franklin St, Vic's protected MVN Orleans Blodgett.
Auto Glass. Mark is 96.5 Hickerson
inches above front walk.

Scum line 12 inches
below HWM.

LA 1215 |protected (2.9 29 30.0192 |-90.0478 |6422 Peoples. Seed line protected ERDC & MVN |Orleans Maynord,
at front door, 107 ft Biedenharn,
above driveway. Mark is Powell
19 inches above ail line.

LA 1216 |protected (2.2 2.2 30.0163 [-90.0449 |5544 St Ferdinand. Seed protected ERDC & MVN |Orleans Maynord,
line on eave on right side Bienenharn,
of house, 94 to 95 inches Powell
above ground.

LA 1217 |protected [3.6 3.6 29.9927 |-90.0451 |House at corner of protected ERDC & MVN |Orleans Maynord,
Peoples and Edge. No Bienenharn,
house number. Mark on Powell
door frame on inside of
front door to the left.

Mark is 89 inches above
step to the door
LA 1218 |protected [4.1 4.1 29.9851 |-90.0421 |2930 Florida Ave protected ERDC & MVN |Orleans Maynord,
Bienenharn,
Powell

LA 1219 |protected ([11.9 11.9 29.2595 [-89.3629 |Miswaco Venice Il protected USGS Plaquemines [MLD
Warehouse, McDermott JRF
Rd, Mark on wall in
northeast corner of closet
in office.

LA 1220 |protected (11.9 11.9 29.3399 [-89.4960 |Chevron Pipeline Co, protected USGS Plaquemines [MLD
Buras District. Corner of JRF
pipeline and Hwy 11.

Seedline 13 ft 9 in above
ground in front stairwell
facing road.
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LA 1221 |protected (13.7 13.7 29.3535 |-89.5258 |Burras High School, Hwy protected USGS Plaquemines [MLD
11. Mark is 13 ft above 1% JRF
floor in stairwell behind
main entrance on north
side of building.

LA 1222 |protected (13.7 13.7 29.3545 |-89.5271 |Old Buras Auditorium, protected USGS Plaquemines [MLD
Hwy 11. Mark is 7 ft JRF
above stairwell landing in
front northwest stairwell
of building.

LA 1223 |protected (13.9 13.9 29.3583 |-89.5320 |Buras Volunteer Fire protected USGS Plaquemines [MLD
Dept, Hwy 11. Mark is 2 JRF
inches from baseboard of
south door jam in south
stairwell to 2™ floor.

LA 1224 |protected (15.3 15.3 29.3688 |-89.5358 |Buras Middle School, protected USGS Plaquemines [MLD
Hwy 11. Mark is about JRF
2 ft above 2™ floor in
closet above southwest
stairwell of auditorium.

LA 1225 |protected (16.2 16.2 29.3939 [-89.6031 [|Water Treatment Plan, protected USGS Plaquemines [MLD
Hwy 11. Mark is about JRF
3 ft above 2™ floor in
northwest corner of 2™
floor.

LA 1226 |protected (14.7 14.7 29.4486 |-89.6282 |Delta Outboard Sales protected USGS Plaquemines [MLD
and Service, Hwy 23. JRF
Mark is in southeast
corner of loft near south
side entrance.

LA 1227 |Fair 9.54 9.54 29.9889 [90.0677 Debris HWM between On this revisit to LA 1018A, |Unprotected |ERDC London Maynord,
railroad rails crossing the collectors believe the Canal-OP#3 |Garcia
London Canal just north [mark to be a minimum of
of pump station OP#3, 0.8 ft higher than the original
HWM at bottom of rail, mark. This mark is not
east side of station. intended to replace the

original mark, only to provide
an additional observation.

LA 1228 |Fair 10.04 10.04 29.9891 [90.0682 Debris HWM on railroad Unprotected |ERDC, Vicks- |London Maynord,
floodgate on west side of burg District Canal-OP#3 |Goldman,
pump station OP#3 Smith
discharge area.
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LA 1229 |excellent (11.01 11.01 29.8631 [89.9083 Inside Office on South Unprotected |ERDC, LSU St Bernard E-|Maynord,
side of building, about 4" W Levee Kemp
below top of door.

LA 1231 |fair 10.67 10.67 29.8581 [89.9055 HWM on south side of  |Forest away from levee Unprotected |ERDC, LSU St Bernard E-|Maynord,
levee W Levee Kemp

LA 1233 |fair 10.43 10.43 29.8541 [89.9037 HWM on south side of |Forest away from levee Unprotected |ERDC, LSU St Bernard E-|Maynord,
levee W Levee Kemp

LA 1235 |fair 10.48 10.48 29.8540 |89.8975 HWM on south side of  |Open Unprotected |ERDC, LSU St Bernard E-|Maynord,
levee W Levee Kemp

LA 1237 |fair 11.87 11.87 29.8540 |89.8895 HWM on south side of  |Open Unprotected |ERDC, LSU St Bernard E-|Maynord,
levee W Levee Kemp

LA 1239 |fair 11.80 11.80 29.8540 |89.8859 HWM on south side of Open Unprotected |ERDC, LSU St Bernard E-|Maynord,
levee W Levee Kemp

LA 1241 |fair 12.04 12.04 29.8540 [89.8712 HWM on south side of open Unprotected |ERDC, LSU St Bernard E-|Maynord,
levee W Levee Kemp

LA 1243 |fair 10.59 10.59 29.8540 |89.8561 HWM on south side of open Unprotected |ERDC, LSU St Bernard E-|Maynord,
levee W Levee Kemp

LA 1245 |fair 11.71 11.71 29.8541 |89.8378 HWM on south side of open Unprotected |ERDC, LSU St Bernard E-|Maynord,
levee W Levee Kemp

LA 1246 |fair 12.91 12.91 29.8541 |89.8254 HWM on south side of open Unprotected |ERDC, LSU St Bernard E-|Maynord,
levee W Levee Kemp

LA 1247 |fair 13.66 13.66 29.8541 (89.8183 HWM on south side of open Unprotected |ERDC, LSU St Bernard E-|Maynord,
levee W Levee Kemp

LA 1250 |fair 12.26 12.26 29.8553 [89.7799 HWM on south side of open Unprotected |ERDC, LSU St Bernard E-|Maynord,
levee W Levee Kemp

LA 1251 |fair 10.90 10.90 29.9871 [90.1248 Debris HWM in crack on Unprotected |ERDC 17th Street  [Maynord
SW corner of discharge Canal-OP#6
area 26" below top of
floodwall which is at elev
13.1 ft.

LA 1252 |good 11.10 11.10 29.9871 [90.1238 |Debris HWM on top of Unprotected |[ERDC 17th Street  |Maynord
gate rods on east side of Canal-OP#6
station. 2.1 ft below
floodwall that is at
elevation 13.2 ft at this
location.

LA 1253 |excellent (11.80 11.80 30.0360 |90.0256 High water mark inside  [No picture, based on Unprotected |ERDC & Task 6|Lakefront Maynord,
Room 105, 3.35 feet surveyed floor elevation of Airport Bergen
above floor 8.45 ft.
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HWM_ID

Reliability
of mark

Elev
NAVD88
2004.65

Elev
NAVD88

Survey
Latitude

Survey
Longitude

Survey Comments

LA 1254

excellent

14.20

14.20

30.0024

90.0276

HWM in Control Room of
Boh Bros on west side of
IHNC just south of I1-10.
mark is 26" above floor.

Unprotected

ERDC

IHNC west

Maynord,
Abraham

LA 1255

excellent

14.17

14.17

30.0029

90.0281

HWM in shed with sheet
metal room of Boh Bros
on west side of IHNC just
south of I-10. mark is on
wall near roof.

Unprotected

ERDC

IHNC west

Maynord,
Abraham

LA 1256

excellent

14.28

14.28

30.0029

90.0281

HWM#3 in shed with
sheet metal room of Boh
Bros on west side of
IHNC just south of I1-10.
mark is on wall near roof.

Unprotected

ERDC

IHNC west

Maynord,
Abraham

LA 1257

excellent

14.25

14.25

30.0029

90.0281

HWM#2 in shed with
sheet metal room of Boh
Bros on west side of
IHNC just south of I1-10.
mark is on wall near roof.

Unprotected

ERDC

IHNC west

Maynord,
Abraham

LA 1258

excellent

14.19

14.19

30.0027

90.0277

HWM inside yellow
freight container at Boh
Bros just below ceiling.

Unprotected

ERDC

IHNC west

Maynord,
Abraham

LA 1259

excellent

14.34

14.34

29.9992

90.0262

HWM inside office in
trailor at Mechanical
Equipment Co. Mark
moved to outside of
building

Unprotected

ERDC

IHNC west

Maynord,
Abraham

LA 1260

excellent

15.42

15.42

29.9897

90.0230

HWM on unprotected
(east) side of Port of New
Orleans floodwall in
storage room at back of
mens restroom 5.44 ft
above slab.

unprotected side of USACE
protection

Unprotected

ERDC

IHNC west

Maynord,
Abraham

LA 1261

excellent

14.32

14.32

29.9917

90.0236

HWM on protected (west)
side of Port of New
Orleans floodwall in 2nd
stall at back of mens
restroom 3.4 ft above
slab.

unprotected side of USACE
protection

Unprotected

ERDC

IHNC west

Maynord,
Abraham
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HWM_ID

Reliability
of mark

Elev
NAVD88
2004.65

Elev
NAVD88

Survey
Latitude

Survey
Longitude

Survey Comments

LA 1262

excellent

14.27

14.27

29.9873

90.0222

HWM on protected (west)
side of Port of New
Orleans floodwall in
storage room at back of
mens restroom 3.22 ft
above slab.

unprotected side of USACE
protection

Unprotected

ERDC

IHNC west

Maynord,
Abraham

LA 1263

excellent

14.05

14.05

29.9885

90.0253

HWM on protected (west)
side of Port of New
Orleans floodwall in
paper storage warehouse
at 4.2 ft above slab in
closet.

unprotected side of USACE
protection

Unprotected

ERDC

IHNC west

Maynord,
Abraham

LA 1264

excellent

14.10

14.10

29.9937

90.0256

HWM on protected (west)
side of Port of New
Orleans floodwall in
Container Freight Station,
Inc warehouse at 4.32 ft
above slab in closet.

unprotected side of USACE
protection

Unprotected

ERDC

IHNC west

Maynord,
Abraham
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Plate 1-3. Spreadsheet of High Water Marks for Mississippi

Flaggers
Original HWM Reliability
Surface - Type of HWM Location_Directions |Type of of mark [NAVD-([Survey ([Survey Survey
HWM ID HWM Address |RAW County |HWM Object to HWM Object RAW [Marker RAW |[for surge |88 Latitude [Longitude |Comments
KMS_USGS_100|Pascagoula River|Not Provided |Jackson |Seed and Bridge Centerline at east end |Centerline poor 11.6 [30.4382 [-88.5499 [Shot seed
at Gulf side of By USGS drift of eastbound lane line
I-10 east bridge bridge
end
KMS_USGS_16 |Old Fort Bayou at|Not Provided |Jackson |Seed Line |Bridge Downstream right Top of poor 14.4 |30.4431 |-88.7221 |Debris line
1-10 By USGS (southwest) end of handrail
eastbound 1-10 bridge
crossing Old Fort
Bayou, about 1,600 ft
west of I-10/SR 57
interchange
KMS_USGS_17 |West Pascagoula |Not Provided |Jackson |Debris Line |Bridge West end of eastbound [Centerline poor 17.3 [30.4375 [-88.6174 |Shot debris
River at Gulf side [By USGS lane bridge line
of I-10 West
bridge end
KMS_USGS_18 |West Pascagoula |Not Provided |Jackson |Debris Line |Bridge East end of eastbound [Centerline poor 16.8 ([30.4374 (-88.6173 |Shot debris
River at Inland By USGS lane bridge line
side of I-10 West
bridge end
KMS_USGS_21 |Pascagoula River|Not Provided |Jackson |Gage Bridge Top of wheel guard at |[NOAA/NOS  |poor 15.4 |30.6106 [-88.6417 |Shot
at SR 614 (34.4 |By USGS reading from upstream side of right |Tidal BM hydrograph
mi upstream of first peak on (west) bridge abutment |"2187A" line
mouth) stage hydro- (elev. 59.665 ft--
gragh 5/22/94 GPS survey)
KMS_USGS_88 |[Fraziers Nursery |Not Provided |Jackson |Seed Line [Pole Far left front pole Threaded bolt |poor 21.4 (30.4434 (-88.8549 [Mark on
and Florist on By USGS holding up awning in window @
Lemoyne front of Fraziers front door
Blvd.,West of Nursery and Florist
Hwy 609 on
Ocean Springs
Quad.
KMS_USGS_89 [Corner of Not Provided [Jackson [Seed Line |Power pole|2 ft above ground into [Nail poor 21.3 [30.4090 (-88.8281 (Seed line
Washington By USGS power pole just North on exterior
Avenue and of Yellow and white wall
Calhoun st., house at corner of
South of Catholic Washington Ave. and
church on Ocean Calhoun St.
Springs Quad.
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Flaggers

Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMS_USGS_90 [House no. 16 on |Not Provided |Jackson |Seed/Water |Tree Large oak tree in front [Nail good 20.68 [30.4002 |-88.7986 [Mark on
side street off of |By USGS Line lawn of Blue house no. window
road leading to 16
Gulf Coast
Research Lab On
Ocean Springs
Quad.
KMS_USGS 91 [House no. 1000 [Not Provided [Jackson |Seed/Water |Tree North side of oak tree [Nail poor 20 30.4029 (-88.7771 ([Mark on
on Magnolia By USGS Line on the South side of wall inside
Bayou Blvd.North House no. 1000 Near garage @
of Heron Bayou, garage entrance window
on Ocean
Springs Quad.
KMS_USGS_92 [House no. 2720 |Not Provided |Jackson |Water Lines [Tree North side of oak tree [Nalil poor 19.1 [30.3816 (-88.7593 [Water mark
at corner of By USGS in the front lawn of on
Beachview Dr. House No. 2720 wallboard
and Spring inside foyer
Avenue on the
bottom right of
Ocean Springs
Quad.
KMS_USGS_94 |Old Fort Bayou |Not Provided |Jackson [Seed Line [Concrete [Top of concrete pier Not Provided |poor 20.4 [30.4192 (-88.8281 |[Red mark
(02481299) at SR|By USGS pier footer |footer below gage By USGS on gear
609 (Washington junction box at control housing
Ave) tower
KMS_USGS_99 |Pascagoula River|Not Provided |Jackson [Seed Line |Bridge Centerline at east end |Centerline poor 11.9 |30.4382 |-88.5505 |Chalk mark
at I-10 east By USGS of eastbound lane on column
bridge end bridge
KMSC-02-01 3807 Torres Ave. [House piling  [Jackson |Water Line |House South side of stairs , Duct tape on |fair 13.6 |[30.4166 [-88.5471 |Shot duct
piling west porch piling house piling tape on
wood pile
KMSC-02-02 4806 Ridgewood |Exterior wall of |Jackson |Water Line |Exterior Looking south, east Duct tape fair 14.6 [30.4126 |-88.5698 ([Shot bottom
Dr. garage wall of side of garage door of duct tape
garage
KMSC-02-03 5037 Pecan St.  [Front Porch Jackson |Water Line |Front Looking west, north Duct tape fair 13 30.4146 |-88.5046 |Shot bottom
Column Porch front porch column of duct tape
column
KMSC-02-05 3132 W. Rollins  [Lawn Jackson |Debris Line [Lawn Flagged stake east Flagged stake |poor 12.8 [30.4043 [-88.5571 [Shot
side of house on lawn ground at
wood stake
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Flaggers

Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMSC-02-06 3913 Griffin St.  |Exterior wall  [Jackson (Water Line |Exterior Front of house looking [Duct tape fair 14.7 [30.3979 |-88.5524 ([Shot bottom
wall west of duct tape
KMSC-02-07 6300 Gardenia  |Front exterior [Jackson (Water Line |Exterior Looking south, west Duct tape fair 12.1  [30.4097 |-88.5040 ([Shot bottom
St. wall end of house of duct tape
KMSC-02-08 7731 Albert Dr.  |Exterior wall, [Jackson (Water Line |Exterior NE side of house near [Duct tape good 11.5 [30.4119 |-88.4799 ([Shot bottom
SE side wall, S.E. [garage entrance of duct tape
side
KMSC-02-09 4435 Blackwell |East side of Jackson |Water Line |East side |Looking west, north Duct tape on |good 11.7 [30.4059 |-88.4876 ([Shot bottom
St. house, front at of house, |end of house front of house of duct tape
north end front at
north end
KMSC-02-10 5601 Sound Bluff [Exterior wall ~ [Jackson (Water Line |Exterior Looking south, toward [Duct tape fair 20.5 [30.3442 (-88.7023 [Shot
Rd. wall center of house ground at
mark
KMSC-02-11 4920 Beach St.  |South wall of |Jackson |Water Line |Exterior Looking NE at front of [Duct tape fair 16.9 [30.3558 [-88.6919 [Shot
(Fountainebleau |Fire Station, wall Fire Station ground at
Vol. Fire Dept.) |approx. mark
midway
KMSC-02-12 1322 Dorothy St. |[SW corner of |Jackson |Water Line |Exterior Looking NE towards Duct tape fair 18.4 [30.3613 [-88.6991 [Shot
garage garage garage doors surface of
door concrete
drive at
mark
KMSC-02-13 1201 Oak St. Exterior wall, |Jackson |Water Line |Exterior Looking toward front of |Duct tape good 19 30.3587 |-88.7092 [Shot
front of house wall, front [house, left side of door ground next
of house |next to shultter. to porch
KMSC-02-14 413 Inverness Exterior wall, [Jackson [Water Line |Exterior Looking at front Duct tape good 19.9 [30.3483 [-88.7119 [Shot
Court front of garage wall, front driveway at
door, south of garage mark
end of house door
KMSC-02-15 7112 Pinehurst  [Front of house, [Jackson (Water Line |Exterior Looking east at front of [Duct tape fair 19.2 [30.3681 [-88.7278 [Shot porch
Dr. exterior wall wall house, north side of slab
front door
KMSC-02-16 5800 Olde Oak |Exterior wall [Jackson (Water Line |Exterior Looking NW toward Duct tape good 19.4 [30.3769 [-88.7043 [Shot
View between wall garage doors, standing driveway
garage doors between |on driveway slab
garage
doors
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Flaggers

Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMSC-02-30 5940 Shingle Mill [Exterior brick [Jackson (Water Line |Exterior Looking at north end of [Duct tape fair 10.6 [30.4289 |-88.4623 ([Shot bottom
Rd. wall brick wall |house, duct tape on of duct tape
southwest corner
KMSC-02-31 10808 Pecan St. |Exterior brick |Jackson |Water Line |Exterior Looking west toward Duct tape fair 14.2 [30.4434 |-88.4291 ([Shot bottom
wall brick wall |house, duct tape on of duct tape
north side of door
KMSC-02-32 2615 Convent Front exterior |Jackson [Water Line |Exterior Looking toward front of [Duct tape good 16 30.3641 |-88.5353 |Shot bottom
Ave. wall wall house, west end of of duct tape
garage exterior wall
KMSC-02-33 3917 Sherwood |Exterior wall ~ [Jackson (Water Line |Exterior Looking west toward Duct Tape fair 14.4 [30.3737 |-88.5216 ([Shot bottom
Dr. under carport wall under [house. Exterior wall of duct tape
between doors carport storage room door
between
doors
KMSC-02-34 814 13th St. Exterior wall Jackson |Water Line |Exterior Looking east front Duct tape good 16.6 [30.3469 [-88.5402 ([Shot bottom
wall exterior brick wall of duct tape
KMSC-02-40 3228 Willis Dr. Water line Jackson |Water Line |Exterior Looking SE toward See photo fair 15.2 [30.3885 [-88.6146 [Shot
11'8" above wall house, HWM located at ground at
ground back corner of the duct tape
house 11'8" above
ground.
KMSC-03-05 1590 Collin J. Interior wall Jackson |Mud Line Interior Front porch of 1590 Tape Fair 21.1 [30.3648 |-88.6320 ([Shot bottom
Mcrae Rd. transferred to wall trans- [Collin J. Mcrae Rd., on of duct tape
exterior column ferred to  |column to left of front
on front porch exterior entry
column on
front porch
KMSC-03-06 115 Halstead Rd. |On the garage [Jackson |Mud Line Garage 115 Halstead Rd., east [Duct tape poor 19.9 [30.3962 |-88.8001 ([Shot bottom
door door side of temporary of duct tape
garage door (Plywood)
KMSC-03-10 Empty lot near On ground Jackson |Wrack Line |Ground Right side at end of Wood stake |Fair 18.2 [30.3579 [-88.7380 [Shot
end of Clamshell Clamshell Road, in ground at
Ave. front of empty lot wood stake
KMSC-03-11 8908 Mermaid Interior wall Jackson |Mud Line Interior S.E. corner of house, |Tape onwall |excellent [18.6 [30.3628 [-88.7581 |Shot bottom
Rd transferred to wall trans- |east side of garage of duct tape
exterior ferredto  |door
exterior
wall
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Flaggers
Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMSC-03-12 3108 Magnolia  [Interior wall Jackson |Mud Line Interior South side of house on |Duct tape excellent [18.8 [30.3867 [-88.7706 |Shot bottom
Ln. transferred to wall trans- [Marina Ave. of duct tape
exterior pile ferred to
exterior
pile
KMSC-03-13 12000 Poin Exterior wall  [Jackson [Mud Line Exterior On side of garage door |Duct tape Fair 20.4 [30.3721 |-88.7793 ([Shot bottom
Auxchenes Rd. wall of duct tape
KMSC-03-14 111 Port Rd. Exterior wall  [Jackson [Mud Line Exterior South side of office Tape good 17 30.3621 |-88.5680 |Shot bottom
transferred wall trans- [building, west of front of duct tape
from interior ferred from |entry
interior
KMSC-06-11 Exit #57 going Ground Jackson |Wrack Line |Ground HWM is 77 feet from  |Stake w/pink |poor 15.3 |30.4408 |-88.7170 |[Shot
easton I-10 birm flag & white ground at
paint wood stake
KMSC-06-13 423 East Beach |Wood siding |Jackson |Water Line |Exterior N.W. corner of house, [Duct tape with (good 20.8 [30.3967 |-88.8125 ([Shot bottom
Dr. wall on wood siding permanent of duct tape
marker
KMSC-06-14 402 Maginnis Exterior wall  [Jackson [Water Line |Exterior N.E. corner of porch Duct tape with |good 21.4 [30.4109 |-88.8381 ([Shot bottom
Ave. transferred to wall trans- permanent of duct tape
exterior wall ferred to marker
located in front exterior
porch wall
located in
front porch
KMSC-06-15 1215 Harbor Rd. |Exterior wall ~ |Jackson |Water Line |Exterior S.E. corner of entry None good 20.5 [30.4062 (-88.8240 [Shot top of
inside porch wall inside [way. HWM on wood planter box
porch wall
KMSC-06-16 102 Boise Bryant |Interior HWM |Jackson |Water Line |Interior First Column on left Duct tape with [excellent |20.7 |30.4229 |-88.8463 |Shot bottom
Lane transferred to wall trans- [side when walking up  [Black of duct tape
exterior column ferred to  |backyard steps permanent
on north side exterior marker
of home column
KMSC-06-17 3600 Gollott Rd  |Exterior wall  [Jackson (Water Line |Exterior Bottom left of gray Duct tape w/  |Fair 18.9 |30.3928 [-88.7813 |Shot bottom
wall block next to exterior  |black of duct tape
wall permanent
marker
KMSC-06-18 120 Watersedge |Exterior door [|Jackson |Water Line |Exterior HWM located on white |Duct tape with (good 20.1 [30.3963 [-88.8059 [Shot
Dr. door main entrance door black brick(duct
permanent tape gone)
marker
IV-1-232 Volume IV The Storm — Technical Appendix

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



Flaggers

door

Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMSC-06-19 211 Wheaton Ct. [Doorway, west [Jackson [Personal Doorway, |Exterior slab at west Duct tape with |Fair 22.4 [30.4047 |-88.8087 ([Shot bottom
side of home Account west side [side doorway near permanent of duct tape
of home  [carport black marker
KMSC-06-21 114 Braeburn Dr. |Window Jackson |Water Line (Window First window to the left [None poor 17.1 |30.3575 |-88.7158 |Shot porch
of front door slab
KMSC-06-22 6804 Ocean NE post of Jackson |Water Line |Post Back of house, 2nd Duct tape with |good 16.4 |[30.4411 (-88.7228 |Shot tape
Springs Rd. deck on 2nd floor deck black on deck
floor permanent railing
marker
KMSC-06-23 6808 Ocean Interior wall Jackson |Water Line |Interior W. side corner of 2nd  |Duct tape with |excellent |16.4 [30.4411 |-88.7228 [Shot tape
Springs Rd. transferred to wall trans- |floor deck pink flag and on deck
exterior west ferred to permanent railing
railing exterior black marker
railing
KMSC-06-24 6812 Ocean South exterior |Jackson |Water Line [Exterior Wall located to the east|Duct tape with |good 16.1 [30.4416 (-88.7232 |Shot duct
Springs Rd. main door main door |of steps to main pink flag and tape on
transferred to transferred |entrance permanent side of
south exterior to exterior black marker house
wall wall
KMSC-06-25 7004 Ocean Exterior corner [Jackson [Water Line |Exterior East side of house, top [Duct tape with |poor 18.1 |30.4401 |-88.7250 |Shot duct
Springs Rd. of most garage right corner of garage |pink flag and tape on
northern door door to the north permanent corner of
garage door black marker house
KMSC-07-01 13347 Exterior wall  [Jackson [Water Line |Exterior Apartment Building Tape good 16.9 [30.3518 |-88.5533 ([Shot bottom
Pascagoula St. wall exterior East from of duct tape
(Chateau Pascagoula St.
Tourraine Apt.)
KMSC-07-02 1340 S. Market  |Exterior wall, in|Jackson |Water Line |Exterior Exterior wall on the Tape good 16.8 [30.3516 [-88.5481 |Shot point
St., (Thunders front of wall, north side of the tavern 3.64' above
Tavern) business front of finished
business floor
KMSC-07-03 Washington St.  |Water line on |Jackson |Water Line |Exterior Exterior wall in front of [Duct tape good 18 30.3450 |-88.5538 |Shot bottom
and Pascagoula [exterior wall wall home of duct tape
St.
KMSC-07-04 2101 Choctaw Exterior wall in [Jackson [Water Line |Exterior Intersection Choctaw [Duct tape Fair 17.2 [30.3477 |-88.5429 [Shot point
Avenue front of home wall in Ave. and 11th St./Water 7.6' above
front of line on exterior wall in finished
home front of home floor
KMSC-07-05 805 Warren St.  (Water line on [Jackson (Water Line |Exterior Exterior wall in front of [Duct tape Fair 17.3 [30.3463 |-88.5332 ([Shot bottom
exterior wall wall home, next to front of duct tape
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Flaggers
Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMSC-07-06 2502 Ingalls Ave. |Water line on [Jackson (Water Line |Exterior Exterior wall in front of [Duct tape good 16.6 [30.3547 |-88.5371 [Shot bottom
(Eastlawn United |exterior wall wall the church, next to the of duct tape
Methodist chapel
Church)
KMSC-07-07 4401 Washington |Exterior wall ~ |Jackson |Water Line |Exterior Exterior wall in front of [Duct tape good 16.8 [30.3468 [-88.5173 ([Shot bottom
Ave. wall home of duct tape
KMSC-07-08 3721 Mercier St. |Exterior wall Jackson |Water Line |Exterior Exterior wall next to Tape good 16.2 [30.3540 |-88.5219 ([Shot bottom
wall garage, SE corner of of duct tape
house
KMSC-07-09 2003 Roosevelt |Exterior wall  [Jackson (Water Line |Exterior Exterior wall in front of [Duct tape poor 20 30.3562 |-88.5574 |Shot bottom
wall home of duct tape
KMSC-07-10 520 Watts Ave. (Water line on [Jackson (Water Line |Exterior Main entrance hallway, [Duct tape good 16.7 [30.3660 |-88.5598 ([Shot bottom
(Resurrection exterior wall wall facing South. of duct tape
Catholic School)
KMSC-07-11 525 Spanish Dr. |Water line on [Jackson (Water Line |Exterior Exterior wall in front of [Duct tape Fair 14.9 [30.3798 [-88.5589 [Shot bottom
exterior wall wall home 75' S. from front of duct tape
door
KMSC-07-27 3304 Oak St. On an interior |Jackson |Water Line [Interior 6'3" Above concrete Tape, paint on |excellent |14.4 [30.3892 [-88.6128 [Shot
wall transferred wall trans- [slab concrete slab ground near
to the exterior ferred to X mark on
of camper, exterior slab
camper stands wall
on a concrete
slab
KMSC-07-28 701 Homestill Ground Jackson |Personal Ground 33'8" from utility pool, |Stake poor 19.5 [30.4157 [-88.6201 [Shot
Blvd. Account 5' 10" from gravel ground at
pavement wood stake
KMSC-08-02 6005 Bayou Grass, ground |Jackson |Wrack Line [Ground Take Bayou Heron Rd., |Fema stake  |poor 18.7 |30.4131 |-88.4033 |Shot
Heron Rd. at edge of to dead end at boat with red ground near
parking area ramp, look for stake ribbon and red tree
and in trees. 280 degrees west. paint on road
KMSC-08-03 6005 Bayou Roof Jackson |Wrack Line |Roof Take Bayou Heron Rd. |Duct tape with |poor 19.1 |30.4123 [-88.4038 |Shot point
Heron Rd. to dead end. Shed on |arrow points 15" above
right side of road. to roof just slab
above wood
column where
debris rest
from flood
KMSC-08-05 1600 Indian Glass Jackson |Wrack Line |Glass Overflow trailer parking |Red ribbon on |Fair 14.5 |30.4082 [-88.6300 |Shot
pkwy. #9/of 9 Fema stake FEMA stake ground at
with red ribbon wood stake
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Flaggers

Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMSC-08-06 1600 Indian Point [Interior wall Jackson |Mud Line Interior Take 1-10 to exit 61. Duct tape on |excellent |14.3 |30.4059 |-88.6345 |Shot bottom
pkwy. moved to wall trans- [Turn south toward glass front of tape
exterior wall ferredto  |Gautier, go approx. door
exterior 1.75 miles to Indian
wall Point Rd., in the let and
follow Indian Point on
the right side.(club
house)
KMSC-08-07 7116 Ocean Right side front [Jackson [Personal Exterior West side home, right |Duct tape next |Fair 14.6 |30.4381 [-88.7283 |Shot bottom
Springs Rd. door Account door side front door, duct to front door of tape
tape stake
KMSC-08-08 36 Davis Bayou [Pole near Jackson |Mud Line Pole near |North side near wood |Duct tape poor 17.7 [30.4073 |-88.7512 ([Shot bottom
Dr. wood fence- wood fence- duct tape stake of tape
stake with red fence
ribbon
KMSC-08-09 3000 Magnolia  [Garage door [Jackson |Mud Line Garage Right side of garage Duct tape poor 18.1 [30.3849 |-88.7739 ([Shot bottom
Ln. door door of tape
KMSC-08-10 8201 Fauntain Slab in front of |Jackson |Personal Concrete |8201 Fauntain Rd. off |Stake in Fair 19.4 |30.3822 |-88.7460 |[Shot
Rd. the house Account slab of Fauntain Blvd. after |ground concrete
turns in from slab
Government St.
KMSC-08-11 1812 Seashore |Water line on [|Jackson |Water Line |Exterior 1812 Seashore Ave. Paint on road, |Fair 19.7 |30.3680 |-88.7697 |[Shot
Ave. exterior wall of wall Pointe Aux Chenes to |stake on window sill
the house Seashore Ave. driveway
KMSC-08-12 Beach area near |Piece Debris [Jackson |Debris Line |Tree Beach area to the east |Stake near poor 21.2 [30.3616 [-88.7641 [Shot
south end of 6th |flooded to tree of south end of 6th St. |tree, paint on ground
street top road
KMSC-08-13 8517 Clamshell |Exterior wall of [Jackson [Water Line |Exterior 8517 Clamshell Ave., |Paint mark on poor 17.6 |30.3608 [-88.7518 |Shot water
Ave. house wall of off of 12st road line on wall
house
KMSC-10-01 Fishing Pier at Mud line on Jackson |Water Line |Exterior HWM on railing post at [Duct tape on |Fair 9.3 30.4909 |-88.4325 |Shot wood
North end of railing post of railing post |Fishing pier at prestly |railing deck
Prestly Outing pier Outing Campground
Campground
KMSC-10-02 Back of bridge Fine silt and Jackson |Water Line |Caution Back of caution sign on [Duct tape on |Fair 10 30.4358 |-88.4518 |Shot
caution marker at |leaf fragments sign on bridge (NW corner) at |backside of ground at
Pollucks Ferry stuck to back bridge Pollucks ferry Landing [caution sign sign
Landing of caution bar
sign on bridge
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KMSC-10-03 8400 Cochrane |Exterior wall on{Jackson (Water Line |Exterior From Hwy 613 go west [Not flagged, |Fair 12.3 |30.4643 |-88.5590 |Shot
Ave. east side of wall on on hill about 1 mile to  |no marks, concrete
house east side |Graham, turn right then |ground slab
of house |left onto Cochrane, go [covered with
south at river. HWM is  [mud on gravel
near left window seal,
109.5" from concrete
base.
KMSC-10-04 2233 Pascagoula [Support post  [Jackson (Water Line |Support From Hwy 63 at Three [Center post |Fair 10 30.5814 |-88.5728 |Shot
River Road on elevated post Rivers west of rive. on driveway concrete
house, center HWM is located on slab
post on center support post on
driveway driveway (on a bluff).
KMSC-10-06 HWY 614 and Mud line Jackson |Mud Line Tree NE side of Graham Red paint with |poor 13.4 |30.6124 [-88.6381 |Shot bottom
Pascagoula Lake Road, behind mark of a of paint line
River, behind Visitors permit Station, |triangle and a
Visitors Permit approximately 100 feet |horizontal line
Station on north of hwy 64 underneath it
Graham Lake on tree trunk.
Road)
KMSC-10-07 Hickory Hill Drive |Asphalt Jackson |Wrack Line |Asphalt HWM is located on the [Red paint poor 13.2 |30.4572 |-88.6230 |Shot paint
(Hickory Hill parking lot parking lot |parking lot at back of  |water mark line
Country Club) 3 Hickory Hill Golf (triangle with
miles north of Course Club house horizontal line
Guatier (approx. 150" underneath)
on top edge of
debris line.
KMSC-10-08 5543 Dead River |West wall of [Jackson (Water Line |Exterior HWM is located at west|N/A good 14 30.4216 |-88.6255 |Shot
Road house wall side of house, near ground at
electrical box. electrical
box
KMSC-10-09 1409 E. Village |Water line on |Jackson |Water Line |Exterior On siding of front porch |None good 14.4 [30.4076 [-88.6322 [Shot
Parkway exterior wall wall facing street concrete
porch slab
KMSC-10-10 Log Cabin Style |Ground Jackson |Wrack Line |Ground In front yard of house |Debris line in [good 14.3 [30.4080 [-88.6320 |Shot
House at corner yard 29.5' ground in
of Souix Bayou from house yard 12
and E. Village (12' from road north of
Parkway (across curb) curb
street from 1409
E. Village
Parkway).
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KMSC-10-11 Ecatawpa River |Mud line on Jackson |Mud Line Tree Access via Pollock Wooden stake [poor 7.2 30.4548 |-88.4532 [Shot
Acess via Pollock |tree Ferry Rd. from Helena |with flagging ground at
Ferry Rd. (South crossover |-10 and turn |red paint on wood stake
of I-10) left to river on dirt road |tree trunk
(approx. 100' from
river)
KMSC-10-12 2905 Indian Town [Water line on  [Jackson (Water Line [Front End of Indian Town None Fair 11.2 |30.5114 |-88.5613 |[Shot
Rd. front porch. porch. Rd., HWM is located at ground at
top of porch. wood stake
KMSC-10-14 12312 Clark Water line at  |Jackson |Personal Garage SW corner of garage  |None Fair 10.6 [30.5212 (-88.5523 [Shot
Bayou rd. SW corner of Account door driveway
garage.
KMSC-10-15 3109 River Band |Water line at  [Jackson [Personal Garage From HWY 613; West [None Fair 11.7 |30.4942 |-88.5581 |Shot point
Rd. left garage Account door frame |on Donnie Brook, left 0.33' above
door frame 14" on River Bend, go to garage
above end, last house on the finished
driveway right. HWM at left floor
garage door frame 14"
above driveway.
KMSC-10-16 3118 or 3120 East wall of Jackson |Water Line |East From HWY 613, turn  [None poor 10.4 |30.4939 [-88.5578 |Shot point
River Bend Rd. |house/ water exterior west onto Donnie 0.7' down
(No street# on  [line was 8" wall Brook, then left on from porch
house) down from River Bend Rd., go to
porch end. HWM on NE of
house, near porch.
KMSC-10-17 Hexagonal house [Mud line on Jackson |Mud Line Tree HWM on pine tree, in  [Silver duct poor 9.4 30.5216 |-88.6802 |Shot bottom
in Shady Pines [trees between front of hexagonal tape wrapped of tape
Camp house and house. around large
river pine tree with
"private
Beach" sign
KMSC-10-19 11720 Poticaw  |Water line on |Jackson |Water Line |Exterior HWM on retainer post |[Silver duct poor 10.7 |30.5139 [-88.6195 |Shot bottom
Landing retainer post. retaining |on right side of house. [tape on of tape
post retainer wall
post to top of
2"x8" board
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KMSC-10-20 13139 Hanover |[Interior rear Jackson |Water Line [Interior From Hwy 609 turn No mark excellent [20.1 [30.4252 (-88.8269 |Shot bottom
Dr. wall at kitchen wall trans- |east on winsor porte inside house, of tape

and living room ferred to  [then south on Hanover, [duct tape
area. HWM back 3rd house from end on |placed on
was porch. left. HWM was located |exterior wall
transferred to back of house near on porch near
back porch. kitchen door. kitchen door.

KMSC-10-22 5809 Morton Base of brick [Jackson [Water Line |Base of From HWY 609, take [Duct tape good 19.7 [30.4281 |-88.8157 ([Shot bottom
Place ledge on attic brick ledge |Windsor Porte to placed at of tape

window over on attic Hanover, turn left to HWM
garage window Morton Place, right on
over Morton go to end and
garage turn right on unnamed
Rd. to dead end.

KMSC-10-23 11433 Bayou Inside Garage [Jackson |Water Line |Interior Right side of garage at |Duct tape excellent |18.4 [30.4370 |-88.8029 ([Shot bottom
Place wall 11433 bayou place of tape

KMSC-10-24 Sanctuary (a Ground Jackson |Wrack Line |Ground From Old Fort Bayou |Wooden stake [poor 18.9 |30.4268 |-88.7756 |Shot
gated community, Rd., take Yellow Jacket |at top of wrack ground at
off of Kippie Cut Road south, past St. line wood stake
Off Road) Martin High School, left

onto Kippie Cut Off Rd.

KMSC-10-25 6717 Woodlake |On sheetrock [Jackson [Water Line |Interior From Hwy 609, go east [Duct tape Good 21 30.4358 |-88.7459 |Shot duct
Lane, about 0.25 [inside house wall trans- [on Old Fort Bayou Rd., tape on
mile down a transferred to ferredto  |[turn right at corner of
private road outside wall for exterior Elgen/woodgate, go to house

survey wall end of Woodlake Lane
and take private drive
0.25 mile. HWM is
located on SW corner
of house (2nd level)
right side of stairs by
front door.

KMSC-10-26 Old Fort Bayou |Plant debris Jackson |Mud Line Plants From HWY 609 take Red painted |Poor 21 30.4844 |-88.7497 |Shot paint
Road bridge on |and silt floated Old Fort Bayou Road |HWM on line on
Old Fort Bayou |onto trees and east, go under bridge bridge

brush interstate 1-10 2 miles  |support, SW support
to bridge side of bridge
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KMSC-10-27 Semmes Rd. Tree Jackson |Water Line ([Tree From hwy 609, take Purple duct Poor 11.4 [30.4719 (-88.7253 |Shot tape
Old Fort Bayou Road |tape wrapped on tree
east under I-10, to around tree
Semmes Road, turn
right go to end where
golf course is under
construction
KMSC-10-30 7809 Utopia St.  [On garage Jackson |Water Line |Garage HWM at west side of  [Purple duct Poor 17.2 |30.4324 |-88.7399 |Shot duct
door supports door 1st garage. tape tape outside
supports garage door
KMSC-10-31 9012 Dixie Street [Front wall of  [Jackson [Water Line |Frontwall |From I-10, take Hwy 57 [No marker left |Poor 16.5 [30.4269 [-88.7603 [Shot
house, above of house, |south 0.25mile, turn finished
windows above right on to Ocean floor
windows  [Springs Road, go right
to Southland, take left
on Dixie Street. Yellow
with green metal roof
house.
KMSC-10-32 4037 Dunsinane |Water line on |Jackson |Water Line |Exterior From intersection of Purple duct Fair 22 30.4218 |-88.7775 |Shot duct
St. right side of wall HWY 90 and Ocean tape tape on
garage Springs Road, turn brick
north on Guildford and
continued to Diller
Road, turn right to
Queen Elizabeth to
Dunshinane St., house
on cul-de-sac. HWM is
on bricks right side of
garage door.
KMSC-10-33 3205 Inside wall in  |[Jackson |Water Line |Interior HWM was transferred [Purple duct excellent |21.4 (30.4187 |-88.7922 ([Shot duct
Cumberland St.  [kitchen dinging wall to back porch on brick |tape outside tape on
area wall, adjacent to of deck railing brick
support post.
KMSC-10-34 1224 Nelson DR. |Water line Jackson |Water Line |Exterior HWM on back of porch [Purple duct Fair 19.5 |30.4204 |-88.8101 |Shot duct
railing (east side), adjacent to |tape on left tape on
the left side of the side of stair balcony rail
stairs. railing on
eastside of
house
KMSC-10-35 Nelson Rd. (next |Ground Jackson |Wrack Line |Ground In backyard of Wooden stake |Poor 18.6 |30.4207 |-88.8108 |Shot debris
door to 1224 unoccupied house next |with orange line
Nelson Rd.) to 1224 Nelson Rd. flagging
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KMSC-10-36 1219 Sunset St.  |Water line on  |Jackson |Water Line |Exterior HWM is located on Bottom of good 20.1 [30.4199 |-88.8233 ([Shot bottom
back porch. wall back porch, SW corner |purple duct of tape
of house adjacentto |tape, SW
stairway corner of
house, back
side of house
KMSC-10-45 St. Martin St. and [On interior wall [Jackson |Water Line |Interior From exit 2 on |- None excellent |20 30.4387 |-88.8816 [Shot
Lemoine of Wood Shop wall 10,take Rodriguez St. finished
Building east, turn left on floor
Lemoine, go about
0.75 mile, St. Martin
Middle school on left.
HWM located inside
Wook Shop Building on
northeastern yellow
brick wall.
KMSC-10-46 13541 Paso Rd. |Debris line, Jackson |Debris Line |Ground From Exit 50 on I-10, [Marker on Poor 19 30.4254 |-88.8360 |Shot debris
15'4" from take HWY 609 south Paso Road line
brick wall at about 3 miles, turn
pool, 38' from west on Pine Road,
marker on turn right on Shore Dr.,
Paso Road than turn left on to
Fairway Dr. Debris line,
15'4" from brick wall at
pool, 38' from marker
on Paso Road
KMSC-10-47 14004 Baysweep |Exterior wall at [Jackson |Water Line |Exterior From exit 50 on I-10, [Purple duct Good 19.8 |30.4408 [-88.8430 |Shot bottom
Dr. rear of house wall at rear [take 609 south, turn tape of tape
next to power of house |west on Lemoine, then
meters next to south on Corto Road,
power right on Shore Orchard,
meters then right onto
Baysweep Dr.; house
on right near end
KMSC-10-48 15182 Lemoyne [Waterline on [Jackson |Water Line |Interior At Martinique Shopping |Purple duct excellent |20.2 [30.4425 |-88.8741 ([Shot bottom
Dr. (Sun Palace) [sheetrock near wall Center,15182 tape of tape
back door of Lemoyne. HWM is
Sun Palace located in NW corner of
bldg, behind Sun
Palace
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KMSC-20-01 3807 Washington |Interior wall Jackson |Water Line [Interior Right of front door Vertical offset [excellent |16.5 |30.3463 |-88.5231 [Shot
Avenue transferred to wall trans- |entrance on brick wall concrete
exterior wall ferred to slab
exterior
wall
KMSR-10-02 Near intersection |Debris line on |Jackson |Wrack Line |[Ground From exit 61 of I-10, go |[Wooden stake [Poor 14.5 |30.4207 |-88.6491 |Shot debris
of Gautier- ground. south on Gautier- at top of line
Vancleave Rd. Vancleave Road, about |debris line,
and Collins Wood 1 mile to Fast track locator mark
Gas Station at corner |on road side
of Collins Wood. HWM |edge of side
located on east side of |walk measure
Gautier-Vancleave Rd. |6'1" east from
south of Fast Track base of
Gas Station parking lot. |location mark
20'4" south of light
pole, 6'1" from
KMSR-10-03 Hwy 57 @ Little |Plant debris Jackson |Wrack Line |Bridge From exit 61 of I-10, Wooden stake |Poor 11.7 [30.5170 (-88.6936 |Ground
Bluff Creek line on bridge embank- [take Gautier-Van with flagging shot at
embankment ment Cleave Rd. north to next to wood stake
Hwy 57, turn right on  [concrete
Hwy 57 go to Little drainage
Bluff Creek. HWM on  [gutter. 40" east
north east side of Little |from gutter at
Bluff and Hwy57 rd.
intersections
KMSR-10-04 Hwy 57 and Bluff [Plant and Jackson |Wrack Line |Ground From Exit 51 of I-10, Red locator  |Poor 11 30.5313 |-88.6874 |Shot top of
Creek Bridge debris line on take Hwy57 north to mark on top of concrete
north bank of bluff creek in bridge railing bridge rail
bluff creek, Vancleave, about 7 east side of
east side of miles. HWM down Hwy 57.
hwy 57 14'8" from top of bridge
railing (red mark)
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KMSR-10-05 Bridge at Burney |Debris line in  [Jackson |Wrack Line |Ground Turn left from Hwy 57  [Wooden stake |Poor 19.6 [30.5435 [-88.6967 |Ground
Rd. and Smith creek banks to Burney Rd. and go |placed on shot at
Rd. crossing below bridge 0.5 mile west on west bank, wood stake
level Burney Rd. to Smith south side of
Rd. HWM on SW side (rd., 8'8" from
of bridge adj. to Smith |rd. sign
Rd. (unlawful to
litter) with
orange
flagging at
end of bridge
KMSR-10-06 McGregor Rd. Debiris line Jackson |Wrack Line |Ground From Exit 57 of I-10, Red location |Poor 29.6 [30.5803 [-88.6707 [Shot paint
and Monger along east take Hwy 57 north past [mark on mark on
creek bank of Vancleare, go east on [bridge railing bridge rail
Mongers Creek McGregor to Monger  (14.5' from
below bridge Creek road sign on
level east end of
bridge
KMSR-10-07 Soley Road On post near |Jackson |Mud Line Post Exit 69 of 1-10, go north|Silver duct Poor 17.5 |[30.6840 [-88.6309 |Shot tape
pink house on Hwy 63 about 21 tape on post on 4"x4"
miles to Old Americus wood post
Rd., go left on Ceder at boat
Creek Rd. turn left on ramp
Soley Rd. gravel till
end.
KMSR-10-08 13206 Fairly Rd. [Silt line on Jackson |Mud Line Plant From Hwy 57 in Van Wooden stake |Poor 7.1 30.5354 |-88.6944 |Ground
plants Cleare go west on Jim |with flagging, shot at
Ramsay Rd. about use PVC pipe wood stake
2miles, then take right |located
at Fairly Rd. and go approxi
0.25 mile and take right|mate 10' from
at first driveway on the |stake location
right as an
alternate
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KMSR-10-11 Big Creek and Plant debris Jackson |Wrack Line [Plants From Exit 75 of I-10,  |Wooden stake |Poor 18.4 [30.5489 [-88.4086 |Shot
Constitution Rd. |and silt line in take Fonts Lake Rd. located on ground
crossing plants north, turn west on NW side of
Cherry Valley, then left |Creek Rd.
at Constitution Rd. inter
section, stake
is 23'8" from
red paint
locator mark
in road
KMSR-10-12 Boat Launch Silt line in Pearl Mud Line Ground Exit 5A on I-59 North, |Wooden stake |Fair 14.9 |30.3815 |-89.7379 |[Shot
Area @ Exit 5A |grass bank River boat launch area go located 24" Ground at
on I-59 north under 1-59 under bridge near north of wood stake
(Frontage Road) [bridge Frontage Road Frontage Rd.
loop under
bridge
KMSR-10-13 1-59 and Pearl On bridge Pearl Mud Line Bridge Exit 11, Pearl River Red line Poor 20 30.4624 |-89.6957 |Shot bottom
River, on MS-LA [supports. Silt |River supports  [turnaround on |-59 at  |painted at of paint line
state line line in grass on MS-LA state line. HWM on 1st
embankment, bridge support
dead fish under south I-
59 bridge
KMS_USGS_10 |Wolf River at I-10 |Not Provided |Harrison |Seed Line |Bridge Southwest bridge seat |Top of pile cap |Poor 18.7 |30.4146 |-89.2038 |Shot seed
west bridge end |By USGS seat of eastbound lane at abutment line
bridge (Br. No. 28.7B)
KMS_USGS_101|Biloxi River at Not Provided |Harrison [Line on Bridge Top of aluminum tee Chiseled Poor 26.2 [30.4881 [-89.0358 |Shot 2" pipe
Three Rivers By USGS crest-stage [seat (elev. 29.01 ft) in crest- |square on side of
Road (02481130) gage stage gage attached to bridge
downstream side of (UsGs
right(south) main point not
bridge pier. found)
KMS_USGS_102[House at 13066 [Not Provided [Harrison |Seed Line [Not TBM 29 is downstream |Not Provided |Poor 18.9 |30.4728 |-88.9616 ([Shot seed
Husley Road By USGS Provided |left (southeast) bridge |By USGS line
By USGS |seat of Woolmarket
road bridge crossing
Parker Creek
KMS_USGS_103|D&L Body Shop |Not Provided |Harrison [Seed/ Handrail  |Downstream (south) Orange paint [Poor 18.2 |30.4693 |-88.9384 |Shot seed
By USGS Stain Lines handrail of old State line
Highway 67 bridge
crossing Howard Creek
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KMS_USGS_104|House at 3296  |Not Provided |Harrison|Seed Line |Handrail |Downstream (south) Chiseled Poor 15.9 |30.4745 |-88.8926 |[Shot seed
Sandy Bluff Drive |[By USGS handrail at square line
near Lameybridge Road
Lameybridge bridge crossing
Road crossing of Tchoutacabouffa River
Tchoutacabouffa
River
KMS_USGS_11 |Wolf River at I-10 |Not Provided |Harrison |Seed/Debris |Bridge Southeast bridge seat |Top of pile cap [Poor 19 30.4152 |-89.2020 |Shot seed
east bridge end By USGS Line seat of eastbound lane at abutment line
bridge (Br. No. 28.7B)
KMS_USGS_12 |Turkey Creek at |Not Provided |Harrison|Seed Line |Bridge Southeast bridge seat |Top of pile cap |Poor 27.4 [30.4221 (-89.1494 |Shot seed
1-10 By USGS seat of eastbound lane at abutment line
bridge (Br. No. 32.1B).
KMS_USGS_13 |Bernard Bayou at |Not Provided |Harrison [Seed Line |Bridge Downstream left Not Provided [Poor 19.1 |30.4337 [-89.0901 |Shot seed
1-10 By USGS seat (southeast) bridge seat |By USGS line
of bridge on westbound
lanes of 1-10 crossing
Bernard Bayou (Bridge
No. 35.9B)
KMS_USGS_14 |Fritz Creek at Not Provided [Harrison [Debris Line |Bridge Centerlines at right Centerlines Poor 18.8 [30.4545 [-89.0292 |Shot debris
Cowan-Loraine |By USGS (south) ends of newly line
Road Extension constructed dual
(Under bridges crossing Fritz
Construction)-- Creek (NW 1/4 of Sec
Upstream of 7, T7S, R10W)
Biloxi River at
1-10
KMS_USGS_15 |Tchoutacabouffa |Not Provided |Harrison |Debris Line |Bridge Downstream left Painted 'X' Poor 16.1 |30.4527 [-88.9423 ([Shot debris
River at I-10 By USGS abutment |(southeast) abutment |labeled "BM line
of eastbound 1-10 45"
bridge crossing
Tchoutacabouffa River
KMS_USGS_27 (Pass Christian Not Provided [Harrison [Seed Line |Cinder Top of cinder block Not Provided |Fair 24.6 |30.3154 [-89.2543 |Inside
High School By USGS block window frame, 40 ft By USGS school
window east of north covered bathroom
frame entrance to main
building and about
300 ft south of
gymnasium
KMS_USGS_28 |105 Timber Ridge|Not Provided |Harrison [Seed Line [Curb Directly across the Orange Poor 23.4 [30.3191 [-89.2728 |Shot seed
Boulevard By USGS street from 105 Timber |square line
Ridge Boulevard
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KMS_USGS_29 |108 Timber Ridge|Not Provided |Harrison [Seed Line [Curb Directly across the Orange Poor 23.7 [30.3199 [-89.2725 |Shot seed
Boulevard By USGS street from 105 Timber |square line
Ridge Boulevard
KMS_USGS_33 |South Edge Not Provided [Harrison [Seed Line |Concrete [Northwest corner of Orange Poor 19.7 |30.4121 |-88.8950 |Shot seed
Biloxi Bay at I- By USGS foundation |concrete foundation of [square line
110 (Bayview junction box located
Pawn Shop) about 120 ft southeast
of Bayview Pawn
KMS_USGS_35 |566 Howard Not Provided [Harrison [Seed Line |Curb North curb along Orange Poor 21 30.3967 |-88.8800 |Seed line
Avenue By USGS Howard Avenue about [square on interior
100 ft south of SE wall
corner of old Central
High School building
and about 75 feet west
of residence
KMS_USGS_36 [Front entrance to |Not Provided |Harrison|Seed Line [Concrete [Northeast corner of Black square [Poor 22 30.3931 |-88.8917 |Mark on
Beau Rivage By USGS lamp post |square concrete lamp wall inside
Casino base post base, 15 ft east of entrance of
northeast column Beau
supporting awning in Rivage
front of Beau Rivage
Casino
KMS_USGS 37 (St. John Not Provided [Harrison [Seed Line |Concrete [About 75 ft north of Black square [Poor 22,5 [30.3953 |-88.9007 |Seed line
Neumann By USGS pad north entrance to on wall at
Residence, 1044 residence front of
Beach Boulevard building
KMS_USGS_38 |Saxony Not Provided [Harrison [Seed Line |Concrete [Northwest corner of Orange Poor 22,5 [30.3953 [-88.9134 (Seed line
Apartments, 1282|By USGS slab small concrete slab square on wall
Beach Boulevard about 140 ft south of
apartment complex
KMS_USGS_39 |1611 Not Provided |Harrison [Seed Line [Power pole [About 120 ft northeast [Nail with pink [Fair 22.5 |[30.3953 [-88.9340 |Shot seed
Glennswetman By USGS of garage, at northeast |flagging line
Street corner of intersection of
Glennswetman Street
and Clower Street
KMS_USGS_40 (Treasure Bay Not Provided |Harrison [Seed Lines |Curb South of hotel, about |Orange Poor 23.1 [30.3940 [-88.9550 |Shot seed
Hotel By USGS 150 ft south of square line
entrance
KMS_USGS_41 |My Oh My at Not Provided [Harrison [Seed Line |Curb About 250 ft south of |Orange Poor 23.2 [30.3907 [-88.9902 [Shot seed
Edgewater Mall By USGS main entrance to square line
Edgewater Mall
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KMS_USGS_42 |House on Not Provided |Harrison [Seed Line [Power pole|West side of county Nail Poor 18.7 [30.4290 (-88.9375 |Shot seed
Kennedy Lane By USGS road about 300 ft west line
near Damphman of residence
Point

KMS_USGS_43 |lsle of Capri Not Provided [Harrison [Seed Line |Column Base of northwest Black square [Poor 23.6 [30.3906 |-88.8602 [Mark on
Casino By USGS column supporting wall of 2nd

awning in front of main level lobby
entrance to casino

KMS_USGS_62 |Brickyard Bayou |Not Provided |Harrison |Debris Line [Wingwall [Top of upstream left Not Provided [Poor 14.4 |30.3787 [-89.0976 |Shot deris
at 30th Street By USGS wingwall. By USGS line

KMS_USGS_63 |Pops Ferry Not Provided [Harrison [Seed Lines |Bridge BM Brass disk on Brass disk Poor 19.2 [30.4142 |-88.9759 [Seed line
Bridge, South By USGS seat southeast bridge seat on concrete
abutment 1979 - 4671A. beam

KMS_USGS_66 [House no.807, on|Not Provided |Harrison|Seed Line [Tree Third oak tree North of |Nail Poor 24.8 [30.3577 |-89.1266 ([Seed line
Pass Christian By USGS House no 807 just on window
Quad., South of inside fence, 3 ft above
Rail Road on ground
Louise Ave.

Below U.S. Naval
Reservation

KMS_USGS_67 [Mark on shop in |Not Provided |Harrison|Seed Line [Power pole|Front of house no.809, [Nalil Poor 25 30.3551 |-89.1361 |Seed line
rear of house No. |[By USGS set 3 ft above ground on door
109, Beach Park on the North side
Place, South of
Rail Road
Tracks, Next to
Gulf Park
College, On Pass
Christian Quad.

KMS_USGS_68 |Long Beach Not Provided [Harrison [Seed/Water |Power pole|3 ft above the ground [Nail Poor 25 30.3489 |-89.1505 |Seed line
Barber Shop By USGS Line on the north side of on window
across from pole, South of Library
Public Library,3 and across the street
blocks south of from Prestige Printing
Rail Road tracks,
on Pass Christian
Quad.
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KMS_USGS_69 |House no.136, |Not Provided |Harrison|Seed Line |Tree 3 ft above ground on  |Nalil Poor 25 30.3423 |-89.1703 [Shot seed
South of Rail By USGS the west side of large line
Road tracks, oak in the front yard of
South East of Mt. house
Pilgrim Church ,
on Pass Christian
Quad.

KMS_USGS_70 [House no. Not Provided [Harrison [Seed Line |Tree 1 ft above ground on Nail Poor 24.9 [30.3377 |-89.1837 |Shot seed
218,216 on White |[By USGS the south side of oak line
Harbor Rd., tree, North of House
South of Rail no. 218
Road, 2nd street
goes west from
there, Pass
Christian Quad.

KMS_USGS_71 |Large White Not Provided [Harrison [Seed Line |Tree North side of very large [Nail Poor 25.3 [30.3294 [-89.2066 ([Seed line
house on point of [By USGS Oak tree in front lawn on AC duct
Camellia Dr. in of large white house on
rear of house, on point of road
Pass Christian
Quad.

KMS_USGS_72 [House no. 107 on|Not Provided [Harrison |Seed Line [Tree 2 ft above ground on Nail Poor 245 |30.3258 [-89.2182 |Seed line
east scenic By USGS the north east side of on door
across from small tree in the front yard of
tenis court, On House no.107
Pass Christian
Quad.

KMS_USGS_73 [House no. 4103 |Not Provided |Harrison|Seed Line [Tree SouthWest side of Nail Poor 23.3 [30.3423 |-89.2172 |[Shot seed
Menge Avenue, ([By USGS small oak in the front line
across the street yard of House no.4103
and south of
Dixie White
House Nursing
Home

KMS_USGS_74 [Corner of Not Provided [Harrison [Seed Line [Slab Garage on the East Not Provided [Poor 23.5 [30.3327 [-89.2284 |[Shot water
Courtview By USGS side of the home just to |By USGS mark on
Avenue and 2nd the left of the stairs on window
St. across the that side of the house
street from some
apartments, north
of Rail Road
tracks, on Pass
Christian Quad.
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KMS_USGS_75 [House at 38th Not Provided [Harrison [Seed Line |Tree 2.5 ft above the Nail Poor 24.3 [30.3646 [-89.1069 (Seed line
avenue and 11th [By USGS ground, on the West on window
st. just south of side of tree in the yard
Rail Road tracks, of the first house on the
on Gulfport south left once you cross
Quad. 11th st.

KMS_USGS_76 |[Sign in front of Not Provided [Harrison [Seed Line |Tree 2 ft above the ground |Nail Poor 24.3 [30.3669 [-89.0988 [Seed line
Gulf South By USGS in the west side of a on sign
Outpatient large oak tree, East of
Center, on corner church and North of
of 13st and 31 Gulf South Qutpatient
avenue across Center
from church on
Gulfport South
Quad.

KMS_USGS_77 [Just below Rail |Not Provided |Harrison |Debris Line [Power pole|2 ft above the ground [Nail Poor 24.2 130.3733 |-89.0782 |[Shot seed
Road Tracks, at By USGS on the south side of a line
corner of Thorton large Power pole
Avenue and 2nd ,South of the rail Road
street, across tracks and across from
from apartments, apartment on Thorton
on Gulfport south Rd.

Quad.

KMS_USGS_78 |Apartment Not Provided [Harrison [Seed/Water |Power pole|2 ft above the ground [Nail Fair 24.2 [30.3820 |-89.0424
building just By USGS Line in a power pole ,
south of Rail located on the corner
Road tracks,off of of the apartment
Court House rd., building parking lot
on Gulfport North ,Nail is on the East
Quad. side of pole

KMS_USGS_79 [Across from Not Provided [Harrison [Debris Line |Power pole |West side of Power Nail Poor 23.9 (30.3843 |-89.0354 |Shot debris
Teagarden Park |By USGS pole on Rail Road St. line
apartments, at South of Rail Road and
crossing of Rail East on Teagarden Rd.

Road St. and across from Teagarden
Teagarden Rd., Park Apartments
on Gulfport North
Quad
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KMS_USGS_80 |Collins Not Provided |Harrison [Seed Line |Tree 2 ft above the ground |Nalil Poor 23.5 [30.3751 [-89.2289 |Shot seed
Woodworks, just |By USGS on the North side of the line
south of Wolf tree, directly in front of
River Bridge, on blue shop just before
Gulfport NW Wolf River on the right
Quad.
KMS_USGS_81 |Pineville Not Provided [Harrison [Seed Line [Tree 2 ft above the ground |Nail Poor 22,5 [30.3596 [-89.2170 [Shot seed
Elementary By USGS into large Oak tree line
School Gym, located north of Gym
Aprox 1 mile next to gravel service
Southeast of Wolf Rd.
river on Pass
Christian Quad.
KMS_USGS_82 |Magic River Not Provided [Harrison [Seed Line |Power pole|2 ft above the ground [Nail Poor 13.4 [30.3889 [-89.1991 [Shot seed
Campground, on |By USGS just right of magic river line
Bells Ferry camping entrance
Rd,East of Wolf
River,on Gulfport
NW Quad.
KMS_USGS_83 |Debrie Line Just |Not Provided |Harrison|Debris Line [Drainage |Center of drainage top |Orange paint [Poor 16.9 |30.4143 |-89.0932 |Shot debris
north of Turkey [By USGS top cover [cover just north of dot line
Creek on US 49, Turkey creek on the
on Gulfport North west side off of US 49
Quad.
KMS_USGS_84 |California Motor |Not Provided |Harrison |Seed/Water |Power pole|2 ft above ground on  |Nail Good 17.4 [30.3926 [-89.0611 |Shot seed
Sports no. 3503, [By USGS Line the North side of pole line
just south of located in front af
airport, on Gulfort California Motor Sports
North Quad.
KMS_USGS_85 [House no. 1423, |Not Provided |Harrison|Seed/Water |Tree Small Magnolia tree Nail Fair 18.8 [30.4026 |-89.0256 [Seed line
just south of By USGS Line just in front of garage on inside
Handsboro 2 ft above ground on window
Bridge across house no.1423, across
from Kremer from Kremer Marine
Marine, on
Gulfport North
Quad.
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KMS_USGS_86 |House no 1809 |Not Provided |Harrison |Seed/Water |Tree 1 ft above the ground |Nail Fair 23.8 [30.3865 [-89.0260 |Seed line
on Curcor Dr. just|By USGS Line in a huge oak tree in on exterior
south of Rail front lawn of House wall
Road Tracks, just no.1809
over a mile below
Handsboro on
Gulfport North
Quad.

KMS_USGS_93 |Tchoutacabouffa |Not Provided |Harrison|Seed Line [Wingwall |Top of wingwall at NGS BM Poor 17.7 [30.4610 (-88.9014 |[Red mark
River (02480599) |By USGS upstream right (north) |"15V5 1986" on bottom
at SR 15 & 67 at abutment of upstream side of
D'lberville (north bridge bridge
bridge end) abutment

KMS_USGS_96 (1310 Scenic Not Provided [Harrison [Seed Line |Fire In front of house near |Orange paint |Poor 26 30.3216 |-89.2273 |Shot seed
Drive By USGS hydrant road line

KMS_USGS_97 |1310 Scenic Not Provided |Harrison [Seed Line |Fire In front of house near |Orange paint |Poor 26 30.3216 |-89.2273 [Shot seed
Drive By USGS hydrant road line

KMS_USGS_98 (1320 Scenic Not Provided [Harrison |[Seed Line |Fire In front of house near |Orange paint |Poor 26.1 [30.3218 [-89.2267 [Seed line in
Drive By USGS hydrant road doorway of

house

KMSC-02-17 East Oaklawn Shoulder of Harrison [Wrack Line [Ground East end of East Flagged stake [Poor 8.7 30.4599 |-88.9576 |Shot
Rd. road, north Oaklawn Rd. on north |with orange ground at

side side tape wood stake

KMSC-02-18 8332 West Exterior brick [Harrison [Water Line |Exterior Looking north toward  [Duct tape Fair 15.5 [30.4574 |-88.9761 [Shot bottom
Oaklawn Rd. wall, east end brick wall |front of building of duct tape

of building

KMSC-02-19 10497 Shore Exterior brick [Harrison [Water Line |Exterior Looking west, south Duct tape Fair 18.7 [30.4384 [-89.0069 ([Shot bottom
Crest Rd. wall brick wall  [end of house of duct tape

KMSC-02-20 Popps Ferry Rd. |West shoulder [Harrison |Wrack Line |Ground Looking south toward |Orange tape |Poor 19 30.4262 |-88.9737 [Shot
(at north end of  |of Popps ferry bridge, west shoulder |on stake ground at
Popps Ferry Rd. [Rd., about 15' of road app. 15' from wood stake
Bridge) from curb curb

KMSC-02-21 2556 Southshore |Exterior front  [Harrison (Water Line |Exterior Looking south toward [Duct tape Good 18.6 |30.4352 [-88.9905 |Shot bottom
Dr. brick wall front brick [house west side of tape

wall

KMSC-02-23 656 Watersview [Front porch Harrison [Water Line |Front Looking north at front  [Duct tape Good 18.9 |30.4259 [-88.9500 |Shot bottom
Dr. column Porch of house, east column of tape

column
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KMSC-02-24 Across the street |Front exterior |Harrison |Water Line |Exterior Looking at front of Duct tape Poor 12.1  [30.4525 |-88.9515 ([Shot bottom
from 1098 wall wall house (north), west of tape
Campbell Dr. side of door (NOTE:
Owner
stated that
HWM was
5.85' above
bottom of
duct tape)
KMSC-02-25 6194 Whitman Front of house, [Harrison [Water Line |Exterior Looking east at front of [Duct tape Good 24.6 [30.3749 [-89.2679 ([Shot bottom
Rd. looking east on wall house of duct tape
south corner
KMSC-02-26 Last house on Water line on |Harrison [Water Line |Exterior Looking North 10'7" See photo Poor 17.1 |30.3595 |-89.2635 ([Shot
right side of exterior wall. wall above concrete Waterline
Midway Dr. driveway
KMSC-02-27 23554 Woodland |Water line on [Harrison (Water Line |Exterior HWM located 18" See photo Good 24.1 [30.3544 (-89.2350 [Shot
Way exterior wall wall above carport gable ground near
bottom. HWM
KMSC-02-28 25302 Cuevas Lawn at south [Harrison [Water Line [Lawn Looking North, flagged [Flagged stake |Good 24.7 |30.3809 |-89.2654 [Shot
Delisle Rd. end of house stake at south end of ground at
house wood stake
KMSC-02-29 23335 Bells Perry|Exterior front  [Harrison [Water Line |Exterior Looking south toward |Duct tape Good 23 30.3887 |-89.2275 [Shot bottom
Rd. brick wall front brick |front of house, west of duct tape
wall side of living room
window
KMSC-03-01 461 Parker St. Interior Harrison (Mud Line Interior From Red mark on Bay [Duct tape excellent |20.8 (30.4108 |-88.8889 [Shot mud
transferred to wall trans- |View Dr.,126' to the line on wall
exterior ferred to  |front of 461BIdg.
exterior
wall
KMSC-03-02 116 Rue Front of brunet [Harrison [Mud Line Exterior Left side of 116 house [Duct tape Poor 25.8 [30.3947 |-88.8889 [Shot bottom
Magnolia fourchey house wall facing south of tape
KMSC-03-04 910 W. Beach Interior wall Harrison (Water Line |[Interior On left column of front |Tape and excellent |27.8 [30.3066 |-89.2746 [Shot bottom
Blvd. tranferred into wall trans- |entry stairs orange of duct tape
exterior column ferred into
exterior
column
KMSC-03-07 Lorraine Rd. and |Ground Harrison |Wrack Line |Ground See Sketch Stake with Poor 26.2 [30.4316 [-89.0178 |Shot
1-10 orange tape ground at
wood stake
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KMSC-03-08 13410 River Rd. |On wall Harrison (Mud Line Wall In front of the house Duct tape Fair 16.7 [30.4813 [-89.0264 ([Shot bottom

of duct tape

KMSC-03-09 11857 Lorraine  |Ground Harrison |Wrack Line |Ground Back of the house, 77' |Wood stake |Poor 17.4 [30.4537 [-89.0152 |Shot debris

Rd. east from eastern edge line (stake
of breeze way not found)
(approximate 200 yds
from Biloxi River)

KMSC-04-09 West 2nd Ave. Outside of Harrison [Water Line |Exterior Located in the NW Duct tape with |Fair 25 30.3143 |-89.2511 [Shot
building, on brick wall |corner of building of red line finished
brick nursing Home/ Hospital floor

KMSC-04-10 Apt. #65-68 Pine |Brick wall Harrison [Water Line |Brick wall [Go down Pine Ave., Red paint Fair 25 30.3171 |-89.2630 |Shot paint

Ave. toward 90 look for Apt. |located in 2nd mark on
65-68 on right. HWM  |floor of black wall
located in stairwell on |metal stairwell
2nd floor plus duct tape

mark

KMSC-04-11 Apt.5, 590 W. Outside of Harrison [Water Line [Roof Go down Royal Oak Red paint with |Fair 22.6 [30.3212 |-89.2751 ([Shot bottom

Royal Oak St. building on tin street. look for red Apt. |duct tape of duct tape

roof on left of road, traveling
north. HWM on the tin
roof marked with red
paint

KMSC-04-12 207 Alabama St. [On outside Harrison [Water Line |Exterior Heading west on Marked with  |Fair 25.8 [30.3153 |-89.2812 ([Shot bottom

railing of house railing Alabama St., 2 story duct tape and of duct tape
house on right. HWM  |yellow
located on railing post |marking tape
facing the road.
Directly in front of front
door.

KMSC-04-13 108 Elm Ln. Outside front of|Harrison |Water Line [Exterior Go down EIlm Lane, Duct tape with |Fair 22.7 [30.3232 |-89.2846 ([Shot bottom
building/ vinyl wall 2nd house from the flag of duct tape
siding corner. HWM located

above the front door up
front stairs.

KMSC-04-14 300 Forest St. Outside Harrison [Water Line [Porch Go down Forest St., St. |Duct tape and |Poor 20.9 [30.3276 |-89.2812 ([Shot bottom
wooden siding Column Louis Bay behind you, |yellow of duct tape
of house blue wooden 2 story flagging

house with white
railing. HWM in front of
front door
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KMSC-04-15 492 Royal Oak |Outside Harrison [Water Line |Exterior Go down Royal Oak Duct tape on |Good 22.2 [30.3284 |-89.2714 ([Shot bottom
Blvd surface of vinyl wall Blvd., looking for tan outside of of duct tape
siding vinyl sided house. window
Looking at front of
house, HWM on right
side.
KMSC-04-16 555 Henderson |Offset off of Harrison [Mud Line Roof 555 Henderson Off setfrom |Good 24.1 |[30.3323 [-89.2631 |Shot wood
Ave. wrap around Ave.(green house, deck around deck
deck shape of octagon) At |house
the top of stairs, HWM
around deck measure
up 10.33'
KMSC-04-17 830 Clark Ave. Pilling on west [Harrison [Mud Line Pilling Go to top of stairs at Duct tape Good 24.9 [30.3395 [-89.2628 ([Shot bottom
side of front pilling on west side of of duct tape
stairs stairs, the HWM is 8.1
up
KMSC-04-18 494 N. Market St. |Exterior wall of |Harrison [Mud Line Exterior Go to maintanance Duct tape Good 24 30.3346 |-89.2541 |Shot bottom
east side of wall of east|garage and HWM is of duct tape
maintanance side of located at east side
garage main- 7.55" above concrete
tenance |slab
garage
KMSC-04-19 371 Woodman Exterior wall Harrison (Mud Line Exterior At 371 Woodman Ave. |Duct tape Fair 22.7 [30.3238 [-89.2497 ([Shot bottom
Ave. transferred on wall (yellow house), HWM of duct tape
yellow building is marked with tape
13.9' above slab
KMSC-04-20 205 Lynn Circle [On 2nd story [Harrison [Water Line |Interior Go down E. North St., |Red painton [excellent [25.5 |30.3279 |-89.2366 |Shot
interior wall wall (2nd [left on Oak Park Drive, [roadway finished
story) left into Lynn Circle. 3rd|infront of floor
house on left 2 story house
house
KMSC-04-21 805 Deer Trall Interior wall Harrison [Water Line |[Interior Goto down deer trail Duct tape and |excellent |23.9 |30.3329 |-89.2225 [Shot wood
Ln. wall lane untill you reach marking tape, deck
805 address. White orange paint
house with navy blue [on roadway
shutters. Marking tape
on railing of front porch
and orange paint on
roadway. Duct tape
placed on inside water
mark
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KMSC-04-22 901 East Scenic |Located on Harrison [Water Line |Exterior HWM on SW corner of [Duct tape Fair 27.2 [30.3252 |-89.2178 ([Shot bottom
Dr. exterior wall wall house, 2.1' below of duct tape
screened proch
window. Facing Menge
Ave and Gulf, directly
off of 90
KMSC-04-23 119 Espy Ave. Outside garage|Harrison |Water Line |Exterior Heading south on Espy [Duct tape Good 26.2 [30.3302 |-89.2044 ([Shot bottom
wall Ave., residence is of duct tape
located on right side of
road. HWM located on
east entrance of
garage
KMSC-04-24 23027 Woodland [On exterior Harrison [Water Line |Exterior Go down woodland Duct tape Good 23.5 [30.3590 |-89.2202 ([Shot bottom
Way brick wall wall way traveling south. of duct tape
HWM located next to
front door on brick
house with brown and
white shutters.
KMSC-04-25 3510 Olga Dr. Exterior wall on|{Harrison [Water Line |Exterior Travel west on Jones |No marking Fair 23.3 [30.3393 [-89.2308 [Shot
2nd floor wall on Dr., south on Olga Dr., |used finished
window 2nd floor |look for address on floor
window mailbox
KMSC-04-26 151 Beach Blvd. [Pillion of Harrison (Mud Line Pilling @ 151 Beach Blvd, go [Duct tape Fair 22.6 [30.3908 [-88.8606 ([Shot bottom
vehicle check- to vehicle check-in, of duct tape
in, west of which is west of main
main entrance entrance, HWM is 0.6
above concrete @ NW
pillon
KMSC-04-27 Apt #104 Back |Edge of Harrison (Mud Line Second Go to Apt #104 Back |Duct tape Fair 18.5 [30.4065 |-88.8689 ([Shot bottom
Bay Place second floor floor Bay Place, off of Bay of duct tape
breeze way breeze View Ave. HWM is 9'
way above slab @ first floor
marked with duct tape
between first and
second floor
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KMSC-04-28 260 5th St. West side of  [Harrison |Mud Line Exterior @ 260 5th St (white Duct tape Good 20 30.4005 |-88.8652 |Shot bottom
building wall building, oyster of duct tape
(exterior) cleaning house), go to
SW corner of building
@ Middle Loading Bay
measure up 5.53' from
first floor (marked with
tape)
KMSC-04-29 507 Roy St. Exterior wall Harrison (Mud Line Exterior @ 507 Roy St.,,goto [Duct tape Good 19.6 |30.4048 [-88.8770 |Shot bottom
wall NW front door and of duct tape
measure up 8.5 from
slab @ front door
KMSC-04-30 641 Bay View Exterior wall Harrison (Mud Line Exterior @AAA Transfer and Duct tape Fair 19.4 (30.4113 |-88.8834 ([Shot bottom
Ave. wall Storage Inc. 641 of duct tape
Bayview Dr., @ NW
corner go to door
labeled 641 A on
loading dock
KMSC-04-32 220 Calllavet St. |Exterior wall of [Harrison (Water Line |Exterior Traveling South on Duct tape on [Fair 18.8 |30.4004 (-88.8916 |Shot bottom
metal building wall of Caillquet St. look for backside of of duct tape
metal Shaughnessy Printing |building
building (2 story brick front), go
around to back door
and HWM is located
right on back door.
KMSC-05-11 110 Holiday Ave. |Electrical wire |Harrison |Debris Line |Electrical |Wire from first utility Paint on road |Poor 27.7 [30.3325 [-89.1874 [Shot
(debris in) wire pole on Holiday ave. and stake at ground at
NW corner of bottom of pole wood stake
intersection between
Holiday Ave. and E.
Beach Blvd.
KMSC-05-12 822 E. Beach Exterior of Harrison [Personal Exterior of N/A Poor 33 30.3522 |-89.1326 |Shot bottom
Blvd. home Account home of eave
KMSC-05-13 109 W. 3rd St. Interior water [Harrison [Water Line |Interior 109 W. 3rd St. off of Paintinroad |excellent |25.3 |30.3483 |-89.1509 |[Shot
line transferred wall trans- |Geff Davis Ave. which [and stake at ground at
to exterior wall ferred to |is off 90 (Beach Blvd.) [edge of front wood stake
exterior lawn at EP
wall
KMSC-05-14 404 S. Girard Interior wall Harrison [Water Line |Interior W. Beach Blvd. (HWY |Magic marker |excellent |25.6 [30.3456 [-89.1561 [Shot
Ave. wall 90) to S. Girard Ave. marker line
HWM on left
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KMSC-05-15 223 Boggs Dr. Carport wall Harrison [Water Line |Carport 223 Boggs Dr. Paint in street (Good 259 [30.3428 [-89.1693 |Shot faint
wall and stake in marker line
ground
KMSC-05-16 332 Bldg. R Interior of unit |Harrison |Water Line |Interior Hwy. 90 W (or W. Magic marker |Good 25.4 [30.3397 [-89.1761 [Shot
Arbor Station Dr. [#332 Building wall Beach Blvd.). rightto [on stud in marker line
R Arbor Station Dr. 0.4  |door frame
mile to HWM on right
KMSC-05-17 127 English Interior wall Harrison [Water Line |[Interior Highway 90 west to Magic marker |excellent |25 30.3545 |-89.1314 |Shot
Village Dr. wall english Village Dr. marker line
(right)
KMSC-05-18 131 Trautman Interior wall Harrison (Water Line |[Interior West on 90 and turn N/A excellent |25.2 (30.3449 |-89.1613 |[Shot water
Ave. wall right on Trautman Ave. line on wall
KMSC-05-22 112 Olsen Ave Ground Harrison [Water Line [Ground Highway 90 West ro Paint Mark /  [Poor 229 [30.3443 [-89.1653 |Shot nail
Runnels Ave (right) to [PK Nail near edge
Magnolia St (Left) of
Olsen Ave right pavement
in front of
112 Olsen
Ave
KMSC-05-23 106 South Lang [N/A Harrison [Water Line [N/A Head west on Highway [Paint on Good 255 [30.3433 [-89.1706 |Shot road
Ave 90 (Magnolia) turn right |centerline on
on South Lang Avenue |road
KMSC-05-24 159 Markham Dr. |Water line on [Harrison |Water Line |Road Head west on West Paint on road |Poor 22.7 [30.3398 [-89.1801 |Shot
road Beach Blvd. (HWY 90), pavement
turn right on Markham
Dr., HWM on left side
of road in front of
house
KMSC-05-25 221 White Harbor|Water/debris  [Harrison [Water Line |Road Head west on hwy 90, [Paint onroad [Poor 23.2 [30.3382 [-89.1839 [Shot
Rd. line on road turn right on White pavement
Harbor Dr. and head
north, HWM on road, in
front of 221 house.
KMSC-05-26 South Girard Water/debris  |Harrison |Water Line |Ground Head north on Highway |Paint on road |Poor 22.3 [30.3480 [-89.1570 [Shot
line on ground 90 (Magnolia St.,) turn pavement
right on South Girand,
head north cementary
on left side of street
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KMSC-05-27 200 South Water/debris  |Harrison |Water Line |Ground Head west on hwy 90, [Tape Poor 24.3 [30.3522 (-89.1424 [Shot
Nickelson line on ground turn right on South ground
Nickelson, on left hand
side of road before
passing east 22 St.
KMSC-05-28 501 East First St. [Water/debris  [Harrison [Water Line |Ground Head west on highway [Wood stake |Poor 23.6 |30.3545 |-89.1395 ([Shot
line on ground 90, turn right on South ground at
Nickelson, then turn wood stake
right on East 1st St.,
wind water debris line
between train track and
baseball field
KMSC-05-29 West Railroad St. |Water/debris  |Harrison |Water Line |Ground Head west on highway [Wood stake |[Poor 23.2 |30.3586 |-89.1272 |[Shot
line on ground 90, turn right on Louis ground at
St., turn left on West wood stake
Railroad St., HWM
located at the
intersection of West
Railroad St. and Louis
Ave. between west
railroad and train track
KMSC-06-08 24384 Clubhouse [Ground Harrison |Debris Line |Ground Next to sandtrap Stake w/pink [Poor 23 30.3846 |-89.2502 |Shot
Dr. between the 14th hole |flag & white ground at
& the 15th tee. White  [paint wood stake
paint mark on the cart
path, which is 37 feet
to the HWM
KMSC-06-09 East Bound I-10, |Ground Harrison |Debris Line |Ground HWM located on HWY [Stake w/pink [Poor 11.7 [30.4462 (-89.0211 [Shot
East of Exit #38 ( 110 by Exit #38 & 19 flag & white ground at
0.6mi East of Exit feet from birm paint wood stake
#38 - Lorraine
Rd.)
KMSC-06-10 East bound on Ground Harrison |Debris Line |Ground East bound on I-10, Stake w/pink [Poor 11.6 [30.4570 (-88.9498 [Shot
1-10 before Exit HWM located 21 feet [flag & white ground at
#44 ( Beauvoir- from birm paint wood stake
Jefferson Davis
home) west of
Tchoutacabouffa
River
KMSC-07-12 1600 Pratt st. Exterior wall Harrison [Water Line |Exterior Exterior wall nextto 2 [Tape, paint on |Fair 24.9 [30.3719 [-89.0802 ([Shot bottom
wall car garage Road of duct tape
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KMSC-07-14 3215 West Beach|Exterior wall Harrison [Water Line |Exterior Exterior wall- hotel Tape Good 245 [30.3635 [-89.1021 ([Shot bottom
Blvd. wall casino front entrance of duct tape
KMSC-07-15 801 Lewis St. Exterior wall Harrison [Water Line |Exterior Exterior wall in front of [Tape, paint on |Good 24.9 [30.3573 [-89.1264 ([Shot bottom
wall home, 25' from front road of duct tape
door
KMSC-07-16 615 Camp Ave. |Exterior wall Harrison [Water Line |Exterior Exterior wall in front of [Tape Good 24.6 [30.3600 |-89.1151 ([Shot bottom
wall the home, front door of duct tape
KMSC-07-17 1101 2nd street  |Exterior wall Harrison [Water Line |Exterior Exterior wall in front of [Tape Fair 24.8 [30.3740 |-89.0700 ([Shot bottom
wall home of duct tape
KMSC-07-18 1816 3rd. Street |Exterior wall Harrison [Water Line |Exterior Exterior wall behind Tape Fair 23.4 [30.3769 [-89.0620 ([Shot bottom
wall home N. wall of duct tape
KMSC-07-19 143 Bilmarsan Exterior wall Harrison [Water Line |Exterior Exterior wall in front of [Tape Good 22.2 [30.3952 [-88.9350 ([Shot bottom
Dr. wall home of tape
KMSC-07-20 156 Camillia St.  |Exterior wall Harrison [Water Line |Exterior Exterior wall in front of [Tape Fair 21 30.3955 |-88.9533 |Shot bottom
wall church, south concrete of tape
column
KMSC-07-21 183 Beauvoir Rd. |Exterior wall Harrison [Water Line |Exterior Exterior NW wall, 2 ft  [Tape Fair 21.6 [30.3955 |-88.9729 ([Shot bottom
wall from contactor door of tape
entrance
KMSC-07-22 100 S. Marshall |Exterior wall Harrison [Water Line |Exterior Exterior wall, south end [Tape Fair 22.7 [30.3911 |-88.9869 [Shot bottom
wall of building of tape
KMSC-07-23 1 Colonial Drive |Exterior wall Harrison [Water Line |Exterior Exterior wall of condo |[Tape Fair 22.2 [30.3895 [-89.0023 ([Shot bottom
Apt.4 wall N., 3' from back door of tape
KMSC-07-24 473 Jord Drive Exterior wall Harrison [Water Line |Exterior Exterior wall of garage, |Duct tape fair 19.2 [30.4149 |-88.9706 ([Shot bottom
wall 1ft north of garage door of tape
KMSC-07-25 2523 Provence |Exterior wall Harrison [Water Line |Exterior Exterior wall in front of [Duct tape Good 18.8 |30.4128 [-88.9830 |Shot bottom
Place wall home, facing N., 2 ft E. of tape
of front door
KMSC-07-26 474 Channel Exterior wall Harrison [Water Line |Exterior Exterior wall in front of [Duct tape Good 19.1 |30.4115 [-88.9975 |Shot bottom
Mark Dr. wall home, 3 ft north of front of tape
door
KMSC-08-14 237 Graham Ave. [Water line Harrison [Water Line |Exterior 237 Graham Ave. 2nd |Paint on the [Poor 18.2 [30.4005 (-88.8994 [Shot top of
mark on wall Street to South of road red brick
exterior wall of Division St.
the front house
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KMSC-08-15 159 Azalea Dr. Ground Harrison [Water Line |Ground Head west on Hwy 90, [Pointed stake [Fair 21.7 |30.3971 |-88.9045 ([Shot
turn right on Azalea Dr. ground at
and go 0.5 mile, house wood stake
on left hand side. HWM
between 155 and 159.
KMSC-08-16 251 Iroguois St.  [Ground Harrison |Water Line |Ground Take 1-10 to Division Stake to point |Poor 19 30.4012 |-88.8983 [Shot
St., head west on ground at
Division St., turn left on red paint
Iroquois St.
KMSC-08-17 157 St. Charles  |Ground Harrison |Water Line |Ground Head west from I-10 on [Stake to point |Good 22.2 [30.3961 (-88.9303 [Shot
Ave. Irish Hill Rd, turn left ground at
onto St. Charles Ave. red paint
KMSC-08-18 139 McDonnell  |Ground Harrison [Water Line |Ground Head west on Irish Hill [Stake pointer |Good 21.8 [30.3952 (-88.9455 [Shot
Ave Rd. turn left on pavement
McDonnell Ave.
KMSC-09-07 200 E. Beach Exterior wall Harrison (Mud Line Exterior Main entrance last Duct tape Fair 23.7 [30.3796 |-89.0533 [Shot bottom
Port Blvd. wall building in left, back of duct tape
wall facing railroad
tracks
KMSC-09-08 233 Courthouse |Exterior wall Harrison |Mud Line Exterior Rear wall of Coldwell  [Duct tape Fair 24.2 130.3818 |-89.0442 |Shot bottom
Rd. wall Banker, facing railroad of duct tape
tracks
KMSC-09-09 745 S. Railroad |Exterior wall Harrison (Mud Line Exterior Front of house, left of [Duct tape Fair 23.8 [30.3834 [-89.0378 [Shot bottom
St. wall front door on porch of duct tape
KMSC-09-10 Corner of Side of road Harrison |Wrack Line |Side of Corner of Railroad and |Flag and paint [Poor 23.3 [30.3843 [-89.0354 [Shot
Railroad and road Tegarden ground at
Tegarden wood stake
KMSC-09-11 1806 Curcor Exterior wall Harrison (Mud Line Exterior Right of front door Duct tape Fair 24.7 [30.3860 |-89.0264 ([Shot bottom
wall of duct tape
KMSC-09-12 13 Venetian Exterior wall Harrison (Mud Line Exterior Left of front door Duct tape Fair 23.6 [30.3885 [-89.0060 ([Shot bottom
Gardens wall of duct tape
KMSC-09-13 Corner of Exterior wall of [Harrison [Mud Line Exterior Side of house Duct tape Fair 23.9 [30.3776 |-89.0602 [Shot bottom
Railroad and house wall of of duct tape
Hewes St. (Blue house
house)
KMSC-09-14 Intersection of Debiris line Harrison [Debris Line |[Ground Intersection of Dolan  |Flag Poor 22 30.3836 |-89.0382 |Shot bottom
Dolan Ave. and Ln. and Railroad. HWM of duct tape
Railroad with flag.
KMSC-09-15 198 Paradise Exterior wall Harrison (Mud Line Exterior Wall facing Township  |Duct tape Fair 23.5 [30.3842 [-89.0316 ([Shot bottom
Ave. wall Rd. of duct tape
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KMSC-09-16 217 Cowan Rd. [Exterior wall  [Harrison [Mud Line Exterior K.L. Young Real estate,|Duct tape Fair 23.8 [30.3849 [-89.0273 |Shot bottom
wall left side of building of duct tape
KMSC-09-17 1458A Magnolia |Exterior wall Harrison (Mud Line Exterior Right of front door Duct tape Fair 15.5 |30.4034 [-89.0246 |Shot bottom
St. wall of duct tape
KMSC-09-18 1162 John Evans |Tansfer from  [Harrison |Mud Line Interior Right of front door Duct tape excellent |18.2 [30.4075 |-89.0132 ([Shot bottom
Rd. interior wall to wall trans- of duct tape
exterior wall ferred to
exterior
wall
KMSC-09-19 11272 Sundown |Exterior wall Harrison (Mud Line Exterior Right side wall of Duct tape Poor 18 30.4092 |-89.0261 |Shot bottom
Dr. right of garage wall right |garage of duct tape
of garage
KMSC-09-20 1230 W. Pine St. |Exterior wall Harrison (Mud Line Exterior Left side of front door [Duct tape Poor 16.6 [30.4024 [-89.0286 ([Shot bottom
wall of duct tape
KMSC-09-21 1111 Magnolia St. [Interior wall Harrison (Mud Line Interior Rear of house 2nd Duct tape Fair 15.9 [30.4037 |-89.0310 ([Shot bottom
wall story left window (back of duct tape
to water)
KMSC-09-22 948 Mary Ruth  |Exterior wall Harrison (Mud Line Exterior Front of house left of  [Duct tape Poor 15.4 [30.4000 |-89.0325 (Shot bottom
wall door of duct tape
KMSC-09-23 6 Pouenia Place |Exterior wall Harrison |Personal Exterior Rear of home right of [Duct tape Poor 16.6 [30.4103 |-89.0411 (Shot bottom
Account wall french door of duct tape
KMSC-09-24 13 Colonel Wink |Exterior wall Harrison (Mud Line Exterior Left of front door Duct tape Fair 18.1 |30.4180 [-89.0428 |Shot bottom
Dr. wall of duct tape
KMSC-09-25 17 Poplar Cir., Exterior wall Harrison (Mud Line Exterior Right side of house Duct tape Fair 16.8 [30.4015 |-89.0493 (Shot bottom
wall of duct tape
KMSC-09-26 44 Poplar Cir., Exterior wall Harrison (Mud Line Exterior Right wall of garage Duct tape Fair 15.1 [30.4039 [-89.0505 ([Shot bottom
wall of duct tape
KMSC-09-27 117 Canal St. Transfer from [Harrison |Mud Line Interior Right exterior wall of  [Duct tape Fair 17.1  [30.3993 [-89.0469 ([Shot bottom
interior wall to wall trans- |garage of duct tape
exterior wall ferred to
exterior
wall
KMSC-09-28 Behind 933 Ground Harrison [Wrack Line |Ground Behind building, 75' Red paintin  |Poor 18.2 [30.4058 [-89.0175 [Shot wood
Parkview Place from road to wrack line |red flag stake
KMSC-09-29 122 Euia Dr. Exterior wall Harrison (Mud Line Exterior Right of door Duct tape Good 18.6 |30.4043 [-88.9981 |Shot bottom
wall of duct tape
KMSC-10-37 12056 Cedar Water line on  |Harrison |Water Line |Exterior HWM on western wall [Purple duct Fair 17.9 |30.4592 [-88.9387 |Shot bottom
Lake Road second floor wall of bailshop adjacent to |tape of tape
window.
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KMSC-10-38 11471 Old HWY |Water line Harrison (Water Line |[Interior HWM is located on Purple duct excellent |17.1 (30.4681 |-88.9187 [Shot bottom
67 inside building wall north outside metal tape on left of tape
wall by front entrance (side of door,
outside
KMSC-10-39 3293 Sandy Bluff |On concrete Harrison [Water Line [Concrete [From I-10 exit 46, HWY [Purple duct Good 15.9 |30.4744 |-88.8926 |Shot bottom
Drive columns column 15 N. to Lick Skillet tape of tape
supports supports  |Rd., turn right on to
Lane Bridge Rd., turn
right onto Sandy Bluff
Dr., house on right.
HWM on support
column by front
stairway (near
treatment system).
KMSC-10-40 15369 Old HWY |Road Harrison [Wrack Line [Road Wrack line located Wooden stake [Poor 20.9 [30.5103 [-88.9114 |Shot
15 embankment embank- |25'9" north of HWM on ground at
ment roadway. wood stake
KMSC-10-42 739 Hengen Sand line on  |Harrison |Water Line [Front door |From I-10,take Ceder [Purple duct Good 21.1 [30.4319 |-88.9322 ([Shot bottom
Lane front door Lake south, turn right  [tape on front of tape
on to Brodie, take 1st |wall right side
left onto the Hengen of door
Lane, last house on
road next to bay
KMSC-10-43 4361 Brodie rd. |Right front Harrison [Water Line [Carport From exit 44 on 1-10, [Purple duct Fair 20.1 [30.4334 |-88.9110 (Shot bottom
edge of carport take Ceder Lake south, [tape on right of tape
turn east onto Brodie |side of carport
Rd. House is on short
NS stretch of Brodie
Rd. past high school
KMSC-10-44 10221 Rodriguez |Water line on  |Harrison |Water Line |Exterior From exit 2 on I-10, Purple duct Fair 20.2 [30.4306 |-88.8976 [Shot top of
Street brick wall brick wall |take Rodrigues St. tape, top of tape
west. Looking for tape
Suburban Extended
Stay Hotel. HWM
located adj. to blue
door at AC unit,10'
north of guest laundry
area.
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KMSC-10-50 13610 River Rd |On bricks, front|Harrison |Water Line |Exterior From Hwy 49 South of [None Fair 16.6 |30.4836 [-89.0307 |Shot of
side of house wall I-10, take Creosote window sill
Road east, turn north
on Three Rivers Road.
Turn south on River
Road at Biloxi River 0.5
mile
KMSC-10-51 3536 River Bluff [On molding Harrison [Water Line |Exterior Take exit 50 of I-10, go |None Fair 14.6 |30.4711 |-88.8935 |Shot
Road over door to door north to Cook Rd, turn concrete
storage shed west, go to end, turn slab at
north on Daisy Vestry storage
Rd, about 0.75 mile, room door
turn west onto River
Bluff Rd, 3rd house
from end
KMSC-10-52 3504 Stephen Silt line in trees|Harrison |Water Line [Trees From exit 50 of I-10, go |Purple duct Poor 21 30.5096 |-88.8881 |Shot bottom
Earl RD north on Hwy 609 to tape wrapped of tape
Stephen Earl Rd, go to |around tree around 10"
end, pink brick house pine tree
on right.
KMSC-10-53 Exit ramp at Exit |Ground Harrison [Wrack Line |Ground Exit 2 on I-110, 200" Locator mark |Poor 20.1 [30.4321 (-88.8952 [Shot
2 of 1-110, 200 down west side of exit |and light pole ground
down west side ramp, wrack line 14.5"' west
located 14' 5" from of light pole
mark at base of light base
pole.
KMSC-10-54 11015 Old Silt line in Harrison (Mud Line Fence and |From exit 34 on |-10, |Purple tape Poor 18.7 |30.4421 [-89.1008 |Shot bottom
Highway 49 fence and plants take Hwy 49 North turn |placed on of tape
shrubs west onto Landon fence post
Road then north on old |between two
Hwy 49. House ison  ["square”
North side shaped
shrubs
KMSC-10-62 #2 Riverbend Dr. |Waterline by  |Harrison |Water Line |Interior From exit 38 on I-10, |None excellent [19.9 [30.4083 [-89.0394 |Shot
stair leading to wall take Lorraine Rd. concrete
second floor south, turn right on slab below
Magnolia St., turn right stairs
on Mill Rd. House is at
corner of Mill and
Riverbend Drive. HWM
on sheetrock by inside
stairway
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KMSC-10-63 80 Bayou Circle [Inside Harrison [Water Line |[Interior From ext 38 on I-10, None Fair 24.6 [30.4224 (-89.0438 |[Shot slab in
garage/kitchen door take Lorraine Rd. front of
door south, turn right on W. garage
Pine St. (hame will
change to W. Magnolia
St.), turn right on
Courthouse Rd., turn
left on Bayou Circle.
House at intersection
of Bayou Circle and E.
52nd St.
KMSC-10-64 Tramark Golf Ground Harrison (Wrack Line [Ground From exit 34 of 1-10, Locator arrow |poor 17.9 |30.4232 [-89.0634 ([Shot debris
Course take hwy 49 south, turn |on golf cart line near
left on Airport Road path, red paint putting
toward Washington sprayed on green
Ave., cross Wahington [grass at
Ave. onto Tramark Golf [survey point
Course Rd.. HWM
located 67" from arrow
on golf car path,
wrackline circles
putting 18th green
KMSC-10-65 Tramark Golf Inside walls of [Harrison |Water Line [Interior From exit 34 of I-10, Silver duct excellent [19.1 [30.4238 [-89.0632 |Shot bottom
Course clubhouse wall take hwy 49 south, turn |[tape on of tape
left on Airport Road outside wall
toward Washington next to door
Ave., cross Wahington
Ave. onto Tramark Golf
Course Rd..
KMSC-10-66 9506 Creosote  (Water line in  [Harrison [Water Line |Interior From I-10, take Hwy 49 [Silver duct excellent |19.3 [30.4268 |-89.0772 [Shot bottom
rd. warehouse wall south, turn left onto tape on right of tape
area, Creosote Road, goto |side of garage
right turn in road. HWM
at A/C closet and coke
machine in garage on
north side of building
KMSC-10-67 14108 Airport Rd. [Waterline on  |Harrison |Water Line |Interior From I-10 take Hwy 49 [Purple duct excellent |18.7 [30.4158 |-89.0759 [Shot bottom
inside walls walls south. Turn left on tape, HWM @ of tape
Airport Road. Building [top of duct
on left across from tape.
airport entrance. HWM
on right side of front
door
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KMSC-10-68 606 35th street  |Water line on [Harrison (Water Line |Exterior HWM on front glass None good 18 30.3927 |-89.0616 |Shot slab
front door door door adj. stucco wall surface
glass (finished
floor)
KMSC-10-69 930 Courthouse |Inside walls of [Harrison [Water Line |Interior From I-10, take None excellent |20 30.3984 |-89.0440 |Shot slab
Rd. Apt#4 Apt. #4 bldg. wall Lorraine Rd. south to surface
930 E. Pass Rd. turn right (finished
on Courthouse Rd., floor)
turn right on
Commerce St., 3rd
building on left. HWM
on sheetrock located
approximate 4' inside
front door of Apt. #4.
KMSC-10-70 1510 28th Street [Waterline on  |Harrison |Water Line |Windows |From I-10 take hwy 49 |Silver duct good 18.6 [30.3844 (-89.0810 |Shot duct
glass windows and Door |south to 28th street, tape on tape
and door turn east , cross outside brick
brickyard and bayou, |wall, right of
building located on door
north side of road
KMSC-10-71 2600 Pass Rd. [Water line on [Harrison [Water Line [Interior HWM is located on None excellent [18.6 [30.3806 [-89.0942 |Shot duct
sheetrock and wall metal siding adj. to tape
painting inside west side at door
building
KMSC-10-72 8477 Old Hwy 49 [On interior wall [Harrison [Water Line |Interior From 1-10, take Hwy 49 |Silver duct excellent |18 30.4113 |-89.0947 [Shot duct
and pegboard wall south to Russsell Blvd., |tape on tape
turn west goto Old Hwy |outside, left
49, go south 0.2miles |side of front
building on right. HWM
on red metal wall by
glass entrance door.
KMSC-10-73 7685 Kiln Delisle |Waste water  [Harrison |Debris Line |Ground HWM on west side of [Wooden stake |poor 25.1 [30.3811 (-89.3130 [Shot
Rd. pond on bay solids pond by eye with orange ground at
side of plant wash station. flagged by wood stake
solids pond on
west side
KMSC-15-01 279 Hopkins Interior wall Harrison (Mud Line Interior Left door jamb front N/A excellent |20.6 [30.4023 |-88.8956 |[Shot front
Blvd. transferred to wall trans- [foor of house porch floor
exterior wall ferred to
exterior
wall
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KMSC-15-02 241 Hopkins Interior wall Harrison [Water Line |Interior 27.5" up from front N/A excellent [20.5 [30.4008 (-88.8956 |Shot taken
Blvd. transferred to wall trans- |porch stoop on left on concrete
exterior front ferred to  |door jamb of front door slab
door jamb exterior
front door
jamb
KMSC-15-04 134 Seal Avenue |Brick wall Harrison (Mud Line Brick wall |Carport on north end of [Duct tape on |poor 19.9 |30.3962 |-88.8969 |Shot duct
inside carport inside house. Brick wall in wall tape
carport carport
KMSC-15-05 In field on SW On ground Harrison [Wrack Line |Ground 73' due west from paint |Red paint on [poor 22.5 [30.3962 (-88.9116 [Shot
corner of on Road road ground
Intersection of
White Ave. and
Father Ryan Ave.
KMSC-15-06 2555 Marshall Interior wall Harrison (Water Line |Interior Interior wall transferred [N/A good 25.7 [30.3907 (-88.9869 [Shot
Rd. (Mississippi [transferred to wall to exterior wall, most concrete
Casino Operators |exterior wall transferred [NW corner of building slab
Association, next to exterior
to Edgewater wall
Mall)
KMSC-20-05 141 Pine Crest  |Roof line of Harrison [Water Line |Roof line [Front of house, right Vertical offset |Fair 29.8 [30.3395 |-89.2678 |[Shot
Drive house of house |[side is garage floor concrete
slab floor
KMSR-02-01 Beatline Rd. and |On ground, Harrison [Wrack Line [Ground Looking south, west Flagged stake |poor 19 30.3690 |-89.1872 |Shot
Canal 3 Bridge |west side of side of bridge at Canal ground at
bridge 3 and Beatline Rd. wood stake
KMSR-02-02 Canal 1 Bridge  [Bridge support [Harrison [Water Line [Bridge Looking east at bridge, |None fair 19 30.3447 |-89.1868 |[Shot east
and Bealine Rd. [column support water line 5' below corner
column bridge surface concrete
bridge
KMSR-10-09 CC Rd. and Silt line in Harrison (Mud Line Ground From exit 48 I-10,take [Wooden stake |poor 32.5 [30.5604 |-88.8848 |Ground
Tchoutacabouffa |plants and Hwy 15 north about 7 |with flagging shot at
River grass along miles to CC Rd., turn  |10' from red wood stake
side road. right goto creek near  |painted
Traces of county line marker on
debris line road
present.
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Flaggers

Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMSR-10-10 Hwy 15 and Silt line in Harrison (Mud Line Plants From I-10 in D'lberville [Red painted |poor 57.4 |[30.6152 [-88.9225 [Shot paint
Hurricane Creek [plants at exit 46 go north for |marker on top mark on
approximate 13 miles. |of bridge rail guardrail on
(Bridge @ Hwy 15 bridge deck
crosses Hurricane
Creek)
KMSR-10-19 Seaway Road at |Plant debris Harrison [Wrack Line |Chain link [From Exit 38 of I-10, Duck tape poor 18.2 |30.4340 |-89.0672 |Shot tape
Northrup Gruman [hanging on fence. take Lorraine Road place on chain on gate
chain link south, turn west on link fence gate post
fence. Seaway Road. post, left side
of gate
KMSR-10-20 Canal Road and |Silt line in Harrison (Mud Line Plants Exit 31 of I-10, go north [Silver duct poor 7.7 30.4252 |-88.8266 |Duct tape
Bernard Bayou |plants under on Canal Road about |tape wrapped on concrete
bridge 1.3 mile to Bernard around guard post at
Bayou rail post on bridge
north east end
of bridge.
KMSR-10-21 Old Hwy 49 and [Water line on [Harrison |Water Line |Bridge Exit 34 of I-10, take Red paint on |poor 48 30.5697 |-89.1360 |Shot paint
Biloxi River bridge deck deck Hwy 49 north about 9 [bridge rall, mark on
support, silt on support miles, turn left (west) |south west bridge rail
plants and on W. Wortham Road, |corner of
debris on turn right (north) on Old |bridge
banks. Hwy 49 to bridge
KMS_USGS_01 |West Pearl River |Not Provided |Hancock|Seed Line |Bridge Centerline at west end |Centerline poor 15.9 [30.2978 [-89.6980 [Shot seed
at I-10 west By USGS of eastbound lane line
bridge end bridge
KMS_USGS_03 [Devils Swamp @ |Not Provided |Hancock|Seed/Debris [Box culvert|Top of box culvert Orange paint [poor 14.29 |30.3336 |-89.5127 |Shot debris
Box culvertatI- By USGS Line headwall |headwall at line
10 (Drains downstream southeast
Stennis) end at eastbound lanes
KMS_USGS_04 |Gulf side of I-10 |Not Provided |Hancock|Debris Line |Bridge Southeast bridge seat |Top of pile cap [poor 22.1 [30.3584 [-89.4230 [Shot debris
overpass of SR |By USGS seat of eastbound lane at abutment line
43 bridge (Br. No. 14.5B)
KMS_USGS_05 |[Inland side of I- |Not Provided |Hancock|Debris Line |Bridge Northeast bridge seat |[Top of pile cap |poor 24.7 [30.3580 [-89.4236 |Shot debris
10 overpass of  [By USGS seat of westbound lane at abutment line
SR 43 bridge (Br. No. 14.5A)
KMS_USGS_06 [Jourdan River at |Not Provided |Hancock|Seed Line |Bridge Northwest bridge seat |[Top of pile cap |poor 20.1 [30.3628 [-89.4093 [Shot seed
1-10 West bridge By USGS seat at abutment line
end
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This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.

Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMS_USGS_07 [Jourdan River at |Not Provided |Hancock|Debris Line |Bridge Northeast bridge seat |Top of pile cap |poor 23.9 [30.3663 [-89.3985 |Shot debris
Inland side of I-  [By USGS seat at abutment line
10 east bridge
end
KMS_USGS_08 [Jourdan River at |Not Provided |Hancock|Debris Line |Bridge Southeast bridge seat |Top of pile cap [poor 26.6 [30.3658 [-89.3982 |Shot debris
Gulf side of I-10 |By USGS seat at abutment line
east bridge end
KMS_USGS_09 [Jourdan River at |Not Provided |Hancock|Seed Line |Bridge Top of wingwall at NGS BM "B- |poor 19.7 |30.3873 [-89.4415 |Shot seed
SR 43 gage By USGS abutment |downstream left (north) |365 1993" line
(02481660) bridge abutment
KMS_USGS_105(Stennis Space Not Provided [Hancock|Seed Line |Not Cinder Block Building |Not Provided [poor 14.8 |30.3475 |-89.6417 |Shot seed
Center By USGS Provided |on East Bank of Pearl |By USGS line
By USGS |River
KMS_USGS_20 |Pearl River at I- |Not Provided |Hancock|Gage Not Not Provided |poor 15 30.3804 |-89.7391 |Shot mark
59 at Pearl River, |[By USGS reading from|Provided By USGS on staff
LA first peak on |By USGS guage
stage hydro
gragh
KMS_USGS_23 (819 Central Not Provided [Hancock|Seed Line |Power pole|Across street from Nail with pink |poor 27 30.3002 |-89.3501 |Shot seed
Avenue By USGS residence, about 30 ft |flagging line
north of centerline of
Central Avenue and
about 50 ft south of
railroad
KMS_USGS_24 (708 6th Street Not Provided [Hancock|Seed Line |[Interior Inside back (northwest) [Not Provided |poor 26.2 [30.2963 [-89.3632 [Shot seed
By USGS floor door of house at By USGS line
northwest corner of St.
Jude Street and Sixth
Street
KMS_USGS_25 |Dunbar Village |Not Provided |Hancock|Seed Line [Interior Inside west entrance to [Not Provided |poor 23.6 [30.3253 [-89.3380 [Shot seed
Retirement Home [By USGS floor retirement home By USGS line
@ 725 Dunbar
Avenue
KMS_USGS_26 |Rotten Bayou at |Not Provided |Hancock|Seed Line |Bridge Upstream left Not Provided |poor 24.8 [30.4196 [-89.3435 [Shot seed
county road in By USGS seat (northeast) bridge seat |By USGS line
SE1/4 Sec24, of bridge crossing
T7S, R14W Rotten Bayou on
DelLisle-Kiln Road
KMS_USGS_31 [Casino Magic Inn |Not Provided |Hancock|Seed Line [Power pole|About 70 ft northeast of [Nail with pink |poor 25 30.3319 |-89.3528 |Shot seed
By USGS northeast corner of flagging line
Casino Magic Inn
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Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMS_USGS_32 |Casino Magic Not Provided |Hancock|Seed Line [Concrete [Directly in front of Black square [poor 24.2 |30.3350 |-89.3538 |Shot seed
(main building)  [By USGS light pole [Casino Magic line
KMS_USGS_45 |84 Lumber Not Provided [Hancock|Seed Line |Concrete [Corner of concrete Orange paint [poor 23 30.3050 |-89.3771 |Shot seed
Showroom SE By USGS footing footing for Rite Aid sign line
corner or Hwy at intersection
43/90
intersection
KMS_USGS_47 |Al Capone's Not Provided [Hancock|Seed Line [Concrete [Top of concrete Chiseled poor 24.2 [30.4149 [-89.3807 [Shot seed
house on Bayou [By USGS handrail handrail at downstream [square line
LaTerre left abutment.
KMS_USGS_48 [Jack's Firestone |Not Provided |Hancock|Seed Line [Slab Inside the business Not Provided |poor 22.3 [30.3179 [-89.4098 [Shot seed
west side of HWY|By USGS next to the only second |By USGS line
603, south of story interior wall.
Bayou LaCroix
KMS_USGS_49 |Performance Not Provided [Hancock|Seed Line |[Slab Inside bay doors next [Not Provided [poor 22.2 [30.2985 [-89.4061 [Shot seed
Marine on HWY By USGS to steel frame By USGS line
90 East (4093
Hwy 90)
KMS_USGS_50 [Sport Trail Trailer |Not Provided |Hancock|Seed/Mud [Slab Inside boat shop, Not Provided |good 21.6 [30.3002 [-89.4182 (Seed line
Parts and By USGS Lines located in the back of |By USGS on wall
Repairs, Hwy 90 the compound, next to inside
West near steel structure. structure
Bayside Park
KMS_USGS_51 [Whitney Bank SE |Not Provided |Hancock|Seed Line |[Slab Outside of the bank at |Not Provided [poor 22.4 [30.2992 (-89.3972 [Shot seed
corner of HWY90 |By USGS the right inside corner |By USGS line
and Waveland of the entrance porch
Ave.
KMS_USGS_52 |Communications |Not Provided |Hancock|Seed Line |BM Brass disk on left, Brass disk fair 18.6 [30.2525 [-89.5879 |Shot seed
building on By USGS USCGS downstream curb, line
Whites Bayou G122 Whites Bayou bridge
(HWY90) HWY 90.
KMS_USGS_53 |[First Southern Not Provided [Hancock|Seed/Stain [Slab Inside the church at the [Not Provided |excellent [18.3 |30.2535 |-89.6157 |Shot seed
Baptist Church  [By USGS Line entrance By USGS line
inside the
sanctuary
KMS_USGS_54 |Bogue Homa Not Provided [Hancock|Seeds in Bridge Downstream right Orange paint [poor 10.9 |30.2866 [-89.6075 |Shot seed
Tributary near By USGS trees seat bridge seat. line
KMS_USGS_55 |Bogue Homa Not Provided [Hancock|Seed/Sand |Bridge Downstream right Not Provided |poor 8.86 [30.3021 |-89.6139 |[Shot seed
By USGS Line seat bridge seat. By USGS line
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Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMS_USGS_56 |Bayou LaCroix |Not Provided |Hancock|Seed Line |Bridge Downstream left bridge [Not Provided |poor 7.6 30.3235 |-89.4880 |Ink mark on
Trib at Holy By USGS seat seat. By USGS bridge
Cross Church on
gravel road nr |-
10
KMS_USGS_57 |Gulf View School |Not Provided |Hancock|Mud Line Not Inside the North Not Provided [excellent |23.6 |30.2684 |-89.4494 |[Shot mud
gymnasium North [By USGS Provided |entrance to the gym at |By USGS line
entrance By USGS |corner near the door
KMS_USGS_58 [Pearlington Road |Not Provided |Hancock|Seed Line [Slab Inside the building just [Not Provided [poor 23 30.2897 |-89.4098 |Shot seed
building 5117 at |By USGS inside the entrance By USGS line
Jackson Marsh
KMS_USGS_59 |610 Taylor Trail |Not Provided |Hancock|Seed Line |Slab In the kitchen area Not Provided [poor 25.1 |[30.2743 [-89.3905 |Shot seed
By USGS By USGS line
KMS_USGS_60 [Waveland United |Not Provided |Hancock|Seed Line [Slab Inside the sanctuary Not Provided |poor 25.3 [30.2842 [-89.3805 [Shot seed
Methodist By USGS beside the "Servant's |By USGS line
Church, inside Exit"
entrance to
sanctuary
KMS_USGS 61 (57146 Not Provided [Hancock|Mud Line Slab Inside garage at corner [Not Provided [good 25.3 [30.3812 [-89.3590 |Shot mud
Diamondhead By USGS of wall by entrance to  |By USGS line
Drive East living area.
KMS_USGS_64 |SNF Polychemie |Not Provided |Hancock|Seed Line [Concrete [Front, right corner of 20(Not Provided |poor 19 30.2417 |-89.5548 |Shot seed
Business Port By USGS slab X 24 ft concrete slab to |By USGS line
Bienville inside the right of building
storage and (used to be gated
office buildings entrance)
KMS_USGS_65 |GE Plastics at Not Provided [Hancock|Seed Line |Ditch Center of headwall of |Square fair 20.1 [30.2160 [-89.5752 [Shot seed
Port Bienville By USGS culvert ditch culvert, second  |chipped out of line
inside furthest from fenced paint
admin/security entrance.
entrance
KMSC-02-35 425 Skyline Dr.  |See photo Hancock|Water Line |Exterior Looking SE, HWM See photo fair 19.2 [30.3308 [-89.3762 [Shot
wall located 16' 6" Above concrete
Ground (see photo) slab
KMSC-02-36 64 Wolf St. See photo Hancock|Water Line |Exterior See photo See photo fair 19.5 [30.3334 [-89.3637 [Shot
wall concrete
slab
KMSC-02-37 10200 Chapman [See photo Hancock|Water Line |Exterior See photo See photo fair 25.8 [30.3179 |-89.3807 |[Shot water
Rd. wall line mark
on wall
Volume IV The Storm — Technical Appendix IV-1-269

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



Flaggers
Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMSC-04-01 16463 HWY 90 |Side of Hancock|Water Line |Side of East of intersection 604 |Duct tape good 20.1 [30.2420 |-89.6057 ([Shot bottom
building building and Hwy 90. Go to of duct tape
South West Corner of
building (Turtle
Landing). HWM is 4'
above 2nd Floor and
13.5 above concrete
slab.
KMSC-04-02 3531 Port and Side of Visitors |Hancock|Water Line [Exterior Pull into visitors Used vertical |fair 18.3 [30.2160 [-89.5754 |Shot finish
Harbor Dr. Check in wall parking lot. Go to front |offset floor plus
Building door of visitors office. |measurement 0.06 feet
HWM is 0.75" from only
slab to right of the front
door.
KMSC-04-03 5095 Bud On outside Hancock|Water Line |Exterior House on left of road. [Duct tape poor 16.6 |30.2439 [-89.4858 |Shot bottom
Landner Rd. front of building wall above [Brick house with new |located of duct tape
above doorway |tin roof. directly under
doorway. eave.
KMSC-04-04 Lakeshore Rd. inside right Hancock|Mud Line Concrete |Located building to Duct tape excellent |23.7 (30.2677 |-89.4493 [Shot mud
and Lower Bay |concrete wall wall right of gym. used line on wall
Rd. Kindergarten School
Building HWM directly
inside door that faces
Lakeshore Rd.
KMSC-04-05 11010 OId Lower [Side of Carport |Hancock|Water Line |Side of Drive into driveway, Duct tape on |good 20.4 [30.2519 |-89.5118 ([Shot bottom
Bay Rd. carport house directly ahead [north side of of duct tape
with garage on right. garage
HWM on backside of
garage.
KMSC-04-06 3025 Port and Outside of Hancock|Water Line |Exterior Go down Port and Duct tape on |good 20.1 [30.2401 |-89.5467 ([Shot bottom
Harbor Dr. metal building wall Harbor Dr. left into. outside of of duct tape
Building
KMSC-04-07 @ Exit I-10 E. On ground Hancock|Wrack Line [Ground Head north on SR- Flagged poor 21 30.3586 |-89.4214 |Shot
from N. of marked with 43/603, take the I-10  |survey stake ground at
SR43/603 stake exit, heading East, in ground wood stake
HWM is located half
way up ramp marked
with stake in west side
of road.
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St.

Blvd. to address

Original HWM Reliability
Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMSC-05-01 Buccaneer State [Side of electric [Hancock|Debris Line |Side of Buccaneer State Park [Flagged stake |poor 19.8 |30.2635 [-89.4048 |Shot
Park pole electric off of Beach Blvd. Light |at base of ground at
pole pole in parking lot to pole wood sake
the North of water
slide.
KMSC-05-02 409 St. Josepa  |Exterior front  |Hancock|Water Line |Exterior Hwy. 90 left to Nail set on fair 24.4 (30.2860 [-89.3751 |Shot eave
St. wall of house front wall [Nicholson Ave., right to [road/see of roof
@ eave to roof of house |N. Central Ave., left to |offset point
@ eave to |St. Joseph St., 410' to
roof HWM(HSE#409)
KMSC-05-03 630 Cali Ct. Exterior wall of |Hancock|Water Line |Exterior 630 Cali Ct., Close to  |Paint mark fair 25,5 [30.2945 [-89.3612 |Shot
house wall of corner of Cali Ct. and |and flag in Ground
house N. Central Ave. middle of N. (paint mark
Central Ave. not found)
Mark in 73'
from
centerline
intersection of
N. Cent and
Cali Ct. in NE
direction.
KMSC-05-04 234 Washington |Exterior wall Hancock|Water Line |Exterior Hwy. 90 west to Prop. Owner |good 25.9 [30.3052 [-89.3356 [Shot
Ave. (front porch) wall (front [Washington Ave. (left) [marked wall marker line
porch) follow Washington Ave. [w/marker on wall
to house #234.
KMSC-05-05 410 McDonald Side of utility |Hancock|Personal Side of 410 McDonald Lane, |Stake at good 25.8 [30.3150 (-89.3239 [Shot
Lane pole Account utility pole |East of N 2nd St. which |bottom of ground at
is south of Hwy 90 pole; paint wood sake
mark on pole
KMSC-05-06 661 N. Beach Tree Hancock|Debris Line |Tree Hwy. 43 south from |- [Chiseled "X" [fair 25.8 [30.3230 [-89.3266 [Shot
Blvd. 10 to hwy 90 east to in concrete ground at
bridge, left on N. Beach base of tree
Blvd. to address
KMSC-05-07 1380 N. Beach |Piece of Hancock|Other Tree 1380 N. Beach Blvd.  [Chinsel mark |poor 21.7 [30.3385 [-89.3346 [Shot
Blvd. debris, floating and paint to ground at
into a tree east of road base of tree
also, stake at
same location.
KMSC-05-08 N. Beach Blvd. |Tree Hancock|Debris Line |Tree Hwy. 90 to St. Louis Chiseled "X" [poor 22.3 [30.3428 [-89.3476 [Shot
and Blakemore, Bay, Left on N. Beach |in concrete ground at

base of tree
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HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMSC-05-09 Unamed street  |Wall Exterior |Hancock|Water Line |Exterior Wall of new sub Stake in front |poor 16.3 |30.3248 |-89.3556 |[Shot
close to 1371 wall division, right of off of wall. Also a marker line
Blue Meadow Blue Meadow Rd. black line in on line
Rd., Bay St. which is off Hwy 90. the inside
Louis, MS 39520 corner of the
NW wall
KMSC-06-01 7250 Stennis Ground Hancock|Debris Line |Ground Off Hwy. 10 going west, | Stake with poor 19.4 |30.3743 |-89.4518 |Shot
Airport Dr., and get off onto Hwy  |pink flag ground at
603, follow to Stennis wood stake
Airport Dr. to the left.
Surge line North of end
of Airport Apron.
KMSC-06-03 Across street Interior HWM  |Hancock|Water Line |Interior Off Hwy. 1-10 go north |Duct tape and [excellent [20.6 |30.4071 [-89.4392 |Shot bottom
from 16038 Hart |transferred to wall trans- |and take Hwy 603/43 [black of tape
Lane, residence |exterior NW ferred to  |heading towards Kiln. [permanent
coner in back exterior Shop will be on left with|marker.
of shop. Metal wall a concrete gorilla at
green wall. entrance.
KMSC-06-04 HWY I-10, 321" |Ground Hancock|Debris Line |Ground HWM is located 36' Stake with poor 8.5 30.3055 |-89.6315 |Shot
pass NE of Pearl from paint. Paint mark [pink flag. ground at
River Bridge is located 321' NE of  |White paint wood stake
the NE corner of the
bridge
KMSC-06-05 Hwy I-10 Ground Hancock|Wrack Line |Ground HWM is 12' from birm |Stake and poor 11.9 |30.3318 [-89.5199 |Shot
of road pink flag and ground at
White paint on wood stake
birm
KMSC-06-06 1-10 HWY Ground Hancock|Wrack Line |Ground HWM is 9' from birm Stake with poor 15.4 |30.3449 |-89.4673 |Shot
pink flag and ground at
white paint wood stake
KMSC-06-07 1-10 Ground Hancock|Debris Line |Ground Going west on |-10 Stake w/pink [poor 25.2 [30.3751 [-89.3701 [Shot
HWM is 44 feet from  |[flag & white ground at
paintmark on the birm. |paint wood stake
61 feet from the sign
post to HWM. (0.15
mile to I-10 Exit 16)
KMSC-09-01 100 Central Ave. |Back Exterior [Hancock|Mud Line Back Left of front door Duct tape fair 26.6 [30.3062 [-89.3392 |Shot duct
wall Exterior bottom of tape tape on wall
wall
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KMSC-09-02 Corner of Central |Exterior wall Hancock|Mud Line Exterior Side door facing road |Duct tape fair 22.7 [30.2980 |-89.3544 ([Shot bottom
and Bay Oaks Dr. wall bottom of tape of duct tape
(Power Transfer
Station)
KMSC-09-03 120 Lakeside Dr. |Exterior wall Hancock|Mud Line Exterior Mud line on exterior Duct tape fair 25.2  [30.2950 |-89.3603 ([Shot bottom
wall wall, facing railroad of duct tape
tracks.

KMSC-09-04 436 Waveland Exterior wall Hancock|Mud Line Exterior HWM is on left of front [Duct tape fair 19.6 [30.2792 [-89.3878 ([Shot bottom

Ave. wall door. of duct tape

KMSC-09-05 5117 Lower Bay [Exterior wall, [Hancock|Mud Line Interior HWM on right side of [Duct tape 22.6 [30.2897 [-89.4099 ([Shot bottom

Rd. transfer from wall trans- |front door of duct tape
interior wall ferred to
exterior
wall
KMSC-09-06 230 Old Spanish [Mud line on Hancock(Mud Line Exterior HWM on left of front Duct tape good 22.5 [30.3017 |-89.3722 ([Shot bottom
Trail exterior wall wall door. of duct tape
KMSC-10-74 1.6 miles east of |Northside of I- |Hancock|Wrack Line |[Ground 56' from outside white |Stake marks |fair 25.3 [30.3823 [-89.3468 [Shot
Hwy I-10 exit 16 |10 between line on west bound I-10 |top of HWM ground at
(Diamondhead  |exits 16 and 20 to stake on wood stake
exit) on embankment 1.6 miles
embankment on east of exit 16
west bound lane
KMSC-10-75 104219 Bayou On ground Hancock|Wrack Line |Ground On Bayou Drive 1 lot  |Red paint line poor 20.4 [30.4077 |-89.3725 [Shot paint
past 104219 house, in road at line on road
18'8" north of 104227 |HWM
Bayou driveway, even
with telephone pole.
Wrack line approximate
200' of 104219 house.

KMSC-20-02 404 HWY 90 Interior wall Hancock(Mud Line Interior Front entrance of Motel |Vertical offset [excellent |23.3 ]30.3059 |-89.3800 |Shot slab
transferred to wall trans- |on right side of front from set point surface at
exterior wall. ferred to  |door. mark

exterior
wall.
KMSC-20-03 At corner of On road Hancock|Water Line |Road Approximate at corner [Red mark on |fair 26.9 ([30.2899 [-89.3596 [Shot edge
Nicholson and of Nicholson and side of road. of
Beach Blvd. Beach Blvd. Looks like a pavement
circle with
cross
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Original HWM Reliability

Surface - Type of HWM Location_Directions |[Type of of mark |NAVD-(|Survey |Survey Survey
HWM ID HWM Address [RAW County |HWM Object to HWM Object RAW |Marker RAW |for surge |88 Latitude [Longitude [Comments
KMSC-20-04 South Beach Exterior wall Hancock|Personal Exterior Facing house, right end|Vertical offset [fair 21 30.3022 |-89.3342 |Shot

Blvd. Account wall of porch concrete
slab
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Appendix 2
Wind and Atmospheric Pressures

Introduction

This section describes the methodology that is used to generate the final (95-percent
solution) wind and pressure fields for Hurricane Katrina. These fields were used to drive the
wave and hydrodynamic modeling discussed in Appendices 3, 4, and 5. All results presented
here utilize the final H*Wind/IOKA wind product. At times references are made to the 95%
winds, or OWI95. Final winds and the 95-percent winds are synonymous. The final winds
represent the best that could be produced in the time allocated for the project, realizing that they
could be improved possibly with more time and effort.

Approach

Accurate modeling of wave and storm surge levels is highly dependent on the quality of wind
and pressure field input to the models. The techniques used to construct these fields rely on
point-source measurements (buoys and land-based meteorological platforms), hurricane
reconnaissance data consisting of Drop Windsonde (radio transmitting gauges measuring wind
speed, pressure and other meteorological information), satellite-based scatterometer wind
estimates (e.g., QuikScat, SSMI) and Step Frequency Microwave Radiometer (SFMR, Uhlhorn
et al. 2003), a new measurement device for estimating the winds at the air-sea boundary (the
most reliable wind estimate).

The inner core of a hurricane is constructed using a method developed at NOAA’s Hurricane
Research Division (HRD) called the HRD Surface Wind Field Analysis System (H*Wind
http://www.aoml.noaa.gov/hrd/Storm_pages/katrina2005/wind_realtime.html). All measure-
ments are transformed to a standard 10-m elevation, averaging period (1-minute sustained wind
speed) and set exposure (marine or land). The data are scrutinized for quality. The product of this
man-machine mix is a streamline and isotach contour plot (Figure 2-1). These products were
specifically generated for the Hurricane Katrina IPET study.
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Figure 2-1. Example of H*Wind snapshot on 29 August 2005 0900 UTC. The wind speeds are color
contoured in knots, representing 1-minute sustained wind speeds. Note this wind field
includes marine and land exposures identified by the abrupt change in color contours over the
land.
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There are 33 H*Wind analysis snapshots, generated at 3-hour intervals for the duration of
this storm. These are fixed (storm centered) in space and time (see Figure 2-2 and Figures 2-11
to 2-43). The snapshots represent the best wind estimate for the 4-deg by 4-deg
longitude/latitude target domain.

Katrina Track and H*Wind Snapshots OWI95 Solution
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Figure 2-2. Spatial and temporal locations of the 33 H*Wind snapshots relative to the forecast official
storm track of Hurricane Katrina.

The development of the full domain winds requires two straightforward procedures. In an
analysis mode, information in a forward-track direction is known as is information in a back-
track direction. Snapshot H*Wind fields are time interpolated to a three-hour interval and
positioned to the NHC Official Hurricane Katrina Storm Track (Figure 2-2, red symbols). A
moving center interpolation algorithm is applied to preserve the characteristics of the tropical
storm wind core in space and time. The wave and surge modeling activities require complete
wind field specification for the entire target domain (the area shown in Figure 2-2).
Accomplishing this task requires background estimates which are derived from the NOAA
National Centers for Environmental Prediction/National Center for Atmospheric Research
(NCEP/NCAR) Reanalysis Project (Kalany et al. 1996). The NCEP/NCAR winds are rigorously
analyzed and rely on assimilation methods with data not originally used in the NCEP operational
forecast. A final step is to inject local marine data (adjusted to a consistent 10-m elevation and
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adjusted for neutral stability). This procedure uses an Interactive Objective Kinematic Analysis
System (Cox et al. 1995) performed by Oceanweather, Inc. (OWI).

Generation of the surface pressure fields follows a slightly different approach using the TC96
model (Thompson and Cardone 1996). The model solves, by numerical integration, the vertically
averaged equations of motion that govern a boundary layer subject to horizontal and vertical
shear stresses. Upgrades and modifications of the TC96 have been made over the development
cycle (Cox and Cardone 2000). The pressure fields generated for the Katrina study are built from
parameters derived from data in meteorological records and the ambient pressure field. The
symmetric part of the pressure field is described by an exponential pressure profile from Holland
(1980). The pressure field snapshots aligned to the storm track are spatially and temporally
interpolated in a similar fashion as described in the wind field preparation and placed on the
identical fixed latitude/longitude grid. No synoptic-scale inputs were considered in this
application. All wind and pressure fields used in the Hurricane Katrina study were produced by
OWI (http://www.oceanweather.com) on two domains that are summarized in Table 2-1 and
depicted in Figures 2-3 and 2-4.

Table 2-1
Wind and Pressure Field Domain Characterization
Longitude (deg) Latitude (deg) Duration
Domain West East South North Res. (deg) (yr/mth/day/hr) Interval (sec)
Basin 98 W 80 W 18 N 30.8N 0.1 2005082500 — 2005083100 900
30-min ave
Region 91 W 88 W 28.5N 30.8N 0.025 2005082800 - 2005083000 900
30-min ave
IV-2-4 Volume IV The Storm — Technical Appendix
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Figure 2-3. Domain of the basin-scale OWI wind and pressure fields for Hurricane Katrina simulations.
Buoy measurement sites are identified in red
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Figure 2-4. Domain of the region-scale OWI wind and pressure fields for Hurricane Katrina simulations.
Point source measurement sites are identified in red.

Discussion

Graphical representations of the maximum sustained 30-min averaged wind speed over the
duration of each simulation at each grid point are presented for the basin-scale domain
(Figure 2-5) and the region-scale domain (Figure 2-6). The wind results plotted in these two
figures reflect wind input to the wave modeling, which uses the 30-min wind averaging that is
reflected in the final H*Wind/IOKA wind product.

Conversion from a 30-min average to a 1-min (sometimes termed a gust factor) is made with
a multiplication factor on the order of 1.24#U3p.min = Uz-min. A 30-min average wind speed has
been commonly applied and is the standard used in wave modeling efforts (Cardone et al. 1996).
A 10-min average wind speed is commonly used in surge modeling (1.09%Us3o.min = U1g-min)-
Scaling the absolute maximum wind speed in Figure 2-5 (which shows 30-min average winds) to
a 1-min average value using the 1.24 factor yields a maximum value of 145 knots. In the main
text of Volume IV there are references to the peak 1-min wind speeds during Katrina, of 139
knots derived from individual H*Wind snapshots (Figures 2-11 to 2-43). The discrepancy
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between the final OWI based wind fields and the H*Wind snapshot results is a result of
resolution, and slight adjustments in the gust factor used in the construction of the final winds.
H*Wind snapshots are based on 2-km resolution. There will be some loss of wind intensity
associated with placing these results onto the 0.1-deg grid adopted for the final basin-scale wind
product. However OWI accounted for this by varying the multiplication factor over time, and
minimized the errors between the final winds and the individual H*Wind snapshots.

The color contours of the maximum winds for the basin-scale domain show the rapid
deepening of Katrina’s central pressure reflected in a maximum wind speed increase of 44 knots
(73 knots at 27 August 1930 UTC to the maximum of 117 knots at 28 August 1500 UTC, see
Figure 2-2 for the storm position on these dates). From that point onward to landfall, the winds
steadily decreased, however the lateral extent of the storm varied only modestly. Two offshore
oil platforms equipped with wind and wave measurement sensors recorded peak winds of 53.7
knots during the time of Katrina. These values are compared to coincident final wind field
estimates of 51.9 and 56.7 knots. These data are proprietary and cannot be provided here.

By the time Katrina entered into the regional domain (Figure 2-6) the winds were decaying.
There were two zones of 80-kt winds, one close to the entrance of the Mississippi River and east
of Grand Isle, LA. The second lobe covers an area from Breton and Chandeleur Sounds
extending north through Bay St. Louis and Pass Christian, MS. The absolute maximum wind
speed in the grid was slightly over 87 kt. Wind speeds exceeded 80 kt along Mississippi Sound,
and well into Lake Borgne. Lake Pontchartrain winds were nominally in the 60-kt range.
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WAM4.5.2 OWI95 Basin (Res 0.1°) TEST CASE: SHBR-CAP
MAXIMUM WIND SPEED RESULTS: Katrina
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Figure 2-5. Wind speed maxima for the simulation period of Hurricane Katrina in the basin-scale domain
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WAMA4.5.2 OWI95 Region (Res 0.0083333°) TEST CASE: SHBR-CAP
MAXIMUM WIND SPEED RESULTS: Katrina
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Figure 2-6. Wind speed maxima for the simulation period of Hurricane Katrina in the regional-scale
domain.

Verification of the modeled winds is an important factor for the wave and surge modeling
efforts. The wave height estimates (first moment of the energy density spectrum) are related to
the square of the wind speed. Thus, a 10-percent error in the winds could, by scaling principles,
force as much as 20-percent error for the waves.

Of 19 locations, ten residing in NOAA'’s National Data Buoy Center (NDBC) offshore buoy
network (Figure 2-3) and nine land-based meteorological stations (Figure 2-4), only ten survived
during Hurricane Katrina (see http://www.ndbc.noaa.gov). Of those ten locations only 42036 and
42039 were situated in the right-quadrant of the storm, whereas 42001, 42038, 42002, 42019,
42020, and 42035 only marginally felt the effects of tropical wind forcing. One additional site
MDLL1, the Lake Pontchartrain Causeway anemometer, survived through the peak of the storm.
However, soon after the storm peak, there was a significant gap in the causeway wind records,
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and this is assumed to be resulting from a loss of power. Recently acquired data from Lakefront
Airport cast some doubt on the accuracy of the mid-Lake wind data. The focus of the wind speed
and directional accuracy evaluation presented here is concentrated in the regional domain.

Table 2-2 summarizes the wind measurement sites used for comparison purposes,
anemometer elevation, and when each site ultimately failed.

Table 2-2
Point Source Measurements of Winds and Waves

Location (deg/min/sec) Parameters
LOC.No. || ongitude (W) | Latitude (N) |DomainTested |\yindelev (m) |Water dep (ft) | Date Failed
42067 88 39 30 3002 40 Reg 5.0 2005 08 29 11 30
42007 88 46 07 300525 Reg/Bas 5.0 43.9 2005 08 29 05 50
GDIL1 895724 2916 00 Reg 15.8 2005 08 29 10 00
LKPL1 90 16 50 301854 Reg 13.0 WIND DIR
WAVM6 89 22 00 3016 54 Reg 2005 08 29 09 36
MDLL1 90 08 00 3009 00 Reg 5.49 2005 08 29 15 20 GAP
BURL1 89 25 42 285418 Reg 30.5 2005 08 29 05 00
BYGL1 90 25 06 29 46 36 Reg 9.1 2005 08 26 19 42 (WS)
ILDL1 90 32 00 2903 12 Reg 19.2 2005 08 29 11 00
SPILL1 90 29 00 28 52 00 Reg 40.4 2005 08 28 17 00
TAML1 90 39 55 291115 Reg 10.0 2005 08 29 11 00
LULM1 90 39 48 291512 Reg 13.2 2005 08 29 09 00
42040 88 12 49 29 11 05 Bas 5.0 900 [ -----
42039 860117 28 47 38 Bas 5.0 954  |-----
42036 84 31 00 28 30 00 Bas 5.0 79 |-
42003 85 54 50 26 00 32 Bas 5.0 10617 2005 08 28 04 50
42001 89 39 30 2550 30 Bas 10.0 10739 |-----
42038 9234 31 272512 Bas 5.0 3780 2005 08 31 07 50
42002 94 25 00 251000 Bas 10.0 10496  -----

Time plots of modeled winds and measurements at four locations (BURL1, GDIL1,
WAVMS6, and MDLL1) are provided in Figures 2-7 to 2-10. These are selected based on their
location relative to Katrina’s track. BURL1 (Southwest Pass, LA) and GDIL1 (Grand Isle, LA)
are located in close proximity to the Louisiana landfall. MDLL1 (Lake Pontchartrain Causeway,
LA) is selected to evaluate the accuracy in the modeled winds in Lake Pontchartrain. WAVM6
(Waveland, MS) is selected as being near the landfalling point in Mississippi. The remaining
plots are contained in the Figures 2-44 to 2-50 at the end of this section. Wind directions are
plotted in a meteorological coordinate system where 0 deg represent a wind from the North and
90 deg represent a wind from the East

Rather than convert the measurements to an equivalent neutral stable 10-m wind, they are
plotted as raw data. In these types of analyses, a 1:1:1 running average is generally applied to the
U (east/west component), V (north/south component), and W (the square root of the sum of the
squares of the two components). For these comparisons no smoothing was used. There are
differences in the anemometer heights as shown in Table 2-2, varying from 40.4 m to 5.0 m.
Generation of the equivalent neutral stable wind requires the air and water temperatures. At most
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sites only one of the two temperatures exist so interpreting the net effect would be subjective.
Both of these effects would marginally affect the wind speed (10 percent or less). This would
fall into the range of geophysical variability and within the confidence limits associated with
measuring winds at high velocities. Figures 2-7 and 2-8 display the comparison between the
basin- and regional-scale winds to measurements obtained at Southwest Pass and Grand Isle,
LA. The modeled results are taken at the closest grid node to the point measurements, potentially
generating some slight phase lags between the two data sets. Studies were conducted using four
surrounding model grid points; however, the variation in speed and direction deviated only on
the order of 5 percent.

Modeled winds show very good agreement with the magnitude and direction measurements
at both sites. There are subtle differences, for example the diurnal oscillation in the speed and
directions is not replicated in the modeled winds. There is a slight under-estimation in the wind
speed at Southwest Pass (Figure 2-7) prior to the peak winds of Hurricane Katrina; however,
differences are on the order of about 5 kt. Up until the wind sensor failed, both the basin and
regional winds emulated the measurements well. The drop in speed seen near the peak is due to
Katrina’s eyewall passing in close proximity to Southwest Pass, and is also evident in the 150
deg directional shift. In the left quadrant, (see Figure 2-8 at Grand Isle) the opposite holds true.
The magnitude is lower, and the directional shift is counter-clockwise (rotation from 45 to 255
deg). Despite only a limited data around this peak, the model winds do remarkably well.

The last two examples are from Waveland, MS (WAVM®6) and the Lake Pontchartrain
Causeway, LA (MDLL1). For the Waveland site (Figure 2-9), like all other meteorological sites
shown thus far, the instrument failed long before the peak of the wind. Prior to failure, the
modeled winds emulate the measurements quite well, including the rapid increase in magnitude
accompanied by the clockwise rotation in direction, evident of the right-quadrant position
relative to Katrina’s eyewall. At the peak, modeled winds were in excess of 80 kt with a
southerly direction, or straight into the coastline.
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Figure 2-7. Comparison of wind speed (upper panel) and direction (bottom panel) at Southwest Pass, LA
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Figure 2-8. Comparison of wind speed (upper panel) and direction (bottom panel) at Grand Isle, LA
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Figure 2-9. Comparison of wind speed (upper panel) and direction (bottom panel) at Waveland, MS.

The only meteorological site that survived through the storm peak was located at the Lake
Pontchartrain Causeway (Figure 2-10). The velocity trace at this site is unusual. From about 29
August 0000 UTC the magnitude is about one half of the other sites, averaging around 10 kt,
compared to Waveland (Figure 2-9) at nearly 20 kt. The winds are coming off the land at
Waveland, whereas the causeway’s winds would be classified as a marine exposure which would
suggest the winds should have a higher magnitude. Anemometer differences could play a role in
these differences; however, the Waveland site did not include any specific information about the
anemometer. The modeled wind speed over-estimated the causeway measurements by about 10
to 20 kt. The modeled increase in wind speed during the growth stage is slower than the
measurements, by nearly a factor of two. However, at the peak of the wind speed trace, the
model results compare favorably. One might suspect errors are due to the combination of
differences in sampling (1-minute sustained for the measurements versus a 30-minute average
wind speed for the model), stability (air-sea temperature differences), and anemometer elevations
(5.49 versus 10 m). However, these adjustments are merely multiplication factors on the order of
7 to 10 percent, and would only move the measurement data up or down relative to the data in
Figure 2-10. These adjustments would not alter the time rate of change in the wind speed.
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Comparing sustained winds over Lake Pontchartrain, the measurements show a 3-hr duration of
winds in excess of 40-kt, whereas the modeled wind during is nearly 5.5 hrs. Wind speed
measurements from the mid-lake Lake Pontchartrain site on the causeway (Figure 2-10) show an
unusually abrupt increase in wind speed. The rapid change was not seen in any other data that
were acquired in the region, and data from Lakefront Airport (also shown in Figure 2-10) along
the south shore of Lake Pontchartrain suggest a more gradual increase in wind speed, so the data
from the mid-lake measurement site were considered to be suspect, likely due to the causeway
obstructing the flow for wind directions from the north.
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Figure 2-10. Comparison of wind speed (upper panel) and direction (bottom panel) at Lake
Pontchartrain Causeway, LA.

Consistency in the land-based wind estimates have been established in the time plots for the
various point source measurements made within the model domain. Evaluation of the overall
performance can be assessed with statistical testing. Because of the population size for time-
paired model to measurements is small (generally less than 100), any variation from the
measurement comparisons will be amplified. In light of the limited data, and understanding that
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all results could potentially be altered by the population size, the results of certain tests can be
informative and diminish the uncertainties in the generation of the wave estimates for Katrina.

As previously sited, only one land-based meteorological station survived Katrina, and
questions regarding the accuracy of the Mid-Lake Pontchartrain Causeway data mean that these
data will not provide the needed insights of the accuracy in the wind fields. Hence, attention is
turned toward data in the Gulf of Mexico obtained from the NDBC buoy array. All but two
stations survived Katrina. All stations represent a marine exposure winds, identical to the basis
of the final wind fields.

Eight NDBC locations are selected as evaluation points (42055, 42001, 42003, 42036,
42038, 42039, 42040, and 42007 in Figure 2-3). The corresponding time plots will be presented
in Appendix 3 with the wave data analysis, because of the dependencies between wind and wave
estimates.

The statistical tests are defined below. Note that in all cases, the independent variable is
defined as the measurement, and the dependent variable is the model output. All results of the
wind speed statistical tests are presented in Table 2-3, along with the number of observations
considered in the analysis.

The measured wind parameters are denoted B and modeled wind parameters are denoted as
M, where triangular bracket represent the arithmetic mean.

B=(B) ;: M=(M)
BIAS=(M -B)

Absolute Error: Abs Err :<‘M - B|>

/
Root Mean Square Error (RMSE): RMSE=((M —B—BIAS)2>1 ’

Scatter Index: SI =100 *%

(B-B)Mm-M)
[<(B_§)2> (v - ﬂ

Slope and Intercept of Linear Regression: M =a+b *B

Correlation Coefficient: r=

1/2

A secondary linear regression is applied where the intercept a is forced to zero, and termed
herein as the symmetric r value (Symm r). For the range of values, the Scatter Index is defined
as a percentage, where a lower value indicates a more reliable estimate. The mean values are
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presented to position the bias, absolute error, and RMSE in the context of the distribution in
population. There has been no adjustment or added analyses performed to examine if the model
and measurements are phase lagged. No averaging technique is used on either data set, and as
previously mentioned, the model and measurements are time paired. The measurement times
identify the end time when the data were taken or 50-minutes into the hour, so for this analysis,
the buoy data were adjusted to the even hour.

The statistical results for the wind estimates at the eight offshore buoy locations (see Figure
2-3) show remarkable agreement to the measurements. This is not surprising because IOKA uses
all available measurements in the final blending step. For the large variation in the wind speeds
in the near- and far-field of Hurricane Katrina, the biases in the modeled winds range from -1.16
to +1.05 kt (Note that a negative bias is model under-estimation and a positive bias is an over-
estimation.). The absolute error is more or less a factor of two greater. The RMSE, a measure of
the error variability, is slightly less than 3.5 kt, demonstrating the high-degree of accuracy in the
wind fields. The greatest error is in the Bay of Campeche well over 400-nautical miles from the
storm track. The Scatter Index (SI) falls into a range that is consistent with that of research
quality wind products (Cardone et al. 1995). The correlation coefficient is no less than 0.92 in
the area surrounding Katrina’s path. Results from the linear regression again typify the accuracy
of the wind fields at these point source measurements, diverging from -8 to +5 percent
estimation. For the standard linear regression (MODEL=a+bh-BUQY), the slope is relatively
consistent with the forced zero intercept. However as the intercept increases, as in the case at
42003, 42038, 42039, 42040 and the far-field station of 42055, the slope suggests a model
underestimate. The likelihood of these deviations is resulting from the limited population size,
and amplified by the majority of those time-paired data consisting of low wind speeds. , The
range of these values is quite acceptable, from a low of nearly 0.04 kt to the high at 42055 (far-
field location) of 6.4 kt.

Table 2-3. Statistical Results: Basin-Scale Hurricane Katrina Wind Speed (kt)
Buoy | Mean Cond. Bias (kt) | Abs. RMS Scat | Linear Regression Estimators No.
ID | Meas (kt) | Model (ki) Err (kt) | Error (k) | IndX ['corr [ symmr | Slope | Intercp | OPS
(r) (b) (a).
42001 |18.08 18.58 0.50 1.52 1.90 10 0.99 [1.03 1.03 0.04 82
42003 |22.97 21.81 -1.16 2.53 3.03 13 0.99 |0.92 0.82 |[3.05 42
42007 |15.92 15.49 -0.43 2.60 3.42 21 0.92 |0.98 0.93 |0.62 57
42036 |21.36 21.01 -0.35 1.32 1.73 8 0.95 [0.98 0.89 1.92 83
42038 |12.97 13.41 0.44 1.94 2.35 18 0.95 [1.01 0.90 1.71 82
42039 |21.71 22.32 0.61 1.94 2.58 12 0.95 |1.01 0.87 [3.38 84
42040 |20.74 21.62 0.87 2.06 2.72 13 0.98 |1.01 0.93 2.27 84
42055 | 9.43 10.48 1.05 2.92 3.48 37 0.64 |1.05 0.44 6.36 84

In summary, the wind and accompanying pressure fields used to force the surge and wave
modeling efforts have been documented. The results at selected points in the Gulf of Mexico and
at land-based meteorological stations uniquely define the detailed structure of Hurricane Katrina.
Despite the limited population size used in a formal statistical evaluation, errors in the wind
speeds show neither a trend to over- nor underestimate the wind speeds. The RMSE is well
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within a range defined by a geophysical variation in the measurements with a magnitude of about
2.5 kt.
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H*Wind Snapshots

Figure 2-11. H*Wind snapshot on 26 August 2005 0000 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-12. H*Wind snapshot on 26 August 2005 0300 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-13. H*Wind snapshot on 26 August 2005 0600 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.

Volume IV The Storm — Technical Appendix IV-2-21
This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Figure 2-14. H*Wind snapshot on 26 August 2005 0900 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-15. H*Wind snapshot on 26 August 2005 1200 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-16. H*Wind snapshot on 26 August 2005 1500 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-17. H*Wind snapshot on 26 August 2005 1800 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-18. H*Wind snapshot on 26 August 2005 2100 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-19. H*Wind snapshot on 27 August 2005 0000 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-20. H*Wind snapshot on 27 August 2005 0300 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-21. H*Wind snapshot on 27 August 2005 0600 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-22. H*Wind snapshot on 27 August 2005 0900 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-23. H*Wind anspshot on 27 August 2005 1200 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-24. H*Wind snapshot on 27 August 2005 1500 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-25. H*Wind snapshot on 27 August 2005 1800 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-26. H*Wind snapshot on 27 August 2005 2100 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-27. H*Wind snapshot on 28 August 2005 0000 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-28. H*Wind snapshot on 28 August 2005 0300 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-29. H*Wind snapshot on 28 August 2005 0600 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.

Volume IV The Storm — Technical Appendix IV-2-37
This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Figure 2-30. H*Wind snapshot on 28 August 2005 0900 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-31. H*Wind snapshot on 28 August 2005 1200 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-32. H*Wind snapshot on 28 August 2005 1500 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-33. H*Wind snapshot on 28 August 2005 1800 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-34. H*Wind snapshot on 28 August 2005 2100 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-35. H*Wind snapshot on 29 August 2005 0000 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-36. H*Wind snapshot on 29 August 2005 0300 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-37. H*Wind snapshot on 29 August 2005 0600 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-38. H*Wind snapshot on 29 August 2005 0900 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-39. H*Wind snapshot on 29 August 2005 1200 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-40. H*Wind snapshot on 29 August 2005 1500 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-41. H*Wind snapshot on 29 August 2005 1800 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-42. H*Wind shapshot on 29 August 2005 2100 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.

IV-2-50 Volume IV The Storm — Technical Appendix
This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Figure 2-43. H*Wind snapshot on 30 August 2005 0000 UTC. The wind speeds are color contoured in
knots, representing 1-minute sustained wind speeds. Note this wind field includes marine and
land exposures identified by the abrupt change in color contours over the land.
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Figure 2-44. Comparison of wind speed (upper panel) and direction (bottom panel) at NDBC 42007
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Figure 2-45. Comparison of wind speed (upper panel) and direction (bottom panel) at NDBC 42067
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Figure 2-46. Comparison of wind speed (upper panel) and direction (bottom panel) at Bayou Gauche, LA
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Figure 2-47. Comparison of wind speed (upper panel) and direction (bottom panel) at Isle Dernieres, LA
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Figure 2-48. Comparison of wind speed (upper panel) and direction (bottom panel) at LUMCON Marine
Center, LA
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Figure 2-49. Comparison of wind speed (upper panel) and direction (bottom panel) at South Timbalier
Block 52, LA
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Figure 2-50. Comparison of wind speed (upper panel) and direction (bottom panel) at Tambour Bay, LA
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Appendix 3
Offshore Waves

Introduction

The methodologies for generation of basin- and regional-scale offshore wave fields resulting
from Hurricane Katrina are presented. This appendix describes the model selection process, a
summary of the modeling approach, input conditions, and the resulting wave computations. In
this context, the basin-scale is defined as the Gulf of Mexico. The regional-scale encompasses
the offshore domain of Louisiana, Mississippi, and Alabama. All results presented here utilize
the final H*Wind/IOKA wind product discussed in Appendix 2. At times references are made to
the 95% winds, or OWI195. Final winds and the 95-percent winds are synonymous. The final
winds and waves represent the best that could be produced in the time allocated for the project,
realizing that they could be improved possibly with more time and effort.

The quality of the wave estimates is strongly dependent on the quality of the wind fields.
Growth characteristics of the significant wave height (defined as the zero™ moment of the energy
density spectrum) are proportional to the wind speed squared. Hence, quality is primarily
dictated by the accuracy of the forcing function, i.e., the wind. Secondary influences on accuracy
are geographical effects (grid resolution) and resolution of the shoreline and offshore islands.
Accurate water depth information is important, because many wave parameters are related to
water depth through the linear dispersion relation (o” = gk tanh(ich) where o is the radial
frequency, « is the wave number, g the gravitational acceleration and h the water depth).
Theoretical scaling of the wavenumber spectrum is k™2, hence any substantial inaccuracy in the
water depth will have an impact on the wave results. More importantly, close to the coast water
depth becomes very important in the spectral collapse due to depth-limited wave breaking.

Wave Model Selection

Selection of an appropriate wave modeling technology is critical to provide quality estimates.
The spatial and temporal scales associated with tropical systems are very short compared to
synoptic-scale events (e.g., Northeasters along the Atlantic coast). The physical processes
inherent to these tropical systems, extremely high wind speeds and rapid turning winds, coupled
with active wind-sea and swell interactions, must be accurately modeled. Ultimately the
selection is based on historical performance in the estimation of hurricane-generated waves.
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There are many wave models that can satisfy these requirements, whether they are second-
generation or more recently developed third-generation models. For example, the Wave
Information Study (http://frf.usace.army.mil/cgi-bin/wis/atl/atl_main.html) has used a second-
generation wave model WISWAVE (Hubertz 1992) for the generation of a long-term wave
climate along the U.S. coastlines. As an outcrop of the Sea WAve Modeling Project (SWAMP
Group 1985) third-generation wave models were developed. The main difference in this class of
models compared to their predecessors is no a priori assumption governing the wave spectrum
and inclusion of discrete source terms posed with the same number of degrees of freedom found
in the resulting directional wave spectrum. Models of this class include WAM (Komen et al.
1994), WAVEWATCH Il (Tolman 1997, 1999), and most recently SWAN (Ris 1997,
Holthuijsen et al. 1993).

For the most part, WAM, WAVEWATCH IIl and SWAN are very similar. There are slight
variations in the numerical scheme used, specification of the source-sink terms that at times
produce different results using the same input conditions. Over the past three years WAM has
undergone major improvements, not only cosmetic (formulation in pure FORTRAN90 schema),
but also revisions to source term specification, multi-grid nesting, ice coverage implementation
and, more importantly, depth-limited breaking. These improvements and three years of critical
evaluation for the 2003 through the 2005 hurricane seasons (Real-Time Forecasting System of
Winds, Waves and Surge in Tropical Cyclones http://www.hurricanewaves.org), including a
battery of historical tropical storm simulations, have contributed to the choice of WAM Cycle
4.5 (Gunther 2002) as the primary technology used in this project. It is not suggested that
WAVEWATCH I, SWAN or WISWAVE would provide inferior results, but WAM has
recently been through a rigorous testing cycle for hurricane situations. WAVEWATCH Il was
run and comparisons between WAM and WAVEWATCH III are provided.

These wave models solve the Action Balance Equation,

ON — 0N "
— 4 C—=w - E S. 3-1
6t G ax - i ( )

where N is the action density defined by F(f,0,x;,t)/®, where F is the energy density spectrum
defined in frequency (f) direction (6) over space (x;)and time (t) , cc is the group speed
dependent on the water depth and frequency f, and the radial frequency o is equal to 2xf. S;
represents the source-sink terms:

Zsi =S, +3y +34 +S,p + 5
‘ (3-2)

where S;j is the atmospheric input, Sy is the nonlinear wave-wave interactions, Sys is the high-
frequency breaking (white-capping), Sw-» is wave bottom effects (bottom friction), and Sy is
depth-limited wave breaking. The model solves for the spatial and temporal variation of action in
frequency and direction over a fixed grid defined in x; (generally a fixed longitude-latitude
geospatial grid).
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Computationally, Equation 3-1 is solved in two steps. The advection term (second term in
Equation 3-1) is solved first accounting for the propagation of wave energy. Each packet of
energy in frequency and direction is moved based on the group speed of that particular frequency
band and water depth. This assumes linear theory and superposition of wave packets. In a fixed
longitude- latitude grid system curvature effects are resolved where the energy is propagated in a
spherical coordinate system (or along great circle paths). As the water depth decreases, the full
dispersion relationship is applied. Wave shoaling and refraction effect the propagation of the
energy packets.

After each propagation step the time rate change of the action density is solved including the
source term integration. The wind field is read, and the atmospheric input source (Si) is applied.
The nonlinear wave-wave interaction source term is the mechanism that self-stabilizes the
spectral energy, transferring portions of the energy to the forward face and high-frequency tail.
Dissipation (S¢s) removes portions of energy that become too energetic for the given frequency
band. For application in arbitrary depths, energy is removed via the wave-bottom sink (Sy.,) and
ultimately, in very shallow water, the spectrum loses its energy through breaking (Spk). A more
complete theoretical derivation and formulation of the source terms can be found in Komen et al.
(1994).

Wave Model Input Requirements

To perform any wave model simulation, input data are required. These input data consist of a
water depth field; wind input fields (over space and time) and general numerical information
defining the time steps, output files to be generated, grid nesting and options defining the
simulation.

As previously mentioned, accurate water depth information is needed to specify certain
model parameters (those based on linear dispersion), and definition of the shoreline and offshore
islands are important; both influence the computed wave fields. Recently NOAA’s National
Geophysical Data Center (known as GEODAS, http://www.ngdc.noaa.gov/mgag/coastal/ ) have
assembled gridded topography-bathymetry by merging many different digital data bases together
at a 3-arc sec resolution and the bathymetric elevations are resolved to 0.328 ft (0.1 m). These
digital databases are a compilation of many individual sets of soundings and span tens of years,
or more. Changes in the offshore bathymetry that have taken place may not be reflected in these
data sets; however changes should only influence at most the littoral zone (out to roughly depths
of 15 to 20 ft). For the basin and regional wave modeling applications, these deficiencies should
not significantly influence the final results. All water depths are referenced to Mean Sea Level.

Setting the land/sea boundary is accomplished by using the NOAA National Geophysical
Data Center’s Global Self-consistent, Hierarchical, High-resolution Shoreline Database
(GSHHS, Wessel and Smith 1996 or http://www.ngdc
.noaa.gov/mga/shorelines/gshhs.html). Combining both the land/sea boundary, depicting the
shoreline location, and the water depth grids necessitated a certain amount of hand editing. Also
some of the islands not contained in the digital water depth database were set based on the
GSHHS data set, on a manual basis.

Volume IV The Storm — Technical Appendix IV-3-3
This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Two wave-modeling domains were generated, one for the basin-scale (Gulf of Mexico) and a
more refined domain for the regional-scale modeling effort. The final water depth grids for each
domain are displayed in Figure 3-1 and 3-2. Both target domains are fixed in geographical space
identical to the wind fields domains described in Appendix 2. For convenience, the color
contours are limited to 500 ft to focus on the shallow shelf region.

In general, there is a substantial shelf area west of Florida and along northern Texas and
western Louisiana coasts. This gentle slope also exists along the Mississippi-Alabama gulf coast.
Offshore of the southeastern portion of Louisiana (at the entrance of the Mississippi River) there
is a strong water depth gradient (Figure 3-2) that has a significant impact on the wave results. It
is an area of focusing of the wave energy (associated with the process of refraction).

Considerable editing of the original 30-sec (Figure 3-3) digital bathymetry in the vicinity of
Chandeleur and Breton Sounds was required. Note the color contouring in Figures 3-1 and 3-2
differs, amplifying bathymetric changes in this area. The unusual straight-line features, located at
30-deg N latitude and 89-deg W longitude, were suspected to be errors in the database as shown
in Figure 3-3. It was believed west and north of the discontinuities, data were accurate. A
smoothing algorithm was used from north to south and east to west, correcting this problem. The
final regional-scale grid is displayed in Figure 3-2.
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Figure 3-1. Color contour of the basin-scale wave model domain
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Figure 3-2. Color contour of regional-scale wave modeling domain
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Figure 3-3. Color contour of suspect GEODAS 30-sec digital bathymetry

The wind fields used for the basin and regional wave model simulations are documented in
Appendix 2. These files were then re-formatted to satisfy WAM input standards.

A summary table defining the domains, simulation period, time steps, and options used in the
two WAM simulations are provided in Table 3-1. Specific time step and auxiliary options are
contained in Table 3-2. The selection of a 0.5-min (or 0.08333-deg) regional wave model grid
that is three times finer than the input wind fields (provided at 0.025-deg) was made to resolve
the Chandeleur Island chain and Cat, Ship, Horn and Dauphin Islands offshore of the
Mississippi/Alabama gulf coast. Quantification of the large depth gradient offshore of the
Mississippi River entrance is critical to the Katrina wave simulation. All of the original wind
field information is retained in the finer scale regional wave model domain because the
resolutions are integer multiples. Within WAM, wind fields are spatially interpolated in terms of
U (the longitude component), V (the latitude component) and W (the magnitude), thus removing
any convergence or divergence artifacts that are generally an outcome of standard interpolation
routines.
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Table 3-1
Wave Model Input and Simulation Values

Domain
Domain Simulation Period Forcing Long Lat Resolution
Basin 2005082500 WINDS ONLY 98-80 W 18-30.8N 0.1 deg
2005083100
Region 2005082800 WINDS PLUS 91 -88 W 28.5-30.5N 0.00833 deg
2005083000 BC from Basin
Table 3-2
Wave Model Specific Input Conditions
Wind Input Time Steps
Domain Time Step Prop Source Options
Basin 900 sec 150 sec 600 sec BC Out Shoal, Dep-Break
Region 900 sec 10 sec 600 sec BC In Shoal, Ref, Dep-Break

WAM Simulations Description

WAM Cycle 4.5 is posed in the CGS (centimeter, gram, second) system. All input and output
are generated in this system; however, the information provided here is converted to the FPS
(foot, pound, second) system.

The WAM Cycle 4.5 simulations were performed on the specified grids defined in
Tables 3-1 and 3-2 with the two-dimensional wave spectrum defined by 28 frequencies, and
24 direction bins. The directions are at a 15-deg resolution starting at 7.5-deg while the
frequency bands are defined as:

f ., =11%f where f = 0.03138. (3-3)

This assures finite frequency bands accepting energy at very low frequency values, and falls
within the domain specified in Komen et al. (1994) to retain the accuracy in the nonlinear wave-
wave interaction source function approximation.

The initiation of the wave model simulation for both grids assumes local wind wave growth
specified by the first wind field. This at times elevates the wave heights in the domain proper;
however, this is generally damped quickly (about four time steps). The time step for propagation
is dictated by numerical stability that is dependent on the group speed of the lowest frequency,
water depth, location (latitudinal variation in the physical distance of a grid), and when
applicable, the water depth gradient influencing the refraction of the wave energy. The source
term time step is dependent on the physical processes modeled. This is loosely coupled to
relaxation times of the source term specifications. This is the time at which the winds can affect
the wave system and the nonlinear wave-wave interactions move the energy about the wave
spectrum. For deepwater applications relaxation times are on the order of 3600 sec. In shallow
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water, the relaxation times reduce to about 900 sec. Hurricane Katrina spans both deep and
arbitrary depths, so the source term time step was conservatively set to 600 sec. The water depth
for the basin and regional wave model simulations were held constant. Depths were not modified
to reflect changes in depth due to storm surge. This was handled in the nearshore wave
transformation modeling.

The basin-scale WAM Cycle 4.5 simulation was performed for the duration of Katrina noted
in Table 3-1. Boundary condition directional wave spectra were saved along the four sides
defined by the regional domain, at a time step of 150 sec (defined by the basin propagation time
step). Output, which consist of two-dimensional wave spectra, were saved at 900-sec intervals
for verification purposes at locations corresponding to all available NOAA National Data Buoy
Center (NDBC) wave buoys. Integral wave parameter estimates, significant wave height, peak
and mean spectral wave period, and vector mean wave direction were generated for the entire
domain at 1800-sec intervals. These parameters are defined as:

Significant Wave Height:

H oo =% [[ECT,0)df dO (3-4)

Mean Wave Period:

o |
jE(f)df (35

where: E(f)=[E(f,0)d0
Peak Spectral Wave Period:
T, =[max[E(f,)]]", fori=1 no. frequencies (3-6)

Vector Mean Wave Direction:

”sinHE(f ,0)dodf
. ”E(f,e)dedf
mean ztan (3'7)
[[cosoE(f,0)dodf
] AE(fﬁ)dedf |

6
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The maximum significant wave heights for the entire hurricane Katrina simulation are shown
in Figure 3-4. This graphic is based on the maximum height occurring at each individual point in
the basin-scale WAM grid for the entire simulation period. As Katrina moved off the western
Florida coastline and rapidly intensified, so too did the wave heights. There is a clearly defined
hook at 86W, 24.5N where the net effect of increasing wind speeds dramatically increases the
wave energy. Figure 3-4 also shows the path of Katrina and the absolute maximum Hy,, of nearly
54.6 ft occurring at 88.8W, 26.9N. Two offshore oil platforms equipped with wave measurement
sensors recorded peak significant wave heights of 38.6 ft and 38.7 ft with T, values of 10.5 sec
and 12.6 sec, respectively. These values are similar to coincident WAM estimates corresponding
to the platform measurements of 33.3 ft and 38.6 ft with peak period estimates of 14.9 sec and
13.5 sec, respectively. These data are proprietary, so additional documentation is not provided
here.

By comparison, Hurricane Camille wave model simulations reached approximately 47.2 ft as
an absolute maximum (Jensen and Cardone 2005). This is not to suggest Katrina was more
powerful than Camille. Although the results contained in Figure 3-4 are derived purely from a
numerical wave model, when Katrina reached Category-5 strength (Knabb 2005) it produced
wave heights commensurate with that strength.

The swath of heights exceeding 45 ft (the red contours) widened as Katrina moved in a more
northerly direction. The lateral expanse of this swath is roughly 2 deg in width, or 150 miles. The
20-ft contour (aqua contours) covers the areas of Louisiana, Mississippi, and Alabama, to the
Florida Panhandle. As Katrina decreased in intensity as it approached the coastline, the Ho
values remained relatively constant until they reached decreasing water depths. This occurred
abruptly at the Mississippi River entrance to the Gulf of Mexico, and more gradually along the
Mississippi/Alabama coast. In either case the relative amount of wave energy remains in the
system until depth-limited wave breaking limits the height.

The mean wave period (Tmean) Maximum graphic is shown in Figure 3-5. The mean wave
period is selected for presentation over the standard peak spectral wave period (defined in
Equation 3-6) because it is a more stable wave parameter, especially in a mixed wind-sea/swell
energy environment typical of tropical systems, and it is an integral wave property
(Equation 3-5) comparable to the Hpy,
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WAM OWI|95 SHBR-CAP Basin (Res 0.1°): MAXIMUM Total Wave Height H_ ' [ft] RESULTS: Katrina
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Figure 3-4. Color contour of the maximum wave height conditions in the Basin domain for the simulation
period 2005082500 through 2005083100
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WAM OW[95 SHBR-CAP Basin (Res 0.1° ). MAXIMUM Mean Wave Period Tmean [sec] RESULTS: Katrina

30°N

270N ......
L(H]
=l
=
So40n
21°N
- ':)‘ ) H
18°N 0 0 o] 0 0
96™W 92"W 88°W 84°W 80°W
Longitude
Mean Wave Period Tmean [sec]
0 5 10 15

Figure 3-5. Color contour of the maximum mean wave period conditions in the Basin domain for the
simulation period 2005082500 through 2005083100.

There is only a slight indication of Katrina’s path in the maximum Tmean results because this
wave parameter is not as sensitive to the wind speeds (linearly related to them) whereas the
significant wave height is related to wind speed squared. However the graphic does show the net
impact of the long-period swells impinging on the Louisiana coastline where 15-sec (red colors)
wave periods were computed. Most noticeable are lobes of swells to the east of the Chandeleur
Island chain, inside the Mississippi Sound, in Mobile Bay, and to the west of the Mississippi
Delta just offshore of Atchafalaya Bay where the absolute maximum Tpean Value occurs. The
local maxima result from a combination of sheltering by the Mississippi Delta, and depth-
induced wave refraction and shoaling. These anomalies are also amplified by the contouring
routines used in the analysis. The long-period results in Mobile Bay are a model artifact that
most likely is due to the coarseness in the grid resolution and should be taken as approximate. To
the right of the path of Katrina there is preponderance of 10- to 12-sec wave periods, indicative
of strong wind-sea conditions.

Similar graphics are generated for the region-scale WAM Cycle 4.5 simulations. To re-
iterate, the region-scale simulations were forced by basin-scale directional wave spectra (at 150-
sec intervals) along the lateral extent of the regional domain. In addition, the winds generated by
OWI (based on H*Wind specifying the core of the hurricane, and blended with NRA background
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winds) were also used for this simulation. Increasing the wave model’s grid resolution by a
factor of 12 (0.1-deg defined for the basin and 0.00833-deg for the region) provided a better
representation of the offshore island chains, quantified the dramatic depth gradient of the

Mississippi River delta, and provided an enhanced depiction of the shoreline configuration.

Figure 3-6 illustrates the complexities of the wave field generated by hurricane Katrina
within the regional domain. The entire simulation period is 48 hrs, starting on 28 August 0000
UTC and completing at 30 August 0000 UTC. The overall maximum significant wave height
occurs at 89.1417W 28.975N with a value of 53.6 ft. Shallow-water effects of shoaling and more
importantly refraction focus the offshore energy toward very distinct capes. The entire tip of
southeastern Louisiana is in the high-energy environment. There is another convergence zone at
Southwest Pass (Burrwood, LA). The wave height maxima follow the bathymetry (Figure 3-2)
remarkably well, an indication of depth-limited breaking effects. To the west of Southwest Pass
the Hmo Values tend to decay rapidly with distance away from the storm center compared to those
in the front right quadrant of Katrina. The northern motion of Katrina also forces waves through
the gap between the Chandeleur, Cat, Ship and Horn Islands. The WAM simulation assumes
stationary water depths (neglecting surge) and the results will be lower compared to expected
results in the areas landward of these offshore islands where surge levels increase the potential
for larger wave heights (through increases in water depth).

The maximum mean wave period results for the regional WAM Cycle 4.5 simulation are
provided in Figure 3-7. This again illustrates the diverging wave field east and west of hurricane
Katrina’s path. To the west, the mean wave period is dominated by swells, as evidenced by
higher period values (ranging from 12 to more than 20 sec); whereas in the front right hand
quadrant of Katrina, there local wind seas abound with limited, yet distinct long-period swell
lobes. Shadow zones appear (larger Tmean Values) in the lee of geographical capes or offshore
islands. Also evident are zones of large mean period values that are landward of island gaps
(around Horn and Dauphin Islands) in the eastern portion of Mississippi Sound. The highest
Tmean conditions reside in the West Bay region (west of the lower Mississippi River). This area is
geographically sheltered from Katrina’s offshore energy. This region is influenced by very low
wave energy and a limited number of grid points.

These graphics provide an overview of the maximum energy level contained in the wave
field resulting from Katrina. To assess model accuracy, comparisons between model results and
measurements were made and they are presented in the next section.
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WAM4.5.2 OWI95 Region (Res 0.0083333°) TEST CASE: SHBR-CAP
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Figure 3-6. Color contour of the maximum wave height conditions in the Region domain for the simulation
period 2005082800 through 2005083000
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WAM4.5.2 OWI95 Region (Res 0.0083333°) TEST CASE: SHBR-CAP
MAXIMUM Mean Wave Period Tm%In RESULTS: Katrina
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Figure 3-7. Color contour of the maximum mean wave period conditions in the Basin domain for the
simulation period 2005082800 through 2005083000.

Discussion

Any wave model simulation has a degree of error and uncertainty. Uncertainty pertaining to
deficiencies in the input and methodology can be estimated by a careful comparison of the model
results to measurements. For hurricane Katrina, there were numerous NOAA National Data
Buoy Center (NDBC, http://www.ndbc.noaa.gov/) point measurements in the Gulf of Mexico. Of
the 13 sites available (Figure 3-8), five were located in the right front quadrant of Katrina, while
the remaining eight were positioned in the left front quadrant. Two NDBC buoys failed (42003
flipped over and the mooring of 42007 failed) before the peak of the wave conditions; one buoy
(42040) provided erroneous directional wave information, however the other integral wave
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parameters are considered to be accurate. Directional wave measurements at 42002 were

discovered to be incorrect and removed from the NDBC archive.

The various hardware configurations comprising the NDBC buoy network complicated the
evaluation process. The 10- and 12-m discus buoys (42001, 42002 and 42003), because of their
size, cannot identify short period energy less than about 5 seconds. The HIPPY sensors have
been proven measurement devices over the last two decades, while the Magnetometer Only
(MO) and Angular Rate Sensor (ARS) systems are relatively new. This does not mean the MO
and ARS systems are inferior devices compared to a HIPPY sensor. It only suggests the systems
differ in their response and measurement of directional wave characteristics. Table 3-3
summarizes the various platform related information (also see Teng and Bouchard 2005).

* 42019

* 42002

* 42055

21°N

18°N '
96°W 92°W

* 42038

* 42036

* 42003

\'\ : Pl

ey

84°W 80°W

Figure 3-8. Location of NOAA’'s NDBC buoy network in the Gulf of Mexico. The blue dashed line is the
NOAA NHC Official Track (Knabb et al. 2005).
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Table 3-3
NOAA NDBC Buoy Summary

Location (Deg/Min/Sec) Water Depth Hull
Station Id Longitude (West) Latitude (North) 0 (m) Sensor
42001 89/39/30 25/50/30 10739 10 HIPPY
42002 94 /25/00 25/20/00 10496 12 HIPPY
42003 85/54 /50 26/00/32 10617 10 HIPPY
42007 88/46/10 30/05/25 44 3 MO
42036 84/31/00 28/30/00 179 3 MO
42038 92/34/01 27125712 3778 3 ARS
42039 86/01/17 28/47/38 956 3 ARS
42040 88/12/49 29/11/05 900 3 MO
42055 94/02/45 22/01/02 11088 12 ARS
42019 95/21/36 27154147 275 3 MO
42020 96 /41 /47 26/56/39 289 3 MO
42035 94 /24 /30 29/14 /47 45 3 MO
42056 85/03/32 19/52/27 14583 12 ARS

Y HIPPY Accelerometer; MO: Magnetometer Only; ARS: Angular Rate Sensor.

Verification of the WAM Cycle 4.5 wave estimates was examined using time plots, scatter
plots, quartile-quartile plots, and statistical tests. Because of limited population size, the results
derived from the statistical tests may be weighted disproportionately high. A concerted effort in
the evaluation process focused on the locations near Katrina’s storm track. For brevity only five
locations (42001, 42003, 42040, 42039, and 42007) are presented in the context of this section
while the remaining information is provided in the figures at the end of this chapter (Figures 3-
37 through 3-40). All wind and wave directional information are plotted in a meteorological
coordinate system where 0 deg represents a wind or wave coming from the north; 90 deg
represents a wind or wave coming from the east.

Beginning offshore and progressing along Katrina’s path, Figures 3-9 to 3-13 display
comparisons of integral wave properties: Hmo , Tp, Tmean, and Omean (defined in Equations 3-4 to
3-7) as well as the wind speed and direction. Note for the wind speed comparisons, the
measurements were adjusted to a 10-m equivalent neutral stable wind speed to be consistent with
the modeled winds. Comparing 42003 and 42001, it is interesting to note the differences between
the wave results on the more active right quadrant (42003) versus the less-active left quadrant
(42001). Wave heights are about 10-ft higher at 42003; however both buoys show similar growth
characteristics toward their respective peak values. The wind and wave directions vary
considerably between the two measurement sites. In the active right front quadrant, the winds
rotate clockwise at 42003, while at 42001 the rotation is counter-clockwise. The mean and peak
wave periods are indicative of the very rapid wave development in Katrina as it moved into the
Gulf of Mexico. There is rapid change of the T, values just after 27 August 0300 UTC or
approximately 18 hrs after Katrina cleared the western Florida coastline. An oscillating pattern
in the Tmean results, around 27 August 1800 UTC at 42003 and 28 August 0600 UTC at 42001 in
which the wave periods decrease then rapidly increase toward the storm peak, is characteristic of
eyewall replacement cycling or weakening/strengthening processes in Katrina.
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WAM Cycle 4.5 results compare favorably to these offshore measurements. The general
growth, establishment of the peak conditions (less than 2-ft difference at the maximum), and for
42001 the decay cycles, are all well replicated. There is a tendency for the WAM results to
underestimate the Hyo and Tean Values associated with low wind speeds during the initial
development of Katrina in the Gulf of Mexico. This could be due to the lack of resolution in the
wave model grid, where the winds in the core of Katrina generated by H*Wind are correct, but
sub-sampling at 0.1 deg may omit the strength of the winds. The wind speed and direction
comparisons for 42003 (Figure 3-9) and 42001 (Figure 3-10) clearly show the local modeled
winds do not have appreciable errors. There appears to be a strong difference in the wind
directions at 42003; however the differences are amplified by the circular nature in the parameter
plotted. These differences are only a few degrees on either side of 0 deg. Comparing the modeled
vector mean wave direction (Omean) results to the buoy measurements shows good agreement,
with up to about 40-deg differences. Only during the latter stages of the decay cycle do the
model results diverge significantly from the measurements. WAM results follow the wind
direction whereas the buoy results show slower migration toward the winds. There is an
indication of a very substantial difference in the wind and wave results at NDBC 42002
(Figure 3-38). The model results indicate the peak of the waves leads the measurements by over
18 hrs. These discrepancies were confirmed by other wave modeling efforts performed by the
private sector. Questions regarding the validity in the measurements were discussed with staff
from NDBC. The directional wave data were eliminated from the NDBC archive records. The
other wave parameter data at 42002 passed the NDBC reliability tests and were deemed correct.
To date, the reason for phase lag inconsistency between model and measurements remains
unknown.

Moving toward the coastline, comparisons for NDBC buoys 42040, 42039 and 42036
(Figure 3-11, 3-12, and 3-40, respectively) are examined. Results show differing wave
conditions. Close to Katrina’s path at 42040 the Hn, and wind speed show a pronounced storm
peak. The maximum height measured at 42040 is 55.4 ft, whereas east of the storm’s center
(42039) an isolated peak is replaced by nearly 24 hrs of sustained wave heights of 23 ft or more.
This condition is also found at 42036 (Figure 3-40), however the magnitude of the plateau is in
the range of 16 to 17 ft. The peak spectral wave periods for all three sites are consistent,
displaying the early swell arrival around 27 August 1200 UTC, climbing to about 12 sec and
then to upwards of 15 sec (the latter result found at 42040, closer to the hurricane path). The 55.4
ft measurement at Buoy 42040 was the largest significant wave height ever measured at an
NDBC Buoy in the Gulf of Mexico.

The mean wave period variation shows the slight pulsation evident in the offshore buoy
records, and generally levels off at 10 to 12 sec. These conditions suggest uni-modal spectra,
downshifting to the leading swell energy through growth to the storm peak. The Omean Wave
direction results are nearly invariant for these buoys. There are oscillations of the Omean results at
42040 (Figure 3-11) around the storm peak. These particular records have been subsequently
recalled by NDBC and are considered incorrect. The suspected cause of these inconsistencies
was abundance of yaw (rotation about the center of the buoy) signal in a carrier frequency of the
waves during this extremely high-energy condition. NDBC does not believe this problem
contaminated any other wave related records.
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The WAM results for the three inner buoys follow the measured trends in integral wave
parameters. In general though, the model slightly underestimates the energy level in the early
swells (low height and mean wave period). WAM underpredicted the peak wave conditions at all
three buoys, with differences reaching nearly 14.4 ft. At 42040 the modeled versus measured
wave height is 41.5 ft versus 55.4 ft; for 42039 21.3 ft versus 26.7 ft; and at buoy 42036 14.0 ft
versus 18.0 ft. It is believed that local winds, despite some low values in the model results, could
not explain these differences. The peak wave period model results are consistent with the
measurements, and at times are slightly higher (at 42040 for example); suggesting either a far-
field wind problem (magnitude and/or domain size of the storm’s most intense winds) or that
swell energy dissipation is too strong in the wave model. The mean model wave direction results
are well replicated, with exception of the erroneous NDBC buoy results at 42040. There does
seem to be a bias in the model results at 42036 (Figure 3-40), again with computed directions
aligning to the wind direction rather than remaining with the swells as is seen in the
measurements.
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Figure 3-9. Comparison of WAM Cycle 4.5 basin-scale (blue line) to the measurements at NDBC 42003
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Figure 3-10. Comparison of WAM Cycle 4.5 basin-scale (blue line) to the measurements at NDBC 42001
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Figure 3-11. Comparison of WAM Cycle 4.5 basin-scale (blue line) to the measurements at NDBC 42040
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Figure 3-12. Comparison of WAM Cycle 4.5 basin-scale (blue line) to the measurements at NDBC 42039
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Figure 3-13. Comparison of WAM Cycle 4.5 basin-scale (blue line) to the measurements at NDBC 42007.
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The final comparison is made to the most landward buoy, located in the shallowest water
depth in the NDBC Gulf of Mexico array. Buoy 42007 is located just north of the Chandeleur
Island chain in a water depth of 44 ft. Seaward of this area the bathymetry (Figure 3-2) is
complex, and refraction, shoaling and depth-limited breaking will dominate the physical
processes. It is unfortunate though that this buoy did not survive Katrina, and as evidenced by
the wave record (Figure 3-13). It failed well before the storm peak. Documentation from NDBC
stated that buoy 42007 broke its mooring on 29 August 2005 0000 UTC. Hence, all
measurements provided in Figure 3-13 beyond this date should not be considered as valid points.

The growth stage is indicated by a methodical increase in wave height and is dominated by
wind-seas until 27 August 1800 UTC when there is a dramatic shift in Ty, an indication of the
early arriving swell energy combined with local wind-seas. The downshifting in frequency (or
increasing Tp) continues, with the increase in wave energy until the failure of the buoy.
Approaching failure there is only a modest change in the vector mean wave direction of at most
30 deg. This should not be surprising because to the south, west, and north there is considerable
sheltering due to geographical constraints (land masses), and thus a small window available to
receive wave energy.

The basin-scale WAM Cycle 4.5 results generated for 42007 are shown in Figure 3-13.
Results for the region-scale simulation effort provided nearly identical results compared to the
basin simulation. As in the previous comparisons, the early arriving swell energy is low by about
2 ft in height, however when the transformation of wind-sea to swell dominance occurs, the
errors markedly decrease. Growth up to the buoy failure is well approximated in height, peak
wave period and eventually the mean wave period. The vector mean wave direction is the most
consistent of these integral properties showing little or no bias. The modeled winds do not show
the small variations compared to the buoy measurements, however the magnitude of these winds
is low (on the order of about 10-knots at most and would only provide a modest change in the
wave characteristics. Overall, for the location, complex nature of the bathymetry and the location
of Katrina’s storm center, WAM results proved to be quite consistent with the measurements.

Consistency in the wind (see Appendix 2) and wave estimates have been established in the
time plots for the various point source measurements in the model domain. Evaluation of the
overall performance can be assessed with statistical testing. As previously mentioned, because
the population size for model/measurement pairs is low (generally less than 100), any variation
from the measurements will be amplified. The selected statistical tests are provided below. Note
that in all cases, the independent variable is defined as the measurements and the dependent
variable is the model output. All results of these tests are presented in Tables 3-4 and 3-5 for the
significant wave height, and mean wave period, respectively. Results of the wind speed
statistical validation tests are presented in Table 2-3 (Appendix 2).

The measured wave parameters are denoted B and modeled wave parameters are denoted as
M, where triangular bracket represent the arithmetic mean.

B=(8) ; M=(M)

BIAS=(M -B)
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Absolute Error: Abs Err :<‘M - B|>

/
Root Mean Square Error (RMSE): RMSE=((M - B —|3|As)2>l i

Scatter Index: SI =100 *%

(B-B)(M-M)) _
[<(B_§)2> (B ﬂ

Slope and Intercept of Linear Regression: M =a+b *B

Correlation Coefficient: r=

A secondary linear regression is applied where the intercept a is forced to zero, and termed
herein as the symmetric r value (“Symm r” column in Table 3-4). For the range of values, the
Scatter Index is defined as a percentage, where a lower value indicates a more reliable estimate.
The mean values are presented to caste the bias, absolute error, and RMSE in the context of the
distribution in population. There were no adjustments made or added analyses performed to
examine whether or not the model and measurements are phase-lagged. No averaging technique
was used on either data set, and as previously mentioned, the model and measurements are time
paired. The measurements identify the end time when the data were taken or 50-minutes into the
hour. All buoy data were adjusted to the even hour for this analysis.

The wave field statistics rely on two principle integral wave parameters, the significant wave
height and the mean wave period. It is unfortunate that despite directional wave measurements,
the reliability of those data still remain in question, especially in the context of statistical testing.
Also, there are few statistical tests that are appropriate for vector quantities, and in the context of
the limited population size, none were performed. Tables 3-4 and 3-5 provide the statistical
results for the Hmo, and Tmean , respectively, for the offshore wave conditions in the Katrina
study. Testing follows the same principles outlined in Appendix 2.

The wave conditions generated from Katrina are highly variable, as is evident from the mean
measured significant wave heights found in Table 3-4. However some of the statistical variations
are a result of buoy failures limiting the record length and the small population size in general.
The biases reflected in the model estimates are generally negative; despite a more positive bias
in the wind speeds (see Table 2-3). This is important because the wave height is proportional to
the wind speed squared. One would expect the errors to remain consistent with respect to the
sign. In general, the wave height biases are less than 1.5 ft, and RMSE values are less than 2.5 ft.
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Table 3-4
Statistical Results: Basin-Scale Hurricane Katrina Significant Wave Height

Mean Cond. Linear Regression Estimators
Buoy Meas Model Bias Abs Err | RMS Error | Scatter Corr Symm | Slope Intercp No.
ID (ft) (ft) (ft) (ft) (ft) Index " r (@) (b). Obs
42001 7.74 8.30 0.59 161 2.03 26 0.96 1.09 1.08 -0.01 83
42003 [9.48 8.68 -0.79 1.84 2.46 26 0.98 0.86 0.77 1.34 42
42007 |5.54 5.35 -0.19 1.02 1.28 23 0.98 1.05 1.13 -0.92 56
42036 |[9.48 8.04 -1.48 1.67 1.38 15 0.97 0.85 0.82 0.29 82
42038 |[5.97 5.18 -0.79 141 161 27 0.97 0.88 0.87 0.00 83
42039 [11.94 10.46 -1.48 1.74 1.70 14 0.98 0.87 0.85 0.33 78
42040 |12.10 10.59 -1.51 2.00 2.52 21 0.99 0.87 0.85 0.26 84
42055 (4.30 4.56 0.26 0.75 0.85 19 0.95 1.05 0.96 0.43 69

The scatter index reflects the quality of the wave estimates. Wave hindcast efforts with near
perfect winds (Cardone et al. 1995) produced Sl values on the order of 10. The results from this
study are somewhat larger, yet are considered acceptable. The correlation coefficient value is no
less than 0.95, showing a strong tendency for the model to emulate the measurements. Linear
regression demonstrates again the limited biases in the model estimates of about 13 percent,
about a factor of two greater than that calculated for the winds (Table 2-3). The slopes and
intercept again reflect the general trend in WAM to slightly underestimate the measured wave
heights, however the magnitude of the differences is relatively small.

The mean wave period, an integral model estimate, is selected for the wave period statistics
instead of peak period because the mean period characterizes the entire distribution of wave
energy. The results provided in Table 3-5 typify the same trend shown in the Hy, statistics. One
of the glaring errors in wave modeling even in 3rd Generation wave models is the tendency to
underestimate the wave periods. This was found for the Katrina study. However, given the
complexities of the event, the negative biases of 1.2 sec or less are very good. These results also
reflect the tendency for WAM to “favor” the wind-seas over swells during swell migration out of
Katrina; swell is being dissipated to a higher degree than is reflected in the measurements. The
RMSE is on the order of 0.7 to 1.3 sec, more accurate than values commonly found in
documented studies. Scatter Indices of 10 to 20 percent shows that the variability in the model
results are close to the geophysical variation in the measurements themselves. The correlation
coefficient r is near 1 for all cases, while the linear regression shows from the slope results
(either systematic, or the standard a value) a tendency for underestimation.
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Table 3-5
Statistical Results: Basin-Scale Hurricane Katrina Mean Wave Period

Mean Cond. Linear Regression Estimators
Buoy Meas Model Bias Abs. Err RMS Error Scat Corr. | Sysm No.
ID (sec) (sec) (sec) (sec) (sec) Indx r r Slope | Intercp. Obs
42001 6.68 6.16 -0.53 2.02 1.09 16 0.90 0.90 | 0.70 151 82
42003 6.59 5.85 -0.74 0.98 1.01 15 0.98 0.86 | 0.65 1.58 42
42007 6.45 5.80 -0.66 1.16 1.29 20 0.89 091 | 0.89 0.06 56
42036 7.21 6.00 -1.22 1.30 0.82 11 0.93 0.83 0.75 0.58 82
42038 6.37 5.72 -0.65 1.14 1.32 21 0.89 0.88 0.71 1.20 83
42039 7.41 6.42 -0.99 1.06 0.75 10 0.95 0.87 | 0.83 0.27 82
42040 7.52 6.37 -1.15 1.18 0.86 11 0.95 0.85 0.87 -0.17 84
42055 6.42 6.70 0.29 0.59 0.66 10 0.97 1.03 0.91 0.83 83

The outcome of this statistical analysis reflects quality in the wind and wave modeling efforts
used in the simulation of Hurricane Katrina. In general the winds are of exceptional quality, and
the wave model reflects that in its results. No model is perfect; however the results from the time
plot comparisons and statistical tests, despite the limited population size, demonstrate that WAM
Cycle 4.5 produces a quality wave hindcast.

Thus far the verification has concentrated on temporal comparisons to point source
measurements. The results though only reflect a limited number of measurement points within
the entire Gulf of Mexico. Additional wave height estimates from satellite based altimeters
provide a useful source of data over space but for selected time intervals. Use of both data sets
(temporally varying point source measurements, and spatially varying measurements at discrete
times) enable better assessment of the capability of a wave model’s performance in this complex
meteorological situation.

Wave height altimeter results were available from two sources: Envisat (ENVSAT) operated
by the European Space Agency and Jason (JS1) operated jointly by NASA and the French Space
Agency CNES. Three distinct tracks, two from ENVSAT and one from JS1 are used here. The
WAM wave heights are color contoured, and the colored symbols are the estimates from the
various altimeter data sets. The altimeter estimates are spatially filtered, eliminating the near-
coast/land contaminated estimates and any other spurious data. As shown in Figure 3-14, the
altimeter cannot accurately estimate wave heights though the core of Hurricane Katrina.
However, in the remainder of the Gulf of Mexico it provides useful data with which to compare
to the WAM results. It is very apparent WAM replicates the ENVSAT data until it reaches about
the 27-ft wave height contour in the left front quadrant of Katrina. As the satellite passes out of
the core, WAM overestimates wave heights by 5 to at most 10 ft. This comparison is also shown
in the upper panel of Figure 3-17; however note that WAM estimates in the core of Katrina (not
visible in the altimeter data) have been removed from the plot.
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WAM CY4.5.2: OWI-95 Basin (Res 0.1° ). FIELD DATA Wave Height H_ [ftf] RESULTS: Katrina
Comparisonto ALTIMETER ESTIMATES FOR DATE: 20050828040000
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Figure 3-14. WAM wave height color contour overlaying ENVSAT altimeter wave height estimates at 28
August 2005 0400 UTC.

Approximately 12 hrs later the second ENVSAT pass takes place southeast of Katrina as
shown in Figure 3-15. In this area the wave heights are on the order of 15 ft, slightly increasing
to its maximum at about 26.5 deg N, then falling off as it passes south of the tip of Cuba. Over
this track WAM does very well matching the slight spatial variation. This is an area consisting of
decaying swells with an influx of locally generated wind-seas caused by the “backwash” of

Katrina’s counter-clockwise rotating wind field.
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WAM CY4.5.2: OWI-95 Basin (Res 0.1°): FIELD DATA Wave Height H _[ft] RESULTS: Katrina
Comparisonto ALTIMETER ESTIMATES FOR DATE: 20050828160000
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Figure 3-15. WAM wave height color contour overlaying ENVSAT altimeter wave height estimates at 28
August 2005 1600 UTC.

The last altimeter track is derived from a Jason (JS1) satellite flight that is about 2 hrs after
Katrina’s initial landfall. The results of the WAM and altimeter comparison are found in
Figure 3-16. The track is located southeast of Katrina’s position. As in the previous case, the
altimeter and WAM results for this area are quite similar and they reflect a near homogeneous
wave field. Variations in the Hmo estimates range from lows on each end of the track of about
5 ft to a predominance of 10 to 15 ft wave heights. WAM results again emulate these slight

variations over space.
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WAM CY4.5.2: OW|-95 Basin (Res 0.1°): FIELD DATA Wave Height H__ [ft] RESULTS: Katrina
Comparison to ALTIMETER ESTIMATES FOR DATE: 20050829130000
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Figure 3-16. WAM wave height color contour overlaying Jason altimeter wave height estimates at 29
August 2005 1300 UTC.

The comparisons of all three tracks of data to the WAM output are summarized in
Figure 3-17. The model estimates are taken directly from Figures 3-14 through 3-17, and plotted
over a station number. For all three cases the plotted model results are co-located to the altimeter
data set, and omitted when the satellite data are not present. The first case (top panel of
Figure 3-17) shows reasonably good agreement of the WAM simulation with the altimeter data.
There is a tendency to overestimate the wave conditions north of Katrina’s core by about 7 ft.
However with regard to the remainder of the altimeter track, WAM emulates these wave
estimates quite well. At the peak values in the altimeter data set the maximum differences are

only about 3 ft.

The second ENVSAT pass occurring on 28 August 2005 at 1600 UTC is shown in the
middle panel of Figure 3-17. As in the case of the previous comparison, the model results
emulate the trend found in the altimeter data set. There is one area consisting of a positive bias,
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and the magnitude of the bias is on the order of 2.5 ft. As the altimeter track crosses the western
tip of Cuba, WAM matches the measurements quite well.

The final track results are derived from the Jason (JS1) around the time of Katrina’s second
landfall (Figure 3-17 bottom panel). The track is in an area where swells are coming from the
back-wash of Katrina’s wind pattern. WAM predicts the general spatial variability in the data
extremely well, yielding smoother variation in wave heights compared to the altimeter
oscillations. There is no discernable bias in the WAM results, as was evident in the previous two
cases. In general the patterns of these three unique altimeter passes are well represented by the
model. These results also indicate the wind field specification used in the simulation is of
excellent quality. There were occurrences in which some of the inconsistencies in the WAM
simulations could have been caused by lack of wave model grid resolution. However at the level
of analysis here, a major percentage of the inconsistencies found in the WAM results are within
the geophysical variability of the measurements themselves.

ENVSAT / JASON Hmo Track Comparisons to Basin-Scale
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Figure 3-17. Comparison of WAM wave heights for the two ENVSAT and Jason altimeter passes.
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Sensitivity of Wave Estimates to Wind Field Specification

In general, the largest source of error in a wave model simulation originates from the wind
fields. In all wave models, scaling of the significant wave height is proportional to the wind
speed squared. Hence, a simple study is posed to assess the effect of potential errors in the
specification of the wind fields for Hurricane Katrina.

The premise is as follows, what would happen to the wave estimates if the wind fields are
subjected to a +5-percent change in magnitude over the entire domain and over the duration of
the simulation? The final wind fields were multiplied by 1.05 for Test Case 1 and multiplied by
0.95 for Test Case 2. The wave model results are then evaluated over the full grid, and at specific
point measurement locations. In addition, results of these tests were then provided to the
nearshore wave model in the form of two-dimensional wave spectra to force the sensitivity runs
in the nearshore domains. This modeling approach of a simple multiplication factor produces the
largest change in the wind forcing function in the core of the hurricane, and less so in the far
field.

The final wind magnitudes are subjected to a multiplication factor of 1.05 and 0.95. WAM
Cycle 4.5 is run again with identical input criteria (grids, time steps, and boundary conditions) as
previously defined. The results are post-processed and graphically presented below. The
significant wave height field estimates are presented as the maximum wave height distribution
over the entire model domain. The products are identical to those presented for the original
simulations (Basin-scale results in Figure 3-4 and the Region-scale results in Figure 3-6).

Figure 3-18 shows the wave height results for Test Case 1 using the 5-percent increase in
wind magnitude. It is not surprising to see the distribution in maximum wave heights between
this case and the original run (Figure 3-4) is nearly identical. The magnitude of the largest Hyo
increases from 54.7 ft to 57.0 ft and its location is moved slightly north (from 26.7 deg to 27.0
deg). The migration toward the north would be characteristic of the increased growth processes
resulting from the increased wind speed. Also, because of the change in the wind speed, there
would be a slight downshifting of the peak frequency sending increased swells outward from the
front right quadrant in Katrina. A plot of the differences between Test Case 1 and the original
Base-case solution is shown in Figure 3-19, where a simple difference is applied. The Base case
reflects the final wind solution and the Test Case 1 is the result of applying the 1.05%U,. The
color contouring shows these differences in shades of red and blue (Test case minus Base case),
where the red reflects increased Hn, estimates for the Test Case 1 compared to the Base case and
blue identifies areas where the Base case result is greater.

In general, as expected, the entire Gulf of Mexico is contoured in red signifying a net
increase in wave energy resulting from the increase in wind speed. The overall average increase
in significant wave height is about 3 ft. There are lobes of concentrated red areas along the
Mississippi Delta where depth effects focus the added energy. However, there is a distinct lobe
of blue in the Atchafalaya and Vermilion Bay area. This suggests that by increasing the wind
speed, wave heights are reduced, which is counter-intuitive. What seems to take place is the
following. There is an increase in wave energy caused by the increased wind speed. There is also
an increase in wave period. As Katrina passes, longer period swells radiate outward in a
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northwestern direction. These longer period waves refract due to the local bathymetry and are
focused further west as indicated by the strong local red contours just to the west. Refraction
causes focusing of energy, producing higher wave conditions in some areas and lower wave
conditions in others.

Test Case 2 consists of reducing the overall wind speed by 5 percent. The results of the
WAM run are presented in Figure 3-20 which shows color contours of the maximum wave
height over the domain for the simulation period. The overall maximum wave height for this
case is 52.3 ft or a net reduction of 2.4 ft compared to the base case, and its location has moved
in a southerly direction, residing at 88.1deg W / 26.4 deg N. This reflects the overall reduction in
the wind magnitude.
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WAM4.5.2 1.050WI195 Basin (Res 0.1°) TEST CASE: SHBR-CAP
MAXIMUM Total Height H =~ RESULTS: Katrina
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Figure 3-18. Color contour of the maximum wave height conditions in the Basin domain for the 5-percent
wind magnitude increase

Volume IV The Storm — Technical Appendix IV-3-35
This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



WANM4.5.2 OWI95T105-T100 Basin (Res 0.1°) TEST CASE: SHBR-CAP
MAXIMUM  TOTAL: Hoor-Ho, o RESULTS: Katrina
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Figure 3-19. Color contour of the difference between Test Case 1 (1.05+U;;) minus the Base Case
maximum wave height conditions in the Basin domain.

The difference between the maximum wave heights for Test Case 2 (0.95*Uy,) and the Base
case is shown in Figure 3-21. In general the entire domain is covered by blue contours signifying
the reduction in wave energy for this simulation compared to the base case. The maximum
difference is 3.4 ft in Mobile Bay. This is most likely an artifact in the contouring software, and
not reflective of the overall differences, which on average are 2 ft. There again are two very
small areas with a positive change; however these are locally amplified by the contouring. One
does see a concentration of blue contours just offshore of the Mississippi Gulf Coast, extending
westward through the Mississippi Delta and the Louisiana coastal domain. The large “L” feature
west of Atchafalaya Bay is caused by a lowering of Katrina’s wind and thus wave energy,
amplified by sheltering of the Mississippi Delta and depth effects. The wind-reduction case, Test
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Case 2, generates a nearly symmetric change pattern (but a change in sign) relative to Test Case
1 the wind-increase case.

WAM4.5.2 095-OW|95 Basin (Res 0.1°) TEST CASE: SHBR-CAP
MAXIMUM Total Height H =~ RESULTS: Katrina
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Figure 3-20. Color contour of the maximum wave height conditions in the Basin domain for the 5-percent
wind magnitude reduction
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WAM4.5.2 OWI95T095-T100 Basin (Res 0.1°) TEST CASE: SHBR-CAP
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Figure 3-21. Color contour of the difference between Test Case 2 (0.95+U;;) minus the Base Case
maximum wave height conditions in the Basin domain.

The analysis is carried out for the Region-scale domain too. The Base case simulation is
presented in Figure 3-6 for reference. For Test Case 1 (Figure 3-22), increasing the wind
magnitude by 5 percent again increases the Hp, value from 53.6 ft to 56.1 ft or by about 3 ft, and
translates the maximum location in a southerly direction placing it one grid point north of the
boundary condition. The overall distribution of significant wave height for Test Case 1 and the
base case solution is quite similar. A simple difference of the Test (1.05+U;0) minus the Base
case solution is shown in Figure 3-23. There are large areas covered by increased wave heights,
with a maximum difference of 6 ft occurring west of the Mississippi Delta. This is not surprising
considering that more energy is available and in light of the radiation outward of the swell
energy in a westerly direction long before Katrina makes its first landfall. As in the case of the
Basin-scale sensitivity tests, the Region-scale simulation with increased wind speeds
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demonstrates that the wave energy can be reduced as well. Longer period energy exists, and it is
more susceptible to depth effects, refraction, shoaling and wave breaking. The latter mechanism
produces a net decrease in energy level compared to the Base case in places, generally in the

areas landward of the offshore island chains.

WAM4.5.2 105-OWI195 Region (Res 0.0083333°) TEST CASE: SHBR-CAP
MAXIMUM Total Height Hmo RESULTS: Katrina
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Figure 3-22. Color contour of the maximum wave height conditions in the Region domain for the 5-percent
wind magnitude increase
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WAM4.5.2 OWI95T105-T100 Region (Res 0.0083333°) TEST CASE: SHBR-CAP
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Figure 3-23. Color contour of the difference between Test Case 1 (1.05+U;;) minus the Base Case
maximum wave height conditions in the Region domain

Continuing the sensitivity analysis for the Region-scale domain, the maximum wave height
distribution for the reduced wind speed case is provided in Figure 3-24. For this case, the
maximum significant wave height is found to be 50.8 ft compared to the Base-case result of
53.6 ft, or a net reduction of slightly over 3 ft. The location of the maximum wave height is
identical to that of the original run, which is not surprising because depth-dependent mechanisms
will control the wave energy at this location. Because of these effects, there is no translation of
the location of maximum height in a northerly direction as found in the Basin-scale results.

The difference plot, Test Case 2 (0.95%U10) minus the Base Case is shown in Figure 3-25.
The results nearly emulate Test Case 1 results, inverting the values from positive (red) to
negative (blue). The maximum difference in this analysis is -5.2 ft located to the east of the
Chandeleur Islands. The domain to the west of the Mississippi Delta is negative, and intervals of
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positive-negative lobes are evident along the Mississippi Gulf Coast. These results suggest that
wind errors of the magnitude considered here can affect the wave energy more in
bathymetrically controlled wave environments. The effect is further amplified (from a 3.5-5 ft
difference in the Basin scale to 5.2-6.3 ft in the Regional scale) because of strong dependence of
wave transformation on wave period and water depth. These simulations do not include surge
and the interaction of the wave transformation with surge in shallow areas.

WAM4.5.2 095-OWI195 Region (Res 0.0083333°) TEST CASE: SHBR-CAP
MAXIMUM Total Height H ~ RESULTS: Katrina

JMAX = 50.80 [ft]
oo MILONG / LAT [deg] : -89.1417 / 28.975

30°N

40’

Latitude

20

30 g% 0 30" “830W
Longitude
Total Wave Height Hmo [ft]

0 10 20 30 40 50

Figure 3-24. Color contour of the maximum wave height conditions in the Basin domain for the 5-percent
wind magnitude reduction
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WAM4.5.2 OWI95T095-T100 Region (Res 0.0083333°) TEST CASE: SHBR-CAP

MAXIMUM  TOTAL: Hopor-Hpage RESULTS: Katrina
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Figure 3-25. Color contour of the difference between Test Case 2 (0.95+U;) minus the Base Case
maximum wave height conditions in the Region domain.

Quantification of the temporal variation resulting from the sensitivity tests at selected sites is
also an important issue in the evaluation of the wave modeling effort for the Katrina study.
Previous analyses were restricted to the variation in maximum wave results over the entire
domain, and thus do not consider the time scale. Four NDBC buoy sites are used for this
evaluation which dos consider the time scale: 42003, 42001, 42040, and 42007 (see Figure 3-8
for the buoy locations). All results are derived from the Basin-scale simulation because only one
buoy is located in the Region-scale domain (42007). These locations were selected based on
their position relative to the storm track, water depth, and also to determine if an
increase/decrease in the wind speed would significantly alter the WAM-buoy comparisons.
Scaling principles in all wave models adhere to the relationship that significant wave height is
proportional to the wind speed squared; wave period is linearly related to the wind speed.
Therefore, with a 5-percent change in wind speed, one would expect the wave height to be
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altered by about 10 percent. Based on the maximum Hp, results (Figure 3-4) one would expect
no more than 5.5 ft change. This has, in general been verified in the full domain comparisons;
however results can be distorted when depth-dependent mechanisms control the model results.

Two locations 42003 and 42001 reside in deep water located on the right and left quadrants
of Hurricane Katrina, respectively. These results are provided in Figures 3-26 and 3-27. Figure
3-26 shows the WAM results for both Test Cases 1 and 2. As previously cited, if the overall
wind speed is increased (or decreased) the integral wave parameters will show a very similar
trend. These tests demonstrate a near uniform shift in the Hpy, and Tean results, reflecting the
scaling principles. As base wind speed increases, wave height deviations increase in magnitude
and are on the order of 3 to 4 ft in magnitude. The mean wave period, an integral variable also
reflects this trend, but the deviations are much smaller. The variation is generally less than 1 sec
separating Test Case 1 and Test Case 2 when the wind speed reaches its maximum. Only the
peak spectral wave period (third panel from the top) shows significant change. As the wind
magnitude increases, there is an earlier downshifting toward lower frequencies (or increased in
the T,). However, the underestimation in the pre-swell conditions (around 27 August 0600 UTC)
persists in the model results for Hmo, Tmean, and T,. The vector-mean wave directions for the three
simulations are nearly identical, and are weighted toward the direction of the local wind-sea
rather than direction of the mature swells.

NDBC buoy 42001 resides on the less-energetic left-hand quadrant of Hurricane Katrina
(Figure 3-27). This location reflects a more complex situation, crossing locally generated wind-
seas with mature swell energy, rapid wind shifts, and a lower wind environment. Given these
conditions the sensitivity tests show similar trends as exhibited in the wave height traces. The
uniform offsets between the 1.05 and 0.95 sensitivity tests are again nearly identical, for all but
the vector-mean wave directions which show little differences. There are very similar trends in
the peak wave period results, where increasing the wind magnitude results in a shift to
frequencies that are one frequency band lower.
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Figure 3-26. Comparison of WAM Cycle 4.5 basin-scale (blue line), sensitivity tests for 1.05*Uy, (green
line) 0.95+U,¢ (magenta line) to the measurements at NDBC 42003
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Figure 3-27. Comparison of WAM Cycle 4.5 basin-scale (blue line), sensitivity tests for 1.05*Uy, (green
line) 0.95+U,¢ (magenta line) to the measurements at NDBC 42001
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Moving toward the coast, NDBC 42040 is the next site selected in the sensitivity study.
Recall the WAM results were found to underestimate wave height by nearly 14 ft during the
peak conditions of Katrina (Figure 3-11). This is also reflected in Figure 3-28. Increasing and
decreasing the wind magnitude over the entire modeling domain has the same net effect on the
integral wave parameters as evident in data from all the other central Gulf of Mexico buoy sites
that were examined. Increasing the wind magnitude influences the wave estimates, reducing the
underestimation by only 2.7 ft. The downshifting in frequency for the increased wind speed
occurs about an hour earlier, again not to the degree that is required to match the measurements
(occurring about 7 hrs earlier). The mean period results reflect similar trends as the wave height
results, a near uniform offset between the 1.05 and 0.95+U;, simulations, remaining biased low
compared to the buoy data. The model vector mean wave direction again shows little change
between the two sensitivity simulations.
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Figure 3-28. Comparison of WAM Cycle 4.5 basin-scale (blue line), sensitivity tests for 1.05+U,, (green

line) 0.95+U,q (magenta line) to the measurements at NDBC 42040.
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The final test site, NDBC site 42007 is the most nearshore site, located in roughly 44-ft water
depth. This site will reflect local depth-dependent effects, (refraction, shoaling, and wave-bottom
interaction) and depth-limited wave breaking. The comparisons between the two sensitivity runs
display slightly different trends compared to those evident for the three prior sites. First, the
offset in wave height between the 5-percent increase and 5-percent decrease in wind speed is
relatively small from 25 August to 28 August. The wind speeds during this time period are
relatively low and range from about 5 to 15 kts; and thus modestly influence the local wind-sea
contribution. As the wind speed increases so does the offset in height, consistent with the
previous three study sites. As the model results reach the storm peak, the results tend to converge
toward one value. This is the result of depth-limited wave breaking, where the difference
between the wind-increase and the wind-decrease cases are on the order of 0.6 ft.

In summary, the sensitivity tests adhere to scaling principles inherent to all wind-generated
wave modeling technologies. Increasing or decreasing the wind speed will result generally in a
net increase or a reduction in the significant wave height and mean wave period, respectively.
For the case of Katrina, there are exceptions to this rule that are governed by local bathymetry
that influences depth-dependent mechanisms as well as geographical sheltering that can
influence the change in approach angle defined by the wind field. At most sites temporal
variations in integral wave parameters tend to follow scaling principles very well. The exception
to this rule is depth-limited conditions where the solutions converge toward one unique solution
independent of the wind forcing.
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Figure 3-29. Comparison of WAM Cycle 4.5 basin-scale (blue line), sensitivity tests for 1.05*Uy, (green
line) and 0.95%U,, (magenta line) to the measurements at NDBC 42007
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Boundary Conditions to STWAVE

The culmination of this task is to provide boundary conditions from the Base case Katrina
hindcast to the nearshore wave modeling effort. Accomplishing this task requires a decision on
where to save boundary information relative to selection of the STWAVE model domains. The
selection process was bound by the nearshore model domain size, the number of WAM points
available, and most importantly assurances these results would be seaward of depth-limited
breaking. A boundary was constructed along the 100-ft (30-m) water depth contour. A total of 60
individual stations from the regional scale WAM simulation were defined and directional wave
spectra (28 frequency bands and 24 directional bands) every 900 sec from 28 August 0030 UTC
to 30 August 0000 UTC were saved at these points. This provides adequate coverage of the
offshore conditions and captures the spatial variation evident from offshore wave model
simulations. An example of the directional wave spectrum is shown in Figure 3-30 and the
output station locations are provided in Figure 3-31.

YWAMGCY4.5 ST 200 Eff.6)
Long 88.6W / Lat 29,3925 m?-s-rad™
29-Aug-2005 10:30:00 20

i
0&:00 07:12 0a:24 09:38 10:43 12:00 13:12 14:24 15:36 16:45 18:00
HR:MIM - 08/29 2005

Figure 3-30. Example of the directional wave spectra color contoured in the upper panel and the wave
height trace in the lower panel. Note units are in CGS
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Spectral Qutput Locations Hurricane KATRINA on 30-sec WAMCY4.5 Grid
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Figure 3-31. Location of the 60 output sites consisting of two-dimensional wave spectra output every 900-
sec from the regional WAM Cycle 4.5 nested simulation.

WAVEWATCH Il Simulations

Description

The third-generation numerical wave model WAVEWATCH Il Version 2.22 was used to
generate a Hurricane Katrina hindcast to compare with output hindcast results from WAM.
WAVEWATCH I11 was developed at the NOAA National Centers for Environmental Prediction
(NCEP), Marine Modeling and Analysis Branch, and is used by NOAA for operational
numerical wave simulations. Tolman (2002) presents a user manual describing model physics,
computer installation procedures, and input-output files. For the Katrina hindcast,
WAVEWATCH 111 was run with default settings which include the Tolman and Chalikov (1996)
source functions. The basin-level Gulf of Mexico grid was used with the same bathymetry and
spatial resolution as the WAM simulation (see Figure 3-1). WAM and WAVEWATCH 11 used
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identical input wind fields, the final wind fields from OWI. Input frequencies and directions
were set to the values used in the WAM simulation. The WAVEWATCH I11 run used temporally
constant water depths with no input surge information. WAVEWATCH 11 requires four input
time steps. The global time step that propagates the entire solution in time for the basin level run
was set to 450 sec. The spatial propagation time step was set to 300 sec. The third time step that
relates to refraction effects for shallow water grids was set to 225 sec, and the final time step for
integration of the source terms was set to 5 sec to reflect Katrina’s quickly changing wind and
wave conditions. WAVEWATCH Il was designed for deep and intermediate water conditions
and does not include steepness- and depth-induced breaking for shallow areas. Hourly wave
parameter and spectral information were saved for all Gulf of Mexico measurement stations
impacted by Hurricane Katrina. Complete grid information was saved at 30-min intervals for
comparison with available altimeter measurements.

Discussion

Hindcast results from WAVEWATCH Il1 were compared to measurements at NDBC stations
42001, 42003, 42007, 42036, 42038, 42039, and 42040. These locations are noted in Figure 3-8
and listed in Table 3-3. A complete set of comparison plots appears in Figures 3-41 to 3-47. Bulk
wave height statistics indicate WAVEWATCH I11 hindcast results are biased lower than the
measurements at all the sites. The mean wave height bias for the seven NDBC stations listed
above is -1.87 ft indicating WAVEWATCH I11 wave height results are slightly low when
compared to measurements. Wave height bias statistics range from -0.8 ft at NDBC 42001 to -
3.5 ft at 42007. Peak period results are biased low by 1-2 sec. The maximum hindcast wave
height difference with measurements was 17 ft at 42040 and 10.4 ft at 42007. See the WAM
section for discussions relevant to these differences. A thorough evaluation of the
WAVEWATCH Il and WAM Katrina final hindcasts follows in the Wave Model Performance
section.

Table 3-6

Satellite Altimeter Passes used for Hurricane Katrina Hindcast Evaluation
Pass Satellite Date and Time (UTC)

1 ENVSAT 28 August 0400

2 ENVSAT 28 August 1600

3 JS1 29 August 1600

Satellite altimetry data was used as an additional validation of the Hurricane Katrina basin-
level final wave model hindcast results. Wave height altimeter results were available from three
sources: 1) Envisat (ENVSAT) operated by European Space Agency, 2) Jason (JS1) operated
jointly by NASA and French Space Agency CNES, and 3) Geosat Follow-On (GFO) operated by
the U.S. Navy. Of the satellite passes over the Gulf of Mexico during Hurricane Katrina, the
three events listed in Table 3-6 produced information that was co-located with the severe portion
of the storm. Data from all three passes are compared to WAVEWATCH I hindcast results in
Figures 3-48 to 3-50. Of these, the ENVSAT pass on 28 August was the closest to a “direct hit”
on the storm center and measured significant wave heights up to 26 ft. A comparison of the
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observed and hindcast wave heights for this event appears in Figure 3-32. Figure 3-32 plots the
consecutive satellite observations (red) with collocated points from the Wavewatch 111 Katrina
final hindcast (blue). The satellite moved from the back of Katrina in a northwest direction and
observations 100 and above show comparisons with the left front quadrant of the storm. As with
the NDBC buoy data, the altimetry data indicates that the model wave heights are biased low
especially in the right front quadrant of the storm, with this event exhibiting a mean bias of
-1.57 ft.

Figure 3-32. ENVSAT satellite altimetry track for 28 August 0330 UTC with co-located points from the
WAVEWATCH Il significant wave height hindcast. Observation numbers refer to consecutive
measurements as the satellite passed over the storm. Altimeter measurments begin at 85.11
W Longitude, 17.98 Latitude and end 88.17 W Longitude, 30.17 Latitude.
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Wave Model Performance

The performance of the final solution WAM and WAVEWATCH 111 simulations was
evaluated using the available NDBC buoy observations. The USACE Wave Model Evaluation
and Diagnostics System (WaveMEDS) was employed to make the model-data comparisons.
WaveMEDS uses a variety of performance metrics to determine hindcast accuracy at the wave
component (wind sea, mature swell, and young swell) level. The final wind field results indicate
that the overall performance of both models is quite similar, with the WAM hindcast slightly
outperforming the WAVEWATCH 111 hindcast for this hurricane event.

Approach

Output wave spectra from the basin-scale runs of both WAM and WAVEWATCH I11 were
compared to the results of NDBC buoy observations at stations 42001, 42003, 42007, 42036,
42038, 42039, and 42040. These locations are identified in Figure 3-8 and listed in Table 3-3.
The approach employs a spectral partitioning algorithm to isolate individual wind sea and swell
wave components in the buoy spectra (Hanson and Phillips 2001). The frequency and direction
domains associated with each dominant peak in a wave spectrum form a spectral partition that is
associated with that particular wave component. The significant wave height, peak wave period,
and mean wave direction of each of these spectral components are then statistically compared to
the identical regions in the model output spectra (Hanson and Jensen 2005). The original intent
was to perform this analysis on the full directional wave spectra. However, mooring-induced
motions during the hurricane corrupted the directional data at most of the buoy stations. Hence
this analysis was limited to the one-dimensional (energy-frequency) spectra E(f).

The WaveMEDS analyses allows for the computation of model performance for a variety of
wind sea and swell parameters. First, the isolated wave components at each station are divided
into three wave component classes: wind sea, young swell, and mature swell. A wave age
criterion is used to classify spectral peaks that are forced by the existing wind as wind sea.
Remaining wave components that have a peak frequency of 0.09 Hz or greater are classified as
young swell, and those with a peak frequency less than 0.09 Hz are classified as mature swell.
This frequency division was found to be a somewhat natural separation between regionally-
generated young swell and swell that has traveled significant distances (Hanson, unpublished
data). For each wave component spectral domain, WaveMEDS computes the total wave energy

E=J'S(f)df;

the significant wave height, approximated by Hp,o

and the peak wave period
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with the peak wave frequency f, computed from a 3-point parabolic fit to the S(f) spectral peak.

These computations are performed over the identical wave partition frequency domains in
both the observed and hindcast spectra. This results in a unique set of paired wave component
parameters for each model run. The hindcast wave component parameters are evaluated against

the observed guantities using both temporal correlation (TC) and guantile-quantile (QQ)

distributions. The TC analysis provides an indication of how well the hindcast quantities match

the observed quantities in absolute time. For example, a time offset in identical hindcast

magnitudes would degrade the TC results. In contrast, the QQ analysis is used to indicate if the
correct parameter magnitudes are reached, regardless of occurrence time. For an assessment of

engineering loading, a correct time sequence may not be as important as having a proper

distribution of parameter magnitudes.

A variety of established metrics are used to quantify the TC and QQ comparisons. For the
series of buoy measurements m and hindcasts h these metrics include the bias (hindcast-buoy)

1 :
b—HZh—m,

root-mean-square (RMS) error

n

and the scatter index
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(Cardone et al. 1996). The definition of the Sl above differs from the versions cited in Appendix
2 and earlier in this Appendix by a factor of 100 only. These error statistics are computed over
the entire duration of the hurricane hindcast at each station.

The evaluation metrics are converted into performance scores that are normalized to mean
quantities. These scores provide a basis for combining the results from multiple stations into an
overall model performance for each parameter (wave height and period). These estimators
include the RMS Error performance

. E
Erus = [1_—RMS J :
Mems

the bias performance

b= [1——|b| J ;
Mgms

and the scatter index performance
Sl=(1-5l),

where the root-mean-square of the measurements is given by

05
2
Mpvs = 0 .

The non-dimensional performance scores range from 0 (uncorrelated) to 1 (perfect
correlation) and are averaged across metrics and stations using sample size weighting factors.
Hence for a particular parameter, the station performance would be given by

éRMS +b+SI
P == 3

with the weighted overall performance across stations

P - znipsi

Ne

where n denotes the total number of observations at each station (i subscript) and for all stations
combined (c subscript).
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Basin-Scale Model Performance

The WaveMEDS technique was applied to the basin-scale final solution WAM and
WAVEWATCH Il results at the NDBC buoy ground truth stations 42001, 42003, 42036,
42038, 42039, and 42040 (See Figure 3-8 and Table 3-3). The overall (across-station) model
performance scores for significant wave height and peak wave period appear in Tables 3-7 and
3-8, respectively. In each table, the results of the temporal correlations (TC) and the quantile-
quantile (QQ) distributions are given for each wave system component.

Table 3-7
Wave Height Performance Summary
Temporal Correlations Quantile-Quantile

Component WAM ww3 WAM WW3
Windsea 0.86 0.85 0.87 0.88
Young Swell 0.75 0.74 0.76 0.78
Mature Swell 0.85 0.72 0.87 0.73
Combined 0.83 0.80 0.84 0.82
Table 3-8
Wave Period Performance Summary

Temporal Correlations Quantile-Quantile
Component WAM WW3 WAM WW3
Windsea 0.93 0.89 0.95 0.92
Young Swell 0.90 0.85 0.91 0.86
Mature Swell 0.93 0.87 0.95 0.89
Combined 0.92 0.88 0.94 0.90

The final combined scores provide a weighted performance across all wave system
components.

Overall, the wave height performance scores are reasonably good for both models. The
combined wave height and peak period scores for WAM show a 2-4 percent improvement over
WAVEWATCH IlI for both TC and QQ statistical analyses. WAM and WAVEWATCH Ili
wind sea heights depict only 1 percent difference, while WAM wind sea periods exhibit a 3-4
percent improvement over WAVEWATCH I11. Most significant for this study, however, are a 14
percent improvement in mature swell heights by WAM over WAVEWATCH Ill, and a
corresponding 6 percent improvement in WAM mature swell wave periods. These large waves
propagated away from Katrina as the hurricane moved north across the Gulf of Mexico.

Further detail on model performance is given by the WAM and WAVEWATCH 11 station
wave height summary plots in Figures 3-33 and 3-34, respectively. Here the wave model TC
performance scores at each station are compared in each of the wave component classes. In these
plots, Swell 1 refers to the young swell class and Swell 2 refers to the mature swell class. The
absence of a bar in a wave component plot, for example young swell at station 42003, indicates
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that no wave observations of that wave component were made at that particular station. The
gross features of the WAM and WAVEWATCH I11 results are very similar, suggesting only
minor differences between the models. Furthermore, the variation in wave model performance
across stations is also fairly consistent with the exception of the Station 42038, which exhibited
consistently poorer performance in both models. It should be noted that Station 42038 was the
furthest west of the storm track.

Windsea Wave Height Performance Swell 1 Wave Height Performance
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Figure 3-33. WAM temporal correlation wave height performance by station.

The best combined performance in both models was at stations 42001 and 42003, which are
mid-gulf buoys that are furthest away from the coast. A summary of observed and predicted
wave height at each validation station appears in Figure 3-35. A diagnostic evaluation of the
model-observation discrepancies appears in the following section.

Model Diagnostics

Although the performance scores provide a unique assessment of model skill by station and
by wave component class, they provide little insight into the mechanics behind the performance
of each model. The nature of these hindcast errors can best be visualized through inspection of
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the temporal correlation (TC) and quantile-quantile (QQ) analysis results that were used to
compute the performance scores. The attributes of the hindcast errors are summarized below for
selected stations. The full set of statistical results for WAM and WAVEWATCH Il1 appears in
Figure 3-51 to 3-94.

Windsea Wave Height Performance Swell 1 Wave Height Performance

o
io
T
T

1

a
o

o
=~
T

o
L]
T

Performance
Performance

a
th
T

o
-
T

o
w

Stations Stations

Swell 2 Wave Height Performance Combined Wave Height Performance
1

-

=1
o

........................................................................ 4 [0 T

o
-]
T

0.8

o
=~

0.7

=1
o

Performance
Performance

06

o
th

0.5F

o
-]
T

oA

0.3

0.3
Stations Stations

Figure 3-34. WAVEWATCH Il temporal correlation wave height performance by station.

Example WAM and WAVEWATCH I11 QQ distributions from three observation stations
appear in Figure 3-36. The subplots of Figure 3-36 separately display the QQ distribution of each
wave component class for that station and model run. A solid diagonal black line indicates where
the data would lie for a perfect match of hindcast and observed wave heights. When data fall
above the line the model is predicting values that are too high (biased high), and when data fall
below the line the model is predicting values that are too low.

Even a cursory glance at Figure 3-36 reveals that both models predict lower than observed
wave heights most of the time. The first station represented in Figure 3-35 is the mid-gulf station
42001, which have high combined performance scores for both WAM and WAVEWATCH
(Figures 3-33 and 3-34). The WAM QQ distributions for this station are reasonable for wave
heights up to 13 ft (4 m), and are biased high for the extreme wave heights. This is the only
station where WAM hindcast wave heights were too high. In contrast, the WAVEWATCH IlI
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mature swell (Swell 2) heights at station 42001 are biased low. In contrast to this station, station
42038 received the worst performance scores in both wave models and is the second station
featured in the QQ plots of Figure 3-36. At this station the wave heights in both models tend to
be biased low, with the mature swells in WAVEWATCH |11 under-predicted by nearly 5 ft in
height at times. The remaining stations all reveal a general trend of hindcast wave heights biased
low, with WAM exhibiting slightly improved results over WAVEWATCH Il (Figure 3-36 and
Figures 3-51 to 3-94).
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Figure 3-35. Comparison of significant wave heights (ft) from observation stations (blue), WAM hindcast

(red), and WAVEWATCH llI hindcast (green)
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Figure 3-36. Quantile-quantile wave height distributions at 3 buoy stations. Top row: WAM hindcast.
Bottom row: WAVEWATCH Il hindcast

As the TC and QQ results reveal, the most significant issue with the WAM and
WAVEWATCH Il1 basin-scale hindcast results is a negative swell height bias at most of the
observation stations.
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Verification of the Final WAM Wave Model Estimates during
Hurricane Katrina
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Figure 3-37. Comparison of WAM Cycle 4.5 basin-scale (blue line) to the measurements at NDBC 42055
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Figure 3-38. Comparison of WAM Cycle 4.5 basin-scale (blue line) to the measurements at NDBC 42002
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Figure 3-39. Comparison of WAM Cycle 4.5 basin-scale (blue line) to the measurements at NDBC 42038
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Figure 3-40. Comparison of WAM Cycle 4.5 basin-scale (blue line) to the measurements at NDBC 42036.
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Comparison of NDBC Buoy Observations with Final
WAVEWATCH Ill Estimates during Hurricane Katrina
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Figure 3-41. Comparison of NDBC buoy and WAVEWATCH Il parameters at Station 42001
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Figure 3-42. Comparison of NDBC buoy and WAVEWATCH Il parameters at Station 42003
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Figure 3-43. Comparison of NDBC buoy and WAVEWATCH Il parameters at Station 42007
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Figure 3-44. Comparison of NDBC buoy and WAVEWATCH Il parameters at Station 42036
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Figure 3-45. Comparison of NDBC buoy and WAVEWATCH Il parameters at Station 42038
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Figure 3-46. Comparison of NDBC buoy and WAVEWATCH Il parameters at Station 42039
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Figure 3-47. Comparison of NDBC buoy and WAVEWATCH Il parameters at Station 42040
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Altimeter Comparisons with WAVEWATCH Il

Wave height in ft

25

20

B August 29, 2005, hour 13

i ———— wWw3_95%
- —— JSI1SAT

Altimeter begins -87.43 lon, 21.63 lat and ends -83.67, 29.62
| | | | l | | | | l | | | | l | |

50 100 150
Observation number

Figure 3-48. JS1 satellite altimetry track for 29 August 1300 UTC with co-located points from the final

WAVEWATCH lll significant wave height hindcast. Observation numbers refer to consecutive
measurements as the satellite passed over the storm. Altimeter measurments begin at 87.43
W Longitude, 21.63 Latitude and end 83.67 W Longitude, 29.62 Latitude. Mean difference
between WW3 and altimeter measurements is -0.31ft indicating WW3 is slightly lower than
measurements.

Volume IV The Storm — Technical Appendix IV-3-75
This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



August 28, 2005, hour 16

25

i - Ww3_95%
- — ENVSAT

Wave height in ft
o S
|

=
o

B Altimeter begins -82.90 lon, 28.93 lat and ends -85.63, 17.99
O | | | | l | | | | l | | | | l | |

50 100 150
Observation number

Figure 3-49. ENVSAT satellite altimetry track for 28 August 1600 UTC with co-located points from the
finaWAVEWATCH Il significant wave height hindcast. Observation numbers refer to
consecutive measurements as the satellite passed over the storm. Altimeter measurments
begin at 82.90 W Longitude, 28.93 Latitude and end 85.63 W Longitude, 17.99 Latitude.
Mean difference between WW3 and altimeter measurements is -1.34ft indicating WW3 is
slightly lower than measurements

IV-3-76 Volume IV The Storm — Technical Appendix
This is a preliminary report subject to revision; it does not contain final conclusions of the United States Army Corps of Engineers.



Figure 3-50. ENVSAT satellite altimetry track for 28 August 0330 UTC with co-located points from the final
WAVEWATCH llI significant wave height hindcast. Observation numbers refer to consecutive
measurements as the satellite passed over the storm. Altimeter measurments begin at 85.11
W Longitude, 17.98 Latitude and end 88.17 W Longitude, 30.17 Latitude. Mean difference
between WW3 and altimeter measurements is -1.57ft indicating WW3 is lower than
measurements
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WAM WaveMEDS Validation Data
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Figure 3-51. Wave height temporal correlation results for WAM hindcast at station 42001

IV-3-78

Volume IV The Storm — Technical Appendix

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




wm42001 2005 08 Tp Error Series T, Scatter plot

o 25+
< Swell 2
'_; - 20 O Windsea
e 0 9, % Swell1
] > 15 o
7] _
5 S
o s 10t
= Br =
K] 5¢
o
[=}
= 0 ‘ . . ‘ .
-10 ‘ : 0 5 10 15 20 25
08/26 08/28 08/30 Observed T_(s)
Date P
T, Bias Spectrum wm42001_2005_08 Tp Performance
2 T T
Component E._(S)Bias(s) S| Performance
o ]
@ Windsea 09 0.4 0.1 0.93
3 . 15'Swells 0.8 -0.3 0.09 0.93
2 2" Swells 2 -1 0.13  0.89
[ang -
=
$
= : Combined 11 0 0.13  0.92
: Bulk 15 01 0419 0091
-8 L L ]
0 0.1 0.2 0.3 0.4

Frequency (Hz)

Figure 3-52. Wave period temporal correlation results for WAM hindcast at station 42001
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Figure 3-53. Wave height quantile-quantile results for WAM hindcast at station 42001
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Figure 3-55. Wave height temporal correlation results for WAM hindcast at station 42003
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Figure 3-57. Wave height temporal correlation results for WAM hindcast at station 42036
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Figure 3-66. Wave period temporal correlation results for WAM hindcast at station 42039
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Figure 3-83. Wave height correlation results for WAVEWATCH hindcast at station 42038
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Figure 3-84. Wave period correlation results for WAVEWATCH hindcast at station 42038
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Figure 3-87. Wave height correlation results for WAVEWATCH hindcast at station 42039
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Figure 3-92. Wave period correlation results for WAVEWATCH hindcast at station 42040
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Figure 3-93. Wave height quantile-quantile results for WAVEWATCH hindcast at station 42040
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Appendix 4
Nearshore Waves

Introduction

This section describes the numerical modeling of nearshore wave transformation and
generation for Hurricane Katrina within IPET Task 4. Nearshore waves are required to calculate
wave runup and overtopping on structures, the wave momentum (radiation stress) contribution to
elevated water levels (wave setup), and wave forces on structures. First the nearshore wave
model STWAVE is briefly described, then the modeling methodology is outlined, and finally,
results and sensitivity analyses are presented.

Nearshore Wave Model STWAVE

The numerical model STWAVE (Smith 2000; Smith, Sherlock, and Resio 2001; Smith and
Smith 2001; Thompson, Smith, and Miller 2004) was used to generate and transform waves to
the shore for Hurricane Katrina. STWAVE numerically solves the steady-state conservation of
spectral action balance along backward-traced wave rays:

QCE‘CQa cos(u—a)E(f,) ﬁCana cos(u-a)E(f,a) S ]
ox @ +(Cga)y ay @ _Za) (4 1)

r r r

(Cga)x

where

Cqa = absolute wave group celerity
X,y = spatial coordinates, subscripts indicate x and y components
Ca = absolute wave celerity
4 = current direction
o = propagation direction of spectral component
E = spectral energy density
f = frequency of spectral component
oy = relative angular frequency (frequency relative to the current)
S = energy source/sink terms
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The source terms include wind input, nonlinear wave-wave interactions, dissipation within
the wave field, and surf-zone breaking. The terms on the left-hand side of Equation 4-1 represent
wave propagation (refraction and shoaling), and the source terms on the right-hand side of the
equation represent energy growth and decay in the spectrum.

The assumptions made in STWAVE are as follows:

Mild bottom slope and negligible wave reflection.
Steady waves, currents, and winds.

Linear refraction and shoaling.

Depth-uniform current.

oo o

STWAVE can be implemented as either a half-plane model, meaning that only waves
propagating toward the coast are represented, or a full-plane model, allowing generation and
propagation in all directions. Wave breaking in the surf zone limits the maximum wave height
based on the local water depth and wave steepness:

H N =0.1L tanh kd

moy,

where

Hmo = zero-moment wave height
L = wavelength
k = wave number
d = water depth

STWAVE is a finite-difference model and calculates wave spectra on a rectangular grid. The
model outputs zero-moment wave height (Equation 3-4), peak wave period (Tp, Equation 3-6),
and mean wave direction (o, Equation 3-7) at all grid points and two-dimensional spectra at
selected grid points. For Katrina applications, an option has been added to input spatially
variable surge fields. The surge significantly alters the wave transformation and generation for
the hurricane simulations in shallow areas (such as Lake Pontchartrain) and where low-laying
areas are flooded. Spatially varying wind input has also been added as an option to STWAVE for
Katrina applications.

Wave Model Inputs
The inputs required to execute STWAVE include:

Bathymetry grid (including shoreline position and grid size and resolution).
Incident frequency-direction wave spectra on the offshore grid boundary.
Current field (optional).

Surge and/or tide fields, wind speed, and wind direction (optional).

Bottom friction coefficients (optional).

®Poo0 o
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Wave Model Outputs
The outputs generated by STWAVE include:

a. Fields of energy-based, zero-moment wave height, peak spectral wave period, and mean
direction.

b. Wave spectra at selected locations.

c. Fields of radiation stress gradients to use as input to ADCIRC (to calculate wave setup).

Nearshore Wave Modeling Methodology

STWAVE was applied on four grids for the southern Louisiana area: Lake Pontchartrain,
Louisiana Southeast, Louisiana South, and Mississippi/Alabama (Figure 4-1). Four grids were
used to take advantage of the efficient half-plane version of STWAVE for the three outer grids
(which must approximately align with the shoreline) and to concentrate grid coverage in the
areas of interest. The input for each grid includes the bathymetry (interpolated from the ADCIRC
domain), surge fields (interpolated from ADCICRC surge fields), and wind (interpolated from
the ADCIRC wind fields, which apply land effects to the OWI wind fields). The wind applied in
STWAVE is spatially and temporally variable for all domains. STWAVE was run at 30-min
intervals from 0030 UTC on 28 August 2005 to 0000 UTC on 30 August 2005.
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Figure 4-1. STWAVE modeling domains.

Lake Pontchartrain Grid

The first grid covers Lake Pontchartrain at a resolution of 656 ft (200 m). Earlier runs were
made at finer resolution 164 ft (50 m) by 328 ft (100 m), but the results were essentially the
same, so the more efficient coarse grid is used for these simulations. The domain is
approximately 25.8 by 41.9 miles (41.6 by 67.4 km). Lake Pontchartrain is run with the full-
plane STWAVE to include generation and transformation along the entire lake shoreline. The
grid parameters are given in Table 4-1. Figure 4-2 shows the bathymetry for the Lake
Pontchartrain Grid relative to NAVD 88 (2004.65). Brown/red areas in the bathymetry plots
indicate land areas at O ft or higher elevation.

Table 4-1

STWAVE Grid Specifications

Grid State Plane X origin, ft Y origin, ft AXx, ft | Ax, ft | Orient, Deg Xcells |Ycells
Lake Pontchartrain LA South 3563779.5 690485.6 656 656 270 208 337
Louisiana Southeast LA Offshore 4294586.6 1639491.5 656 656 141 683 744
Louisiana South LA Offshore 3997126.0 1264895.0 656 656 108 664 839
Mississippi/ Alabama LA Offshore 4463976.4 1653950.1 656 656 90 563 605
IV-4-4 Volume IV The Storm — Technical Appendix
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Figure 4-2. Lake Pontchartrain bathymetry grid (NGVD 88 2004.65).

Louisiana Southeast and South Grids and Mississippi/Alabama Grid

The second, third, and fourth grids cover the coastal area east, southeast, and south of New
Orleans at a resolution of 656 ft (200 m). The domain for the Louisiana southeast grid is
approximately 84.9 by 92.4 miles (136.6 by 148.8 km) and extends from Mississippi Sound in
the northeast to the Mississippi River in the southwest. The domain for the Louisiana south grid
is approximately 82.5 by 104.2 miles (132.8 by 167.8 km) and extends from the Mississippi
River in the east to the Atchafalaya River in the west. The domain for the Mississippi and
Alabama coasts was added to simulate the wave momentum fluxes that increase the surge in
Mississippi Sound and Lake Pontchartrain. The Mississippi/Alabama domain is approximately
70.0 by 75.2 miles (112.6 by 121.0 km) and extends from east of Mobile Bay to Biloxi,
Mississippi. These three grids were run with the half-plane STWAVE for computational
efficiency. The grid parameters are given in Table 4-1. Figures 4-3 to 4-5 show the bathymetry
for the Louisiana southeast, Louisiana south, and Mississippi/Alabama grids, respectively. These
simulations are forced with both the local winds and wave spectra interpolated on the offshore
boundary from the regional WAM model described in Appendix 3.
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Figure 4-3. Louisiana Southeast bathymetry grid (NGVD 88 2004.65).
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Figure 4-4. Louisiana South bathymetry grid (NGVD 88 2004.65).
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Figure 4-5. Mississippi/Alabama bathymetry grid (NGVD 88 2004.65).

Results
Lake Pontchartrain

The peak wave conditions on the south shore of Lake Pontchartrain occur at approximately
1330-1430 UTC on 29 August 2005. Figure 4-6 shows a snapshot of wave height and wave
direction at 1430 UTC. The wind is approximately 60 knots (30 m/sec) from the north through
northwest. The maximum wave height is 8.7 ft with a peak wave period of 7 sec. Figure 4-7
shows the maximum wave height for each grid cell within the domain for the entire simulation
period. Areas contoured in darkest blue with no vectors (zero wave height or period) are land
areas. Figure 4-8 shows the peak wave period corresponding to the maximum wave height for
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each cell. The maximum wave heights range from 8.0 to 8.7 ft on the New Orleans lakefront and
the associated peak periods are 7-8 sec.

Three small wave buoys were deployed in Lake Pontchartrain on 27 August 2005 to capture
wave conditions in Hurricane Katrina. Two of those gauges were recovered and provide valuable
comparison data. The deployment locations were 30 deg 2.053” North, 90 deg 7.358” West for
Gauge 22 and 30 deg 1.989 North, 90 deg 7.932* West for Gauge 23. Gauge 22 was directly
north of the 17th Street Canal entrance and Gauge 23 was west of Gauge 22. Both gauges were
in approximately 13 ft (4 m) water depth. The sampling records were a relatively short 8.5 min,
so there is a lot scatter in the data. At the peak of the storm (~29 August 2005 1200 to 1530
UTC), the measured wave heights drop from approximately 8 ft to 5 ft. This is the time of
maximum wind speed and thus the time when the maximum wave height would be expected.
The wave height measurements do not appear to be reliable during the storm peak. The buoys
may have experienced excesses tilt due to the extreme winds or been submerged or overturned.
Figures 4-9 and 4-10 show comparisons of significant wave height and peak period, respectively,
for the buoy locations. The blue lines are the measurements with the spectra averaged over
3 records (25.5 min), and the red line is the modeled parameters (30-min average). The
STWAVE results are essentially the same for the two gauge sites. The modeled wave heights are
an average of 1.04 ft (0.32 m) lower than the measurements in the growth stage of the storm
(0000-1200 UTC 29 August 2005) and 0.26 ft (0.08 m) lower than the measurements in the
decaying stage of the storm (1530-2400 UTC 29 August 2005). Comparisons at the storm peak
are not meaningful. The modeled peak periods are consistent with the measurements, but 1.6 sec
shorter in the decaying stage of the storm.
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Figure 4-6. Lake Pontchartrain modeled wave height and direction for 1430 UTC on 29 August 2005 (wave
heights in feet).
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Figure 4-7. Lake Pontchartrain maximum modeled significant wave height and corresponding mean
direction for 0030 UTC on 28 August to 0000 UTC on 30 August 2005 (wave heights in feet).
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Figure 4-8. Lake Pontchartrain modeled peak wave period corresponding to the maximum wave height for
0030 UTC on 28 August to 0000 UTC on 30 August 2005 (periods in sec).
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Figure 4-9. Lake Pontchartrain measured and modeled significant wave height.
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Figure 4-10. Lake Pontchartrain measured and modeled peak wave period.

Louisiana Southeast

The peak wave conditions on the southeast grid occur between approximately 1000 and 1500
UTC on 29 August 2005. The highest waves along the Mississippi River levees occur around
1000-1200 UTC and along the Lake Borgne shoreline around 1400-1500 UTC. Figure 4-11
shows a snapshot of wave height and direction at 1200 UTC. Figures 4-12 and 4-13 show the
maximum wave heights and corresponding wave periods for the entire simulation period for each
grid cell within the domain. The maximum wave heights range from 4 to 10 ft along the
shoreline and the associated periods are 7-16 sec. The longer wave periods originate from wave
energy traveling between or over the islands from the Gulf of Mexico. Figure 4-13 shows only
the periods corresponding to the maximum wave height, so peak period at the shoreline can
change appreciably as the offshore wave direction and the surge vary, allowing swell to
propagate through the island gaps or over the islands. Larger wave heights occur in lower
Plaguemines Parish (6-10 ft) and smaller heights in upper Plaquemines and St. Bernard Parishes
(4-6 ft). The peak periods are relatively large (up to 16 sec) because of wave penetration through
and over the barrier islands. Expanded views of the maximum significant wave heights and peak
periods are provided in Figures 4-28 through 4-31 at the end of this appendix. Time history and
selected wave spectra for Lake Pontchartrain, and Orleans, St. Bernard, and Plaquemines
Parishes are given in Attachment 1.
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Figure 4-11. Southeast Louisiana modeled wave height and direction for 1200 UTC on 29 August 2005
(wave heights in feet).
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Figure 4-12. Southeast Louisiana maximum modeled wave height for for 0030 UTC on 28 August to 0000
UTC on 30 August 2005 (wave heights in feet).
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Figure 4-13. Southeast Louisiana modeled peak wave period corresponding to the maximum wave height
for 0030 UTC on 28 August to 0000 UTC on 30 August 2005 (periods in sec).

Louisiana South

The peak wave conditions on the south grid occur between 0800 and 1030 UTC on 29
August 2005. The water level changes due to surge on this grid are generally less than the
Southeast Louisiana grid, so the wave penetration over the marsh is less severe. Figure 4-14
shows a snapshot of wave height and direction at 0800 UTC. Figures 4-15 and 4-16 show the
maximum wave heights and corresponding wave periods for the entire simulation period for each
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grid cell within the domain. The maximum wave heights at the barrier islands are approximately
10-14 ft (depth limited) and associated periods are 15-16 sec. Wave heights were significantly
lower along the west bank Mississippi River levees. The barrier islands dissipated much of the
wave energy arriving from the Gulf of Mexico and help protect the interior shorelines. These
simulations were made with pre-Katrina bathymetry, so as barriers eroded, this protection may
be overstated in the modeling results. The local winds were not important on this grid because
the winds generally blow along the shore or offshore in the area. The portion of the south
Louisiana grid east of the Mississippi River should be disregarded because the model is not
forced along the lateral boundary (that area is modeled with the southeast Louisiana grid).
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Figure 4-14. South Louisiana modeled wave height and direction for 0800 UTC on 29 August 2005 (wave
heights in feet).
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Figure 4-15. South Louisiana maximum modeled wave height for 0030 28 August 2005 to 0000 UTC on
30 August 2005 (wave heights in feet).
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Figure 4-16. South Louisiana modeled peak wave period corresponding to the maximum wave height for
0030 28 August 2005 to 0000 UTC on 30 August 2005 (periods in sec).

Mississippi-Alabama

The peak wave conditions on the Mississippi-Alabama grid occur around 1430 UTC on 29
August 2005, near the time of the hurricane landfall in Mississippi. Figure 4-17 shows a
snapshot of wave height and direction at 1430 UTC. Figures 4-18 and 4-19 show the maximum
wave heights and corresponding wave periods for the entire simulation for each grid cell within
the domain. The maximum wave heights at the barrier islands are approximately 20 ft (depth
limited) and associated periods are 15 sec. The barrier islands dissipated much of the wave
energy arriving from the Gulf of Mexico and help protect the interior shorelines. These
simulations were made with pre-Katrina bathymetry, so as barriers eroded, this protection may
be overstated. Wave heights in Mississippi Sound and Mobile Bay generally range from 5 to
10 ft, but are 10-20 ft in the lee of the inlets on the Mississippi coast. Similar to the Louisiana
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south domain, the barrier islands on the Mississippi and Alabama coasts dissipated much of the
wave energy arriving from the Gulf of Mexico and help protect the interior shorelines. These
simulations were made with pre-Katrina bathymetry, so as barriers eroded, this protection may
be overstated. Large wave periods (15 sec) penetrate to the interior shorelines. The depth-limited
wave breaking on the Mississippi and Alabama coasts generates wave setup in Mississippi
Sound and Lake Borgne, which then forces additional water into Lake Pontchartrain (simulated
with ADCIRC).

Figure 4-17. Mississippi-Alabama modeled wave height and direction for 1430 UTC on 29 August 2005
(wave heights in feet).
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Figure 4-18. Mississippi-Alabama maximum modeled wave height for 0030 on 28 August 2005 to 0000
UTC on 30 August 2005 (wave heights in feet).
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Figure 4-19. Mississippi-Alabama modeled peak wave period corresponding to the maximum wave height
for 00300n 28 August 2005 to 0000 UTC on 30 August 2005 (periods in sec).

Sensitivity Analysis

STWAVE was not calibrated or turned in any way for the Hurricane Katrina applications, but
all numerical models are sensitive to the quality of the input data. For STWAVE, these inputs
include offshore waves, winds, surge, bathymetry, and bottom roughness. To investigate the
sensitivity of the STWAVE results to critical input, three sets of sensitivity runs were made:
wind input, degradation of the Chandeleurs Islands, and bottom roughness. These runs were
made in coordination with the offshore wave and surge modeling, so modifications were made
consistently in all three models: WAM, ADCIRC, and STWAVE.

Wind Input Sensitivity. Wind input enters into STWAVE in three ways: through the offshore
waves input at the boundary, through the surge, and through the local wave generation within the
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STWAVE grids. The importance of each component varies with location in the grid (offshore
areas are influenced more by the offshore input and nearshore, protected areas by the local winds
and surge). Two wind sensitivity runs were run, one increased the wind speed by 5 percent and
one decreased the wind speed by 5 percent. Wind errors are likely to be random and partially
cancel out through the integration of modeling, but a simplistic approach was selected to put
realistic bounds on the solution. STWAVE was run for all four grids with the plus and minus

5 percent winds (and the offshore wave and surge generated from the same plus and minus

5 percent wind fields).

In Lake Pontchartrain, the maximum increase in wave height due to the plus 5 percent winds
is approximately 0.8 ft on the southeast shore of the lake (Figure 4-20) and the maximum
decrease due to the minus 5 percent winds is approximately 0.4 ft (Figure 4-21). For both cases
there are some larger differences on the periphery of the lake, particularly the northeast shore,
where the surge is a large percentage of the water depth. The differences in wave height increase
across the lake (northwest to southeast), then decrease where the waves are locally depth limited,
and then increase again very near the shore due to the increase in local water depth due to the
differences in surge in very shallow water.

Figure 4-20. Differences in maximum wave height for sensitivity run with 5 percent increase in wind speed
for Lake Pontchartrain (plus 5 percent — base).
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Figure 4-21. Differences in maximum wave height for sensitivity run with 5 percent decrease in wind speed
for Lake Pontchartrain (minus 5 percent — base).

For the southeast grid, the maximum increase in wave height due to the plus 5 percent winds
is approximately 0.5 to 1 ft along the levees (Figure 4-22), and the maximum decrease due to the
minus 5 percent winds is approximately 0.5 to 1 ft. There are larger differences outside the
Chandeleurs (increase of 2-3 ft for the plus 5 percent winds and 1.5 to 2.5 ft decrease for the
minus 5 percent winds). For the south grid, the maximum increase along the barrier islands was
approximately 2 ft due to the plus 5 percent winds and the maximum decrease along the barrier
islands was approximately 2 ft for the minus 5 percent winds. Along the Mississippi River
levees, waves increased approximately 0.5 ft for the plus 5 percent winds and the decrease was
0.5 to 1 ft for the minus 5 percent winds. In the wetland areas behind the barrier islands there
was a decrease in wave height of 0.5 to 1 ft for both the plus and minus 5 percent winds, most
likely because winds were blowing offshore locally (reducing surge for the plus 5 percent
winds). At the grid boundary, the wave heights increased 1.5 to 3.5 ft for the plus 5 percent
winds and decreased 1.5 to 3 ft for the minus 5 percent winds. For the Mississippi-Alabama grid,
the maximum increase in wave height due to the plus 5 percent winds is 1 to 2 ft at the barrier
islands (locally up to 2.6 ft offshore of Horn Island) and O to 1 ft at the interior shorelines
(average of approximately 0.5 ft). The maximum decrease in wave height due to the minus
5 percent winds is 1 to 2 ft at the barrier islands and 0 to 1 ft at the shore line. The differences in
peak wave period over all grids were generally 1 sec or less (increase in peak period for the plus
5 percent winds and decrease in peak period for minus 5 percent winds).
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Figure 4-22. Differences in maximum wave height for sensitivity run with 5 percent increase in wind speed
for Southeast Louisiana (plus 5 percent — base).

Although wind is the critical parameter for predicting waves and surge, the 5 percent
increase and decrease in winds for the coupled simulations generally produced nearshore waves
at the shoreline of +1 ft (or less) of the base simulations. The differences were larger, £1 to 3 ft,
offshore of the barrier islands.

Bathymetry Sensitivity. Southern Louisiana is geomorphically active (wetland and barrier
island loss, subsidence, and development). For the base case, an effort was made to use the most
up-to-date and accurate bathymetry information to construct the STWAVE grids. These grids
were derived from the ADCIRC bathymetry grids. Bathymetry interacts with wave processes
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through shoaling (which generally increases waves in shallower depths), refraction (which turns
waves more shore normal in shallower depths), and depth-limited breaking (which reduces wave
height when the breaking threshold is reached). In general, small errors in water depth result in
small errors in wave parameters (shoaling is a function of depth to exponent ¥ and breaking is
approximately linear with depth) and the impact is typically local. A possible exception to this is
wave attenuation across the barrier islands, which protect the areas in their shadow. The
Chandeleur Islands experienced significant degradation during Katrina. To investigate the
impact of that degradation on the nearshore waves and surge, STWAVE was run with the
Chandeleurs in a degraded state. The Chandeleurs are on the Southeast STWAVE grid, so only
that grid was run. Surge values from ADCIRC with the degraded Chandeleurs were used as input
together with offshore waves and winds from the base runs. Figure 4-23 shows the differences in
maximum significant wave height for the degraded Chandeleur run minus the base run. The
maximum increase in wave height is approximately 6 ft directly in the lee of the island. Close the
shoreline, the difference are reduced to near zero. There are (very) small differences in other
parts of the grid resulting from small differences in the surge. The barrier islands do significantly
reduce the wave height in the nearshore area, even in a degraded state. The degraded islands
allow more wave energy to pass over them and propagate into the sound. For the Chandeleurs,
the impact on the shoreline of the degraded the islands was relatively small (because the wave
height is depth limited in the shallow wetland areas between Chandeleur Sound and Lake
Borgne), but increased wave energy in Chandeleur Sound would likely cause further degradation
of these wetlands. The protection afforded by barrier islands for the shoreline is dependent on the
elevation of the islands, submergence of the islands during the storm, distance from the shore,
and characteristics of the storm.
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Figure 4-23. Differences in maximum wave height for sensitivity run with Chandeleur Islands degraded
for Southeast Louisiana (degraded bathymetry — base).

Bottom Roughness. All STWAVE base simulations neglected wave energy dissipation due to
bottom friction. Generally, dissipation due to bottom friction in the nearshore is relatively small
because the propagation distances are small, so frictional dissipation is neglected. Within the
Southeast grid, the propagation distances are significant, the water depths are relatively shallow,
and vegetation in flooded areas may be highly dissipative, thus bottom friction may be
significant. The bottom friction coefficient in STWAVE was specified as
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where g is acceleration of gravity, n is the Manning roughness coefficient, and d is total water
depth (including surge). To investigate the impacts of bottom dissipation, STWAVE was run for
two cases with bottom friction. These cases represent spatially-varying bottom roughness for the
pre-Katrina vegetation cover and the post-Katrina cover (background Manning’s n value of
0.02). A table of Manning’s n values is provided in Appendix 5. During Katrina, vegetation was
stripped from some wetland areas, so the post-Katrina roughness values are reduced in some
areas. ADCIRC was run with the same Manning’s n values and those surge fields were used as
input to STWAVE. For the base case, ADCIRC was run with a constant friction coefficient and
STWAVE neglected bottom friction.

Figures 4-24 and 4-25 show the differences in maximum significant wave height for the
simulation with the pre-Katrina frictional loss minus the base case and post-Katrina frictional
loss minus the base case, respectively. The patterns for the two simulations are very similar, with
increases in wave height in Chandeleur Sound and Lake Borgne and decreases in wave height
along Plaquemines and St. Bernard Parishes and in the flooded areas between Bay St. Louis and
Slidell. The maximum reductions in wave height were 3.7 ft near the Louisiana-Mississippi
border and 3.5 ft near Dalcour in upper Plaguemines Parish. The maximum increases in wave
height in Chandeleur Sound are 1.8 ft. It is counterintuitive that adding bottom friction would
increase wave heights over large areas. The increase in wave height results from increased surge
of 1-2.5 ft in these shallow areas (see Appendix 5). The waves in these areas are generally depth
limited, so increasing the water depth decreases the wave dissipation due to depth-limited
breaking and increases the wave height. The largest differences in wave heights between the
post- and pre-Katrina bottom friction runs were reductions in wave heights of up to 1.6 ft on the
Mississippi River delta, 0.7 ft across the Chandeleurs, and 0.4 ft in Chandeleur Sound and Lake
Borgne. Wave heights increased in very limited areas (St. Bernard-Plaquemines border and
directly in the lee of the Chandeleur and Ship Islands) by 0.3 to 0.5 ft.

The inclusion of spatially variable bottom friction tied to the vegetation type reduced wave
height in very limited areas by up to 3.7 ft. Somewhat surprisingly, though, the simulations show
increased wave height over broad areas in Chandeleur Sound and Lake Borgne on the order of 1-
1.8 ft, which occurs because the surge increased in these areas and dissipation due to depth-
limited breaking was reduced. The change in wave heights between the post-Katrina Manning’s
n values and the pre-Katrina values were relatively small (maximum decrease of 1.6 ft and
maximum increase of 0.5 ft) and limited to small areas. The interaction of waves and surge in
wetlands will be an important topic for continued study.
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Figure 4-24. Differences in maximum wave height for sensitivity run with pre-Katrina bottom friction for
Southeast Louisiana (with bottom friction — base).
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Figure 4-25. Differences in maximum wave height for sensitivity run with post-Katrina bottom friction for
Southeast Louisiana (with bottom friction — base).

Time-Dependent Simulations

STWAVE is a steady-state wave model, which means that the waves reach equilibrium with
the local forcing conditions (wind, surge, and boundary waves). Thus, the STWAVE modeling
assumes that the winds and surge vary slowly enough for the waves to reach quasi steady state.
For Hurricane Katrina, the winds are time varying and the grid domains are relatively large, so
the time-dependent SWAN model (Booij, Ris, and Holthuijsen 1999; Booij et al. 2004) was used
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to evaluate the importance of time variation. Lake Pontchartrain was chosen for this test because
the waves are all locally generated and time dependence is expected to have the greatest impact
there. To test the time dependence, SWAN was run in time-dependent and steady-state mode for
29 August 2005 from 0000 UTC to 30 August 2005 0000 UTC. The simulation was made using
1-min time steps for the time-dependent run and forcing the steady-state run to an accuracy of
99 percent with a maximum of 15 iterations (this is more stringent than the default). All other
SWAN model defaults were used. SWAN was run with the same spatially varying surge and
wind as STWAVE.

Figures 4-26 and 4-27 show the SWAN and STWAVE results with the data measured in
Lake Pontchartrain. The time-dependent and steady-state SWAN give essentially the same
results through the peak of the storm, after a 3-hr model spin up. Thus, the steady-state solution
is adequate for the simulations. STWAVE wave heights are 4 percent higher than SWAN at the
peak of the storm and lower height on the building (11 percent) and waning (24 percent) legs of
the storm. SWAN results are closer to the measurements on the building portion of the storm and
STWAVE results are closer on the waning portion of the storm. The measurements are not
reliable at the peak of the storm, when the wave heights are most critical. STWAVE peak
periods are 8 percent longer than the SWAN peak periods through the peak of the storm and
23 percent shorter than SWAN periods after the storm peak. STWAVE shows better agreement
with the wave period measurements through the storm peak, but both models are generally
within 1 sec of each other.
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Figure 4-26. Time-dependent and steady-state SWAN and STWAVE modeled significant wave heights for

Lake Pontchartrain measured and measured wave height.
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Figure 4-27. Time-dependent and steady-state SWAN and STWAVE modeled peak wave periods for Lake
Pontchartrain measured and measured periods.
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Figure 4-28. Southeast Louisiana modeled wave height and direction for 1200 UTC on 29 August 2005
(wave heights in feet); expanded view for St. Bernards and upper Plaquemines Parishes.
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Figure 4-29. Southeast Louisiana modeled peak wave period corresponding to the maximum wave height
for 0030 UTC on 28 August to 0000 UTC on 30 August 2005 (periods in sec); expanded view
for St. Bernards and upper Plaguemines Parishes.
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Figure 4-30. Southeast Louisiana modeled wave height and direction for 1200 UTC on 29 August 2005
(wave heights in feet); expanded view for lower Plaquemines Parish.
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Figure 4-31. Southeast Louisiana modeled peak wave period corresponding to the maximum wave height
for 0030 UTC on 28 August to 0000 UTC on 30 August 2005 (periods in sec); expanded view
for lower Plaguemines Parish.
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Attachment 1. STWAVE Wave Time Histories and Spectra for
Selected Locations

Time histories of significant wave height, peak wave period, and mean wave direction and
peak two-dimensional wave spectra for 16 selected save points are provided in this attachment.
Figure 1 shows the locations of the selected save points. All the even numbered figures in the
attachment are time history plots and the odd numbered figures (after Figure 1) are peak wave
spectra. Figures 2 through 13 represent locations modeled on the Pontchartrain grid, and the
spectra cover the full-plane (360 deg). Figures 14 through 33 represent locations modeled on the
Southeast Louisiana grid and the spectra cover a half plane (wave directions from 39 deg,
clockwise to 219 deg). Spectral energy density is given in m?/Hz/rad and the scale changes from
plot to plot. Wave direction is the direction from which the waves come (a wave from north is
0 deg and from the east is 90 deg). The wave spectral shapes in Lake Pontchartrain are generally
fairly similar (relatively broad wind sea). The peak wave direction changes somewhat based on
the local fetch lengths and wind speed and direction. The peak spectra in St Bernard Parish are
generally broad in direction because waves are propagating through various island gaps. In
Plaquemines Parish, the spectra are generally very narrow in direction. For the full-plane spectra
(Lake Pontchartrain grid), the frequencies (which radiate outward on the plot) range from 0.05 to
0.63 Hz, incremented by 0.02 Hz. For the half-plane spectra (Southeast Louisiana grid), the
frequencies are: 0.031399999, 0.034499999E, 0.037999999, 0.041800000, 0.045899998,
0.050500002, 0.055599999, 0.061200000, 0.067299999, 0.074000001, 0.081400000,
0.089500003, 0.098499998, 0.1083000, 0.1192000, 0.1311000, 0.1442000, 0.1586000,
0.1745000, 0.1919000, 0.2111000, 0.2323000, 0.2555000, 0.2810000, 0.3091000, 0.3400000,
0.3740000, and 0.4114000 Hz.
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Figure 1. Locations of Selected Save Points.
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Figure 2. Time History of Wave Parameters for Station 328 (Entrance to 17th Street Canal).
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Figure 3. Wave Spectrum (m?Hz/rad) for Station 328 (Entrance to 17th Street Canal) at 29 August 2005
1430 UTC. Frequencies radiate out from center (0.05 to 0.63 Hz), and directions are plotted
clockwise with 0 deg (waves from north) pointing straight down (solid black line).
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Figure 4. Time History of Wave Parameters for Station 331 (Entrance to Orleans Avenue Canal).
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Figure 5. Wave Spectrum (m?Hz/rad) for Station 331 (Entrance to Orleans Avenue Canal) at 29 August
2005 1400 UTC. Frequencies radiate out from center (0.05 to 0.63 Hz), and directions are
plotted clockwise with 0 deg (waves from north) pointing straight down (solid black line).
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Figure 6. Time History of Wave Parameters for Station 333 (Entrance to London Avenue Canal).
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Figure 7. Wave Spectrum (m%Hz/rad) for Station 333 (Entrance to London Avenue Canal) at 29 August
2005 1400 UTC. Frequencies radiate out from center (0.05 to 0.63 Hz), and directions are
plotted clockwise with 0 deg (waves from north) pointing straight down (solid black line).
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Figure 8. Time History of Wave Parameters for Station 335 (Entrance to IHNC).
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Figure 9. Wave Spectrum (m?/Hz/rad) for Station 335 (Entrance to IHNC) at 29 August 2005 1500 UTC.
Frequencies radiate out from center (0.05 to 0.63 Hz), and directions are plotted clockwise
with 0 deg (waves from north) pointing straight down (solid black line).
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Figure 10. Time History of Wave Parameters for Station 338 (Lake Pontchartrain, Orleans Parish).
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Figure 11. Wave Spectrum (m%Hz/rad) for Station 338 (Lake Pontchartrain, Orleans Parish) at 29 August
2005 1430 UTC. Frequencies radiate out from center (0.05 to 0.63 Hz), and directions are
plotted clockwise with 0 deg (waves from north) pointing straight down (solid black line).
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Figure 12. Time History of Wave Parameters for Station 342 (West of Black Bayou Lagoon, Orleans

Parish).

Volume IV The Storm — Technical Appendix

IV-4-51

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



f5.0

1.0
0.0

Figure 13. Wave Spectrum (m?/Hz/rad) for Station 342 (West of Black Bayou Lagoon, Orleans Parish) at
29 August 2005 1500 UTC. Frequencies radiate out from center (0.05 to 0.63 Hz), and
directions are plotted clockwise with 0 deg (waves from north) pointing straight down (solid
black line).
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Figure 14. Time History of Wave Parameters for Station 157 (South Point at US 90 Levee,Orleans Parish).
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Figure 15. Wave Spectrum (m?/Hz/rad) for Station 157 (South Point at US 90 Levee, Orleans Parish) at 29
August 2005 1300 UTC. Frequencies radiate out from center (0.03 to 0.41 Hz), and directions
are plotted clockwise from 39 deg (top, waves from 39 deg east of north) to 231 deg (at the
bottom).
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Figure 16. Time History of Wave Parameters for Station 148 (Northeast Back Levee, Orleans Parish).
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Figure 17. Wave Spectrum (m?/Hz/rad) for Station 148 (Northeast Back Levee, Orleans Parish) at 29
August 2005 1330 UTC. Frequencies radiate out from center (0.03 to 0.41 Hz), and directions
are plotted clockwise from 39 deg (top, waves from 39 deg east of north) to 231 deg (at the
bottom).
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Figure 18. Time History of Wave Parameters for Station 367 (MRGO near Bayou Bienvenue, St. Bernard
Parish).
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Figure 19. Wave Spectrum (m?/Hz/rad) for Station 367 (MRGO near Bayou Bienvenue, St. Bernard
Parish) at 29 August 2005 1500 UTC. Frequencies radiate out from center (0.03 to 0.41 Hz),
and directions are plotted clockwise from 39 deg (top, waves from 39 deg east of north) to 231
deg (at the bottom).
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Figure 20. Time History of Wave Parameters for Station 149 (Bayou Dupree at Floodgate East, St.
Bernard Parish).
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Figure 21. Wave Spectrum (m?/Hz/rad) for Station 149 (Bayou Dupree at Floodgate East, St. Bernard
Parish) at 29 August 2005 1430 UTC. Frequencies radiate out from center (0.03 to 0.41 Hz),
and directions are plotted clockwise from 39 deg (top, waves from 39 deg east of north) to 231
deg (at the bottom).
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Figure 22. Time History of Wave Parameters for Station 374 (MRGO near Grand Bayou, St. Bernard
Parish).
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Figure 23. Wave Spectrum (m?/Hz/rad) for Station 374 (MRGO near Grand Bayou, St. Bernard Parish) at
29 August 2005 1500 UTC. Frequencies radiate out from center (0.03 to 0.41 Hz), and

directions are plotted clockwise from 39 deg (top, waves from 39 deg east of north) to 231 deg
(at the bottom).
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Figure 24. Time History of Wave Parameters for Station 382 (Between MRGO and MS River west of
Magnolia Canal, St. Bernard Parish).
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Figure 25. Wave Spectrum (m?/Hz/rad) for Station 382 (Between MRGO and MS River west of Magnolia
Canal, St. Bernard Parish) at 29 August 2005 1230 UTC. Frequencies radiate out from center
(0.03 to 0.41 Hz), and directions are plotted clockwise from 39 deg (top, waves from 39 deg
east of north) to 231 deg (at the bottom).
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Figure 26. Time History of Wave Parameters for Station 407 (Plaquemines Parish at Phoenix).
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Figure 27. Wave Spectrum (m?/Hz/rad) for Station 407 (Plaquemines Parish at Phoenix) at 29 August
2005 1100 UTC. Frequencies radiate out from center (0.03 to 0.41 Hz), and directions are
plotted clockwise from 39 deg (top, waves from 39 deg east of north) to 231 deg (at the
bottom).
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Figure 28. Time History of Wave Parameters for Station 413 (Plaquemines Parish north of Davant).
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