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Satellite image from on August 28, 2005, at 12:00 PM. Hurricane Katrina was about 200 miles from 
southeast Louisiana at this time as a Category 5 hurricane. 
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This report presents information about Katrina’s wind and storm surge elements at 506 
River View Road in Bay St. Louis, MS. Section 1 provides background information on 
the physics of the storms surge. Section 2 describes Katrina’s wind field, its storm surge, 
and the timing of both events. Section 3 summarizes the findings. 
 
1. Background on the hurricane storm surge 
 
Accompanying a landfalling hurricane is the storm surge, defined as an abnormal rise of 
the sea along the shore generated by an intense storm such as a hurricane. The storm 
surge is caused primarily by the winds pushing water toward the coast and wave 
breaking, which propels water further inland. A secondary contribution to surge is made 
by the reduced barometric pressure within the storm, which causes a dome of water level 
higher than the surrounding ocean. However, wind and wind-generated waves are the 
primary contributors to storm surge. The surge rises gradually, then more quickly as the 
storm makes landfall. Despite some ill-conceived notions, it is not like a tsunami or a 
wall of water, but instead a steady increase in water levels. Typically the surge peaks 
after landfall, with a region experiencing tropical storm- and hurricane-force winds 
several hours before landfall. 
 
Factors which impact storm surge elevation include:  

• Storm size: The larger the areal extent of tropical storm-force winds, the higher 
the water elevation 

• Storm central pressure: Lower interior atmospheric pressure increases the water 
level. Pressure is essentially the “weight” of the atmosphere. The atmospheric 
pressure is much lower in the center than at the periphery of the storm. This 
means the weight of air pushing down on the water column is greater at the edges 
of the storm than it is at the storm’s center. Consequently, a slight bulge, or 
increase, in the water surface occurs within the storm, and the magnitude of the 
bulge is greatest at the storm’s center and decreases to near zero at the storm’s 
periphery. This water expansion due to lower interior pressure is known as the 
inverse barometer effect. It causes water to expand 3.9 inches for every 10-mb 
pressure drop. Overall, this is a minor but non-negligible contribution to the storm 
surge (between 2-3 feet in the inner core of Katrina). 

• Storm intensity: The maximum wind speed is the most important factor. The more 
intense the hurricane, the higher the water elevation. 

• Bathymetry: As the surface currents driven by the wind reach shallow coastlines, 
bottom friction impedes the seaward return flow near the bottom, causing water to 
pile up. Shallow areas with a gradual slope will experience greater storm surges 
than areas with a shelf that drops off rapidly near the coast. This is because water 
cannot sink and flow outward to the ocean, thereby causing more water to pile up 
offshore when the water is shallow. Because of Louisiana and Mississippi’s 
proximity to shallow water that gradually deepens offshore, these states are prone 
to high storm surges. 
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• Speed of motion of the system: Because a slow moving hurricane has a longer 
time to transport water onshore, slow systems are associated with higher storm 
surge values. Slower moving hurricanes can cause a storm surge 50-70% higher 
than fast moving hurricanes. Fast moving hurricanes cause the surge to “spike” 
over a few hours with an overall lower surge. 

• Wave setup: Water levels can increase from onshore waves in windy conditions. 
Under normal conditions, waves that reach the coast break and water flows back 
out to the sea under the next incoming wave. In hurricane conditions, the water 
may not retreat in time before the next wave arrives, a situation called wave setup. 
This wave setup can be quite large and is most pronounced when deepwater is 
near the shore, because in shallow water waves break further offshore. Wind-
induced surge enables waves to penetrate much further inland before they break. 
On the shallow Mississippi coast, this effect is minor. 

• Track angle: Storms which make landfall perpendicular to the coastline produce 
larger storm surges than those which hit at an angle. Storms which make landfall 
at an angle have a smaller surge because some transported water experiences 
reflection and cross-current transport. 

• Local effects: The shoreline trajectory can enhance or weaken the surge through 
trapping mechanisms.  

 
The storm surge is always highest on the side of the eye corresponding to onshore winds, 
which is usually the right side of the point of landfall. Winds are also fastest in the right 
front quadrant because storm motion (which averages about 10 mph but varies 
substantially) is added to the hurricane's winds. Because winds spiral inward, the storm 
surge is greatest along the eyewall but high water can impact other regions as well.  
 
The total elevated water includes three additional components - the astronomical tide, the 
steric effect, and ocean waves. The astronomical tide results from gravitational 
interactions between the earth and the moon and sun, generally producing two high and 
two low oceanic tides per day in most U.S. locations, but only one high and one low tide 
per day in Louisiana. Should the storm surge coincide with the high astronomical tide, the 
additional elevation will be added to the water level. However, tide ranges along the 
northern Gulf of Mexico are small, only contributing to one-foot of additional water at 
high tide, often less. Waves are another important contributor to water level. In addition 
to contribution of wave setup to the surge, waves can be expected on top of the surge. 
The final contributor is water temperature. Because warm water expands, water levels are 
naturally highest in the summer, known as the steric effect. In the Gulf of Mexico, this 
contributes about 0.52 feet of water in late summer.  
 
By definition, storm surge does not include waves (other than the contribution due to 
wave setup). Waves will be superimposed on the storm surge. Miles offshore in deep 
water, the waves will be large. However, as the depth decreases toward the shore, waves 
are impacted by the ocean floor and slow down while their period remains constant. As a 
result, the wavelength decreases and the amplitude increases. Eventually the wave will 
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get too steep and break. New waves will be generated with less height, but as the depth 
continues to decrease, they will again break and reform as smaller waves. In theory 
locally generated shallow water wave heights can reach 73% of the water depth, but the 
distance traveled to reach its potential maximum height (called the fetch) is too short near 
the shore; because the depth keeps decreasing, wave growth becomes disrupted and the 
wave will break again and again. In addition, shallow water waves also lose energy due 
to frictional interaction with the ocean floor. Frictional loss is even greater over flooded, 
vegetated land. In Mississippi, In the surf zone, wave heights will reach 1-4 feet on top of 
the surge. Further inland, the wave height will be less than 2 feet, reducing with distance 
from the coast or with land elevation. 
 
2. The wind and storm surge of Katrina at 506 River View Road 
 
I. Katrina’s windfield 
 
Katrina was a major hurricane when it made landfall in Bay St. Louis. Because it was 
also an unusually large hurricane, Mississippi and Louisiana were exposed to hurricane-
force winds for many hours, including several hours before landfall. Katrina’s hurricane-
force winds extended 120 miles from the storm center, and tropical storm-force winds 
230 miles outwards.  Katrina also maintained a large eye, thereby providing a large areal-
coverage of its most fierce winds. Satellite, National Weather Service radar, airborne 
radar (from the Hurricane Research Division), and dropsonde data, provide intriguing 
insight into the three-dimensional structure of the hurricane. Another band of strong 
thunderstorms from a second eyewall also impacted the region. The strong winds aloft 
also created a situation where potent wind gusts could occur in thunderstorms and 
boundary layer turbulent eddies. National Weather Service radar data indicates many 
tornadoes, and satellite shows mesovortices on the inner edge of the eyewall capable of 
extreme wind damage (similar to the damage caused by mesovortices in Hurricane 
Andrew). The widespread wind damage is likely due to the longevity of hurricane-force 
wind exposure, fierce wind gusts, tornadoes, and mesovortices.  
  
NOAA’a Hurricane Research Division sustained wind analysis (HWINDS) was used to 
determine the sustained winds at 506 River View Road. Tropical storm-force winds 
began around 1:00AM August 29 on River View Road, with hurricane-force winds 
beginning 6:45AM. Peak winds occurred on River View Road between 9:00-9:30AM 
with 110-115 mph sustained winds associated with the inner eyewall. Land inundation 
begins between 4-5AM at River View Road, but it did not reach a level to impact the 
elevated house until mid-morning. Hurricane-force, then tropical storm-force winds 
continued for another few hours, but of less intensity. In summary, River View Road was 
subject to tropical storm-force winds from conservatively 1AM to the late afternoon, and 
hurricane-force winds from 6:45AM to 11:45AM. The early morning winds are 
conservative; it’s possible the sustained winds were even stronger. 
 



 5

Wind gusts 20-40% higher than the sustained winds frequently impacted the residence. 
The peak wind gust at River View Road is 125 to 135 mph, which is also consistent with 
radar and dropsonde wind data. This general area (Bay St. Louis) received the strongest 
wind gusts on the Mississippi coast. Two dropsondes were deployed near Bay St. Louis 
and Gulfport around 6:00AM which recorded winds of 115 mph and 119 mph at an 
altitude between 500 and 1000 feet, three hours before landfall (and the peak sustained 
winds). Downbursts associated with severe squall lines can transport these winds to the 
surface. The first squall line containing a radar reflectivity of between 45-50 dBZ arrived 
at 5:45AM, signifying when such winds gusts could be transferred downward. 
Microwave imagery, which is strongly attenuated by hydrometeors (suspended water and 
ice particles, as well as precipitation), clearly shows this squall to be a well-formed 
curved band which is likely an outer eyewall.  This outer eyewall reached River View 
Road about 6:00AM, initiating peak wind gusts reaching 100 mph, with even stronger 
gusts possible in isolated regions. The inner eyewall reached River View Road around 
9:00AM. At landfall, another dropsonde in Bay St. Louis showed winds of 155 mph at 
1000 feet. This indicates that wind gusts between 130 and 140 mph were possible in this 
region at this time.  
 
Based on this analysis, pre-landfall USGS tide gauge data, and other National Weather 
Service observations, a timeline can be established for the wind at 506 River View Road, 
and is summarized in Table 2. 
 
II. Timing of wind and storm surge in Katrina at River View Road  
 
Observations of Katrina’s storm surge life cycle generally do not exist because all tide 
gauges failed in the southeast Louisiana marsh and Mississippi during the brunt of the 
storm. The previous few days of water levels, as well the first few hours of the storm 
surge, were documented. Typically, one to two days before a storm such as Katrina 
makes landfall, the water increases 2-3 feet, known as the surge forerunner. On the day 
of landfall, water starts to slowly increase, then rises faster as the hurricane eyewall 
makes landfall.  
 
Despite the shortcomings of the gauges, they do provide a record of the wind and the 
surge before the eyewall comes onshore. They show unequivocally that tropical storm-
force winds arrived several hours before the surge. A sample of Mississippi and 
Louisiana tide gauges are shown in Table 1, indicating that winds greater than 39 mph, 
and approaching hurricane strength, arrived between 4 and 8 hours before surge values of 
8 feet occurred, less than would flood most homes. 
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Table 1. Summary of wind and surge at three USGS Mississippi gauges (Ocean Springs, Mississippi 
Sound, and the mouth of the Pearl River). Two from Louisiana are also shown (Bay Gardene and Bayou La 
Loutre). Note that tropical storm-force winds occurred for several hours with surge insufficient to inundate 
most properties.  
 

Wind (mph) Storm surge 
(feet) 

Location Time 

42 3.2 Ocean Springs 8/29 at 
2:30AM 

74 8.5 Ocean Springs 8/29 at 
7:15AM 

36 2.3 Mississippi Sound 8/29 at 
12:00 AM 

53 5.9 Mississippi Sound 8/29/ at 
4:00AM 

40 4.4 Bay Gardene 8/28 at 
5:15 PM 

58 6.9 Bay Gardene 8/29 at 
12:00AM 

35 1.3 Bayou La Loutre 8/28 at 
9PM 

56 3.3 Bayou La Loutre 8/29 at 
5AM 

55 3.0 Mouth of Pearl River 8/29 at 
12:00 AM 

 
The gauges are not designed to withstand the eyewall region at landfall, and do not 
present a complete picture of the surge cycle. Since observations are lacking, three 
methods exist to document the storm surge: computer model simulations, post-storm 
high-water measurements, and eyewitness accounts. A computer model approximates 
time-dependent hydrodynamic equations which represent water flow n by wind and 
pressure fields. It can be used to explore the qualitative evolution of the storm surge, to 
fill in data gaps, and to explore physical relationships. High water mark surveys are 
conducted by government agencies (such as the National Weather Service, the Army 
Corps of Engineers, and the USGS), and private companies such as URS and Haag 
Engineering. Usually the elevations are recorded relative to vertical datum NAVD 88. 
They reflect either the stillwater elevation of the storm surge (areas outside the influence 
of breaking wave and wave runup, either far inland or inside buildings) or the stillwater 
elevation plus the wave runup component (areas in the wave swash zone - either breaking 
waves or wave runup). Stillwater elevation is recovered inside of commercial or 
residential structures as mud lines on walls or doors. The storm surge plus wave runup 
high water marks are generally found as debris or trash lines along coastal dunes, sloping 
terrain of the bay shoreline or the outside perimeter and exterior area of a structure.  
Based on the high water marks, 506 River View Road experienced a 22.5-foot storm 
surge, with wave action of 1.5 feet or less superimposed on the surge. 
 



 7

To assess the timeline of the surge versus wind, the U.S. Army Corps of Engineers 
ADvanced CIRCulation (ADCIRC) hydrodynamic model is used to simulate Katrina’s 
storm surge. ADCIRC was initially developed under the Dredging Research Program, a 
6-year program funded by the Army Corps of Engineers, Office of the Chief of 
Engineers.  The model was developed as a family of 2- and 3-dimensional finite element 
based codes with the capability of simulating tidal circulation and storm surge 
propagation over very large computational domains, while simultaneously providing 
high-resolution output in areas of complex shoreline and bathymetry. In addition to 
numerous Army Corps of Engineer applications, ADCIRC has also been used by many 
universities, including LSU and Notre Dame, and companies such as WorldWinds, Inc., 
and the URS Corporation. The latter companies have performed work for Louisiana 
Natural Resources Department for research on the storm surge in Mississippi River Gulf 
Outlet, storm surge simulations for NASA, and other applications.  
 
The ADCIRC simulation provides a timeline of the surge evolution. A video by Paul 
Russell (who stayed at Diamondhead) and the Betty Plombon book Katrina and the 
Forgotten Coast, (which includes interviews of residents who stayed), provided timing 
information as well. East of the hurricane’s onshore winds, the surge moved up the Pearl 
River, Jordan River, and Bay St. Louis River at 5AM. Marsh regions near Pearlington 
and Pascagoula began to experience inundation. Islands offshore, the Louisiana marsh, as 
well as Dauphin Island in Alabama, are partially underwater. The surge is below 5 feet in 
most regions.  
 
At 7AM and 9AM, this pattern continues, with surge values increasing along the 
Mississippi coast. The water elevation is below 13 feet in most regions, but enough to 
begin covering the land around River View Road, which had a land elevation of 3.5 feet. 
However, the elevated floor is 13.2 feet, and is not impacted by the surge until mid-to-
late morning. It is estimated the surge reached the floor between 9:00 and 10:00AM, 
peaking at 22.5 feet at 11AM (8.7 feet water inundation in the house). This location also 
experienced 3 hours of wind gusts over 100 mph before inundation. Several videos, 
including the Diamondhead video, show inland waves of 1.5 feet or less during 
inundation. 
  
Data was output from ADCIRC every 30 minutes to a spreadsheet for 506 River View 
Road. Based on all available data, a time series of the sustained wind speed, wind gusts, 
and the surge is shown in Table 2. 
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Table 2. Summary of sustained winds, wind gusts, and inundation (relative to land elevation) from storm 
surge for August 29, 2005 at 506 River View Road. Wave action less than 1.5 feet will be superimposed on 
the surge. Wind gusts of 100 mph likely began about 6:00AM. The elevated floor of the house is at 13.2 
feet. The surge peaked at 22.5 feet at 11AM.  
 

Time 
(Aug. 29) 

Sustained 
wind (mph) 

Wind 
gusts 
(mph) 

 
Storm surge 

relative to sea 
level (feet) Storm surge relative 

to land (feet) 

 
 

Inundation in 
elevated floor 

(feet) 

1:00AM 
40 

(northeast) 50 
 

NA land dry 
 

house dry 

4:00AM 
55 

(northeast) 70 
 

4.0 0.5 
 

house dry 

5:30AM 
 60 (east-
northeast) 80 

 
5.5 2 

 
house dry 

6:30AM 
  70 (east-
northeast) 105 

 
7.0 3.5 

 
house dry 

7:00AM 
85 (east-

northeast) 110 
 
8 4.5 

 
house dry 

8:30AM 
100 (east-
northeast) 125 

 
11.0 7.5 

 
house dry 

9:30AM 
110 (east-
southeast) 135 

 
14  10.5 

 
0.8 

10:00AM 
100 (east-
southeast) 125 

 
16 12.5 

 
2.8 

10:30AM 
 95 

(southeast) 110 
 

20  16.5 
 

6.8 

11:00AM 
  80 

(southeast) 95 
 

22.5 19  
 

9.3 
12:00PM   70 (south) 85 20.0 16.5 6.8 

1:00PM 
60 (south-
southwest) 75 

 
17.0  13.5 

 
3.8 

4:00PM 
45 

(southwest) 55 
 

9.0 5.5 
 

house dry 
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3. Conclusions 
 
The following conclusions can be stated about Hurricane Katrina’s impact on 506 River 
View Road on August 29, 2005: 
 

• Tide gauges show tropical-storm force winds arrived several hours before 
significant flooding from surge  

 
• Computer models, National Weather Service radar, reconnaissance radar, 

dropsondes, surface observations, tide gauge data, eyewitness accounts, 
newspaper reports, and video show hurricane-force winds, tropical storm-force 
winds, and strong wind gusts occurred hours before the surge impacted River 
View Road. The Hurricane Research Division wind analysis concurs with this 
assessment. An outer eyewall contributed to strong winds and winds gusts hours 
before the eye (and an inner eyewall) impacted this location.  

 
• The elevated floor at 506 River View Road is at 13.2 feet, and became inundated 

between 9AM and 10AM. The peak surge occurred at 11:00AM reaching 22.5 
feet (9.3 feet inundation in the house). Waves of 1.5 foot or less were 
superimposed on the surge. Tropical storm-force winds occurred from 1AM to the 
late afternoon, and hurricane-force winds from 6:45AM to 11:45. Peak sustained 
winds were 110 to 115 mph between 9AM and 9:30AM. The early morning winds 
are conservative; it’s possible the sustained winds were even stronger.  

 
• Wind gusts were 20-40% higher than the sustained winds from downbursts and 

turbulent eddies in association with one squall line at 6:00AM, followed briefly 
afterwards by an outer eyewall. Wind gusts over 100 mph began at 6:00AM. 
Wind gusts peaked between 125 and 135 mph. The open exposure of the structure 
to wind gusts along the water made this structure particularly prone to wind 
damage. Therefore, the structure experienced strong winds for a considerable 
period of time before the surge, and also experienced penetration by wind-driven 
rain.  

 
• In addition, radar indicates numerous mesocyclones along the Mississippi coast 

during landfall. 20-30% of mesocyclones spawn tornadoes. While no definitive 
statement can be made on whether a tornado impacted 506 River View Road, it is 
a certainty some properties on the Mississippi coast were affected by tornadoes.  

 
This report is based on current data, and subject to modifications from any new 
information. 
 
Report prepared by Dr. Pat Fitzpatrick: 
 
__________________________________ 
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1 the storm event.  In this case I think a lot of

2 that was ripped off by wind before the water got

3 there.  Absent wind, yeah, there would have been

4 some removal of the cladding material by the flood

5 water, but no structural racking of the building.

6       Q.    Could it have penetrated into the

7 interior of the home?

8             MR. GIBSON:

9                 Objection.

10 BY MR. SHANLEY:

11       Q.    I'm sorry.  Surge?

12       A.    Yes, even without taking off the

13 cladding, it is going to get inside and wet the

14 entire interior.

15       Q.    But in your opinion, the force of that

16 surge would not have racked this building?

17       A.    No, in fact, not only in the

18 hypothetical, I didn't see any evidence of

19 racking, meaning permanent defamation of the

20 structural frame in the photographs to say that

21 either wind or flood did that.

22       Q.    In other words, wind didn't rack this

23 building either?

24       A.    No.

25       Q.    No, wind didn't?
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1       A.    No, wind did not rack the building.

2       Q.    The gentleman that you spoke with on

3 the phone, what was his name?

4       A.    Mr. Michael Brandner.

5       Q.    He represented himself as being the

6 grandson of the Anthonys?

7       A.    Mr. and Mrs. Anthony, yes.

8       Q.    Do you know why the home or the debris

9 that was once the home was removed leaving only

10 the slab subsequent to the storm?

11       A.    I don't know why the decision was made

12 to do it.  I think it is a reasonable decision.

13 Had I been asked, I would have said, yeah, take

14 the house down and start over again.  It is going

15 to cost more to repair it, then to remove and

16 replace it.

17       Q.    Again, it is your opinion nor would it

18 be necessary for your opinion that there was an

19 unusual atmospheric event, such as localized

20 convection of a tornado or micro burst at this

21 location?

22       A.    No, it is not essential for my

23 analysis, if that occurred.  Whether or not it

24 actually did and if a meteorologist establishes

25 it, that is one thing.  I generally go by straight



1-800-372-DEPO
MERRILL LEGAL SOLUTIONS

Page 100

1       A.    It was supporting a deck and a shed

2 roof which was enclosed and attached to the

3 building.

4       Q.    Was the deck heated and cooled?

5       A.    I don't know.

6       Q.    I am going to read to you from a

7 report of Compton Engineering under date

8 5-10-2006.  It states as follows:  Floating debris

9 (pine cone silt branches, et cetera was observed

10 in the attic).  Do you have an opinion if that is

11 the case, of how floating debris, silt branches

12 were observed in the attic or why they were

13 observed in the attic, assuming that is true?

14       A.    I have already said there is a chance

15 that some water got up into the attic space.  But

16 if I got debris, it is more likely the debris got

17 through openings.  The water could have gotten

18 high enough to get into the attic space.  I don't

19 think that the water was strong enough to breach

20 the outside and it wouldn't have dropped the

21 ceilings until the water receded.  So if there was

22 water born debris in the attic space, there were

23 wind caused openings through which water got some

24 debris in the attic space.

25       Q.    How could you have silt in the attic














































































































































